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Abstract 

Background: International resuscitation guidelines specify parameters for the provision of 

high quality cardiopulmonary resuscitation (CPR) to persons in cardiac arrest. High quality 

CPR primarily consists of chest compressions that are of adequate depth, delivered at an 

adequate rate and with minimal interruptions. In addition, rescuers should avoid leaning on 

the patient’s chest and avoid excessive ventilation. Although it has previously been 

associated with patient outcome, the quality of CPR provided by rescuers, including 

healthcare professionals, is often suboptimal. 

Aim: To determine the relationship between the quality of CPR provided by St John 

Ambulance Western Australia (SJA-WA) paramedics and out-of-hospital cardiac arrest 

(OHCA) patient survival outcomes. 

Methods: 

Systematic review 

 Firstly a systematic review of the research literature was undertaken to determine the 

relationship between CPR quality metrics (the individual elements comprising CPR quality) 

and OHCA patient survival outcomes. The key metrics considered were chest compression 

depth, compression rate and compression fraction (defined as the proportion of resuscitation 

time without spontaneous circulation during which chest compressions were administered). 

Duty cycle, incomplete chest release, peri-shock pause and ventilation rate were also 

considered. The association of CPR quality with three cardiac arrest survival outcomes was 

examined: return of spontaneous circulation (ROSC), survival to hospital discharge (STHD) 

and good neurological outcome at hospital discharge. Five electronic databases were 

searched (MEDLINE, Embase, CINAHL, Scopus and Cochrane) as well as the grey 

literature (MedNar) to identify studies that reported human cases of in- or out-of-hospital 

cardiac arrest where CPR quality had been recorded using an automated device; and where 

the relationship with survival outcomes had been examined. Where the statistical 

heterogeneity was acceptable (I2 < 75%), the results of individual studies were included in a 

meta-analysis. This systematic review and meta-analysis formed my first published paper: 

Talikowska M, Tohira H, Finn J. Cardiopulmonary resuscitation quality and patient survival 

outcome in cardiac arrest: A systematic review and meta-analysis. Resuscitation. 

2015;96:66-77. 
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Review of data intervals used for analysis within the literature 

Next I compared the methods used to measure CPR quality and examine its relationship with 

survival among existing published studies. Specifically, the length and characteristics of the 

data intervals used for analysis were examined; including whether CPR quality was 

measured over the entire resuscitation episode or part thereof. The findings were reported in 

my second published paper: Talikowska M, Tohira H, Bailey P, Finn J. Cardiopulmonary 

resuscitation quality: Widespread variation in data intervals used for analysis. 

Resuscitation. 2016;102:25-8. 

Retrospective cohort study 

My primary doctoral research project comprised a retrospective cohort study to assess CPR 

quality among SJA-WA paramedics and determine whether it was associated with OHCA 

patient survival outcomes. I examined OHCA cases (aged 8 years or older) in which 

resuscitation had been attempted by SJA-WA paramedics between July 2014 and June 2016 

in the Perth metropolitan area. CPR quality was measured using the Q-CPR feedback device 

(Philips Healthcare and Laerdal Medical). I compared the mean and median for each CPR 

quality metric with the values recommended by international guidelines and with those 

reported in other studies. I then employed multivariable logistic regression analysis to 

determine the relationship between CPR quality and survival outcomes in the cohort, 

adjusted for known confounders. Subsequently I sought to determine whether the 

relationship between chest compression fraction (CCF) and ROSC varied based on the 

‘downtime’ from onset of arrest to the provision of CPR by paramedics. The results of these 

analyses comprised my third published paper: Talikowska M, Tohira H, Inoue M, Bailey P, 

Brink D, Finn J. Lower chest compression fraction associated with ROSC in OHCA patients 

with longer downtimes. Resuscitation. 2017;116:60-5.  

I further examined the relationship between the seemingly counterintuitive inverse 

association between CCF and ROSC with respect to peri-shock pause, resulting in the 

submission of a follow-up letter to the Editor of Resuscitation: Talikowska M, Tohira H, 

Inoue M, Bailey P, Brink D, Finn J. Letter to the Editor: Lower chest compression fraction 

among patients with longer downtime and ROSC was not due to peri-shock pause. 

Resuscitation. (Accepted 2 Aug 2017). 

Survey 

Finally, a survey of the SJA-WA workforce was conducted to determine the paramedic-

reported barriers towards the use of the Q-CPR in clinical practice. The findings were 

reported in my final published paper: Talikowska M, Tohira H, Brink D, Bailey P, Finn PJ. 
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Paramedic-reported barriers towards use of CPR feedback devices in Perth, Western 

Australia. Journal of Paramedic Practice. 2016;8(12):597-606.  

Results and Discussion: 

Systematic review 

Database searching yielded 8,842 unique citations resulting in the inclusion of 22 relevant 

articles. Thirteen were included in the meta-analysis. I found that those patients who 

achieved ROSC received significantly deeper chest compressions compared to those who did 

not (mean difference (MD): 0.99 mm, 95% CI: 0.04, 1.93), and survivors to hospital 

discharge received deeper compressions than non-survivors (MD: 2.59 mm, 95% CI: 0.71, 

4.47). Within the range of approximately 100–120 compressions per minute (cpm), 

compression rate was significantly associated with STHD; survivors were characterised by a 

lower mean compression rate than non-survivors (MD −1.17 cpm, 95% CI: −2.21, −0.14). 

Chest compression fraction could not be included in a meta-analysis due to high statistical 

heterogeneity, however a higher fraction appeared to be associated with survival in cases 

with a shockable first monitored rhythm. These findings highlight the well-documented link 

between high quality CPR and survival outcomes.  

Review of data intervals used for analysis within the literature 

Among 21 studies that reported the association between CPR quality and cardiac arrest 

patient survival, two thirds utilised data from the start of the resuscitation episode for 

analysis; most commonly the first 5 minutes. Variation was observed in the event that 

marked the commencement of the analysis interval, ranging from the placement of ECG 

pads on the patient, to the first chest compression. Nine studies specified a minimum 

duration of data that had to have been collected for the individual case to be included in the 

analysed cohort; most commonly one minute of data. These findings were used to inform the 

methodology for my retrospective cohort study.  

Retrospective cohort study 

The intention of this study was to report the CPR quality provided by SJA-WA paramedics 

and to determine whether there was a relationship with OHCA patient survival outcomes. 

From among 1,882 OHCA cases with resuscitation attempted during the study period, it was 

identified that the Q-CPR was used in 356, of which 341 met the study inclusion criteria. 

While chest compression rate was within the range recommended by the European 

Resuscitation Council’s (ERC) and American Heart Association’s (AHA) resuscitation 

guidelines, compression depth was below the recommended minimum value (mean±SD: 

41.8±9.17mm vs. recommended 50 - 60 mm). Furthermore compression depth did not 

significantly improve over resuscitation time, despite the provision of real-time feedback. 
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The mean chest compression fraction (CCF) was greater than the minimum 60% 

recommended by guidelines. A significant, inverse relationship between CCF and return of 

spontaneous circulation (ROSC) was noted; CCF>80% was significantly associated with 

decreased odds of ROSC compared to CCF≤80% (adjusted Odds Ratio (aOR): 0.49, 95% CI: 

0.28, 0.87). Furthermore, the relationship appeared to vary depending on patient downtime; 

the adjusted odds of ROSC were significantly less with CCF>80% compared to CCF≤80% 

in the group with a downtime of greater than 15 minutes (aOR: 0.06 [95% CI: 0.01, 0.38]), 

while non-significant among those with downtime ≤ 15 minutes. The lower compression 

fraction among those who achieved ROSC in the group with a downtime > 15 minutes was 

not due to more time spent administering shocks. This study was the first to explore the 

potential influence of downtime on the relationship between CCF and survival outcomes in 

OHCA.  

Survey 

A survey was conducted to gain an understanding of the SJA-WA paramedic-reported 

barriers towards the use of the Q-CPR device in clinical practice. Of the 264 SJA-WA 

paramedics who participated in the survey, 41% reported having used the Q-CPR during 

their last attempted resuscitation. Of those who had not used it, the most commonly cited 

reason (37%) was that a mechanical chest compression device arrived on scene prior to the 

Q-CPR being deployed. Secondly, other interventions such as intubation, setting up an 

intravenous line or drug administration were prioritised over the use of the Q-CPR (20%). 

Thirdly, hand and wrist pain associated with use of the Q-CPR prevented its utilisation in 

17% of cases. Other reasons were less frequently reported.  

Conclusions: The international literature clearly supports an association between CPR 

quality metrics (in particular chest compression depth) and OHCA patient survival. While 

the CPR quality recorded among SJA-WA paramedics complied with guideline requirements 

with respect to some of the CPR quality metrics, the mean value for compression depth was 

notably lower than that recommended by guidelines. Furthermore it did not improve with 

real-time feedback. Within the SJA-WA data I did not find a significant association between 

compression depth and survival outcomes, nor compression rate and survival outcomes. I did 

however identify that CCF was significantly but inversely associated with ROSC; this 

counter-intuitive finding has likewise recently been reported by other authors. A more 

detailed analysis of the cohort revealed an effect of downtime on this association. This 

finding provides justification for further investigation into whether a single CCF 

recommendation is appropriate for all OHCA patients. Overall, it was noted that SJA-WA 

paramedics were not routinely using the Q-CPR device despite its use being considered 
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mandatory. The survey results indicated several reasons for this; but given the current 

widespread distribution of Q-CPR equipment within the ambulance service in Perth, there is 

potential for increased use. This could be in part achieved by emphasising the importance of 

high quality CPR as well as the potential role of feedback devices in helping to optimise 

performance. However, in the case of SJA-WA, the provision of real-time feedback by the 

Q-CPR device was not associated with improved CPR performance. The reasons for why 

this was the case require further investigation. Overall, devices like the Q-CPR should be 

used within a comprehensive system of care that emphasises the importance of high quality 

CPR and works to promote maximum patient survival. 
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Chapter 1 Introduction 

1.1 Background and rationale 

Out-of-hospital cardiac arrest (OHCA) is an issue that affects an estimated 30,000 

Australians1 (and over 350,000 Americans) annually.2 It is a condition in which the heart 

ceases to pump blood around the body, leading to immediate loss of consciousness and either 

a total lack of breathing or the presence of occasional, agonal gasping. In the majority of 

cases it results in patient death. Even within many modern Emergency Medical Service 

(EMS) systems globally, survival from this condition is around 10% for those patients in 

whom resuscitation was attempted.1 However, there is increasing understanding of the 

potential ways to improve survival outcomes for OHCA patients. One method involves the 

provision of high quality cardiopulmonary resuscitation (CPR). Although CPR, together with 

defibrillation, comprises the standard Basic Life Support (BLS) treatment for OHCA, the 

quality of CPR administered can vary between rescuers. Past studies have shown that often 

the quality provided has been suboptimal, including among trained medical professionals.3-6 

CPR quality can be described in terms of a number of discrete metrics. These include:7 

 compression depth: for a single compression the maximum depth to which the 

sternum is compressed prior to chest recoil; 

 compression rate: the rate at which chest compressions are delivered, measured 

only during the time that compressions are being provided and not over the time that 

there are breaks in compressions; 

 compression fraction: the proportion of time spent delivering chest compressions 

during the resuscitation effort, excluding periods of restored spontaneous circulation;  

 shock pause: the duration of time for which compressions are paused to deliver an 

electrical shock to the chest; defined in terms of pre-shock pause: the time interval 

between chest compression cessation and shock delivery, post-shock pause: the time 

between shock delivery and chest compression resumption, and peri-shock pause: 

the sum of pre-shock and post-shock pause;  

 duty cycle: during a single compression, the proportion of time that is assigned to 

the downward stroke of the compression, or, the proportion of time during which 

pressure is applied to the chest of the patient;  
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 chest wall recoil: the proportion of compressions in which the chest is allowed to 

return to its resting position prior to the administration of the subsequent 

compression, or, the proportion of compressions where pressure is completely 

released from the chest prior to the administration of the next compression. The 

inverse is often measured: the proportion of compressions with leaning; and  

 ventilation rate: the number of ventilations delivered per minute of CPR.  

Recommendations pertaining to each of these CPR quality metrics have been issued by the 

International Liaison Committee on Resuscitation (ILCOR)8 and subsequently translated into 

regional CPR guidelines. These include guidelines issued by the American Heart Association 

(AHA),9 the European Resuscitation Council (ERC)10 and the Australian and New Zealand 

Committee on Resuscitation (ANZCOR).11, 12 These guidelines represent the current 

consensus on the definition of high quality CPR and are intended to guide optimised clinical 

practice.  

High quality CPR has been associated with improved OHCA patient survival across a 

number of studies. For example, deeper compressions have been linked to improved OHCA 

patient survival to hospital discharge,13, 14 while a compression rate in the range of 100-120 

cpm has also been associated with improved survival.15 I sought to commence my research 

by synthesising the reported evidence regarding the relationship between the individual CPR 

quality metrics and OHCA patient survival outcomes. I then aimed to specifically investigate 

the relationship between the quality of CPR performed by paramedics and survival outcomes 

from OHCA in Perth, Western Australia (W.A.).  

I conducted a retrospective cohort study using data sourced from St John Ambulance 

Western Australia (SJA-WA), the single provider of road ambulance services in the state of 

W.A. I analysed data that had been collected using the Q-CPRTM feedback device to 

ascertain the quality of CPR provided by SJA-WA paramedics. I then compared this to 

OHCA patient survival outcomes. The outcomes of interest were: prehospital return of 

spontaneous circulation (ROSC), survival to hospital discharge (STHD) and good 

neurological outcome at discharge, as defined by a Cerebral Performance Category (CPC)16 

score of 1 or 2. I also sought to investigate paramedics’ attitudes towards using the Q-CPR 

device through the undertaking of a survey. My ultimate goal was to provide a set of 

recommendations to SJA-WA to allow for optimised performance in order to maximise the 

chances of OHCA patient survival. The broad aims of my research project are summarised in 

Table 1.  
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Table 1 Summary of broad research aims 

1 To synthesise the reported evidence regarding the association between CPR quality and 
cardiac arrest patient survival outcomes. 

2 To measure the quality of CPR performed by SJA-WA paramedics. 

3 To analyse the link between CPR quality and OHCA patient survival outcomes in the study 
cohort. 

4 To explore the attitudes of SJA-WA paramedics towards the use of the Q-CPR device in 
clinical practice. 

5 To provide a set of recommendations to SJA-WA on the basis of my research findings. 

1.2 Specific research objectives 

In order to address the research aims outlined in Table 1, I set a number of specific research 

objectives. These are outlined in Table 2. 

Table 2 Research objectives linked to each of the research aims 

Aim 1: To synthesise the reported evidence regarding the association between CPR quality 
and cardiac arrest patient survival outcomes. 

i. to conduct a systematic review and a meta-analysis to document the reported association 
between CPR quality and survival outcomes in the literature. 

ii. to review the methods used by other studies to analyse the relationship between CPR quality 
and survival outcomes. More specifically, to determine the details of the intervals that were 
used for analysis, for example, whether data from the start of the resuscitation episode was 
used or all available episode data was used.  

Aim 2: To measure the quality of CPR performed by SJA-WA paramedics. 

iii. to undertake a retrospective cohort study in which CPR quality is measured using the Q-CPR 
feedback device. 

iv. to describe the mean and median values for each of six CPR quality metrics (compression 
depth, compression rate, compression fraction, duty cycle, chest recoil and ventilation rate) 
and to plot their distributions.  

v. to compare the CPR quality recorded for the study cohort against the recommendations 
provided by international resuscitation guidelines.9, 10  

vi. to compare the performance recorded for the study cohort against that recorded in the 
literature for other EMS agencies or trained CPR providers.  

vii. to analyse trends in CPR performance over resuscitation time among the study cohort.  

Aim 3: To analyse the link between CPR quality and OHCA patient survival outcomes in 
the study cohort. 

viii. to use multivariable logistic regression analysis to determine the link between CPR quality 
and survival outcomes (ROSC, STHD and good neurological outcome upon discharge). 

ix. Additional: to explore the relationship between chest compression fraction and ROSC in 
greater detail by: 

 using a variety of alternative measurement intervals for analysis, including using data 
exclusively from the first few minutes of the resuscitation episode compared to data from 
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the entire episode; 

 adjusting for factors linked to compression fraction and/or survival that have been 
previously shown to change the nature of the relationship between chest compression 
fraction and OHCA survival;17 and 

 analysing the relationship between chest compression fraction and ROSC using alternative 
analysis techniques: artificial neural network (ANN) analysis18 and classification and 
regression tree (CART) analysis.19 

Aim 4: To explore the attitudes of SJA-WA paramedics towards the use of the Q-CPR 
device in clinical practice. 

x. to analyse the results of a survey on the topic of the Q-CPR device that was distributed to a 
sample of SJA-WA paramedics and to report the findings.  

Aim 5: To provide a set of recommendations to SJA-WA on the basis of my research 
findings. 

xi. to synthesise the reported findings into a set of practical recommendations. 

 

Details of the approach taken in this thesis to address each of the above mentioned research 

aims and objectives is outlined in Section 1.3. 

1.3 Thesis approach 

This thesis comprises a ‘hybrid model’ that incorporates both published research papers and 

a written description of the work undertaken. An overview of each chapter is provided in 

Table 3 below.  

Table 3 Overview of thesis chapters 

Chapter Description Aim Objective 

Chapter 1 Introduction    

Chapter 2  Background 

A brief overview of cardiac arrest, including incidence and 
survival rates. A description of the metrics by which CPR 
quality is defined and of the Q-CPR device that is used to 
provide feedback on CPR quality. A summary of findings 
from the literature on the potential role of feedback devices in 
optimising CPR quality. 

  

Chapter 3  Systematic review: CPR quality and patient survival in 
cardiac arrest 

Paper published - Talikowska M, Tohira H, Finn J. 
Cardiopulmonary resuscitation quality and patient survival 
outcome in cardiac arrest: A systematic review and meta-
analysis. Resuscitation. 2015;96:66-77. 

(1) (i) 

  



5 

Chapter Description Aim Objective 

Chapter 4 Methodologies used by other studies 

Paper published - Talikowska M, Tohira H, Bailey P, Finn J. 
Cardiopulmonary resuscitation quality: Widespread variation 
in data intervals used for analysis. Resuscitation. 2016; 
102:25-8. 

A review of the methodologies used by other studies to 
explore the relationship between CPR quality and survival, in 
particular, the characteristics of the data intervals used for 
analysis. 

(1) (ii) 

Chapter 5 Methods 

A detailed description of the methods used in my 
retrospective cohort study to estimate the relationship 
between CPR quality and OHCA patient survival, including 
the statistical analysis techniques used.  

(2) (iii) 

Chapter 6 Quality of CPR performed by SJA-WA paramedics 

Description of the results from my retrospective cohort study 
of the CPR quality measured among SJA-WA paramedics. 
Includes a comparison of results against the international 
resuscitation guidelines and against the performance recorded 
for other EMS agencies and for trained rescuers, as reported 
in the published literature. Also includes a description of 
trends in CPR performance over resuscitation time.  

(2) (iv-vii) 

Chapter 7 The relationship between CPR quality and OHCA patient 
survival outcomes  

Paper published - Talikowska M, Tohira H, Inoue M, Bailey 
P, Brink D, Finn J. Lower chest compression fraction 
associated with ROSC in OHCA patients with longer 
downtimes. Resuscitation. 2017; 116:60-5. 

This manuscript describes the results of the retrospective 
cohort study in relation to the association between the quality 
of CPR provided by SJA-WA paramedics and OHCA patient 
survival outcomes. 

Particular emphasis was placed on the link between chest 
compression fraction and ROSC, with a number of sensitivity 
analyses undertaken to explore this relationship in detail. 

Furthermore, a letter was submitted to the Editor of 
Resuscitation describing the effect of peri-shock pause on 
compression fraction. This letter was accepted for publication 
on 2 August 2017 - Talikowska M, Tohira H, Inoue M, Bailey 
P, Brink D, Finn J. Letter to the Editor: Lower chest 
compression fraction among patients with longer downtime 
and ROSC was not due to peri-shock pause. Resuscitation. 
(Accepted 2 Aug 2017). 

(3) (viii-ix) 
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Chapter 8 Paramedic-reported barriers towards the use of the Q-CPR  

Paper published - Talikowska M, Tohira H, Bailey P, Finn J. 
Cardiopulmonary resuscitation quality: Widespread variation 
in data intervals used for analysis. Resuscitation. 2016; 
102:25-8. 

A manuscript describing the results of a survey undertaken 
among a sample of SJA-WA paramedics to determine the 
possible reasons for the low usage of Q-CPR observed in 
clinical practice.  

(4) (x) 

Chapter 9 Discussion and Conclusions 

A detailed discussion of my findings, the limitations of my 
research and suggestions for future work. The provision of a 
final set of recommendations based on the research findings.  

(5) (xi) 
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Chapter 2 Background 

2.1 Introduction 

This chapter is intended to provide a brief background about cardiac arrest and its 

management. In particular, it outlines the metrics that define high quality CPR and the tools 

used to measure CPR quality. This information sets the scene for the subsequent literature 

review, that explores the relationship between CPR quality and patient survival from cardiac 

arrest (Chapter 3). 

2.2 Cardiac arrest 

As defined by the American Heart Association (AHA), the term cardiac arrest refers to an 

abrupt loss of heart function in a person who may or may not have underlying heart 

disease.20 More specifically, it is defined as the cessation of cardiac mechanical activity as 

confirmed by the absence of signs of circulation.21 It is characterised by patient 

unresponsiveness together with an absence of breathing or alternatively the presence of 

abnormal breathing that is most commonly manifested as occasional, agonal gasping.22 The 

majority of cardiac arrests are attributed to a cardiac aetiology.22-24 Additional causes of 

arrest may include, but are not limited to, trauma, drug overdoses, drownings, electrocution 

and asphyxia.24, 25 Although the terms ‘cardiac arrest’ and ‘heart attack’ are often used 

interchangeably by the lay public, they represent discrete conditions.26 A cardiac arrest may 

be precipitated by a heart attack (myocardial infarction), but as explained above, a cardiac 

arrest does not always have a cardiac-related cause. Irrespective of cause, mortality from 

cardiac arrest is high;27 on average less than 10% of patients survive from an arrest that 

occurs in the out-of-hospital setting from among those who have resuscitation attempted by 

emergency medical services (EMS).28 

2.3 Incidence rate 

According to the American Heart Association (AHA), in the U.S. there are in excess of 

350,000 cardiac arrests that occur outside of the hospital and are attended to by Emergency 

Medical Services (EMS) annually.20 This equates to just under 1,000 out-of-hospital cardiac 

arrests (OHCAs) per day. With the U.S. population exceeding 323 million in 2016,29 this 

corresponds to an incidence rate of 110.8 events per 100,000 population (95% CI, 108.9, 

112.6).30 In Australia the incidence of cardiac arrest is considered to be comparable. A 2010 

systematic review by Berdowski et al. estimated that the median incidence of EMS-attended 
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out-of-hospital cardiac arrest (OHCA) in Australia was 112.9 events per 100,000 person 

years. This equates to just under 30,000 OHCAs annually. In Perth, Western Australia, 

where my doctoral research took place, data from St John Ambulance Western Australia 

(SJA-WA) revealed that the age-standardised incidence rate of OHCA of presumed cardiac 

aetiology was 70.6 events per 100,000 population in 2010. Standardisation was undertaken 

with reference to the 2011 Australian population. OHCA of a presumed cardiac aetiology 

comprised approximately three quarters of all OHCA.31 By contrast, the age-standardised 

incidence of other high-profile diseases such as breast cancer and lung cancer across 

Australia were 64 cases per 100,000 persons32 and 43 cases per 100,000 persons33 

respectively in 2013. These figures highlight that cardiac arrest is a major public health 

issue28 and furthermore, with a survival rate of typically less than 10%,34 a significant 

contributor to national mortality.  

2.4 Survival rate 

Globally the average rate of survival to hospital discharge following adult OHCA was 

estimated to be 7% by a 2010 systematic review, although significant variation was found 

based on geographical location.1 Similarly a 2008 prospective observational study by Nichol 

et al. demonstrated that among ten study sites across the U.S. and Canada, the rate of 

survival to hospital discharge (STHD) following EMS-treated OHCA ranged from 3.0% in 

Alabama to 16.3% in Seattle.35 Seattle is regarded as the gold standard globally for survival 

from OHCA. The observed differences in survival rates had been attributed to several factors 

including the efficiency of the local emergency medical service (EMS), the level of 

implementation of a public access defibrillation (PAD) program in the community, the 

frequency of bystander CPR as well as differences in ambulance case recording and 

reporting practices.1, 35 Nevertheless recent data from across the United States and Canada 

from sites comprising the Resuscitation Outcomes Consortium (ROC) suggested that in 2015 

the mean rate of STHD was 11.4% among all cases that had been treated by emergency 

medical services.2 By contrast in the city of Perth, Western Australia, where my study took 

place, the rate of STHD was 8.7% among patients who suffered an OHCA of a medical 

cause between 1997 and 2014 and had resuscitation attempted by paramedics.36 Regardless 

of the inherent variability across different jurisdictions, overall survival is low, and efforts to 

improve survival are of critical importance. My research project sought to explore the link 

between the quality of CPR delivered by paramedics and OHCA patient survival outcomes. 



9 

2.5 The chain of survival 

The Chain of Survival concept (as depicted in Figure 1) provides a useful framework for 

considering strategies to improve OHCA outcomes. Each of the links in the chain should be 

optimised in order to maximise a patient’s chances of survival. These links are: 

 Early recognition and call for help 

 Early CPR 

 Early defibrillation 

 Early advanced life support and standardised post resuscitation care.10 

The focus of my research was on CPR, in particular, high quality CPR. I therefore describe 

CPR in detail below.  
 

 

Figure 1 The chain of survival as illustrated in the European Resuscitation Council 
Guidelines for Resuscitation 201510 

 

2.5.1 Cardiopulmonary resuscitation (CPR) 

CPR is an attempt to restore circulation by administering compressions to the chest of the 

cardiac arrest victim. In some instances, but not always, the compressions are accompanied 

by ventilations.21, 22 Closed chest cardiac massage was first described in 1960.37 The current 

process entails the rescuer placing the heel of their hand in the centre of the victim’s chest, 

with the other hand on top, and pressing down over the lower half of victim’s sternum in a 

rhythmic manner.38 There are two proposed theories on how this procedure leads to the 

circulation of blood.39 The first is the cardiac pump theory, first described by Kouwenhoven 

et al. in 1960.37 In this theory compression of the heart between the sternum and the spine 

causes blood to be expelled from the heart, while release of the sternum causes blood to re-

enter the heart. In this way blood is circulated with each subsequent compression. The 

second proposition is the thoracic pump theory;40 in this theory CPR is believed to lead to the 

circulation of blood primarily via phasic changes in intrathoracic pressure. Intrathoracic 
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pressure, as the name suggests, refers to the pressure within the chest cavity (thorax). 

Compression of the thorax generates a decrease in volume, corresponding to an increase in 

intrathoracic pressure. When this occurs, blood travels from the area of high pressure 

towards areas of low pressure, therefore being transported away from the heart and into 

blood vessels. Release of the compression results in a decrease in intrathoracic pressure 

which permits the movement of a new unit of blood into the heart, ready for the cycle to 

begin again. Backflow is prevented by one-way valves. Intrathoracic pressure is also 

believed to influence air exchange in the lungs.41  

For trained rescuers, manual CPR consists of 30 chest compressions alternated with two 

ventilations in adult victims of cardiac arrest.9-12 However in many jurisdictions, hands-only 

CPR is encouraged for lay rescuers.38 Several studies have found that the exclusion of 

ventilations during CPR did not have a detrimental effect on patient survival in adult 

OHCA.42-51  

2.5.2 High quality CPR 

There is a large degree of variation among rescuers in terms of the ‘quality’ of CPR 

delivered to victims of cardiac arrest. Furthermore CPR quality has often been shown to be 

suboptimal, even among trained medical professionals.3-6 CPR quality can be defined in 

terms of seven key metrics: 

1. Chest compression depth 

2. Chest compression rate 

3. Chest compression fraction (inverse: hands-off fraction) 

4. Shock pause duration (pre-, post- and peri-shock pause) 

5. Duty cycle 

6. Chest wall recoil (inverse: incomplete release) 

7. Ventilation rate. 

 

These metrics are described in further detail in Sections 2.5.3 - 2.5.9. The 2015 International 

Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science 

with Treatment Recommendations (CoSTR)38 issued by the International Liaison Committee 

on Resuscitation (ILCOR)8 provides recommendations pertaining to each of the metrics, 

including, in some cases, the provision of specific target values or ranges. These 

recommendations have been translated into regional resuscitation guidelines, including the 

European Resuscitation Council (ERC) Guidelines for Resuscitation 201510 and the 2015 

American Heart Association (AHA) Guidelines Update for CPR and Emergency 
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Cardiovascular Care (ECC).9 These guidelines are collectively referred to in this thesis as the 

‘international guidelines’. In addition the Australian and New Zealand Committee on 

Resuscitation (ANZCOR) also published resuscitation guidelines in 2016,11, 12 although the 

recommendations provided therein were not as detailed as those contained in the ERC and 

AHA guidelines. Nevertheless all recommendations for high quality CPR are discussed 

below. 

2.5.3 Compressions depth 

Compression depth is defined as the “…maximum posterior deflection of the sternum prior 

to chest recoil.”7 This is pictorially illustrated in Figure 2. The 2015 CoSTR provides a 

strong recommendation for a compression depth of approximately 50mm in average adult 

patients.38 This recommendation was based on the finding of several observational studies 

that showed an association between chest compression depth and patient survival.6, 14, 52-55 

The CoSTR also provides a weak recommendation discouraging excessive compressions 

depths exceeding 60mm.38 This upper limit is derived from one study that demonstrated an 

increased rate of injury when compression depth exceeded 60mm.56 Unlike the resuscitation 

guidelines issued by the ERC10 and AHA,9 those issued by ANZCOR do not specify an 

upper limit for compression depth.12  

 

 

Figure 2 Pictorial illustration of compression depth 

Original image57 modified as permitted under Copyright Licence. 

Several studies have found that when compressions are performed on a non-rigid surface 

such as on an ambulance stretcher or hospital bed, the recorded depth measurement can be 

inaccurate.10 This is pictorially illustrated in Figure 3. Some device manufacturers have 

attempted to overcome this challenge by independently measuring the movement of the non-

Compression depth is the 
maximum distance that the 

chest is compressed before the 
compression is released and the 

chest allowed to return to its 
resting position.  
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rigid surface beneath the patient and then factoring this into the depth calculation. 

Alternative approaches to minimise this measurement error include the placement of a rigid 

backboard beneath the patient.  

 
 

             
 

 
Figure 3 Illustration of the effect on compression depth of mattress 

deflection/compression on a non-rigid surface 

Original image57 modified as permitted under Copyright Licence. 

2.5.4 Compression rate 

The term “compression rate” refers to the frequency (in compressions per minute or cpm) at 

which chest compressions are delivered to the chest of the patient by the rescuer.7 The rate is 

only measured during uninterrupted periods of chest compressions. For example, if the 

rescuer pauses to deliver ventilations or allow for cardiac rhythm analysis, the time taken for 

the pause is not counted when calculating the compression rate. This concept is illustrated in 

Figure 4. The CoSTR recommends a compression rate in the range 100-120 cpm.38 The 

upper limit of 120 cpm was imposed primarily due to the results of a large observational 

study suggesting that compression depth was compromised when compression rates were 

greater than 120 cpm.9, 15 The ERC,10 AHA9 and ANZCOR11, 12 guidelines all recommend a 

compression rate in the range 100-120 cpm. 

  

 
Depth: 

 
Depth: - 

(A) Compressions on a rigid surface (B) Compressions on a non- rigid surface (green 
indicates supporting surface deflection) 
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Figure 4 Calculation of chest compression rate 

 

2.5.5 Compression fraction 

Chest compression fraction (CCF) is defined as the proportion of time during the 

resuscitation effort that is spent delivering compressions to the patient (Figure 5). Rescuers 

may pause compressions for many reasons including, but not limited to, providing 

ventilations, intubating the patient, allowing for cardiac rhythm analysis, delivering a shock, 

changing rescuers or moving a patient, for example, from a mattress to the floor. Periods of 

ROSC are subtracted from the compression fraction calculation.7  

The CoSTR recommendation for compression fraction is that it should be as high as 

possible, but at least 60%.38 This is reflected within the ERC10 and AHA9 guidelines. In 

addition the AHA guidelines state that the general consensus of experts was that a minimum 

compression fraction of 80% should be achievable in a variety of rescue scenarios.9 Both sets 

of guidelines recommend that during manual CPR without an advanced airway, 

compressions should not be paused for greater than 10 seconds to deliver 2 rescuer breaths. 

Likewise both sets of guidelines state that the time period without chest compressions before 

and after the delivery of a shock should be minimised; this is discussed in further detail in 

Section 2.5.6. The ANZCOR guidelines, which are not as prescriptive, provide a general 

recommendation for the minimisation of pauses in chest compressions.11, 12  

 

 

 

 
 

Figure 5 Calculation of chest compression fraction 
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2.5.6 Shock pause duration 

If a cardiac arrest patient has a shock delivered using a defibrillator, rescuers should aim to 

minimise the pause in compressions both before and after the shock. Shock pause can be 

defined in terms of three separate elements: 

1. pre-shock pause: the time interval between chest compression cessation and shock 

delivery; 

2. post-shock pause: the time interval between shock delivery and chest compression 

resumption; and  

3. peri-shock pause: the sum of pre-shock and post-shock pause.  

These pauses are illustrated in Figure 6. The pre-shock pause generally includes the time 

required for cardiac rhythm analysis as well as the time associated with preparing the 

electrical charge that will be delivered.58 The CoSTR recommendation is that the pre-shock 

pause should not exceed 10 seconds for manual defibrillation.38 More generally, CoSTR 

recommends the minimisation of all pauses in compressions associated with the delivery of a 

shock.38  This is reflected in the ERC10 and AHA9 guidelines, but not the ANZCOR 

guidelines11, 12 which are less prescriptive. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Illustration of pre, post and peri-shock pause 

 

2.5.7 Chest wall recoil 

When a rescuer provides chest compression to a cardiac arrest victim, they should allow for 

full chest wall recoil, in other words, allow for the chest to return to its resting position prior 

to the delivery of the subsequent chest compression. Rescuers should avoid leaning on the 

chest of the cardiac arrest victim.7 This concept is pictorially illustrated in Figure 7. Chest 

wall recoil is usually documented as the percentage of compressions per episode that had 

Pre-shock 
pause 

Shock delivery 

Post-shock 
pause 

Peri-shock 
pause 
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incomplete chest release. The CoSTR recommends that leaning is minimised during CPR, 

although no specific target value is provided.38 Correspondingly the ERC10 and AHA9 

guidelines likewise instruct rescuers to avoid leaning, however the ANZCOR guidelines11, 12 

provide no specific recommendation of this nature.  

 

 
Figure 7 Full chest recoil versus incomplete chest release (leaning) 

Allowing for full chest recoil (green arrow) means allowing for the chest to return to its resting 
position prior to administering the next chest compression; not doing so corresponds to leaning on the 
chest (red). 
 
Original image57 modified as permitted under Copyright Licence. 

2.5.8 Duty cycle 

The term ‘duty cycle’ refers to “…the fraction of time with active mechanical or hand 

pressure on the chest”.7 More simply, it describes the percentage of time during a 

compression that the rescuer is pushing down on the chest as opposed to releasing the 

applied pressure to allow the chest to return to its resting position (Figure 8). A duty cycle of 

50% is recommended by the AHA9 and ERC10 guidelines, although the authors of the latter 

publication acknowledge that there is very little evidence to recommend any specific duty 

cycle.10  
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Figure 8 Illustration of duty cycle - the percentage of time per compression that 
force is applied to the chest of the patient 

 

2.5.9 Ventilation rate 

The term ‘ventilation rate’ refers to the number of ventilations delivered per minute of CPR. 

Although there is no specific recommendation for ventilation rate made by CoSTR,38 a 

compression to ventilation ratio of 30:2 is recommended among trained rescuers willing to 

provide rescue breaths. This is reflected in the ERC,10 AHA9 and ANZCOR11, 12 guidelines. 

For untrained rescuers, continuous chest compressions without ventilations are 

recommended. Following the insertion of an advanced airway, the ERC and AHA guidelines 

recommend a ventilation rate of 10 ventilations per minute (vpm),58 corresponding to one 

breath administered every 6 seconds.9 

The ERC and AHA guidelines also recommend that during the delivery of mouth-to-mouth 

ventilations, each rescue breath is provided over a period of approximately one second and 

such that it generates a visible rise in the chest of the patient.9, 10 I did not have the means to 

measure compliance with this recommendation in my study. 

2.6 CPR quality in practice 

As alluded to previously, CPR quality is often suboptimal, even among trained medical 

professionals. Two landmark studies were published in 2005 on this topic; by Wik et al.5 on 

OHCA and by Abella et al4 on in-hospital cardiac arrest (IHCA). Wik et al. examined 176 

cases of OHCA across three European cities (Stockholm in Sweden, London in the UK and 

Akershus in Norway). Patients were resuscitated either by paramedics or nurse anaesthetists. 
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Mean chest compression fraction was 52%, indicating that chest compressions were not 

delivered during approximately half (48%; 95% CI: 45%, 51%) of the time. When the 

authors subtracted the time required for electrocardiographic (ECG) analysis and shock 

delivery, it was found that compressions were not given 38% of the time (95% CI: 36%, 

41%). The mean compression depth was too low in the majority of cases; only 28% of 

compressions met the minimum depth recommended by guidelines. Similarly, the study of 

67 IHCA patients by Abella et al. found that during 37% of the time, compression depth was 

less than the minimum recommended value. Compression rate failed to comply with 

minimum requirements 28% of the time. In addition excessive ventilation was common; in 

61% of data segments, ventilation rate exceeded 20 vpm. Other studies likewise 

demonstrated suboptimal performance, both among trained medical professionals59-61 and 

laypersons.62, 63  

Among trained rescuers, poor CPR performance has often been linked to poor retention of 

skills after the completion of training. One early study of simulated cardiac arrest found that 

among 21 doctors (MDs), 17 registered nurses (RNs) and 21 laypersons, all had difficulty 

with achieving adequate compression depth and compression rate and with the delivery of 

ventilations four to twelve months post training. The authors of the study noted that despite 

having more training and experience, the CPR performance of MDs and RNs was 

comparable with that of laypersons, which was in general poor.64 Numerous other studies 

have likewise reported poor knowledge retention several months post training.65-68  

2.7 CPR feedback devices 

One approach intended to support consistent, high quality CPR is through the utilisation of 

CPR feedback devices. These devices collect data on CPR performance during the 

resuscitation effort and provide real-time feedback to allow rescuers to optimise their 

performance. The feedback provided is in most cases visual, with optional audio feedback. 

In addition some devices feature a metronome that provides auditory prompts to guide 

optimal compression rate. There are a number of CPR feedback devices commercially 

available on the market; popular models include ZOLL Medical Corporation’s Real CPR 

Help® feedback tool that can be used with the AED Plus®, AED Pro®, R Series® and X 

Series® defibrillators, Physio Control’s TrueCPR coaching device that can be used in 

conjunction with the LIFEPAK series of defibrillators, and Philips Medical/Laerdal 

Medical’s Q-CPR feedback tool that can be used with Philips’ HeartStart defibrillators. The 

latter is the technology option selected for implementation by St John Ambulance Western 

Australia (SJA-WA) in the city of Perth, where my study took place. As a result, the features 

of the Q-CPR feedback device are described in detail below.  
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2.7.1 The Q-CPR feedback device 

The Q-CPR feedback device includes an accelerometer that records chest acceleration during 

CPR. It is placed on the chest of the patient, underneath the hands of the rescuer, where it 

collects information about compression depth, compression rate, compression fraction 

(hands-off time), incomplete chest release (leaning) and duty cycle. The device model used 

by SJA-WA is connected to the Philips HeartStart MRx monitor/defibrillator via a cable. 

The assembly is shown in Figure 9. Ventilation rate is derived from the transthoracic 

impedance signal measured through the ECG pads.  

 

 
Figure 9 The Q-CPR feedback device which plugs into the Philips HeartStart MRx 

Monitor/Defibrillator 

Picture sourced from Laerdal Medical.69 

The Q-CPR device provides both visual and (optional) audio feedback in real time to the 

rescuer, enabling immediate performance correction during CPR. A simplified version of the 

visual feedback is displayed on the Q-CPR unit itself, such that the rescuer can observe their 

performance while they are facing the chest of the patient and delivering compressions. This 

visual feedback identifies whether compressions are of adequate depth, within the correct 

compression rate range and whether the rescuer is leaning on the chest of the patient (Figure 

10). If voice prompts are enabled, the rescuer may be provided with auditory instructions 

such as to “compress faster” or “release pressure between compressions”. In addition, a more 

detailed waveform plot is depicted on the screen of the monitor/defibrillator and is updated 

in real time. This is accompanied by numerical values for various compression and 

ventilation parameters (Figure 11). All data collected is stored for retrospective review, thus 

enabling post-event performance debriefing / research.  

Philips HeartStart MRx 
Monitor/Defibrillator 

Q-CPR 
device 
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Figure 10 Visual feedback displayed on the Q-CPR device 

A) Incomplete release of chest notification (yellow arrow); B) compression rate outside of the 
recommended range; and C) inadequate compression depth notification (yellow arrow). 
 
Pictures sourced from Philips.70 

 A 

 B 

 C 
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Figure 11 Visual feedback displayed on Philips HeartStart MRx Monitor/Defibrillator 

CPR quality feedback shown in red. 

Pictures sourced from Philips.70 

2.8 The effect of CPR feedback on CPR quality 
metrics 

The use of CPR feedback devices has been linked to improved CPR quality by a number of 

studies in the literature. The effect of feedback on each of the individual CPR quality metrics 

is discussed below, with particular emphasis on chest compression depth, chest compression 

rate and chest compression fraction. Results from both simulation (manikin) and human 

studies are discussed.  

2.8.1 Compression depth 

As described in a 2013 systematic review,71 a number of manikin studies demonstrated a 

significant improvement in chest compression depth following the implementation of CPR 

feedback. One randomised controlled trial of 223 hospital staff by Noordergraaf et al.72 

found that mean compression depth was significantly greater with the use of the CPREzy 

feedback tool compared to when it was not used (mean±SD: 45±4mm vs. 40±9 mm, 

p=0.0001). In another, cross-over study using the CPREzy tool,73 compression depth again 

significantly increased when feedback was used, from 34.2±7.6mm to 42.9±4.4mm; 

p=0.001. Two other studies74, 75 demonstrated a non-significant improvement in compression 
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depth with the use of feedback; however in both of these cases the mean depth achieved 

prior to the provision of feedback was already close to or within the range recommended by 

international guidelines9, 10 (47.7mm without feedback in one study74 and 59.0mm without 

feedback in the other75). The link between CPR feedback and compression depth in human 

patients is discussed below.  

One North American cluster-randomised trial of 1,586 OHCA cases by Hostler et al. 

reported a significant increase in compression depth with the use of CPR feedback (mean 

difference: 1.6mm [95% CI: 0.5, 2.7]).76 A second randomised trial by Bohn et al. in 

Muenster, Germany, comprising 312 OHCA patients, found a non-significant improvement 

in mean compression depth from 47.4mm to 48.4mm with the use of feedback, p=0.31.53 In a 

prospective interventional study by Kramer-Johansen et al. of 284 OHCA patients from 

Akershus (Norway), Stockholm (Sweden), and London (England), the average compression 

depth increased from 34±9 mm to 38±6 mm during the period that feedback was used, 

p<0.001. Likewise the median percentage of compressions with adequate depth (defined as 

38-51mm according to guidelines that were applicable at the time) increased from 24% to 

53% (p<0.001).59 Again in a before-after study of 484 cases of OHCA by Bobrow et al., 

(USA) compression depth significantly increased following the introduction of CPR 

feedback and scenario-based training, from 45.2 mm to 54.6 mm, representing a mean 

difference of 9.65 mm (95% CI: 7.11, 11.9mm).77 There are many studies, both in manikins 

and patients, that provide evidence of deeper compressions following the introduction of 

CPR feedback.  

2.8.2 Compression rate 

As reported in a 2013 systematic review,71 CPR feedback devices have been shown to 

decrease chest compression rate among manikin studies, aligning it closer to the lower 

recommended value of 100 cpm.9, 10 In a randomised cross-over study of 186 participants,74 

compression rate was found to be significantly lower when feedback was provided compared 

to when it was not (107.0±9.9 cpm with feedback vs. 113.9±17.3 cpm without feedback, 

p=0.001). Similarly in a study that compared three types of feedback devices (CPREzy, Q-

CPR and a metronome), all three devices were linked to a reduction in compression rate, two 

of them significantly.78 In another study of 66 pairs of flight attendants, randomised to 

perform 12 minutes of CPR either with or without CPR feedback from the ZOLL AED 

Pro®, compression rate was significantly lower with feedback; 101±9 cpm compared to 

109±15 cpm without feedback, p=0.009.79 Other studies did not report a significant 

difference in compression rate with the use of feedback.72, 73, 75  
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A number of human studies have observed a significant decrease in compression rate after 

CPR feedback was enabled. This included the large, North American cluster-randomised 

trial of 1,586 OHCA patients by Hostler et al. that reported a compression rate of 108 cpm 

prior to the implementation of feedback, followed by 103 cpm after its implementation, 

p<0.001.76 In the prospective interventional study of 284 OHCA patients in Akershus 

(Norway), Stockholm (Sweden), and London (England) by Kramer-Johansen et al., 

compression rate decreased from a mean of 121 cpm without feedback to 109 cpm with 

feedback (p<0.001).59 Bobrow et al. (USA) also demonstrated a significant decrease in mean 

compression rate from 128 cpm to 106 cpm in 484 OHCA patients following the 

introduction of feedback combined with a scenario-based training intervention.77 These 

findings led the 2015 CoSTR to conclude that “…the use of CPR feedback devices may be 

effective in limiting rates that are too fast”.38 

2.8.3 Compression fraction 

In the 2013 systematic review71 on the link between CPR feedback device use and CPR 

quality among health care professionals, only one manikin study reported on compression 

fraction. This study found that there was no significant difference in compression fraction 

regardless of whether feedback was used or not.79 The same systematic review71 also 

explored the relationship between feedback device use and compression fraction in human 

studies. Based on a meta-analysis comprising three studies,59, 76, 80 the authors concluded that 

feedback use was associated with a 1.9% (95% CI: 1.8, 2.0%) increase in chest compression 

fraction.71 This result was predominantly derived from the large, North American 

randomised trial76 in 1,586 OHCA patients that reported that with the use of feedback, mean 

compression fraction significantly increased from 64.0% to 65.9% (mean difference 1.9%, 

(95% CI: 0.4, 3.4), p=0.016).76 Although this difference was statistically significant, 

clinically its magnitude was not large.38 However a before-and-after study conducted in 484 

OHCA patients in Mesa, Arizona, that was published after the compilation of the systematic 

review, reported a larger increase in median compression fraction (from 66.2% to 83.7%) 

following the implementation of CPR feedback (provided by the ZOLL E-series 

monitor/defibrillator) combined with a targeted training intervention. This corresponded to a 

mean difference of 17.6% (95% CI: 15,0, 20.1).77 Therefore, the use of CPR feedback 

devices has been linked to a higher compression fraction in OHCA patients in some studies.  
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2.8.4 Shock pause, duty cycle, chest recoil and 
ventilation rate 

Few studies reported on the relationship between shock pause, duty cycle, chest recoil or 

ventilation rate and the use of CPR feedback devices. Firstly, in regards to shock pause, the 

audio-visual feedback provided in relation to this quality metric does not generally differ in 

nature to that provided for all other pauses in compressions. Therefore the potential impact 

of feedback on shock pause duration was not independently explored but rather it was 

considered to be part of compression fraction.  

To my knowledge, although commercially available feedback devices collect data on duty 

cycle, they do not provide corrective feedback for this metric. As mentioned previously, 

there is little evidence to support any specific duty cycle.10 Furthermore the potential for its 

manipulation may be limited during manual CPR. As such I could not identify any studies 

that compared duty cycle with and without feedback.  

In regards to leaning, one randomised controlled trial of 132 flight attendants found that 

during a simulation scenario, leaning occurred far less frequently when feedback was used 

compared to when it was not; a mean±SD of 21±31% of compressions were characterised by 

leaning when feedback was used compared to 77±33% when it was not used; p<0.001.79 

Another North American cluster-randomised trial of 1,586 OHCA patients found that there 

was a significantly lower proportion of compressions with leaning when feedback was 

activated compared to when it was not (mean difference: -3.4%, 95% CI: -5,2, -1.5%).76  

Regarding ventilation rate, two human observational studies59, 80 found that it did not 

significantly differ after the introduction of CPR feedback. By contrast a third paper found a 

significant decrease in ventilation rate with the implementation of CPR feedback combined 

with a scenario-based training intervention.77  

2.9 Conclusion 

This chapter provides a background into cardiac arrest and CPR, particularly the elements 

that comprise high quality CPR. The tools used to measure CPR quality and provide 

feedback have also been discussed. Although the use of CPR feedback devices has been 

associated with the closer compliance of some of the CPR quality metrics with international 

resuscitation guidelines, it is important to determine whether a relationship has been 

observed between high quality CPR and patient survival outcomes. This was the subject of 

the systematic review presented in the following chapter.   
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Chapter 3 Systematic review: CPR 
quality and patient survival in 
cardiac arrest 

3.1 Overview 

I undertook a systematic review of the literature in order to investigate and synthesise the 

reported evidence regarding the association between CPR quality and cardiac arrest patient 

survival outcomes. I searched across five databases and the grey literature to identify studies 

that documented human cases of IHCA or OHCA where CPR quality had been recorded 

using a CPR feedback/measurement device and where the relationship with patient survival 

outcomes had been assessed. Prior to doing so I registered my protocol with PROSPERO, 

the international prospective register of systematic reviews.81 A copy of the registration 

document is contained in Appendix 4. I completed my review in accordance with the 

PRISMA checklist for the transparent reporting of systematic reviews and meta-analyses.82 

A copy of this checklist and other supplementary material is provided in Appendix 5. My 

findings are reported in the following manuscript that was published in Resuscitation in 

2015.  

Talikowska M, Tohira H, Finn J. Cardiopulmonary resuscitation quality and patient survival 

outcome in cardiac arrest: A systematic review and meta-analysis. Resuscitation. 2015; 96:66-77. 

Permission to include the manuscript in this dissertation has been obtained from Elsevier; a 

copy of the License Agreement is included in Appendix 8. 
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3.2 Manuscript 
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3.3 Summary 

This systematic review and meta-analysis found that deeper compressions were significantly 

associated with both return of spontaneous circulation (ROSC) and survival to hospital 

discharge (STHD). The mean difference in depth between those with and without ROSC was 

0.99 mm (95% CI: 0.04, 1.93). It was 2.59 mm (95% CI: 0.71, 4.47) between those who did 

and did not survive to hospital discharge. Within the range of approximately 100-120 cpm, 

compression rate was found to be significantly associated with STHD. Compression fraction 

could not be examined by meta-analysis due to high statistical heterogeneity (I2≥75%) 

between the studies. However a higher compression fraction appeared to be associated with 

survival in cases with a shockable initial rhythm. Two studies83, 84 found that a shorter pre-

shock and peri-shock pause was associated with improved survival outcomes. I could not 

reliably comment on the link between duty cycle, chest recoil or ventilation rate with 

survival outcomes because there were few studies that investigated these relationships in a 

consistent manner. However since the publication of my review, one North American study 

of duty cycle in paediatric and adolescent in-hospital cardiac arrest (IHCA) found no 

association with survival.85  

This review provided an understanding of the relationships between individual CPR quality 

metrics and patient survival outcomes, as reported by others in the literature. Following this I 

sought to measure the quality of CPR performed by St John Ambulance WA paramedics 

responding to OHCA cases in the Perth metropolitan area. I then sought to explore the link 

between CPR quality and OHCA patient survival outcomes in this cohort. While undertaking 

the abovementioned review however, I noticed that there was notable variation between 

studies in the characteristics of the data intervals that were used for analysis. I therefore 

prepared a paper highlighting these observed differences, prior to finalising the methodology 

for my own retrospective cohort study.  
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Chapter 4 Methodologies used by other 
studies 

4.1 Overview 

For this paper, I investigated the characteristics of the data intervals that were used for 

analysis by other studies; specifically those that met the inclusion criteria for the systematic 

review86 described in the previous chapter. My motivation was to analyse the work of other 

authors before finalising the methods for my retrospective cohort study. I specifically looked 

at the length of the data interval used for analysis, the event that marked the start of the 

analysis interval and the minimum amount of data that was required for an individual case to 

be included in the analysed cohort. My findings are summarised in the following manuscript 

that was published in Resuscitation in 2016. 

Talikowska M, Tohira H, Bailey P, Finn J. Cardiopulmonary resuscitation quality: Widespread 

variation in data intervals used for analysis. Resuscitation. 2016; 102:25-8. 

Permission to include the manuscript in this dissertation has been obtained from Elsevier; a 

copy of the License Agreement is included in Appendix 8. 
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4.2 Manuscript 
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4.3 Summary 

In this manuscript I observed that there was notable variation among those studies that 

investigated the relationship between CPR quality and cardiac arrest patient survival, with 

respect to the characteristics of the data intervals used for analysis of the relationship 

between CPR quality and survival outcomes. Fourteen of 21 studies used data only from the 

first few minutes of the resuscitation episode for analysis, for example the first five or ten 

minutes. The remainder used either all available data within the entire resuscitation episode 

or did not specify the data period used. For this reason, in planning the retrospective cohort 

study that I would undertake, I chose to measure CPR quality data from four discrete time 

intervals. Three of those were from the start of the resuscitation episode: 

a) The first 3 minutes from placement of ECG pads on the patient; 

b) The first 5 minutes from placement of ECG pads on the patient; 

c) The first 10 minutes from placement of ECG pads on the patient; and 

d) All available episode data. 

Similarly to two of the studies,13, 84 I considered the start of the analysis interval to be marked 

by the placement of the ECG pads on the patient. I likewise adopted the requirement for at 

least one minute of CPR quality data to have to have been captured for the case to be 

included in the analysed cohort. Comprehensive details of the methods used for my 

retrospective cohort study are described within the following chapter.  
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Chapter 5 Methods 

5.1 Overview of study 

The key aim of this PhD research was to investigate the relationship between the quality of 

CPR performed by paramedics and survival outcomes from OHCA. This was to be done 

specifically in the context of SJA-WA. In order to address this aims I conducted a 

retrospective cohort study utilising prospectively collected data obtained from OHCA cases 

in which resuscitation had been attempted by SJA-WA paramedics. The arrests had to have 

occurred within the Perth metropolitan area between 1st July 2014 and 30th June 2016 (2 

years). CPR quality data was collected using the Q-CPR feedback device; the start of the 

study period coincided with the introduction of this device into routine clinical practice 

among metropolitan ambulance personnel. The device collected information about individual 

CPR quality metrics including chest compression depth, compression rate, compressions 

fraction, duty cycle, chest wall recoil and ventilation rate. I extracted and cleaned this data 

and then used it to estimate CPR performance. I subsequently examined the link between 

CPR quality and survival outcomes in OHCA patients using multivariable logistic regression 

analysis. Further details of each of the aspects of my methods are provided within the 

subsequent sections of this chapter.  

5.2 Setting 

SJA-WA is the sole provider of emergency road ambulance services within the state of 

Western Australia (W.A.). With an area of over 2.5 million square kilometres,87 W.A. is the 

largest land mass globally to be covered by a single ambulance service.88 Perth, the capital 

city of W.A., is inhabited by approximately 2 million people.89 Within its metropolitan area 

there are 29 ambulance depots (stations). In 2014/15, the SJA-WA combined on-road 

capability ranged from 26 day vehicles operating between 7am and midnight to 36 

ambulances operating 24 hours a day.88 Emergency medical services dispatch for all of 

W.A., including Perth, are managed out of the State Operations Centre located in Belmont 

(Perth). 

For every OHCA call, the Operations Centre dispatches two ambulance vehicles, each 

staffed by two paramedics. SJA-WA employs university-educated paramedics to deliver 

prehospital care within the metropolitan area. On-road teams often comprise one student 

paramedic who is undertaking undergraduate study and one qualified paramedic who 

provides guidance and supervision. In addition, a senior Clinical Support Paramedic (CSP) 
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or Area Manager (AM) is dispatched to each OHCA to provide additional support and 

equipment. The CSP’s and AM’s transport the Lund University Cardiac Arrest System 

(LUCAS) mechanical chest compression device to the scene of the arrest.  

All of the vehicles are dispatched on Priority 1. Priority 1 is assigned to high acuity cases 

such as cardiac arrest or chest pain; the responding crew should aim to arrive on scene within 

15 minutes of receiving dispatch instruction from the State Operations Centre (Table 4). 

Timely response is enabled by the use of lights and sirens. Priority 2 is assigned to urgent but 

non-emergency conditions, for example, a peripheral wound resulting from a penetrating 

trauma; such incidents should be responded to within 25 minutes (Table 4). Additionally 

there is also a third dispatch priority (‘Priority 3’) however this is assigned to non-urgent, 

low acuity cases such as a minor haemorrhage; these should be attended within 60 minutes 

(Table 4). 

Once paramedics arrive on scene, the cardiac arrest is managed in accordance with the SJA-

WA Clinical Practice Guideline (CPG) for Cardiac Arrest;90 a copy of the guideline is 

provided in Appendix 3. This guideline prioritises early chest compressions and 

defibrillation and promotes the use of the Q-CPR feedback device. Each metropolitan 

ambulance crew carries a Q-CPR device together with a Philips HeartStart MRx 

monitor/defibrillator. The Q-CPR should be promptly applied to the chest of the patient once 

paramedics arrive on scene. If a decision is then made to apply the LUCAS mechanical 

compression device, the Q-CPR should be removed as the two devices are incompatible.  

Table 4 SJA-WA ambulance dispatch priorities and targeted response times 

Priority Urgency 
Maximum response 

time 
Performance* 

2014/5 

1 Emergency 15 minutes 92.6% 

2 Urgent 25 minutes 91.6% 

3 Non-urgent 60 minutes 96.0% 

 
*Percentage of calls that were attended to within the maximum allocated response time.88 

 

Patients transported by paramedics are taken to one of the public or private emergency 

departments (EDs) listed in Table 5. In general Australia has a universal health care system 

comprising publicly funded hospitals supplemented by private facilities. Patients are taken to 

the closest hospital that has the capacity to receive them, however patients with ST segment 

elevation myocardial infarction (STEMI) can be transported directly to a hospital that has 

percutaneous coronary intervention (PCI) services.  
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Table 5 List of public and private hospitals with an emergency department in 
Perth91 

Hospital 
Percutaneous Coronary 

Intervention (PCI) Service 

Armadale/Kelmscott District Memorial Hospital  

Fiona Stanley Hospital1  

Fremantle Hospital2  

Joondalup Health Campus 3 

King Edward Memorial Hospital For Women4  

Peel Health Campus  

Princess Margaret Hospital For Children  

Rockingham General Hospital   

Royal Perth Hospital  

Sir Charles Gairdner Hospital  

St John of God Midland Public Hospital5  

St John of God Murdoch Private Hospital*  

Swan District Public Hospital6  
 

*Private Hospital 

Additional notes: 

1. The Emergency Department at Fiona Stanley Hospital opened in February 2015, during the study period. 

2. The Emergency Department at Fremantle Hospital closed in February 2015, during the study period. 

3. 24 hour PCI services commenced at Joondalup Health Campus in 2016, during the study period. Prior to this PCI 

services were during day time hours only. 

4. This is primarily a maternity hospital therefore a very limited number of cardiac arrest patients are transported there. 

5. St John of God Midland Public Hospital opened in November 2015, during the study period. 

6. Swan District Public Hospital closed in November 2015, during the study period.  

5.3 Population 

Collection of study data was restricted to OHCA cases in the Perth metropolitan area, the 

boundaries of which were defined by the Australian Bureau of Statistics (ABS).89 The study 

cohort was comprised of patients aged eight years or older since the Q-CPR device is only 

approved for use in this age group. I included arrests of all aetiologies, but excluded patients 

who had been successfully resuscitated prior to the arrival of paramedics as I could not then 

accurately confirm the suspected diagnosis of cardiac arrest (and the Q-CPR device would 

not have been used). Finally I excluded cases that had resuscitation commenced but then 

terminated due to a “do not resuscitate” (DNR) order being identified.  
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5.4 Patient characteristics and outcomes 

Patient data was sourced from SJA-WA electronic patient care records (ePCRs); these are 

completed by treating paramedics for each attended case. They detail any relevant reports 

from bystanders, any prehospital interventions administered by paramedics and any recorded 

patient measurements such as body temperature and cardiac rhythms. Additionally they 

document the occurrence of short-term outcomes such as return of spontaneous circulation 

(ROSC) or whether resuscitation was terminated at the scene.  

The three patient outcomes relevant to my study were: 

(i) ROSC at any time during prehospital treatment by paramedics, up to the 

patient’s arrival at the emergency department (ED); 

(ii) survival to hospital discharge (STHD); and  

(iii) good neurological outcome at hospital discharge. 

For patients admitted to hospital, survival status was sourced from in-patient hospital 

records, cross-checked against the Western Australian Death Registry. The patient’s 

neurological outcome was determined by hospital medical chart review, undertaken by a 

research nurse after the patient had been discharged from hospital. Neurological status was 

scored using the Cerebral Performance Category (CPC) scale.16, 92 This comprises five 

categories ranging from 1 (‘good cerebral performance’) to 5 (‘brain death’) (Table 6). A 

CPC score of 1 or 2 was considered to be a good neurological outcome in my study. 
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Table 6 Cerebral performance category (CPC) scale of patient neurological 
status92 

CPC 
score 

Representation 

1 Good cerebral performance: Conscious, alert, able to work and lead a normal life. May 

have minor psychological or neurologic deficits (mild dysphasia, nonincapacitating 

hemiparesis, or minor cranial nerve abnormalities). 

2 Moderate cerebral disability: Conscious. Sufficient cerebral function for part-time work 

in sheltered environment or independent activities of daily life (dress, travel by public 

transportation, food preparation). May have hemiplegia, seizures, ataxia, dysarthria, 

dysphasia, or permanent memory or mental changes. 

3 Severe cerebral disability: Conscious; dependent on others for daily support (in an 

institution or at home with exceptional family effort). Has at least limited cognition. This 

category includes a wide range of cerebral abnormalities, from patients who are 

ambulatory but have severe memory disturbances or dementia precluding independent 

existence to those who are paralysed and can communicate only with their eyes, as in the 

locked-in syndrome.  

4 Coma or vegetative state: Unconscious, unaware of surroundings, no cognition. No 

verbal or psychologic interaction with environment. 

5 Brain death: Certified brain dead or dead by traditional criteria. 

 

Extraction and collation of OHCA patient data (from the SJA-WA e-PCR and computer 

aided dispatch data) is routinely undertaken by Dr Madoka Inoue, the OHCA Database 

Manager at the Prehospital, Resuscitation and Emergency Care Research Unit (PRECRU) at 

Curtin University. For the purposes of my study, Dr Inoue provided me with a de-identified 

dataset containing all OHCA cases that had resuscitation attempted by paramedics during the 

study period, excluding those aged less than eight years, those with AED use prior to 

ambulance arrival or those who had already been successfully resuscitated from apparent 

arrest at the time of ambulance arrival on scene. I then identified which of these cases had 

valid CPR quality data recorded. More information about how this was done is described in 

the following sections. I also compared baseline characteristics and survival outcomes 

between those OHCA patients meeting the study inclusion criteria and those excluded; using 

t-tests or chi2 tests with a 5% level of significance. 
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5.5 Obtaining CPR quality data 

5.5.1 Collection of data 

The Q-CPR device was used to collect data on the following six CPR quality metrics: 

 Chest compression depth 

 Chest compression rate 

 Chest compression fraction 

 Duty cycle 

  Chest wall recoil (proportion of compressions with leaning) 

 Ventilation rate.  

The device did not automatically collect data on shock pauses, therefore the measurement of 

this metric was considered beyond the scope of my study, with the exception of some 

manual calculations carried out in Chapter 7. All pauses in compressions, regardless of the 

reason for the pause, were generically captured under the compression fraction metric.  

All Q-CPR data that was collected was securely uploaded to the SJA-WA server following a 

resuscitation episode. To then access the data for a given case, the SJA-WA case number 

was entered into the search field of the SJA-WA secure intranet website. I obtained the case 

numbers for all OHCAs that had had resuscitation attempted by paramedics during the study 

period from within the dataset provided to me by the Database Manager. I did not know in 

advance which cases would contain CPR quality data, therefore I individually entered all 

case numbers into the search field. I then individually reviewed the results for each case to 

see whether a downloadable CPR quality file was included. If there was a file present, I 

downloaded it to the secure project drive accessible from the PRECRU office at Curtin 

University. This drive has restricted access and is backed up regularly by PRECRU staff. 

5.5.2 Reviewing cases 

I reviewed all downloaded files using Philips’ proprietary HeartStart Event Review Pro 

software package (version 4.2, EMS edition). This program produces waveform plots for a 

number of discrete input channels. The plots include a compression waveform plot (Figure 

12), an ECG plot (Figure 13) and a ventilation waveform plot, among others. I firstly 

reviewed the compression waveform plot for each case. Where there was at least one minute 

of compression data depicted, the case was retained for inclusion in the analysed cohort, 
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otherwise it was excluded. The cut-off point of one minute of data was selected based on 

observations from my second paper93 that found that several studies in the literature required 

at least one minute of CPR quality data for cases to be included in the analysed cohort.93  

 

Figure 12 Screenshot from Philips’ Event Review Pro program showing 
compression waveform plots 

Overview [above] and detailed segment [below]. 
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Figure 13 Screenshot from Philips’ Event Review Pro program showing ECG plot 

Overview [above] and detailed segment [below]. 

In addition to providing waveform plots, the Event Review Pro program also automatically 

generates summary reports for individual resuscitation episodes. These contain the average 

values for each of the CPR quality metrics. As a third alternative the program provides 

summary data on a 30 second-by-30 second basis over the duration of the resuscitation 

episode. This is contained within a downloadable Microsoft Excel file; a sample is shown in 

Figure 14 albeit with a smaller number of variables than exist in the real file. To increase the 

accuracy of my estimates for each of the CPR quality metrics, I chose to manually calculate 

them from the data contained within the Microsoft Excel files, instead of extracting the 

average values from the automatically generated summary reports. Utilisation of the 

Microsoft Excel files also allowed me to make manual adjustments where required, such as 

for the exclusion of periods of ROSC from calculations. Details of these adjustments are 

described in Section 5.7. 
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Figure 14 Example of a Microsoft Excel file containing 30 second-by-30 second 
summary data for a resuscitation episode 

5.6 Calculation of average CPR quality for each 
resuscitation episode 

My supervisor (HT) and I created unique syntax in the SPSS software package (Version 

21.0, IBM, Armonk, NY) to calculate the mean of each CPR quality metric within a given 

resuscitation episode. We used the following formulae for our calculations: 

 

Mean compression depth 
for episode = 

Σ (mean compression depth for 30s interval x number of compressions in interval) 

Total number of compressions in episode 

Mean compression rate 
for episode = 
 

Total number of compressions in episode  
Total flow time (mins)*  

Mean compression 
fraction for episode =  
 

Σ (flow time* per 30s interval)  

Total episode duration  

 

  

Each line represents a 30 
second duration of 

measurement (expressed 
in milliseconds) 

Number of 
compressions per 

30 second 
interval 

All 30s intervals 

All 30s intervals 
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Mean duty cycle for 
episode =  

Σ (mean duty cycle for 30s interval x number of compressions in 30s interval) 

Total number of compressions in episode 

Proportion of 
compressions with 
incomplete release in 
episode =  

Σ (compressions with incomplete release per 30s interval)  

Total number of compressions in episode 
 

Mean ventilation rate per 
episode =  

Σ (ventilations per 30s interval)  

Total episode duration  

*Flow time = time during which compressions were delivered. 

The syntax was run across all cases in the dataset and the results were input into a single file. 

To confirm that the syntax was functioning as expected, for a number of randomly selected 

cases I checked the results generated against manual calculations. I then sorted all results 

from highest to lowest to confirm that there were no unexpected outliers.  

5.7 Manual adjustments 

I made a number of manual adjustments to the data to increase the accuracy of the estimates, 

in particular with regard to the compression fraction metric. I did this by: 

(i) Excluding all breaks corresponding to ROSC;  

(ii) Reviewing all breaks that were greater than 30 seconds in duration to confirm 

that they were real breaks in compressions and not breaks in the use of the Q-

CPR device; and 

(iii) Reviewing the end of the resuscitation episode to confirm that the final segment 

of data recorded was representative of compressions and not of artefact from 

moving the Q-CPR device or the patient.  

Each of these corrections is described in more detail in the following sections.  

 

 

All 30s intervals 

All 30s intervals 

All 30s intervals 
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5.7.1 Correction for ROSC 

Firstly I identified which cases had had prehospital ROSC by reviewing the corresponding 

variable in the dataset that had been provided to me by the Database Manager; all cases with 

ROSC were coded as “1”. I then sought to ascertain the timing of ROSC by manually 

reviewing the corresponding electronic Patient Care Record (ePCR). If the timing of ROSC 

was clearly documented in the ePCR, I then examined the corresponding time point on the 

compression waveform plot to see whether a concurrent break in compressions was present. 

If so, I assumed that the break corresponded to ROSC and I excluded it from my 

calculations. Where the timing of ROSC was not clearly documented in the ePCR, I looked 

for other information such as the timing of delivered shocks to provide guidance on the 

possible timing of ROSC. I then examined the compression waveform plot for corresponding 

breaks in compressions. I looked at the ECG plot at the time of the breaks to see if the 

rhythm depicted could potentially be representative of a perfusing rhythm (alternatively it 

could be representative of PEA). If the ECG plot did resemble a perfusing rhythm/PEA, I re-

examined the ePCR to see whether PEA was documented to have occurred around this time. 

If not, in most cases where the break was of an extended length I assumed that the 

corresponding ECG plot represented a perfusing rhythm and therefore excluded the break 

from calculations. In the situation where there were no specific details regarding the timing 

of ROSC in the ePCR and it could not be deduced based on other information, I simply 

examined all episode data to identify any extended breaks. I then reviewed the ECG plot 

during each of these breaks. If a potentially perfusing rhythm was present, I looked at the 

duration of this rhythm. If its duration was long (several minutes) and there was evidence of 

compressions and breaks throughout, I assumed it may have been PEA. Therefore I did not 

exclude any of this data from my calculations. However if the rhythm persisted for some 

time without concurrent compressions, I assumed that it may have been a perfusing rhythm. 

In this case I excluded the associated breaks from my calculations. Where available, I 

confirmed my findings using end-tidal carbon dioxide (ETCO2) readings.  
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5.7.2 Correction for periods when Q-CPR was not 
utilised 

I manually reviewed all breaks in compressions of duration greater than 30 seconds. I used 

the syntax to aid me in identifying which cases had such breaks. Where such a break 

occurred, I examined the ECG waveform at the time of the break to identify whether 

compressions were concurrently visible on the ECG (see Figure 15). If they were, I 

concluded that compressions were being administered by the rescuer but the Q-CPR was not 

being used to the record compression data. Therefore, given that there was no CPR quality 

data available for analysis, I excluded this period from calculations. However, if there were 

no compressions visible on the ECG, I assumed that this was a genuine break in 

compressions and I included it in calculations.  

 

Figure 15 Screenshot from Philips’ Event Review Pro program showing a lack of 
recorded compression data 

A lack of recorded compression data is indicated by a flat line on the compression waveform [above] 
while compressions are visible on the corresponding ECG [below]. 
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5.7.3 Correction for artefact at the end of the data 
collection window 

After reviewing the compression waveforms of a number of cases in the study cohort I 

observed that in some instances there was a short and irregular piece of ‘compression data’ 

visible at the end of the data collection period (Figure 16) that were included in the 

calculations made by the syntax. Such aberrations were often preceded by a pause in 

compressions of up to several minutes duration. Given the irregular amplitude and short 

duration of these data I concluded that in most cases they represented artefact from moving 

or unplugging the Q-CPR device or from moving the patient. Given that they did not 

represent compressions, I excluded them from calculations, together with the preceding 

break if relevant.  

 

Figure 16 Artefact visible towards the end of the data collection period 

 

5.7.4 Adjustment for ventilation rate 

In addition to performing the manual adjustments described above, I also found that in a 

small proportion of cases the ventilation rate values returned by the syntax were an order of 

magnitude higher than expected. I manually reviewed their corresponding Microsoft Excel 

files and waveform plots to determine the number ventilations recorded. I hypothesised that 

in some cases compressions were being registered as ventilations or, if the patient achieved 

ROSC, potentially their own respirations were being recorded as administered ventilations. 

Therefore for the small proportion of cases with excessively high ventilations rates I 

manually adjusted these to include only those ventilations that were clearly distinguishable 

on the ventilation waveform and did not appear during periods of ROSC.  

5.8 Calculation of group CPR performance 

Following implementation of the manual adjustments described above, I sought to calculate 

the group mean and standard deviation (SD) and median and interquartile range (IQR) across 
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all cases within the study cohort using widely accepted formulae. I then plotted the 

distribution for each CPR quality metric across all cases in the cohort. I tested the 

distributions for normality based on skewness and kurtosis, using the 5% level of 

significance. I then compared the mean and median values against the target values 

recommended by the ERC and AHA resuscitation guidelines.9, 10 Although the study was 

based in Perth, Australia, I did not compare performance against the Guidelines issued by the 

Australian and New Zealand Committee on Resuscitation (ANZCOR).11, 12 This was because 

the latter guidelines were not as comprehensive as the AHA9 and ERC guidelines10 in 

providing recommendations for CPR quality. I also compared the performance of the study 

cohort to that reported by other studies in the literature; specifically I focused on those 

examined in my systematic review.86 The results are outlined in Chapter 6.  

5.9 The use of various data interval durations 
for calculations 

I initially performed all of the calculations described above using all of the data that was 

available for each case. However, given the variability in the length of data interval used for 

analysis by other papers,93 I also performed the calculations using the first 3, 5 and 10 

minutes of CPR quality data. I assumed that the start of the episode was signified by the 

placement of ECG pads on the patient.93 I then sought to determine whether the group mean 

for each of the CPR quality metrics differed depending on which data interval was used for 

calculations. I did this by first matching cases across the four time intervals and the 

comparing their means using paired t-tests with a 5% level of significance. Specifically I 

compared the means of each of the shorter measurement durations to that for the entire 

resuscitation episode. All comparisons were done in Stata (Version SE13, StataCorp LP, 

College Station, TX).  

5.10 Investigating the relationship between CPR 
quality and survival outcomes 

As mentioned previously a key aim of my study was to investigate the relationship between 

CPR quality and OHCA patient survival outcomes in the study cohort. I sought to do this by 

using multivariable logistic regression analysis. I used the dataset containing all available 

episode data and merged it with the earlier dataset containing details of patient 

characteristics and survival outcomes. As described previously, the survival outcomes of 

interest were ROSC, STHD and good neurological outcome at hospital discharge. All 

modelling was performed in Stata SE13. Details are provided below.  
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5.10.1 Multivariable logistic regression analysis 

I employed multivariable logistic regression analysis with robust estimates of variance to 

explore the relationship between CPR quality and survival outcomes. This methodology was 

chosen because it was the standard used among other papers. 13, 15 94 As had been done in 

other studies, I adjusted for the Utstein predictors of survival (Table 7) in my models; these 

are factors known to modulate cardiac arrest survival outcome.25, 95 I elected to include all of 

these variables into my model even if they were not found to be significant in univariate 

analysis. Two of the variables were continuous - that representing patient age and the time 

from the emergency call to EMS arrival on scene. The rest were binary variables. Where data 

was coded as missing or unknown, it was assigned to the “no” category for the variables 

representing bystander-witnessed arrest and bystander CPR. For all other variables, if an 

individual case had missing data for any one of these variables, the case was excluded from 

the analysed cohort. While a number of studies in the literature also adjusted for in-hospital 

treatments like the provision of therapeutic hypothermia, I lacked the data to be able to 

adjust for such in-hospital parameters in my model.  

Table 7 Utstein predictors for survival that were adjusted for in the multivariable 
logistic regression analysis 

Utstein predictors of survival Format 

Age (years) Continuous 

Gender Binary 

Bystander-witnessed arrest Binary 

EMS-witnessed arrest Binary 

Arrest location = public Binary 

Bystander response = CPR Binary 

First monitored rhythm = shockable Binary 

Pathogenesis = presumed cardiac Binary 

Time from emergency call to EMS arrival on scene (s) Continuous 

 

Given that my systematic review86 found that compression depth and compression rate 

(within a given range) were associated with improved patient survival, I chose to focus on 

the relationship between these metrics and patient survival in the study cohort. I also 

prioritised my attention on compression fraction given that many studies in the literature96, 97 

had explored its relationship with survival outcomes. Therefore, I commenced my 

investigation by examining whether having all three of these CPR quality metrics in 

compliance with international resuscitation guideline9, 10 requirements was associated with 

improved survival outcomes. I defined compression depth as being compliant with guideline 
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requirements if it was in the range of 50-60mm; compression rate if it was in the range 100-

120 cpm and compression fraction if it was greater than or equal to 80%. I chose the cut-off 

of 80% for compression fraction because although both sets of international resuscitation 

guidelines9, 10 recommend a minimum compression fraction of 60%, the AHA expert 

consensus was that a compression fraction of 80% or above should be achievable in a variety 

of settings.9  

I created three separate logistic regression models for each of the three survival outcomes of 

interest. In each model the dependent variable was the dichotomous survival outcome, while 

the CPR quality metrics were independent variables. I reported unadjusted odds ratios (OR) 

with 95% confidence intervals (95% CIs). The 95% CIs indicate that we are 95% confident 

that the true OR lies within this range. In this case the ORs represented the odds of achieving 

the survival outcome with all three CPR quality metrics in compliance with guideline 

requirements. I then reported adjusted odds ratios (aOR) following adjustment for the so-

called Utstein predictors of survival. After this I reported aOR's following adjustment for the 

Utstein predictors and for the remaining CPR quality metrics: duty cycle, chest wall recoil 

and ventilation rate.  

Next I investigated whether having compression depth, compression rate or compression 

fraction individually compliant with resuscitation guidelines was associated with improved 

patient survival outcome in the study cohort. Again I created a separate model for each of the 

three survival outcomes. I derived unadjusted odds ratios representing the odds of achieving 

the survival outcome if one of the given CPR quality metrics complied with guideline 

requirements, for example, the odds of ROSC if compression depth was in the range 50-

60mm. I then adjusted for the Utstein predictors of survival plus the other two key CPR 

quality metrics. Following this, I adjusted for the Utstein predictors plus all of the CPR 

quality metrics.  

Finally I created a logistic regression model that incorporated all of the CPR quality metrics, 

this time expressed as continuous variables, together with all of the Utstein predictors. I 

investigated whether any of the CPR quality metrics were significantly associated with a 

survival outcome while adjusting for the other confounders. I also tested for interactions 

between individual variables, where it was deemed that such an interaction would make 

sense; for example, between compression rate and compression depth. Again I created a 

separate model for each of the three survival outcomes. The results are described in Chapter 

7. 
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5.11 Extension of PhD work: A detailed 
investigation of compression fraction 

After examining the relationship between CPR quality and OHCA patient survival outcomes 

in my study cohort, I further investigated the relationship between chest compression 

fraction and survival outcomes. As seen in my systematic review,86 a number of studies 

reported mixed findings pertaining to the association between chest compression fraction and 

survival outcomes. While a 2009 study by Christenson et al.96 found that a higher 

compression fraction was independently predictive of better survival in OHCA patients with 

a shockable initial rhythm, several of the papers cited in my review,14, 15 in addition to other 

recently published studies,14, 98 have reported an inverse association between compression 

fraction and survival outcomes. I therefore chose to investigate the relationship between 

compression fraction and survival outcomes in detail in the SJA-WA cohort. I chose ROSC 

as the outcome of interest because it was expected to have the greatest number of patients 

who achieved a positive result. I performed three separate sensitivity analyses that are 

described in detail below. 

5.11.1 Analysis utilising alternative measurement 
durations 

Firstly, I conducted logistic regression analyses using three alternative durations of 

measurement interval (3, 5 and 10 minutes). In my earlier paper93 I had observed that there 

was a large degree of heterogeneity in the length of data interval used for analysis among 

studies that investigated the relationship between CPR quality and survival. Indeed among 

those studies that included compression fraction I found that the length of data interval used 

ranged from a mean (IQR) of 1.6 (1.1) minutes96 to all episode data.98 I hypothesised that 

compression fraction would be one of the CPR quality metrics that would be most influenced 

by the duration of the measurement interval used for analysis. This is because of the variety 

of interventions that could be administered during the resuscitation effort (for example, 

intubation); whether these were captured within the analysis window could notably influence 

the overall compression fraction calculated. Also, very short durations of CPR quality 

measurement comprising only a few minutes of data may be much more vulnerable to 

inaccuracies compared to larger segments of CPR quality data. Therefore I repeated the 

logistic regression analysis using the three alternative measurement durations to examine 

whether the relationship between chest compression fraction and ROSC differed to that 

found using all available data from the resuscitation episode. 
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5.11.2 Adjustment for known confounders 

In a study by Wik et al.,17 the authors found an inverse relationship between chest 

compression fraction and survival prior to statistical adjustment for confounders that were 

significantly associated with either chest compression fraction or survival. However, 

following the adjustment, the relationship was in the expected direction. I sought to 

investigate whether adjusting for the same variables as Wik et al. would change the direction 

of the relationship observed between chest compression fraction and ROSC in the SJA-WA 

cohort. I therefore created a logistic regression model using all available episode data that 

examined compression fraction as a continuous variable and adjusted for the same factors as 

Wik et al. (with the exception of site location which was not relevant to my study and 

median duration of treatment which was not accurately captured).17 My results are reported 

in Chapter 7. 

5.11.3 Use of alternative modelling techniques 

Thirdly, under the direction of my supervisor Dr Hideo Tohira, I employed alternative 

modelling techniques to investigate the relationship between CPR quality and ROSC. The 

intent was to further investigate whether chest compression fraction was a predictor of 

ROSC using these techniques. I derived a classification tree using Classification and 

Regression Tree (CART) modelling and likewise applied artificial neural network (ANN) 

analysis to the study data. Both analyses were carried out in IBM SPSS version 21.0 (IBM, 

Armonk, NY). I then compared the level of predictability of these models to that of logistic 

regression modelling. 

A classification tree is a flowchart-like model that illustrates the key factors predictive of 

outcome and the cut-off points at which branching occurs. The tree commences from a root 

node that contains all of the study cohort data and branches out in a recursive manner until 

all nodes contain data with the same outcome (or, alternatively, until stopping criteria are 

met, however none were assigned in my study). The cut-off points are determined based on 

the Gini impurity index; when this is minimised, it indicates that the heterogeneity of the 

outcomes at each of the subsequent downstream nodes is minimised.19 The predictors used 

for building the decision tree for my cohort were: age (years), gender, witnessed arrest, arrest 

location, bystander CPR, first monitored rhythm = shockable, pathogenesis = presumed 

cardiac, EMS response time in seconds, mean compression depth, mean compression rate 

and mean compression fraction. The outcome studied was ROSC. 
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Artificial neural network analysis was also applied to my data. This is a non-linear statistical 

modelling tool used for complex pattern-recognition tasks. It likewise reports the key factors 

predictive of outcome. It attempts to simulate the learning behaviour of human beings; this is 

done by starting off with a collection of interconnected nodes with pre-specified 

computational rules. The nodes then interact with each other, passing information between 

each other, and while doing so modify their structure to provide a predictive model for 

system output based on the input data. In this way the system learns to make predictions 

based on the observations that it encounters.99 The ANN used in my study was the most 

common type of ANN referred to as the multilayer perceptron (MLP). This was made up of 

three layers of nodes arranged in series: an input layer, a hidden layer and an output layer. 

The input layer comprised the variables age (years), gender, witnessed arrest, arrest location, 

bystander CPR, first monitored rhythm = shockable, pathogenesis = presumed cardiac, EMS 

response time in seconds, mean compression depth, mean compression rate, mean 

compression fraction mean duty cycle, the mean proportion of compressions with leaning 

and mean ventilation rate. The output was ROSC. OHCA cases were grouped by a 7:3 ratio 

to create training samples and testing samples. Repeated training cycles were then run based 

on trial-and-error until the prediction process was optimised and the network could be used 

to reliably deliver an answer for output based on a new set of input variables. 

I then compared the results generated from ANN and CART analyses to those produced by 

logistic regression modelling. I was interested to know whether the same variables were 

considered key predictors of outcome across all three modelling techniques. I then compared 

the area under the receiver operating characteristic (AUROC) curve for each of the 

techniques to determine their relative degrees of predictability; a higher AUROC is 

indicative of a higher degree of predictability. The AUROC can range from 0.5 which 

indicates that the predictability of the model is not better than guessing to 1 which indicates 

perfect predictability. For determining the AUROC (95% CI) for the ANN model only, I 

used a bootstrapping technique because SPSS does not provide a 95% CI for the AUROC for 

ANN. Following training of the neural network as described in the paragraph above, I input 

the test data into the network and calculated an AUROC, then I repeated this process 1000 

times in order to obtain 95% confidence intervals. My results are presented in the appendix 

to the manuscript in Chapter 7. 
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5.11.4 Time-dependent nature of the relationship 
between compression fraction and survival 
outcomes 

In a further exploratory analysis, I investigated the potential time-dependency of the 

relationship between compression fraction and survival outcomes. Other authors had 

proposed that this relationship may vary depending on the duration of the resuscitation effort 

provided by EMS personnel or depending on the timing of ROSC.98, 100 I sought to examine 

an alternative model of time-dependency based on results from animal data. Recent porcine 

studies had suggested that the deliberate introduction of breaks in compressions during the 

initial minutes of CPR had been associated with survival benefit in cases where resuscitation 

efforts were delayed by 15-17 minutes from onset of arrest.101-104 Referred to as ‘post 

conditioning (PC), the proposed mechanism is that, following an extended period with no 

circulation, the deliberate introduction of pauses in compressions may help to prevent 

reperfusion injury to the myocardium and brain.105, 106 In light of this, and given that no 

similar observational study had been carried out in humans, I sought to investigate whether a 

similar phenomenon was observed in the study cohort. Specifically I examined whether the 

relationship between compression fraction and ROSC varied depending on the ‘downtime’ 

from onset of arrest to delivery of CPR by emergency medical services (EMS-CPR). 

The onset of arrest was estimated from bystanders’ and paramedics’ descriptions on the 

ePCR. Downtime was measured up to the time of EMS arrival on scene. I used the time of 

EMS arrival because in the majority of cases the time from arrival to commencement of CPR 

was assumed to be short unless otherwise documented in the ePCR. In general I attempted to 

place downtime into one of two categories, namely: less than or equal to 15 minutes or 

greater than 15 minutes. The cut-off of 15 minutes was selected based on animal studies.101-

103 Because estimation of downtime was done retrospectively, to minimise potential error I 

used a conservative approach and coded the downtime variable as “unknown” if it was not 

possible to reliably estimate it. I also consulted the first recording of patient temperature to 

justify my downtime estimates. I considered that downtime was longer than 15 minutes if the 

first recording of body temperature was below 35°C.107 I did not assume the inverse; that a 

first recorded body temperature of above 35°C was indicative of a downtime of less than 15 

minutes. I was also conservative with geriatric patients who may have had a lower body 

temperature prior to arrest. The estimation of downtime was conducted by me and my 

supervisor HT, and consensus was to be sought from my other supervisor, Professor Judith 

Finn, in case of disagreement.  
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I then conducted univariate analyses within each of the three downtime groups (≤15 minutes, 

> 15minutes and unknown) separately. I compared the mean±SD compression fraction for 

cases with and without ROSC in each group. I estimated compression fraction using data 

from the first three minutes of the episode because in animal studies ‘post conditioning’ was 

administered only during the first three minutes of CPR. I also compared the means and 

standard deviations for cases with and without ROSC for the Utstein predictors of survival 

and for the other CPR quality metrics. 

I subsequently conducted multivariable logistic regression analyses in each downtime group 

separately. ROSC was the dependent variable while compression fraction was the 

independent variable. Again I utilised ROSC as the outcome of interest because I expected 

that a greater number of patients would achieve ROSC than STHD; if I had used STHD I 

would run the risk of having very few or no survivors in one or more of the downtime 

categories, which would be prohibitive for conducting logistic regression analysis. 

Compression fraction was dichotomised to ≤80% versus >80% as per initial analyses and per 

AHA consensus.9 I sought to adjust for those variables that were significant in univariate 

analysis. If none were found to be significant, I would adjust for age and two key predictors 

of survival: bystander CPR and shockable first monitored rhythm,95 as well as adjusting for 

compression depth and compression rate. Bystander CPR and shockable rhythm were chosen 

because they were often linked to improved survival outcomes, while compression depth and 

rate had also been linked to survival. I was restricted in the number of covariates that I could 

include in my model because my sample size was substantially reduced by the fact that the 

regression analyses were conducted separately within each of the three downtime groups 

instead of in the cohort as a whole. The results are outlined in Chapter 7. 

5.12 Conclusion 

This chapter outlined the methods used to derive the results presented in the two subsequent 

chapters (Chapter 6 and Chapter 7). Chapter 6 reports the quality of CPR measured among 

SJA-WA paramedics while Chapter 7 investigates its relationship with survival outcomes, 

with a specific focus on the relationship between chest compression fraction and ROSC.  
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Chapter 6 Quality of CPR performed by 
SJA-WA paramedics 

6.1 Background 

The quality of CPR delivered by rescuers, including trained medical professionals, is often 

suboptimal. Landmark studies from 2005 reported this finding in both OHCA5 and IHCA.4 

Wik et al. found that most of the compressions delivered by paramedics and nurse 

anaesthetists to 176 adult OHCA patients were too shallow (mean depth: 34mm, 95% CI: 33, 

35mm). Furthermore compressions were only delivered during half of the resuscitation time 

(mean CCF: 52%, 95% CI: 49, 55%).5 Abella et al. found that among 67 cases of IHCA 

treated by hospital staff, compression depth was too low in 37.4% of the compressions, while 

ventilation rates were frequently too high.4 Almost a decade later, Kampmeier et al. 

demonstrated that over half (50.9%) of compressions performed by emergency physicians 

and ambulance personnel on 149 OHCA patients in Muenster, Germany, failed to meet the 

minimum depth recommended by guidelines.108 Steps to improve CPR performance have 

included the provision of targeted training programs, performance debriefing and the 

introduction of CPR feedback devices into clinical practice.109 Such devices provide audio 

and/or visual feedback allowing rescuers to improve performance in real time. For example, 

Bobrow et al. demonstrated that training combined with the use of feedback devices was 

associated with significant improvements not only in CPR quality (compression depth, rate, 

fraction, pre-shock pause and ventilation rate) but also in survival and neurological outcome 

in 484 OHCA patients in Mesa, Arizona.77 In Perth, W.A., St John Ambulance Western 

Australia (SJA-WA) in July 2014 introduced the Q-CPR feedback device (Laerdal Medical 

and Philips Healthcare) into all metropolitan ambulance vehicles. My PhD research centred 

upon the processing and analysis of the data collected by this device. 

6.2 Aim 

The aim of this Chapter was to describe the quality of CPR performed by SJA-WA 

paramedics and to compare it against recommendations from international resuscitation 

guidelines. Furthermore I aimed to compare it against the performance reported for trained 

rescuers within other publications. In addition I sought to compare the CPR quality 

calculated across different lengths of measurement interval, ranging from the first three 

minutes of CPR to the entire resuscitation episode. 
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6.3 Methods 

I conducted a retrospective cohort study examining OHCA cases where resuscitation was 

attempted by SJA-WA paramedics between July 2014 and June 2016 (2 years). I only 

included cases from the Perth metropolitan area where at least one minute of CPR quality 

data had been collected using the Q-CPR device. The value of one minute was chosen based 

on observations from my second paper regarding the minimum limit set by other authors.93 

Because the Q-CPR device is indicated for use in patients aged 8 years or older, the study 

cohort was limited to this age group. I included all arrest aetiologies. I excluded the data of 

patients who had had resuscitation commenced by paramedics but were subsequently 

discovered to have a ‘do not resuscitate’ order in place. I also excluded patients who had 

been successfully resuscitated from cardiac arrest prior to ambulance arrival. Further details 

about the methods used are contained in Chapter 5. 

6.3.1 Characteristics of the study cohort 

I collected data on the baseline characteristics and survival outcomes of the cases included in 

the study cohort and of those cases excluded. I used t-tests or chi-square tests to compare the 

two groups and employed a 5% level of significance.  

6.3.2 CPR quality among SJA-WA paramedics 

I downloaded data for each individual resuscitation episode and examined it using Philips’ 

proprietary Event Review Pro software package, in addition to Microsoft Excel. Specific 

details of how this was done are provided in Chapter 5. For each episode I calculated the 

mean±SD for each CPR quality metric. The metrics examined were: chest compression 

depth, compression rate, compression fraction, duty cycle, the proportion of compressions 

with leaning and ventilation rate. I used all available episode data for this calculation and 

excluded periods of ROSC. I also performed the adjustments described in Section 5.7. I then 

used the individual episode information to calculate the collective mean±SD and median 

(IQR) across all cases in the study cohort. I plotted the resultant frequency distributions for 

each of the six CPR quality metrics. I tested the distributions for normality based on 

skewness and kurtosis, using the 5% level of significance. I then compared the calculated 

averages to the recommendations contained in the European Resuscitation Council (ERC) 

Guidelines for Resuscitation 201510 (“2015 ERC guidelines”) and the 2015 American Heart 

Association (AHA) Guidelines for Cardiopulmonary Resuscitation and Emergency Care9 

(“2015 AHA guidelines”). Although the study was based in Perth, Western Australia, I did 

not compare performance against the Guidelines issued by the Australian and New Zealand 
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Committee on Resuscitation (ANZCOR)11, 12 This was because they were less specific and 

detailed than the ERC and AHA guidelines. Furthermore, the ANZCOR guidelines do not 

specify an upper limit for compression depth.12  

6.3.3 Comparison to other studies 

I compared the CPR quality calculated for SJA-WA paramedics to that reported in the 

literature for other EMS agencies and hospital staff. My comparison was not exhaustive but 

rather reflects a convenience sample of major published works selected from among those 

analysed in my systematic review,86 including from the multi-centre North American 

Resuscitation Outcomes Consortium (ROC).110, 111 I calculated 95% confidence intervals in 

Stata SE13 for the mean values reported by each of the studies. Calculations were made 

based on the reported mean, standard deviation and sample size provided for each study. 

This approach assumes that the data are normally distributed, however I lacked this 

information for the majority of studies. However given that most authors chose to report 

mean±SD, I assumed that this indicated that the distributions were approximately normal and 

justified use of this approach. Where median (IQR) was provided, I still calculated 95% CIs 

however these should be interpreted with caution. For compression depth, rate, fraction, duty 

cycle and ventilation rate I plotted the mean (95% CI) for the SJA-WA data versus other 

studies to provide a visual comparison.  

6.3.4 CPR quality calculated using different time 
intervals  

While the CPR quality referred to thus far was calculated using all available episode data, I 

also calculated CPR quality using data from the first 3, 5 and 10 minutes of the resuscitation 

episode. My earlier paper revealed that there was variation among published studies in terms 

of the duration of the data interval that was used to derive CPR performance.93 For example, 

of 21 studies included in my systematic review, six used data from the first 5 minutes of the 

resuscitation episode,4, 5, 15, 97, 112, 113 and two used data from the first 10 minutes. 13, 94  As a 

result, my cohort study utilised a range of data intervals to derive CPR quality, namely the 

first 3, 5 and 10 minutes of measured Q-CPR data, as well as all available episode data. I 

matched cases from each of the four measurement intervals and, using paired t-tests with a 

5% level of significance, compared CPR quality between each one of these shorter data 

measurement intervals and all available episode data. 
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6.4 Results 

Resuscitation was attempted by SJA-WA paramedics in 1,882 patients aged 8 years or older 

in the Perth metropolitan area between June 2014 and July 2016. The Q-CPR device was 

used in 356 (19%) of cases. The usage rate was lower than had been initially anticipated; 

potential reasons for this are explored in Chapter 8. Twelve cases were excluded due to there 

being less than one minute of CPR quality data recorded. A further three cases were 

subsequently excluded after the patient was discovered to have been ‘not for resuscitation’ 

(NFR) following the commencement of CPR. This resulted in 341 cases that were eligible 

for inclusion.  

6.4.1 Characteristics of the study cohort 

The baseline characteristics and survival rates for the study cohort are shown in Table 8. The 

mean±SD age among patients was 62±20 years. The majority (70%) were male. One fifth 

(20%) had a shockable initial rhythm. A quarter of patients (25%) achieved ROSC at some 

point during the resuscitation effort prior to ED arrival, however only 3.5% survived to 

hospital discharge and 2.9% had good neurological outcome at discharge as defined by a 

Cerebral Performance Category (CPC) score of 1 or 2. 

Table 8 also provides baseline characteristics and survival rates for the excluded cohort. 

There were significant differences between the two cohorts with respect to: the proportion of 

witnessed arrests, the location of the arrests, STHD and good neurological outcome at 

discharge. The proportion of EMS-witnessed arrests was significantly lower among the 

analysed cohort compared to the excluded cohort (5.0% vs. 13%, p<0.001) and the 

proportion of unwitnessed arrests was significantly higher (66% vs. 59%, p=0.02). Among 

the analysed cohort, there were more arrests that occurred in a residential premise (79% vs. 

73%, p=0.02). There was also a significantly lower rate of STHD among the analysed cohort 

compared to the excluded patients (3.5% vs. 11.6%, p<0.001), as well as a significantly 

lower proportion overall of good neurological outcome at hospital discharge (2.9% vs. 9.0%, 

p<0.001). However, if only those cases that had STHD were considered then the difference 

in good neurological outcomes was similar i.e. 10/12 (83%) versus 137/178 (77%). 
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Table 8 Baseline characteristics and survival rates among the analysed cohort 
and excluded cases (July 2014 – June 2016) 

Characteristic 
Analysed cohort 

(n=341) 
Excluded cases 

(n=1,541) 
p-value 

Age, mean (SD) 62.21 (20.19) 61.82 (20.18) 0.74 

Male (%) 69.79 67.21 0.36 

Witnessed arrest (%)  

    EMS witnessed 4.99 12.46 <0.001 

    Bystander witnessed 29.32 28.49 0.76 

    Unwitnessed 65.69 59.05 0.02 

Bystander CPR (%) 60.12 54.71 0.07 

Arrest location (%)  

    Public 13.49 18.17   0.04 

    Residential 79.47 73.20 0.02 

    Other 7.04   8.63 0.34 

Presenting initial rhythm (%)  

    VF/VT 20.23 20.65 0.86 

    PEA 20.23 24.23 0.12 

    Asystole 59.53 55.11 0.14 

    Unknown 0 0.39 0.25 

Medical cause of arrest (%) 83.87 80.86 0.20 

Response time (minutes), mean (SD)1 8.04 (6.94) 8.22 (5.13) 0.58 

ROSC (Any), n(%) 85 (24.93) 448 (29.07) 0.12 

STHD, n(%) 12 (3.52) 178 (11.57) <0.001 

Good neurological outcome at hospital 
discharge2, n(%) 

10 (2.93) 137 (9.04)3 <0.001 

 
EMS: emergency medical service; ROSC: return of spontaneous circulation; STHD: survival to hospital 
discharge; VF: ventricular fibrillation; VT: ventricular tachycardia. 

1. Time interval from emergency call to the arrival of the first EMS vehicle on scene. 
2. Good neurological outcome was defined by a Cerebral Performance Category (CPC) score of 1 or 2. 
3. There were 26 cases with missing CPC data in this group.  

6.4.2 CPR quality among SJA-WA paramedics 

Table 9 lists the mean±SD and median (IQR) for each of the six CPR quality metrics, 

calculated across the 341 cases that comprised the study cohort. As mentioned previously, 

this was calculated using data from across the whole resuscitation episode. These values are 

contrasted against the recommendations in the 2015 ERC guidelines10 and 2015 AHA 

guidelines.9 The frequency distribution for each CPR quality metric is depicted in Figure 17 

– Figure 22. Table 10 presents the results of the test for the normality of each distribution 

based on skewness and kurtosis. 



 

 
 
Table 9 Quality of CPR performed by SJA-WA paramedics, compared against the 2015 AHA and ERC resuscitation 

guidelines (based on n=341 cases of OHCA) 

CPR quality 
metric 

Mean (SD) Median IQR Guideline recommendation Complies 

Compression depth (mm) 41.8 (9.17) 41.9 (35.0, 48.2) 50 – 60 x 

Compression rate (cpm) 114 (10.9) 113 (106, 121) 100 – 120  

Compression fraction (%) 77.8 (9.23) 78.4 (71.6, 84.7) 

Pauses in chest compressions should be 
minimised; compression fraction should be 
at least 60%; do not interrupt compressions 

for >10s to deliver 2 rescue breaths; 
minimise pre-shock and post-shock pauses. 

2 

Duty cycle (%) 43.0 (3.21) 43.3 (43.3, 45.2) 50 -3 

Compressions with leaning 
(%) 

13.2 (17.0) 5.11 (1.73, 18.4) Avoid leaning after each compression -4 

Ventilation rate (vpm) 
(adjusted)1 

3.98 (2.75) 3.71 (1.99, 5.35) 30 compressions: 2 ventilations -5 

 
AHA: American Heart Association; cpm: compressions per minute; CPR: cardiopulmonary resuscitation; ERC: European Resuscitation Council; IQR: interquartile 
range; SD: standard deviation; vpm: ventilations per minute. 

1. Ventilations rates higher than 10 vpm were manually inspected and then adjusted if required (see Section 5.7.4). 
2. Compression fraction was considered compliant based on the fact that the mean and median values were greater than 60%. Pauses for rescue breaths were not 

specifically measured in my study. 
3. Although international resuscitation guidelines recommend a duty cycle of 50%, this is a weak recommendation based on limited evidence. Other studies have 

shown that in practice duty cycle is often less than this value. Refer to Sections 6.4.2.5 and 6.5.4. 
4. Although ERC guidelines recommend that rescuers avoid leaning, no acceptable target value is specified. Refer to Section 6.5.5. 
5. No specific target value for ventilation rate is documented within the ERC and AHA guidelines; however a compression to ventilation ratio of 30 to 2 is 

recommended. Refer to Sections 6.4.2.6 and 6.5.6.  
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6.4.2.1 Frequency distribution for compression depth 
The mean±SD and median (IQR) values for compression depth were 41.8±9.17 mm and 41.9 

(35.0, 48.2) mm respectively. Only a minor proportion of cases (16%) fell within the 50-

60mm range recommended by ERC and AHA guidelines. More than four fifths (82%) of 

cases had a mean compression depth that was below the minimum recommended value, 

while two percent had a mean compression depth that was greater than the upper limit of 

60mm.  

 

 

Figure 17 Frequency distribution for compression depth across the cohort (n=341) 
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6.4.2.2 Frequency distribution for compression rate 
Both the mean and the median values for compression rate were within the 100-120 cpm 

range recommended by ERC10 and AHA9 guidelines (mean±SD: 114±10.9, median [IQR]: 

113 [106, 121]). Nevertheless over a quarter of cases (28%) had a compression rate that was 

greater than the 120 cpm upper limit, while nine percent of cases had a compression rate less 

than the 100 cpm minimum value.  

 

 

Figure 18 Frequency distribution for compression rate across the cohort (n=341) 
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6.4.2.3 Frequency distribution for compression fraction 
Both the mean±SD and median [IQR] values for compression fraction exceeded the 60% 

minimum recommended by guidelines (77.8±9.23% and 78.4 [71.6, 84.7]% respectively). 

Only 4% of cases failed to achieve this minimum value. Forty five percent of cases had an 

average compression fraction greater than 80%; this was the fraction considered by AHA 

expert consensus to be achievable in a variety of settings.  

 

 

 
 
 
Figure 19 Frequency distribution for compression fraction across the cohort (n=341) 
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6.4.2.4 Frequency distribution for duty cycle 
The mean±SD duty cycle was 43.0±3.21% while the median (IQR) was 43.3 (41.2, 45.2)%. 

Although both values fell below the 50% recommended by resuscitation guidelines, this 

recommendation was based on very limited evidence from the literature.10 Duty cycle is 

further discussed in Section 6.5.4. 

 

 

Figure 20 Frequency distribution for duty cycle across the cohort (n=341) 
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6.4.2.5 Frequency distribution for leaning 
The frequency distribution for the proportion of compressions with leaning was highly 

skewed to the right; the distribution had a mean±SD of 13.2±17.0% and a median (IQR) of 

5.11 (1.73, 18.4)%. Sixty two percent of cases had less than 10% leaning while six percent 

had greater that 20% leaning. International resuscitation guidelines recommend that rescuers 

minimise the occurrence of leaning, however they do not indicate a threshold value that is 

considered acceptable. I therefore could not make any specific conclusion about whether the 

levels of leaning observed among my study cohort were in compliance with the guideline 

recommendations. 

 

 

Figure 21 Frequency distribution for the percentage of compressions with leaning 
across the cohort (n=341) 
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6.4.2.6 Frequency distribution for ventilation rate 
The mean±SD ventilation rate was 3.98±2.75 vpm while the median (IQR) was 3.71 (1.99, 

5.35) vpm. Both the ERC10 and the AHA9 guidelines do not stipulate a target value for 

ventilation rate. However they recommend a 30:2 compression to ventilation ratio, which 

equates to a ventilation rate of approximately 4 vpm based on the following assumptions: a 

compression rate of 100 cpm, a break of 10 seconds for the delivery of every two rescue 

breaths, a break of 8 seconds every 2 minutes for rhythm analysis and no other interruptions. 

The mean ventilation rate reported among SJA-WA paramedics was proximal to this value. 

 

 

Figure 22 Frequency distribution for ventilation rate across the cohort (n=341) 

* Approximate value calculated based on a compression rate of 100 cpm, a compression to ventilation ratio of 
30:2, a break of 10 seconds for delivery of two rescue breaths, a break of 8 seconds for rhythm analysis every 2 
minutes and no other interruptions to compressions. 
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6.4.2.7 Results of test for normality of distributions 
I tested each of the six frequency distributions for normality based on skewness and kurtosis. 

From Table 10 it can be seen that compression depth was the only CPR quality metric with a 

normal distribution; for all other CPR quality metrics there was a statistically significant lack 

of normality.  

Table 10 Test for normality of distributions based on skewness and kurtosis 

CPR quality metric P(skewness) P(kurtosis) Normal 

Compression depth 0.09 0.3 Yes 

Compression rate 0.02 0.6 No 

Fraction 0.004 0.4 No 

Duty cycle p<0.001 p<0.001 No 

Leaning p<0.001 p<0.001 No 

Ventilation rate p<0.001 p<0.001 No 

 

6.4.3 Comparison of CPR quality to other papers 

I compared my results to those of seven studies4, 5, 14, 15, 53, 59, 110 published over a ten year 

period between 2005 and 2015, including two15, 110 that utilised data from the ROC group. 

Table 11 reports the mean±SD for the SJA-WA cohort alongside the mean±SD or median 

(IQR) reported by the other studies. Figure 23 – Figure 27 provide a visual representation of 

the mean [95% CI] calculated for each study, enabling a statistical comparison between 

studies.  

I found that the mean [95% CI] compression depth recorded for SJA-WA (41.8 [40.8, 

42.8]mm) was not significantly different from that reported by Abella et al.4 (43 [39, 

47]mm), Idris et al.15 (42 [41.8, 42.2]mm) and Sheak et al.110 (40.7 [38.0, 41.4]mm). It was 

notably lower than that recorded by Bohn et al.53 (47.4 [46.5, 48.4]mm) and Vadeboncoeur 

et al.14 (49.8 [48.9, 50.7]mm). Only the latter study had a mean value that potentially met the 

50mm value recommended by the 2015 ERC10 and AHA9 resuscitation guidelines.  

The mean [95% CI] compression rate recorded for the SJA-WA cohort (114 [113, 115] cpm) 

was not significantly different from that reported for Vadeboncoeur et al.14 (114 [112, 115] 

cpm). The mean compression rate for the majority of studies4, 14, 15, 53, 59, 110 including mine 

was within the 100-120 cpm range recommended by 2015 guidelines.9, 10  

The mean [95% CI] compression fraction recorded for the SJA-WA cohort (77.8 [76.9, 

78.8]%) was not significantly different to that reported by Abella et al.4 (76 [71, 81]%) and 
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Vadeboncoeur et al.14 (79.2 [78.1, 80.4]%). It was lower than that reported by Bohn et al.53 

(83.8 [83.0, 84.6]%) but markedly higher than that reported by Wik et al.5 (52 [48, 56]%) 

and Kramer-Johansen et al.59 (56 [54, 58]%). 

The mean [95% CI] duty cycle recorded for the SJA-WA cohort (43.0 [42.6, 43.3]%) was 

not significantly different to that reported by Wik et al.5 (42 [41, 43]%). In all cases the mean 

duty cycle was below the 50% target recommended by guidelines.9, 10  

Data on the proportion of compression with leaning was only reported for two studies;5, 59 

they both indicated a median rate of leaning that was less than one percent. By contrast the 

median (IQR) rate of leaning for the SJA-WA cohort was 5.11 (1.73, 18.4)%. 

The adjusted ventilation rate (mean [95% CI]) recorded for the SJA-WA cohort was 

significantly lower than that reported by other studies. 3, 5, 59, 110  

The above mentioned findings are further discussed in Section 6.5, including consideration 

of the version of the guidelines that was relevant at the time of data collection for each study. 

 



 

 

 

Table 11 Quality of CPR performed by SJA-WA paramedics compared to that reported in the literature for other EMS 
agencies and hospital staff 

 SJA-WA Abella 2005a Wik 2005a 
Kramer-
Johansen 

2006 
Bohn 2011b 

Vadeboncoeur 
2014 

Idris 2015 Sheak 2015 

CPR quality 
parameter 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean SD Mean SD Median IQR 

Compression 
depth (mm) 

41.8 (9.17) 43 (14) 34 (9) 38 (6) 47.44 (8.6) 49.8 (11.0) 42 (12) 40.7c 
(34.7, 
46.8)c 

Compression 
rate (cpm) 

114 (10.9) 105 (21) 121 (18) 109 (12) 103.67 (7.53) 113.9 (18.1) 111 (19) 110.4c 
(102.4, 
118.6)c 

Compression 
fraction (%) 

77.8 (9.23) 76 (18) 52 (18) 56 (17) 83.84 (7) 79.2c 
(67.5, 
86.8)c 

70 (17) * * 

Duty cycle 
(%) 

43.0 (3.21) * * 42 (4) 41 (4) * * * * * * * * 

Leaning (%) 13.2 (17.0) * * 0 (0, 2)c 0c (0, 1)c * * * * * * * * 

Ventilation 
(vpm) 

3.98 (2.75) 20 (13) 11 (4.7) 11 (4) * * * * * * 8.0c 
(4.0, 

12.0)c 

 
* Information not available 

a.  Mean (SD) calculated using data from the whole resuscitation episode. 
b.  Results listed are for the group with extended feedback. 
c.  Median (IQR). All other performance metrics are shown as mean (SD). 
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Figure 23 Compression depth: A comparison of mean (95% CI) across studies 

(*) Indicates that mean (95% CI) was calculated from the median (IQR) and should be interpreted 
with caution. The green shading indicates the compression depth range (50-60mm) that is 
recommended by the 2015 AHA and ERC guidelines, while the red shading indicates values that are 
outside of this range. 
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Figure 24 Compression rate: A comparison of mean (95% CI) across studies 

(*) Indicates that mean (95% CI) was calculated from the median (IQR) and should be interpreted 
with caution. The green shading indicates the compression rate range (100-120 cpm) that is 
recommended by the 2015 AHA and ERC guidelines, while the red shading indicates values that are 
outside of this range. 
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Figure 25 Compression fraction: A comparison of mean (95% CI) across studies 

(*) Indicates that mean (95% CI) was calculated from the median (IQR) and should be interpreted 
with caution. The green shading indicates the compression fraction range (>60%) that is 
recommended by the 2015 AHA and ERC guidelines, while the red shading indicates values that are 
outside of this range. The darker green shading indicates the range (>80%) considered by AHA 
expert consensus to be achievable in a variety of settings. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26 Duty cycle: A comparison of mean (95% CI) across studies 

The green line indicates the duty cycle value (50%) recommended by the 2015 AHA and ERC 
guidelines. 
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Figure 27 Ventilation rate: A comparison of mean (95% CI) across studies 
 

(*) Indicates that mean (95% CI) was calculated from the median (IQR) and should be interpreted with caution. 
The green line indicates the recommended ventilation rate that was inferred from the 2015 ERC and AHA 
guidelines. This inferred value was calculated based on a compression rate of 100 cpm, a compression to 
ventilation ratio of 30:2, a break of 10 seconds for delivery of two rescue breaths, a break of 8 seconds for 
rhythm analysis every 2 minutes and no other interruptions to compressions. 

 

6.4.4 CPR quality calculated using different time 
intervals 

For each CPR quality metric I compared the mean that was calculated using all available 

episode data to that calculated using the first 3, 5 and 10 minutes of episode data (Table 12). 

I used 202 cases in my analysis; I was restricted to this value because it was the number of 

cases contained within my smallest (3 minute) dataset which was matched to corresponding 

cases in the remaining three datasets. The comparisons revealed that for compression depth, 

rate, duty cycle and leaning there were no significant differences in the mean calculated 

using data from the start of the resuscitation episode compared to from the whole of the 

resuscitation episode (Table 12). For compression fraction however, the mean calculated 

during the initial 3 minutes of resuscitation was significantly higher than that calculated 

using all available episode data (mean±SD: 79.4±11.3 vs. 77.3±8.98, p<0.001). Otherwise it 

appeared to remain relatively steady over time. Mean ventilation rate on the other hand 

increased significantly across each subsequent time interval compared to that calculated 

using all available episode data (p<0.001). For reference, the mean±SD length of the data in 

the group comprising ‘all available episode data’ was 14.3±11.2 minutes. 
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Table 12 Comparison of CPR quality measured across four time intervals (n=202) 

CPR quality parameter 
3 minutes 

p 
5 minutes 

p 
10 minutes 

p 
All available episode data 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Compression depth (mm) 41.68 (9.26) 0.26 41.38 8.93 0.72 41.13 8.67 0.33 41.28  (8.24) 

Compression rate (cpm)  115.17 (14.45) 0.51 115.17 13.69 0.42 114.56 12.13 0.50 114.75 (11.23) 

Compression fraction (%) 79.41 (11.29) p<0.001 77.84 10.24 0.16 77.25 9.57 0.99 77.25 (8.98) 

Duty cycle (%) 42.75 (3.61) 0.61 42.95 3.47 0.36 43.00 3.37 0.07 42.83 (3.19) 

Compressions with 
leaning (%) 

13.99 (20.70) 0.48 13.34 18.47 0.88 13.22 17.32 1.00 13.22 (16.82) 

Ventilation (vpm)  2.73 (3.12) p<0.001 3.01 3.12 p<0.001 3.31 2.71 p<0.001 3.87 (2.68) 

 
cpm: compressions per minute; vpm: ventilations per minute. 
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6.5 Discussion 

This retrospective cohort study allowed me to measure CPR quality across a subset of 

OHCA cases in which resuscitation was attempted by SJA-WA paramedics using the Q-CPR 

device. I observed that while mean compression rate and fraction were compliant with 

international resuscitation guidelines,9, 10 mean compression depth was notably below the 

recommended range of 50-60mm. Given that my systematic review86 had found that 

compression depth was significantly associated with survival outcomes, this 

underperformance should be investigated by SJA-WA. I also observed neither a significant 

improvement nor significant deterioration in CPR quality over resuscitation time, with the 

exception of a marginal initial decrease in compression fraction and significant upward trend 

in ventilation rate. This suggests that my data lacked evidence for a significant correction of 

CPR performance with the use of real-time. Below I discuss the findings for each CPR 

quality metric individually. 

6.5.1 Compression depth 

6.5.1.1 Compliance with guidelines 
A large majority of the 341 cases comprising the study cohort had a mean compression depth 

that was outside of the range recommended by international resuscitation guidelines.9, 10 

Importantly 82% had a depth that was below the 50mm minimum recommended value. 

Since my earlier systematic review86 revealed that survivors had significantly deeper 

compressions than non-survivors (mean difference: 2.59 mm, 95% CI: 0.71, 4.47), my 

recommendation is that SJA-WA promptly investigate this issue.  

6.5.1.2 Comparison to other papers 
The mean compression depth of 41.8mm recorded among SJA-WA paramedics was similar 

to that published by Abella et al.4 for trained medical staff responding to in-hospital cardiac 

arrest (IHCA). However data for the latter study was collected between December 2002 and 

April 2004, when resuscitation guidelines recommended a depth in the range of 1.5-2 inches 

(38-51mm). Therefore the mean depth of 43mm was compliant with guidelines relevant at 

the time. Similarly, the mean depth of 42mm described in the 2015 publication by Idris et 

al.15 was calculated based on data collected between June 2007 and November 2009 and was 

likewise acceptable according to the guidelines applicable during data collection. The 

requirement for a depth in the range of 50-60mm emerged with the publication of the 2010 

guidelines.114 Other studies in Table 11 published after 2010, including that by 

Vadeboncoeur et al.14 and Sheak et al.110 included data collected both before and after the 

2010 guidelines change. Therefore, although their mean depths fall below the 50-60mm 
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range, they include data collected during the period when a lower compression depth was 

regarded as acceptable. The data for my study however was collected between July 2014 and 

June 2016, when the minimum target of 50mm was applicable. The mean compression depth 

recorded for my study cohort (41.8mm) was significantly and markedly less than this value. 

A similar phenomenon was seen by Wik et al.5 when the authors examined CPR quality 

among ambulance personnel responding to OHCA during 2002 and 2003; the mean 

compression depth of 34mm was significantly below the minimum of 38mm recommended 

by resuscitation guidelines at the time. The authors of that study provided recommendations 

for targeted CPR training aimed at promoting high quality CPR and at avoiding mistakes 

commonly made in the field, the use of online tools that prompt improved performance, and 

finally the use of real-time audio-visual feedback both during training and in the field. For 

SJA-WA I also suggest more training emphasising the importance of high quality CPR and 

the increased use of CPR feedback in clinical practice.  

For a more current comparison I contrasted the mean compression depth measured among 

the study cohort to that reported in the 2017 Update of the Heart Disease and Stroke 

Statistics issued by the American Heart Association.2 The latter publication reported a 

mean±SD of 49.3±10.2mm for OHCAs captured within the ROC Epistry between 1 January 

2015 and 30 June 2015. I derived the associated 95% confidence interval and I found that 

compression depth among the SJA-WA cohort (mean [95% CI]: 41.8 [40.8, 42.8]mm) was 

significantly lower than that reported for the ROC Epistry (49.3 [49.2, 49.4]mm). Temporal 

trends in compression depth reported for the ROC Epistry are shown in Figure 28. 
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Figure 28 Temporal trend in mean compression depth reported by the ROC Epistry2 
compared to the mean compression depth reported for the SJA-WA study 
cohort 

Error bars indicate standard deviation. 

 

6.5.1.3 Compression depth calculated using different time 
intervals 

There was no significant difference in the mean compression depth calculated using the first 

3, 5 and 10 minutes of data compared to that calculated using all available episode data. It 

appeared that there was no significant improvement in the mean compression depth over 

resuscitation time despite the provision of feedback by the Q-CPR. While the audio feedback 

can be disabled by the user, the visual feedback is always available, both on the sensor unit 

that is positioned over the chest of the patient and on the Philips HeartStart MRx 

monitor/defibrillator (Section 2.7.1). This observation prompted me to consider whether the 

correct target depth range (50-60mm) had been programmed into the Q-CPR devices that are 

used by the metropolitan ambulance service. SJA-WA was alerted to the study’s findings 

and it was subsequently confirmed that the correct compression depth range had been set. 

I likewise observed no deterioration in performance over resuscitation time. Some 

deterioration in performance may be expected as a result of rescuer fatigue.115 It is possible 

that my sample size was too small to detect a significant difference. Alternatively the 

compressions delivered were already relatively shallow making it perhaps less likely to 

observe a variation in compression depth due to fatigue. Fatigue may have also been made 

less likely by the fact that SJA-WA dispatches two crews (and a further single rescuer) to 

each cardiac arrest, resulting in five paramedics in attendance allowing for more frequent 

changeover of rescuers.  
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6.5.1.4 Conclusion 
The mean compression depth recorded for the majority of examined cases was substantially 

lower than the 50mm minimum value recommended by international guidelines. 

Furthermore no improvement was observed in compression depth over resuscitation time. 

This underperformance should be further investigated by SJA-WA since compression depth 

has been previously linked to patient survival.  

6.5.2 Compression rate 

6.5.2.1 Compliance with guidelines 
The mean compression rate measured among the study cohort (mean±SD: 114±10.9) fell 

within the range of 100-120 cpm recommended by international guidelines.9, 10 My 

systematic review86 found that survivors tended to have a lower compression rate within this 

range than non-survivors (mean difference: −1.17 cpm, 95% CI: −2.21, −0.14). Within other 

studies higher compression rates have also been associated with lower compression depths.6, 

13-15, 113 Therefore although the mean compression rate was within the recommended range, 

there was potential for further optimisation by achieving an even lower rate within this 

range. 

6.5.2.2 Comparison to other papers 
Like in most of the studies listed in Table 11,4, 14, 15, 53, 59, 110 the mean compression rate 

observed among the SJA-WA study cohort was compliant with ERC10 and AHA9 guidelines. 

Only one study5 reported a mean compression rate that exceeded the upper limit of 120 cpm; 

the authors recorded a mean rate of 121 cpm. However during the time that data was 

collected for that study (2002-2003) there was no recommendation for an upper limit in 

place; this was introduced in 2010.114 Therefore, all studies, including mine, complied with 

the guideline requirements that were relevant at the time of data collection.  

6.5.2.3 Compression rate calculated using different time 
intervals 

There was no significant difference in mean compression rate observed between the first 3, 5 

and 10 minutes of CPR versus all available episode data. The mean compression rate 

recorded did not differ by more than one compression per minute. 
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6.5.2.4 Conclusion 
The mean compression rate recorded among the SJA-WA study cohort was compliant with 

guideline requirements, but could be reduced even further to bring it closer to the value of 

100 cpm. It remained consistent throughout the resuscitation effort. 

6.5.3 Compression fraction 

6.5.3.1 Compliance with guidelines 
The mean±SD compression fraction calculated for the SJA-WA cohort was 77.8±9.23%. 

ERC10 and AHA guidelines9 state that rescuers should target a minimum fraction of 60% in 

adult cardiac arrest with an unprotected airway. Ninety six percent of the SJA-WA cohort 

met this requirement, while forty five percent exceeded the value of 80% that is considered 

by AHA expert consensus to be achievable in a variety of settings.9 The international 

resuscitation guidelines also recommend the minimisation of breaks for delivering rescue 

breaths;9, 10 however I did not specifically measure this in the study.  

6.5.3.2 Comparison to other papers 
The mean compression fraction recorded among the SJA-WA cohort (77.8%) was similar to 

that reported by Abella et al.4 in 2005 (76%) and to the median reported by Vadeboncoeur et 

al.14 in 2014 (79.2%). In general however compression fraction was lower among earlier 

studies (52% and 56% respectively for Wik et al.5 and Kramer-Johansen et al.59). Due to the 

large variation in compression fraction observed between studies I hypothesised that there 

may have been methodological differences in how compression fraction was calculated. 

Therefore in my study I strove to be as accurate as possible by manually reviewing data from 

individual OHCA cases and, where required, performing the adjustments described in 

Chapter 5 (Section 5.7). 

I also compared the performance of SJA-WA paramedics during the first 5 minutes of CPR 

against that reported for OHCA cases in the ROC Epistry between 1 January and 30 June 

2015. The mean [95% CI] compression fraction reported for SJA-WA (77.8 [76.9, 78.8]%) 

was significantly less than that reported for the ROC Epistry (86 [85.9, 86.1]%). 

6.5.3.3 Compression fraction calculated using different time 
intervals  

A marginally but significantly higher mean compression fraction was noted during the first 

three minutes of resuscitation compared to all available episode data. I hypothesised that this 

may have been because crews prioritised CPR and defibrillation during the initial minutes of 

the rescue effort in preference to the implementation of other interventions such as intubation 
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that may have led to additional breaks. The first crew on scene may have also waited for a 

back-up crew to arrive prior to carrying out other interventions. Following the first three 

minutes of resuscitation, mean compression fraction marginally decreased and then remained 

steady for the rest of the resuscitation episode.  

6.5.3.4 Conclusion 
Almost all of the analysed cases (96%) had a mean compression fraction that complied with 

or exceeded the minimum 60% recommended by guidelines, while just under half (45%) met 

or exceeded the recommended value of 80%. Mean compression fraction was marginally 

higher during the first three minutes of resuscitation then decreased and remained steady 

over time. 

6.5.4 Duty cycle 

6.5.4.1 Compliance with guidelines 
The mean±SD duty cycle recorded among the SJA-WA study cohort was 43.0±3.21%. 

Although the 2015 ERC guidelines10 recommend a duty cycle of 50%, the authors of these 

guidelines state that there is very little evidence to recommend any specific duty cycle.  

6.5.4.2 Comparison to other papers 
The mean duty cycle observed among the study cohort (43%) was similar to that reported by 

Wik et al.5 (42%). Apart from Kramer-Johansen et al. (41%),59 no other studies in Table 11 

provided duty cycle data. A recent human observational study by Johnson et al.116 found that 

the median duty cycle recorded among 164 OHCA ranged between 32.2% (SD:4.3%) and 

38.8% (SD: 5.5%) depending on which methodology was used to derive it. A paediatric 

study of 87 IHCA cases reported a mean±SD duty cycle of 40±2.8%.85 The authors 

concluded that duty cycle recommendations were only met in 5% of events. 

6.5.4.3 Duty cycle calculated using different time intervals 
Mean duty cycle did not differ significantly when comparing results from the first 3, 5 and 

10 minutes of CPR to that derived from all available episode data. 

6.5.4.4 Conclusion 
The mean duty cycle recorded among the SJA-WA study cohort was below the value of 50% 

recommended by guidelines, but similar to that reported by other studies. 
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6.5.5 Leaning 

6.5.5.1 Compliance with guidelines 
The frequency distribution for leaning was highly skewed to the right, indicating that there 

were many cases with a low occurrence of leaning and few cases with a high occurrence of 

leaning. Although both sets of guidelines state that rescuers should minimise leaning, no 

acceptable value is documented within the guidelines.9, 10  

6.5.5.2 Comparison to other papers 
There were few studies in Table 11 that reported the degree of leaning among trained 

responders. Only Kramer-Johansen et al.59 and Wik et al.5 provided this information. 

Kramer-Johansen et al.59 recorded leaning among 3% of chest compressions which 

corresponded to an episode median of less than 1%. Wik et al.5 also reported a median of 

less than 1%. Given the limited data for leaning available in Table 11, I searched the 

literature for additional studies for comparison. Fried et al.117 found that leaning was 

common during resuscitation in IHCA; 12% of all of the compressions delivered to 108 

patients were characterised by leaning. Forty one of the 108 cases (38%) had less than 5% 

leaning. By comparison in the SJA-WA cohort 170 cases (50%) had less than 5% leaning.  

6.5.5.3 Leaning calculated using different time intervals 
There was no significant difference in the mean percentage of leaning calculated using data 

from the initial 3, 5 and 10 minutes of CPR compared to that derived from all available 

episode data. The mean value may have been expected to decrease over time with the 

provision of feedback.  

6.5.5.4 Conclusion 
The frequency of leaning during CPR observed among SJA-WA paramedics was both less 

than and greater than that seen among other studies in the literature.5, 59, 117 It remained 

relatively constant over resuscitation time.  

6.5.6 Ventilation rate 

6.5.6.1 Compliance with guidelines 
The mean±SD ventilation rate performed by SJA-WA paramedics was 3.98±2.75 vpm. Both 

ERC10 and AHA9 guidelines recommend a 30:2 compression to ventilation ratio. With a 

compression rate of 100 cpm, a break of 10 seconds for delivery of two rescue breaths, a 

break of 8 seconds for rhythm analysis every 2 minutes and no other interruptions, this 

would be equivalent to a ventilation rate of 4 vpm. With a faster compression rate (as seen 
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among the study cohort) and/or with shorter interruptions to compressions, the ventilation 

rate would be higher. For example with a compression rate of 115 cpm, a pause of 6 seconds 

to deliver two rescue breaths and a break of 10 seconds for rhythm analysis every two 

minutes, the corresponding ventilation rate would be 5 vpm.  

The mean±SD of 3.98±2.75 vpm was calculated following manual adjustment of excessively 

high ventilation rates. I recorded ventilation rates as high as 85.7 vpm; these are likely to 

reflect a calculation error rather than a realistic ventilation rate. Therefore I manually 

reviewed any cases with a ventilation rate above 10 vpm and, if required, adjusted them as 

described in Chapter 1 (Section 5.7.4). Had I not performed any adjustment, and simply 

excluded the 4% of cases with a ventilation rate above 20 vpm from calculations (because I 

did not consider 20 vpm to be clinically likely to occur in the study cohort), the 

corresponding ventilation rate would have been 4.44 vpm. Both this and the former rate are 

approximately consistent with the ventilation rate inferred from the 2015 AHA and ERC 

guidelines.9, 10  

6.5.6.2 Comparison to other papers 
The mean ventilation rate performed by SJA-WA paramedics (3.98 vpm) was lower than 

that reported by other studies (Abella et al.,118 Wik et al.5 and Kramer-Johansen et al.59). 

However at the time that data was collected for the latter three studies, the recommended 

compression to ventilation ratio was 15:2 instead of 30:2, therefore justifying a higher 

ventilation rate. The mean ventilation rate among the SJA-WA cohort was also lower than 

the median reported by Sheak et al.110 (8 vpm) who collected data during the time when a 

30:2 compression to ventilation ratio was prescribed; data collection occurred between April 

2006 and May 2013. It is possible that the higher ventilation rate observed was reflective of a 

higher rate of intubation. However analysis of intubation was beyond the scope of my 

research.  

6.5.6.3 Ventilation rate calculated using different time intervals 
I observed an increase in mean ventilation rate with increasing resuscitation time. This may 

have corresponded to increasing numbers of patients being intubated over the course of the 

rescue effort. Alternatively, I hypothesised that in some cases the Q-CPR feedback device 

may have recorded the patient’s own respirations as ‘administered ventilations’ following 

ROSC but prior to ROSC being confirmed with a pulse check (therefore while compressions 

were still being performed). This phenomenon however is unlikely to have been the biggest 

contributor to the upward trend in ventilation rate. Because ventilation rate is detected by the 

ECG pads as changes in transthoracic impendence, I hypothesised that in some cases 

compressions, which also generate a change in transthoracic impedance, could have been 
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registered as ventilations. However, if this were the case, it still did not explain the upward 

trend in ventilation rate over resuscitation time. Furthermore I did not observe a significant 

increase in other CPR quality metrics over time that could have accompanied an increase in 

transthoracic impedance, for example, increased compression depth or increased leaning.  

6.5.6.4 Conclusion 
The mean ventilation rate seen among the SJA-WA cohort was compliant with the 

ventilation rate of 4-5 vpm that was extrapolated from guidelines, but was lower than that 

observed among a selection of studies from the literature. There was an upward trend in 

ventilation rate observed over resuscitation time. 

6.5.7 Data interval used for analysis 

The lack of a significant difference in the mean compression depth, compression rate and 

leaning calculated using the first 3, 5 and 10 minutes of CPR compared to all available 

episode data is reflective of earlier findings by other authors.5, 60, 61, 119 These showed that 

CPR quality metrics calculated using the first 5 minutes of CPR data were comparable to 

those calculated using data from the whole resuscitation episode.  

6.5.8 Representativeness of study cohort 

The CPR quality calculated for my study cohort was based on 341 OHCA cases in which the 

Q-CPR device had been used. This represents less than a fifth of all cases that had 

resuscitation attempted by SJA-WA paramedics during the study period. To determine 

whether my findings could be considered representative of all cases, I compared Utstein 

characteristics25, 95 between the included and excluded cases (Table 8). In particular I sought 

to determine whether the circumstances under which paramedics used the Q-CPR were 

similar in both groups.  

As mentioned in Section 6.4.1, there was a significantly lower proportion of EMS-witnessed 

arrests (p<0.001) among the study cohort compared to the excluded cohort and a 

significantly higher proportion of unwitnessed arrests (p=0.02) and of those occurring in a 

residential premise (p=0.02). These characteristics are traditionally associated with lower 

odds of survival.95 Indeed I observed a significantly lower rate of STHD among the study 

cohort compared to the excluded cohort (3.5% vs. 11.6%, p<0.001) as well as a significantly 

lower rate of good neurological outcome at hospital discharge (2.9% vs. 9.0%, p<0.001). The 

proportion of survivors with good neurological outcome however was similar in both groups 

(83% and 78% respectively). For both STHD and good neurological outcome at discharge, 

the significant difference remained after I completed a sensitivity analysis excluding EMS-
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witnessed cases from each group. A possible contributor to the difference could have been 

that, for patients who responded to treatment early and reverted to a perfusing cardiac 

rhythm shortly after having resuscitation commenced by paramedics, there may not have 

been adequate time to apply the Q-CPR and collect sufficient data for the case to be included 

in the analysed cohort. This may have contributed to a higher survival rate among the 

excluded cohort. 

Whether the observed difference in survival rate could have indicated that paramedics 

selectively used the Q-CPR in those cases that they perceived to inherently have lower 

chances of survival is unclear. Paramedics’ attitudes towards the use of the Q-CPR device 

are discussed in Chapter 8. Lower perceived chances of survival could have corresponded to 

lower CPR quality. However this is not necessarily the most likely explanation for the 

shallow compressions observed among the SJA-WA study cohort.  

Another possibility is that use of the Q-CPR device itself may have been associated with 

shallower compressions among the study cohort. For example, hand and wrist pain linked to 

Q-CPR use was frequently reported by paramedics anecdotally. Pain was formally 

investigated as part of the paramedic survey discussed in Chapter 8. It is possible that pain or 

the expectation of pain may have led to shallower compressions. Furthermore shallower 

compressions may have precipitated lower survival rates in the study cohort. However, this 

phenomenon does not seem to have been reported by other studies in which the Q-CPR was 

used.112, 149  

In the absence of CPR quality data from all paramedics, I assumed that my study cohort was 

representative of an approximately ‘random’ sample of SJA-WA paramedics. I considered 

ways in which I could determine whether the CPR quality recorded was truly reflective of 

that of all SJA-WA paramedics. I thought of reviewing records of paramedics’ CPR 

performance during training and comparing them to my results. However it has been well 

documented in the literature that knowledge acquired during training deteriorates rapidly 

over time if not reinforced by further training,64, 120-125 therefore training records may not be 

an accurate representation of CPR quality in practice. Nevertheless with these considerations 

in mind, I assumed that the results collected for my cohort were representative of the 

performance of SJA-WA paramedics at large.  
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6.5.9 Recommendations for SJA-WA 

Based on the findings of my research I make several recommendations for SJA-WA. Given 

the low mean compression depth observed, it is advised that SJA-WA implement initiatives 

that prioritise the optimisation of compression depth among rescuers. Compression rate 

could also be reduced to bring it closer to the value of 100cpm. Potential reasons for the 

ineffectiveness of the Q-CPR device to correct suboptimal compression depth in the study 

cohort should likewise be investigated. SJA-WA should continue to monitor CPR quality as 

well as the effect of any introduced quality improvement initiatives.  

6.6 Conclusion 

Data was collected for over 341 OHCA cases in Perth, W.A., in which resuscitation was 

attempted by SJA-WA paramedics using the Q-CPR feedback device over a two year period. 

While the average values for compression rate and compression fraction were compliant 

with the 2015 AHA and ERC guidelines,9, 10 importantly, compression depth was too shallow 

in a large majority of cases. Since my previous systematic review86 demonstrated that deeper 

compressions were associated with higher rates of patient survival, I recommend that SJA-

WA work to address this issue. In the next chapter I examine whether the CPR quality 

described in this chapter was associated with OHCA patient survival outcomes in the SJA-

WA study cohort.  
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Chapter 7 The relationship between 
CPR quality and OHCA 
patient survival outcomes 

7.1 Overview 

In the previous chapter I described the quality of CPR performed by SJA-WA paramedics 

who used the Q-CPR device during the study period. In this chapter I investigated whether 

CPR quality was associated with OHCA patient survival outcomes. Specifically the 

outcomes examined were return of spontaneous circulation (ROSC), survival to hospital 

discharge (STHD) and good neurological outcome at hospital discharge, as defined by a 

Cerebral Performance Category (CPC) score of 1 or 2. I used multivariable logistic 

regression analysis to firstly examine whether collectively having compression depth, 

compression rate and compression fraction in compliance with ERC10 and AHA9 guidelines 

was associated with greater odds of ROSC, STHD or good neurological outcome at hospital 

discharge. I then examined whether having any one of the CPR quality metrics individually 

in compliance with guidelines was associated with OHCA survival outcomes. The results are 

described in the following manuscript.126 I also carried out logistic regression analyses 

investigating the association of duty cycle, leaning and ventilation rate with survival 

outcomes. My findings are presented below in Section 7.4 due to the restrictions that were 

imposed on the word count of the manuscript.  

The primary focus of my manuscript126 was on determining the relationship between chest 

compression fraction (CCF) and survival outcomes. Several authors14, 98 have previously 

reported a significant, inverse relationship between CCF and either ROSC or STHD. 

Furthermore it has been proposed by some studies that this relationship may be time-

dependent rather than constant.98, 100 I sought to investigate the potentially time-dependent 

nature of the relationship between CCF and ROSC in the SJA-WA cohort. Prompted by 

findings from animal studies,101-104 I analysed whether this relationship varied based on 

‘downtime’. Downtime was defined as the time between onset of arrest to the provision of 

CPR by paramedics. I divided the cohort into three groups: those with a downtime of less 

than or equal to 15 minutes, greater than 15 minutes and those with an unknown downtime. I 

selected the value of 15 minutes as the cut-off for downtime based on porcine studies that 

had found that the deliberate introduction of breaks in compressions during the initial 

minutes of CPR following a downtime of 15-17 minutes was associated with survival 

benefit.101-104 The proposed mechanism for this effect was the prevention of reperfusion 
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injury via ischemic post-conditioning.105, 106 I sought to detect whether there was any 

indication of such an effect in the SJA-WA study cohort. I performed univariate and 

multivariable logistic regression analyses in each of the three downtime groups separately. 

Specifically I looked at whether a lower chest compression fraction, signifying more pauses 

in compressions, during the initial minutes of CPR was associated with higher likelihood of 

ROSC. The results are discussed in detail in the following manuscript.  

Talikowska M, Tohira H, Inoue M, Bailey P, Brink D, Finn J. Lower chest compression 

fraction associated with ROSC in OHCA patients with longer downtimes. Resuscitation. 

2017; 116:60-5. 

Permission to include the manuscript in this dissertation has been obtained from Elsevier; a 

copy of the License Agreement is included in Appendix 8. 
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7.3 CCF and ROSC 

This manuscript126 documents the finding of a significant, inverse relationship between CCF 

and ROSC. Furthermore, the relationship appeared to vary based on downtime. In the group 

with a downtime of greater than 15 minutes, a lower compression fraction during the first 

three minutes of CPR was significantly associated with ROSC. However, I hypothesised that 

the patients who achieved ROSC in this group may have been characterised by a lower 

compression fraction because more of the resuscitation time was spent administering 

defibrillations; which could have precipitated ROSC. Therefore, I reviewed all cases in the 

study cohort that were coded as having received one or more shocks during the resuscitation. 

I identified which cases had at least one shock within the first three minutes of CPR quality 

data capture and I measured the length of the shock pause intervals (pre-, post-, and peri-

shock pause). The shock had to have occurred during the time that CPR quality data was 

collected because I was interested in the effect of the shock pause on the compression 

fraction calculated. Where there was more than one shock that occurred during the first three 

minutes of CPR quality data capture, I combined the data from all shocks to obtain an 

indication of the total time spent delivering shocks during that time. The results are presented 

in Table 13 grouped by downtime. 
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Table 13 Total time spent delivering shocks in cases that had at least one shock 
delivered during the first three minutes of CPR (results grouped by 
downtime) 

 Downtime ≤15 min Downtime >15 min Unknown downtime 

 
ROSC 

No 
ROSC 

ROSC 
No 

ROSC 
ROSC 

No 
ROSC 

Total number of cases  30 45 15 83 9 20 

Number of cases with a 
shock delivered during 
the first 3 min of CPR 
quality data capture 

9 6 0 4 0 3 

Mean number of shocks 
during first 3 min of CPR 
quality data capture 

1.2 1.2 0 1 0 1 

Total pre-shock pause 
duration (seconds, 
mean±SD)a 

7.2± 4.9 9.0±4.3  - 
7.0±  

1.4 
- 

8.3±  

7.1 

p-value 0.48 -b -b 

Total post-shock pause 
duration (seconds, 
mean±SD)a 

5.6±6.0 
3.0± 

2.2 
- 

2.8±  

2.4  
- 

8.0±  

8.7  

p-value 0.34 -b -b 

Total peri-shock pause 
duration (seconds, 
mean±SD)a 

13± 10 
12± 

6.1 
- 

9.8±  

2.6 
- 

16±  

10 

p-value 0.87 -b -b 

a)  If there was more than one shock delivered during the first three minutes of CPR, we combined the 
time from all shocks to obtain an estimate of the total time spent on delivering shocks. 

b) It was not possible to derive a p-value for these two groups.  

From this table we see that none of the patients in the group with a downtime of greater than 

15 minutes who achieved ROSC received a shock during the first three minutes of CPR 

quality data capture. Importantly, we confirm that the lower compression fraction seen 

among those who achieved ROSC in the group with a downtime of greater than 15 minutes 

was not due to the fact that more time was spent delivering defibrillations. These results are 

summarised in a Letter to the Editor (Appendix 6) that was accepted for publication in 

Resuscitation.  

I also derived mean pre-, post-, and peri-shock pause using data from up to the first three 

shocks,84 regardless of whether the shocks occurred within the first three minutes of 

resuscitation or after. I then sought to determine whether a significant difference was 

observed between patients with and without ROSC in each downtime group, and, if so, I 

sought to adjust for shock pause duration in the subsequent multivariable logistic regression 

analyses (after checking for collinearity). Similarly to Cheskes et al. 84 I selected the pause 

with the longest duration to include in the univariate analyses. My results are shown in Table 
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14. I did not find a significant difference in shock pause duration between those with and 

without ROSC in any of the downtime categories. Therefore I did not modify my logistic 

regression models to adjust for this metric. 

Table 14 Comparison of the longest pre-, post- and peri-shock pause between 
patients with and without ROSC in each of the downtime categories. 
Includes data from up to the first three shocks 

 ≤15 min >15 min Unknown 

 
ROSC 

No 
ROSC 

ROSC 
No 

ROSC 
ROSC 

No 
ROSC 

Total number of cases  27a 42a 15 81a 7a 19a 

Number of cases with a shock 
deliveredb 

17 13 4 10 2 8 

Mean±SD (longest) pre-shock 
pausec 

9.76± 
1.15 

9.85± 

1.66 
10.0± 
0.91 

13.0±  

1.76 

10.0±  

4.00 

11.4± 

3.07 

p-value 0.97 0.32 0.84 

Mean±SD (longest) post-shock 
pausec 

4.76± 
1.32 

4.00± 

0.41 

4.00± 

0.71 

3.10± 

0.69 

2.50± 

0.50 

3.25± 

0.75 

p-value 0.63 0.47 0.65 

Mean±SD (longest) peri-shock 
pausec 

14.5± 

1.78 

13.7± 

1.57 

14.0± 

1.58 

15.7± 

2.00 

12.0± 

4.00 

14.1± 

3.23 

p-value 0.74 0.62 0.77 

a) Where shock pause duration could not reliably be determined from the compression waveform or ECG 
plot, or where a shock was documented on the patient record but did not appear on the ECG, the case 
was excluded from the total number of cases.  

b) Number of cases that had at least one shock delivered during the resuscitation effort, and the length of 
the pre-, post- and peri-shock pause could be derived from the compression waveform or the ECG plot.  

c) The duration of the longest shock delivered, measured from up to the first three shocks.  

In the above mentioned analysis, in some cases it was difficult to accurately derive the length 

of shock pauses because no compression data was collected adjacent to the time that a shock 

was delivered. Sometimes however, pre-, post- and peri-shock pause could be estimated 

from the ECG plot if compressions were clearly distinguishable on the ECG. In other cases 

however it was not possible to determine when compressions started and stopped from the 

ECG. In this scenario, the case was excluded from the study cohort. In Table 14 there were 

eight cases that were excluded for this reason, in addition to three cases that were excluded 

because a shock was documented on the patient care record but no shock was visible on the 

ECG. 
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7.4 Summary 

This study sought to investigate whether CPR quality was associated with OHCA patient 

survival outcomes in the cohort of patients who had resuscitation commenced by SJA-WA 

paramedics using the Q-CPR device. I found that concurrently having compression depth, 

compression rate and compression fraction in compliance with international resuscitation 

guidelines was not significantly associated with survival outcomes. While my sample size 

only comprised 341 cases, a much larger study by Cheskes et al. of 19,568 defibrillator 

records revealed similar findings.127 Neither compression depth nor compression rate were 

individually associated with survival outcomes in my study. Chest compression fraction 

however was significantly and inversely associated with ROSC. Sensitivity analyses using 

the first 3 and 5 minutes of resuscitation episode data generated similar results. 

I likewise investigated the relationship between the three other CPR quality metrics (duty 

cycle, leaning and ventilation rate) and survival outcomes. Due to word limitations imposed 

on the manuscript I did not publish my findings but instead describe them here. Using 

multivariable logistic regression analysis, the CPR quality metrics were entered into the 

model as continuous variables. After adjusting for the so-called Utstein covariates25, 95 and 

other CPR quality metrics, I found no significant relationship between duty cycle and either 

ROSC or STHD (aOR: 1.00, 95% CI: 0.91, 1.09 and aOR: 0.87, 95% CI: 0.67, 1.12 

respectively). I also found no significant relationship between the proportion of 

compressions with leaning and either ROSC or STHD (aOR: 0.99, 95% CI: 0.97, 1.003) and 

aOR: 0.96, 96% CI: 0.91, 1.003 respectively). I did however find a significant relationship 

between ventilation rate and both ROSC and STHD (aOR: 1.11, 95% CI: 1.02, 1.22 and 

aOR: 1.58, 95% CI: 1.19, 2.09 respectively). However I lacked confidence in the accuracy of 

the ventilation rate readings and suspected that perhaps patient respirations following ROSC 

were being registered as administered ventilations leading to the erroneous detection of a 

relationship (see Section 6.5.6). As seen in my previous systematic review,86 other studies 

did not report a significant relationship between ventilation rate and survival in OHCA. 

Furthermore hands-only CPR has been encouraged among lay rescuers, as a lack of 

administered ventilations has not been linked to detrimental effects on survival in adults. I 

repeated the previously-described logistic regression analyses investigating the relationship 

of compression depth, compression rate and/or compression fraction with survival outcomes, 

while adjusting for duty cycle, leaning and ventilation rate, and found that this did not 

change the significance of the results reported in the manuscript.  

I also further investigated the significant relationship detected between CCF and ROSC. As 

described in Section 7.3, I found that this appeared to vary with downtime and was not 
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linked to the early administration of defibrillations. Overall these findings provide 

justification for further research into whether a uniform CCF recommendation is appropriate for 

all patients, or whether a more personalised approach is required. I also recommend that 

similar research be undertaken using a larger cohort of patients. In my study the usage of the 

Q-CPR device among SJA-WA paramedics was lower than initially anticipated; the potential 

reasons for this are explored in Chapter 8.  

 



113 

Chapter 8 Paramedic-reported barriers 
towards the use of the Q-
CPR 

8.1 Overview 

In July 2014, SJA-WA introduced the Q-CPR feedback device into all metropolitan 

emergency ambulance vehicles. It was prescribed for use in all attempted resuscitations of 

patients aged eight years or older where the LUCAS mechanical chest compression device 

had not already been applied to the patient. Initial usage rates were as high as 43% during the 

first month of its introduction, however they gradually dropped, reaching as low as 11% in 

April 2015 (Figure 29).  

 

Figure 29 Percentage of cases where Q-CPR was used from among those where 
resuscitation was attempted by paramedics in the Perth metropolitan area 
(July 2014 to December 2015) 

 
To ascertain why Q-CPR use was much lower than expected, I worked with SJA-WA to 

develop a survey for completion by paramedics. The survey was distributed as an 

anonymous and voluntary hard copy document to a convenience sample of SJA-WA 

paramedics who were participating in clinical refresher and research training courses 

between September and December 2015. The survey comprised 11 questions (see Appendix 

7) and sought to identify potential barriers preventing widespread use of the Q-CPR device 
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within the ambulance service. I conducted the data analysis for all survey responses. The 

results are discussed in the following manuscript that was published in the Journal of 

Paramedic Practice in 2016.  

Talikowska M, Tohira H, Brink D, Bailey P, Finn J. Paramedic-reported barriers towards 

use of CPR feedback devices in Perth, Western Australia. Journal of Paramedic Practice. 

2016; 8:597-606. 

The journal’s copyright policy allows for only the unformatted version of the final accepted 

manuscript to be included in this thesis. Additional supplementary material associated with 

this article is included in Appendix 7. 
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8.3 Summary 

This survey of SJA-WA paramedics revealed that the most frequently reported reason for the 

lower-than-expected usage rate of the Q-CPR device was that paramedics did not see this 

device as a key component of the OHCA response algorithm; and instead prioritised other 

procedures and interventions over its use. Many respondents reported that the LUCAS 

device arrived on scene prior to the Q-CPR being deployed; the LUCAS device is a 

contraindication to the use of the Q-CPR device. Approximately 60% of respondents agreed 

or strongly agreed that they would prioritise interventions such as intubation, IV insertion 

and the administration of drugs over the use of the Q-CPR. Hand and wrist pain, which had 

been hypothesised to be a major contributor accounting for the device’s limited use, was 

cited in only 17% of cases as the primary reason for non-use. The results of the survey were 

detailed into a comprehensive report that was prepared for SJA-WA, as well as being 

published in the Journal of Paramedic Practice. The findings of this survey have contributed 

to the final set of recommendations outlined in Chapter 9.  
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Chapter 9 Discussion and Conclusions 

The primary purpose of this research was to examine the relationship between the quality of 

CPR performed by paramedics and survival outcomes from OHCA. Specifically this was 

done in the context of Perth, Western Australia, where St John Ambulance WA is the sole 

provider of road ambulance services. I begin my Discussion with a summary of the key work 

undertaken. I then discuss the interpretation of my findings, within a context of recent 

literature. I discuss the limitations of my research and propose a direction for future research. 

Finally I use the insights from my research to provide a set of recommendations for SJA-

WA. 

9.1 Summary of key work undertaken 

9.1.1 Systematic review 

Aim 1: To synthesise the reported evidence regarding the association between CPR quality 

and cardiac arrest patient survival outcomes 

A systematic review of the literature was undertaken to determine whether individual CPR 

quality metrics were associated with cardiac arrest survival outcomes (ROSC, STHD and 

neurologically intact survival). I searched across five databases and the grey literature to 

identify 8,842 unique citations, of which 22 were found to be relevant. Sixteen papers 

exclusively related to OHCA, five to IHCA and one to both OHCA and IHCA cases. Where 

statistical heterogeneity permitted (I2≤75%) I conducted meta-analyses for each individual 

CPR quality metric. I found that deeper chest compressions were significantly associated 

with both ROSC and STHD; the mean difference (MD) in those patients with and without 

ROSC was 0.99 mm, 95% CI: 0.04, 1.93, while the MD between those who did and did not 

survive to hospital discharge was 2.59 mm, 95% CI: 0.71, 4.47. Within the range of 100-120 

cpm, a lower compression rate appeared to favour survival: MD −1.17 cpm, 95% CI: −2.21, 

−0.14. Results for compression fraction varied largely between studies, however a higher 

compression fraction appeared to be associated with survival in cases with a shockable initial 

rhythm. Pre- and post-shock pause was also found to be associated with survival in two 

studies.83, 84 I could not draw strong conclusions about the association of other CPR quality 

metrics with survival outcomes because there were too few studies that included these 

analyses, and among those that did, there was heterogeneity between studies in the reporting 

of results. 
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9.1.2 Review of methods 

After reviewing the relationship between CPR quality (as measured using various devices) 

and survival outcomes reported in the literature, I sought to examine specific the methods 

used by these studies that were included in my systematic review86 to explore this 

relationship. In particular I was interested in the length of the data interval used for analysis, 

the event that marked the start of the analysis interval (for example, the first chest 

compression or the placement of ECG pads) and the minimum amount of data required for 

the case to be included in the analysed cohort. I wanted to ensure that the methods used in 

my subsequent retrospective cohort study would be consistent with those used by other 

published papers. Among twenty-one studies I found that two thirds analysed data from the 

start of the resuscitation interval, most commonly the first 5 minutes. The start of the 

analysis interval was marked by various events including the first recorded compression, the 

placement of ECG pads on the patient, device activation and the prompt to commence 

compressions. Two fifths of studies specified a minimum amount of data that had to have 

been captured for the case to be included in the analysed cohort; most commonly this was 

one minute of data. I used these findings to inform the methodology for my subsequent 

study; I chose to analyse data over four different intervals during the resuscitation episode; 

the first 3, 5 and 10 minutes of CPR as well as all available episode data. I defined the start 

of the analysis interval as being marked by the placement of ECG pads on the patient. 

Finally, I required at least one minute of data to have been recorded for the case to be 

included in the analysed cohort. Further details pertaining to the cohort study are 

summarised below.  

9.1.3 CPR quality among SJA-WA paramedics 

Aim 2: To measure the quality of CPR performed by SJA-WA paramedics 

I conducted a prospectively collected, retrospectively analysed cohort study of CPR quality 

data from OHCA cases managed by St John Ambulance Western Australia (SJA-WA) 

paramedics within the Perth metropolitan area. I included patients aged eight years or older 

who had had resuscitation attempted by SJA-WA paramedics using the Q-CPR feedback 

device69 during the study period (July 2014-June 2016). From among 341 cases eligible for 

inclusion, I found that the mean compression rate (114 cpm) was within the 100-120 cpm 

range recommended by the ERC and AHA resuscitation guidelines.9, 10 Mean compression 

fraction (77.8%) was greater than the minimum 60% specified by guidelines9, 10 while 45% 

of cases had a compression fraction greater than 80%.9 Although mean duty cycle (43.0%) 

was lower than the value of 50% recommended by guidelines,9, 10 a number of other studies 
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also reported a lower duty cycle. The median proportion of compressions that were 

characterised by leaning was 5.11%; although guidelines advise that leaning should be 

minimised, they do not specify a value or range of values that would be considered 

acceptable. Finally mean ventilation rate was 3.98 vpm; this was compliant with the 

recommended value that was inferred from the guidelines.9, 10 Most notably however, mean 

compression depth (41.8mm) was substantially below the minimum 50mm value 

recommended by guidelines; 82% of cases had a compression depth that was too shallow. 

This result is problematic given the abovementioned findings from my systematic review86 

that deeper compressions were significantly associated with both ROSC and STHD.  

9.1.4 CPR quality calculated using various time 
intervals 

The above calculations were carried out using all available episode data. I also compared the 

CPR quality calculated using the first 3, 5 and 10 minutes of CPR to that calculated using all 

available data. I did not find a significant difference in the mean compression depth, 

compression rate, duty cycle or proportion of compressions with leaning. I did however find 

a significantly higher compression fraction during the first 3 minutes of CPR compared to all 

available episode data (p<0.001). I also observed a steady increase in ventilation rate over 

time (p<0.001). However, I suspected that this may have reflected an increase in the number 

of patients being intubated or that the Q-CPR may have erroneously captured the patient’s 

own respirations as administered ventilations. A surprising finding was the failure to observe 

an improvement in compression depth over time given that the Q-CPR provides real-time 

audio-visual feedback aimed at guiding rescuers towards a guideline-compliant range.  

9.1.5 The relationship between CPR quality and 
survival outcomes 

Aim 3: To analyse the link between CPR quality and OHCA patient survival outcomes in 

the study cohort 

I used multivariable logistic regression analysis to explore the relationship between CPR 

quality and survival outcomes in my study cohort. I found that having compression depth, 

compression rate and compression fraction simultaneously in compliance with international 

resuscitation guidelines was not associated with improved survival outcome. Assessed alone, 

only compression fraction was associated with patient outcome; a compression fraction of 

greater than 80% was significantly associated with decreased odds of ROSC compared to a 

compression fraction of less than or equal to 80% (aOR: 0.49, 95% CI: 0.28, 0.87). Neither 



140 

duty cycle nor leaning were associated with survival outcomes. Although ventilation rate 

was significantly associated with both ROSC and STHD (aOR: 1.11, 95% CI: 1.02, 1.22 and 

aOR: 1.58, 95% CI: 1.19, 2.09 respectively), I was cautious to make any interpretations from 

these findings given that I hypothesised that in some cases the patient’s own respirations 

may have been registered as administered ventilations. My systematic review of the literature 

also failed to demonstrate a significant association between ventilation rate and survival in 

human studies.86 Furthermore several large observational studies had found that the use of an 

advanced airway, which facilitates a higher ventilation rate, compared to a bag-mask device 

was not associated with improved outcomes;128, 129 on the contrary, in some cases it was 

associated with worse outcomes.130-135 Overall however, the significant, inverse relationship 

between compression fraction and ROSC in my study cohort was a major finding; this was 

explored in detail in in an additional analysis.  

9.1.6 Time variation in the relationship between CCF 
and ROSC 

I investigated the significant, inverse relationship between chest compression fraction (CCF) 

and ROSC in a subsequent analysis. Specifically I observed whether this relationship varied 

depending on ‘downtime’ from onset of arrest to delivery of CPR by paramedics. This was 

prompted by suggestions from other studies that the relationship between CCF and survival 

outcomes may vary with time;98, 136 supported by findings from porcine studies that showed 

that the deliberate introduction of breaks in compressions during the initial minutes of CPR, 

either alone or combined with other interventions, was associated with survival benefit.101-104 

In the SJA-WA cohort I found that among those patients with a downtime > 15 minutes, 

those who achieved ROSC has a significantly lower chest compression fraction that those 

who did not (mean±SD: 73.0±13.0% vs. 83.1±9.38% p=0.002). Furthermore, for patients in 

this downtime category, the odds of those with CCF>80% achieving ROSC were 93% lower 

than for those with CCF≤80% (OR: 0.07, 95% CI: 0.01, 0.33). A significant, inverse 

relationship was not present in those patients who had a downtime of less than or equal to 15 

minutes, or for those with an unknown downtime; in these categories all results were non-

significant. I investigated whether the lower CCF was linked to more time having been spent 

on defibrillation, and found that it was not. These findings provide the impetus for further 

investigation into whether one uniform chest compression fraction recommendation is 

appropriate for all OHCA patients or, alternatively, whether CCF should be tailored to the 

individual depending on the characteristics of their arrest, for example, the time between the 

onset of arrest and receipt of CPR by trained providers.  
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9.1.7 Barriers towards the use of Q-CPR reported by 
paramedics 

Aim 4: To explore the attitudes of SJA-WA paramedics towards the use of the Q-CPR 

device in clinical practice 

The SJA-WA study cohort comprised 341 cases from among 1,882 that had resuscitation 

attempted by paramedics during the study period. This reflects an average Q-CPR usage rate 

of less than 20%. This rate was much lower than anticipated, particularly since the Q-CPR 

device is carried by all metropolitan ambulance vehicles and it is considered mandatory for 

use for the majority of resuscitations. To investigate potential reasons for this low usage rate, 

I worked with SJA-WA to develop a survey which they administered to a convenience 

sample of its paramedic workforce who were undertaking clinical refresher and research 

training. I analysed the results of the survey. There were 264 respondents, representing an 

estimated response rate of over 80% from among the paramedics who were given the 

opportunity to participate. I found that the primary reason reported for not having used the 

Q-CPR device was that paramedics prioritised other procedures and interventions over use of 

the Q-CPR. In particular, 37% reported that the LUCAS mechanical chest compression 

device arrived on scene prior to the Q-CPR being deployed (these two devices are not 

compatible). There is generally a delay however between the first paramedics arriving on 

scene with the Q-CPR and the Clinical Support Paramedic or Area Manager subsequently 

arriving with the LUCAS device, therefore allowing for the Q-CPR device to be deployed 

before the LUCAS. Others (20%) prioritised procedures such as setting up an intravenous 

line, securing the airway or administering therapeutic drugs. This does not indicate that these 

procedures were prioritised over compressions in general; rather it signifies that the Q-CPR 

was considered an adjunct that was assigned a lower priority compared to other equipment 

and interventions. Although hand and wrist pain was frequently reported by survey 

respondents (ranging from 55% among those who had recently used the Q-CPR on a patient 

to 77% among those who had used it on a manikin), it was not the primary reason reported 

for not having used the Q-CPR. It accounted for only 17% of the reported non-use. Other 

reasons were less frequently reported.  
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9.1.8 Recommendations 

Aim 5: To provide a set of recommendations to SJA-WA on the basis of my research 

findings 

Collectively the abovementioned findings helped to inform the final recommendations 

outlined at the end of this chapter.  

9.2 Suboptimal compression depth 

A major finding of the retrospective cohort study was that mean compression depth was too 

shallow among 82% of cases. Furthermore, the degree by which it was too shallow was 

notable; the mean for the cohort was 8mm (or 16%) below the minimum recommended 

value of 50mm. Additionally no improvement in mean depth was observed over time. This 

prompted consideration of whether or not rescuers were being provided with corrective 

feedback according to the revised depth target range of 50-60mm. It was hypothesised that 

the Philips HeartStart MRx monitor/defibrillators with Q-CPR procured by SJA-WA may 

have been set to a target depth range of 40-50mm as per software version F.01/R.01 and 

superseded guidelines.137 Subsequent software versions (F.02/R.02 and later) feature a 

minimum depth target of 50mm on a rigid surface and 70mm on a soft surface.138 Since 

being alerted to these findings however, SJA-WA has confirmed that the correct 

compression depth is programmed into existing devices.  

This raises the question of why the Q-CPR device has not been effective in correcting 

compression depths that are too low. It is possible that even though a visual indicator of 

compression depth is displayed on the device itself as well as on the HeartStart MRx 

monitor/defibrillator, paramedics were not actively checking it, and rather were focusing on 

other aspects of the resuscitation. Generally the device is used in the visual-only mode by 

SJA-WA paramedics, with the audio prompts disabled. Alternatively it is possible that 

paramedics were seeing the visual feedback but not responding to the corrective prompts 

provided – the reason for this is unclear. It is also possible that the design of the device itself 

may have prohibited adequate compression depth in this cohort. The paramedic survey139 

revealed that hand and wrist pain associated with the use of the Q-CPR was reported as the 

third most common reason for not having initiated use of the device. Over three quarters 

(77%) of respondents reported that the device was painful to use during training and, of 

those who had used the Q-CPR during their last attempted resuscitation, 55% reported that it 

was painful to use on a patient. It is possible that either experienced pain or the expectation 

of pain may have prevented paramedics from achieving adequate compression depth when 
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using the Q-CPR. Overall the reasons for the failure of the Q-CPR device to correct 

compression depth underperformance among the SJA-WA cohort is unclear and requires 

further research. In order to facilitate quality improvement, SJA-WA has recently appointed 

a senior paramedic to coordinate strategies to improve OHCA outcomes.  

9.3 Paramedics’ perceptions of CPR quality 
versus measured CPR quality 

The paramedic survey139 also demonstrated that over half of respondents (57%) agreed or 

strongly agreed that their CPR performance was already of “good quality”. However, as 

noted above, measurement of CPR quality using the Q-CPR device revealed that 

compression depth was too shallow in over 80% of cases. Although we cannot be certain that 

the compression depth measured using the Q-CPR device is accurately representative of the 

compression depth routinely provided by all SJA-WA paramedics, it is important that 

paramedics are made aware of the difference between the perceived quality of CPR and that 

measured.  

9.4 Comparison of the findings from the SJA-
WA cohort study to other studies 

Below I compare the findings from the SJA-WA retrospective cohort study126 in regards to 

the association between CPR quality and survival to those reported in the systematic review 

that I previously conducted.86 This is done individually for compression depth, compression 

rate and compression fraction as these were the key CPR quality metrics focused on in both 

studies. 

9.4.1 Compression depth 

The systematic review that I conducted86 found a significant association between deeper 

chest compressions and both ROSC and STHD, however analysis of CPR performance 

among SJA-WA paramedics failed to demonstrate this association. The sample size (n=341) 

of the SJA-WA cohort study was relatively small compared to some of the studies in the 

systematic review that reported a significant association (n=913613 and n=59214). However 

others with a smaller sample size (n=202,52 n=28459 and n=24112) also reported a significant 

result. I considered whether the low mean compression depth recorded among the SJA-WA 

cohort could have partially accounted for the lack of significance, however my systematic 

review86 revealed that the mean compression depth among many of the studies that had 

reported a significant result was comparable to that among SJA-WA paramedics (mean±SD: 
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41.8±9.17mm for the SJA-WA cohort compared to 41.9±11.7mm reported by Stiell et al.13 

and 38±6mm by Kramer-Johansen et al.59). Finally, I observed that the rate of STHD 

observed among the SJA-WA cohort (3.5%) was significantly lower than among other 

studies that found a significant relationship with compression depth (for example, 7.3% 

noted by Stiell et al.13 and 10.6% by Vadeboncoeur et al.14). I therefore hypothesised that the 

lower survival rate may have made it more difficult to detect a significant association 

between STHD and compression depth in the SJA-WA cohort. This does not however 

explain the lack of significance for the relationship between compression depth and ROSC in 

the SJA-WA cohort. 

9.4.2 Compression rate 

The meta-analysis undertaken in my systematic review86 revealed a significant association 

between compression rate and STHD. Within the range of approximately 100-120 cpm 

survivors demonstrated a lower mean compression rate than non-survivors (MD −1.17 cpm, 

95% CI: −2.21, −0.14). I did not however observe the same relationship in the SJA-WA 

cohort. The sample size of the SJA-WA cohort however (n=341) was notably lower than that 

among other studies that reported a significant relationship between compression rate and 

cardiac arrest survival outcomes (n=10,37115 and n=59214) which may have explained the 

reason for my lack of a significant result. The mean±SD compression rate calculated for my 

study cohort was comparable to that of other studies; 114±10.9 cpm for the SJA-WA cohort 

vs. 111±19 cpm15 and 113.9±18.1 cpm14 among other studies. Again I noted that the rate of 

STHD was notably lower in the SJA-WA cohort (3.5%) compared to other studies (9.0%15 

and 10.6%14) which may have contributed to the lack of a significant result.  

9.4.3 Compression fraction 

In my systematic review86 the relationship between compression fraction and survival 

outcomes could not be examined by meta-analysis due to high statistical heterogeneity 

between studies (I2>75%). However, individual studies demonstrated marked variability in 

their reported relationship with survival outcomes. Some papers noted a significant 

relationship in the positive direction (i.e. that a higher compression fraction was associated 

with improved odds of survival),96 while others found that the inverse was true, namely that 

survivors had a significantly lower compression fraction than non-survivors prior to15, 97 or 

after adjustment for confounders.14 These mixed findings prompted me to consider whether 

compression fraction was uniformly and accurately measured across studies.  
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9.4.3.1 Length of data interval used for analysis 
I hypothesised that compression fraction was the one CPR quality metric that would be most 

sensitive to variations in measurement interval. The average compression fraction calculated 

for any case could be notably influenced by whether potentially time consuming 

interventions such as intubation were included in the measurement window or not, 

particularly if the measurement window was of a short duration. Similarly it would be 

difficult to use data from only one to two minutes of the resuscitation episode to extrapolate 

the compression fraction representative of the whole episode. My second paper93 found that 

the length of data interval used by studies to explore the relationship between chest 

compression fraction and survival outcomes varied between a mean of 1.6 minutes to all 

available episode data. This could perhaps account for some of the variability in the results 

observed. Therefore in my study, the relationship between ROSC and CCF was calculated 

using four alternative time intervals, the first 3, 5 and 10 minutes of CPR, as well as all 

available episode data. It was found that in three out of the four scenarios compression 

fraction was significantly and inversely linked to ROSC, with the exception of the 10 minute 

data scenario, where the relationship was not significant. Earlier comparison of 202 cases 

from the 10 minute dataset matched to 202 cases from the dataset containing all available 

episode data however revealed no significant difference in mean compression fraction 

between the two groups.  

9.4.3.2 Manual adjustment of data to increase accuracy 
Given the varied nature of the results from the literature, I sought to be as accurate as 

possible in estimating compression fraction in my study. I had suspected that there may have 

been minor methodological differences between other studies that could have led to differing 

results. For this reason, I manually reviewed all breaks in compressions of duration 30 

seconds or greater to ensure that these were real breaks and not simply breaks in the use of 

Q-CPR while compressions continued to be delivered. My methodology involved checking 

the compression waveform against the ECG plot to observe whether compressions were 

visible on the ECG; further details are provided in Chapter 5. I also checked cases for the 

inclusion of interference that could have represented moving or unplugging the Q-CPR 

device or moving the patient at the end of the data collection interval. If I found that it had 

been included, I removed it from my calculations, along with the preceding break in 

compressions if appropriate. According to standard practice I also excluded breaks due to 

ROSC from calculations. In this way I sought to increase the accuracy of my data, in 

particular the compression fraction metric. Despite my adjustments however, the counter-

intuitive, inverse relationship between chest compression fraction and ROSC remained.  
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9.4.3.3 Review of first monitored rhythm 
Given the mixed results of my systematic review86 regarding the relationship between chest 

compression fraction and cardiac arrest survival outcomes, I reviewed the first monitored 

rhythm among included studies to determine if it could have been associated with the 

relationship between compression fraction and survival. One study featuring exclusively 

cases with a shockable initial rhythm found that survivors had a significantly higher 

compression fraction compared to non-survivors (mean±SD: 56±24% vs. 48±28%; 

p=0.003). This translated into an adjusted odds ratio of 1.11 (95% CI: 1.01, 1.21) per 10% 

increase in compression fraction.96 Another study of 10,371 patients with varied first 

monitored rhythms found that survivors had a lower mean±SD compression fraction 

compared to non-survivors (65±19% vs. 70±17%, p<0.001).15 A further study of 593 OHCA 

patients with both shockable and non-shockable first monitored rhythms also found a 

significant, inverse relationship between CCF and survival with good neurological outcome 

(aOR: 0.48, 95% CI, 0.28, 0.82).14 Finally a study by Vaillancourt et al. of exclusively 

patients with a non-shockable first monitored rhythm found that survivors had a significantly 

lower compression fraction than non-survivors prior to adjustment for confounders 

(mean±SD: 62±23% among survivors vs. 68±19% among non-survivors, p=0.04).97 From 

these findings I made the crude observation that chest compression fraction appeared to be 

positively associated with cardiac arrest survival where there was a high proportion of cases 

with a shockable first monitored rhythm.96 On the contrary when the proportion of cases with 

a shockable rhythm was lower (0-28.7%),14, 15, 97 the relationship between CCF and survival 

appeared to be inverse (i.e. lower CCF associated with higher survival rates). This prompted 

me to consider whether compression fraction may be a time-dependent variable modulated 

by the downtime from onset of arrest to delivery of CPR by paramedics, since the likelihood 

of encountering a shockable first monitored rhythm is greater with a shorter downtime. 

However, a North American study by Cheskes et al. published after the publication of my 

systematic review86 reported an inverse relationship among OHCA cases that exclusively 

had a shockable first monitored rhythm.98 

9.5 The counter-intuitive relationship between 
chest compression fraction and ROSC 

Similar to that reported in other studies,14 98 a significant, inverse relationship between 

compression fraction and ROSC was identified in the SJA-WA cohort study. This remained 

after adjusting for covariates, including those that had been shown in another study17 to 

convert the inverse relationship to a positive direction. Furthermore, this inverse relationship 

between CCF and ROSC in the SJA-WA cohort study was observed regardless of whether 
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the first three or five minutes of CPR or all available episode data was used. Furthermore 

ANN and CART analyses confirmed that compression fraction was a key predictor of ROSC 

in the study cohort. The inverse manner of this relationship appears counterintuitive and 

contrary to the current guidelines for CPR issued by the American Heart Association9 and 

European Resuscitation Council.10  

Interestingly other authors have reported similar findings.14, 98 In addition, although it was 

not explicitly designed to examine the relationship between chest compression fraction and 

survival, a large, cluster-randomised, crossover trial from the Resuscitation Outcomes 

Consortium (ROC) investigators of 23,711 OHCA patients found that continuous chest 

compressions (with positive pressure ventilation) were not associated with a survival benefit 

compared to compressions that were interrupted for ventilations at a ratio of 30:2.140 Survival 

to discharge in the two groups was 9.0% and 9.7% respectively, representing a difference of 

-0.7 percentage points (95% CI: -1.5, 0.1; p=0.07).140 Clearly the group with continuous 

compressions should have been characterised by a higher compression fraction compared to 

the group in which compressions were interrupted to deliver ventilations. Results were 

similar for survival to discharge with favourable neurological function (7.0% in the group 

with continuous compressions versus 7.7% in the group with interruptions for ventilations; 

difference -0.6 percentage points; 95% CI, -1.4, 0.1).140 Apart from differing significantly on 

compression fraction (mean±SD: 83±14% versus 77±14%, p<0.001), the groups were 

otherwise matched on compression depth, rate, pre-shock and post-shock pause, as well as 

Utstein variables and pre-hospital and hospital treatment factors. In light of these 

counterintuitive observations, I examined whether there could be a third factor modulating 

the relationship between compression fraction and survival outcomes. 

9.6 Time variation in the relationship between 
chest compression fraction and ROSC 

In an attempt to understand the seemingly counterintuitive relationship between chest 

compression fraction and OHCA survival, I investigated whether the relationship between 

CCF and ROSC was time-dependent. While other authors had analysed whether the 

relationship was influenced by the timing of ROSC98or the duration of EMS-CPR,100 I 

focused on whether it showed variation based on the ‘downtime’ from onset of arrest to the 

provision of CPR by paramedics (as approximated by arrival time on scene). As described in 

Chapter 5 and Chapter 7, I adopted this approach because a number of animal studies101-104 

had shown that the deliberate introduction of breaks in compressions during the initial 

minutes of CPR in pigs with induced VF arrest and without intervention for 15-17 minutes 
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was associated with improved outcomes, either individually or in combination with other 

therapies. I sought to determine whether a similar effect was observed in humans by further 

analysing the SJA-WA cohort data.  

I found that in the group with a downtime greater than 15 minutes, those with ROSC indeed 

had a significantly lower compression fraction during the first 3 minutes of CPR 

(corresponding to more breaks in compressions) compared to those without ROSC. This was 

not true for those patients who received ambulance care within 15 minutes post arrest, or for 

the unknown cases. Similarly, among those in the group with a downtime of greater than 15 

minutes, those with a compression fraction > 80% had significantly lower odds of achieving 

ROSC compared to those with a downtime ≤80%. Common sense would suggest that those 

with longer breaks may have seen greater rates of ROSC because the patient was in a 

shockable rhythm and therefore more time was spent defibrillating the patient. However I 

did not find this to be the case.  

A recent study published by Matsuura et al.141 proposed the potential mechanism for the 

survival benefit observed with post conditioning in pigs. Based on an analysis of 

mitochondria extracted from the hearts and brains of pigs subject to prolonged (15 minute) 

cardiac arrest, the deliberate introduction of breaks in compressions during the early minutes 

of CPR attenuated the cardiac mitochondrial dysfunction caused by cardiac arrest, however 

had limited effect on mitochondria in the brain.141 This effect on the heart mitochondria 

could perhaps explain the improvement in ROSC observed among the SJA-WA cohort. The 

lack of an improvement in brain mitochondria could perhaps have contributed to the failure 

to see an improvement in STHD among the SJA-WA cohort. The authors of the porcine 

study141 however noted that in their study the follow-up post-arrest was short and the 

potentially neuroprotective effects of post conditioning could take effect after several hours.  

Both the findings from the SJA-WA cohort study and those of the abovementioned animal 

studies101-104 provide reason for further investigation into whether one uniform approach to 

resuscitation is appropriate for all victims of cardiac arrest. It is not unreasonable to 

hypothesise that the treatment of most benefit to patients may differ depending on where 

they are in the time-dependent cascade of ischemic injury. This cascade has previously been 

described in detail by other authors,142, 143 and initiates with a shortage in the supply of 

oxygen and glucose to cells, leading to a decrease in available adenosine triphosphate (ATP). 

ATP is used by cells to power specific pump proteins in the cell membrane ( Na+/K+ -

ATPases) that transport the sodium ion (Na+) out of the cell against its concentration 

gradient. When this pump is de-activated, it allows for the influx of large amounts of Na+. 

This is accompanied by an influx of Ca2+ ions. This leads to cell swelling and necrotic cell 
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death. In a 2002 publication, Safar et al.144 explained that in sudden cardiac arrest glucose 

and ATP stores are used up within five minutes. My interpretation of this, in the context of 

other literature that describes the benefits of ischaemic post conditioning,101-103 is that the 

approach to resuscitating patients who have been without circulation for a shorter period of 

time (for example, less than five minutes) may differ to that used for those who have been 

without circulation for a longer period of time. For example, patients with a downtime of less 

than five minutes may benefit most from an immediate, continuous restoration of circulation 

because in these patients the ischemic injury cascade has not progressed as far. Associated 

with this, they may benefit from a higher chest compression fraction. On the other hand, for 

patients with a longer downtime, the cascade may have progressed further to the point where 

there are reactive oxygen species (ROS) being generated, leading to cell damage. Continuous 

reperfusion at this time may lead to increased cell death as a result of increased ROS 

production facilitated by increased oxygen supply. Reperfusion injury has been well 

documented during percutaneous coronary intervention (PCI), and ischaemic post 

conditioning has been proposed as one mechanism to reduce ischemic injury in that 

sphere.106, 145, 146 The same may be true in cardiac arrest. However it would be difficult to 

determine the time point when ischemic post conditioning (or a lower chest compression 

fraction) may become beneficial without knowing the specifics of the ischemic injury 

cascade in human cardiac arrest.  

As far as I am aware, the research described in this thesis represents the first documented 

attempt to study effects analogous to ischemic post conditioning in human cardiac arrest, as 

all previous studies have been in animals. Despite this, my investigation of this issue was 

subject to several limitations.  

9.7 Limitations 

Some of the limitations of my doctoral research are discussed below.  

Given the observational nature of my retrospective cohort study, it was inherently at risk of 

confounding. Furthermore I lacked sufficient information to adjust for in-hospital treatments 

such as targeted temperature management in the logistic regression analyses. Therefore I 

cannot prove causality for any of my findings, only posit an association.  

My study was carried out using data collected from OHCAs that occurred in the Perth 

metropolitan area during the study period, therefore it cannot be guaranteed that the 

associated findings would be transferrable to other locations and other EMS agencies. 

Differences in many factors such as the rate of bystander CPR, the comprehensiveness of 
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public access defibrillation programs and the baseline levels of CPR quality present among 

EMS rescuers in different geographical locations may result in different relationships being 

observed among variables and outcomes.  

The rate of STHD seen among the SJA-WA study cohort was significantly less than that 

seen among OHCA cases that had resuscitation attempted without the use of the Q-CPR 

device during the study period (3.5% vs 11.6%; p < 0.001). A similar phenomenon was 

observed for good neurological outcome at discharge (although the percentage of those 

patients who survived to hospital discharge who had good neurological outcomes was 

similar in both groups). This may be attributable to a number of factors such as the 

significantly greater proportion of unwitnessed cases among the study cohort (66% vs. 59%, 

p=0.02) and the greater number of arrests that occurred in a residential premise (79% vs. 

73%, p=0.02). These characteristics are traditionally associated with lower rates of survival. 

Additionally, the study cohort would not have included those patients who were shocked 

early and established a perfusing rhythm before any Q-CPR data was collected. The results 

of the SJA-WA paramedic survey139 indicate that respondents generally placed a low priority 

on the use of the Q-CPR device in the resuscitation algorithm, preferring to prioritise other 

procedures and interventions. The marked difference in survival could also potentially be 

indicative of selection bias among paramedics. It is possible that paramedics selected to use 

the Q-CPR on patients that they perceived to have lower chances of survival and/or those 

that were treated in a private residence. However these suggestions are hypothetical. The 

included and excluded cohorts did not differ significantly on the other Utstein variables, such 

as age, sex, medical cause of arrest, first monitored rhythm and EMS response time.  

Fewer paramedics used the Q-CPR than initially predicted. This resulted in a smaller sample 

size than anticipated. This was especially noticeable in the exploratory analysis that 

investigated downtime, as the cohort was further divided into three categories and univariate 

and multivariable logistic regression analyses were carried out in each. However, despite the 

small sample size, significant results for the relationship between chest compression fraction 

and ROSC were still obtained in the group with a downtime > 15 minutes. Nevertheless I 

recommend that in future such analyses be carried out using a larger sample size.  

CPR quality data was collected for less than one fifth of OHCA cases that had resuscitation 

attempted by SJA-WA paramedics during the study period. This potentially limits the 

representativeness of the measurements collected; it is possible that CPR quality among 

those paramedics who used the Q-CPR differed to that among those paramedics who did not. 

Nevertheless I used the findings from the cohort study to prepare recommendations for SJA-

WA. In future the increased use of the Q-CPR device in clinical practice should be 
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encouraged to obtain a more accurate representation of the quality of CPR provided by SJA-

WA paramedics at large.  

With respect to the investigation of the impact of downtime on the inverse relationship 

between CCF and OHCA survival, I utilised a cut-off point of 15 minutes to dichotomise 

downtime. This was based on the figure used in animal studies.101-104 However this may not 

reliably translate to human data. Previous human studies have shown that survival decreases 

by approximately 10-12% per minute without defibrillation.10 This can be reduced to a 3-4% 

decrease if CPR is provided.10 However in the case of no CPR and no defibrillation, the 

chances of survival after 15 minutes are considered to be close to zero.90 Current practice at 

SJA-WA dictates that if a patient has had an unwitnessed arrest, with no bystander CPR in 

place, asystole present in all three leads for 30 seconds or more, has fixed and dilated pupils, 

absent breath sounds on auscultation and absent heart sounds on auscultation or no palpable 

carotid pulses and absent corneal reflexes and is suspected to have been without circulation 

for greater than 15 minutes, paramedics can choose not to commence resuscitation efforts.90 

This directive however was not in place at the time of data collection for my study therefore 

resuscitation would still have been commenced in these patients. I found however that none 

of the patients in the group with a downtime > 15 minutes survived to discharge in my 

cohort. In summary, the progression of cardiac arrest may differ in humans compared to 

pigs, and the findings presented here are part of our exploratory analysis only, and as such 

are not intended to alter current clinical practice.  

All of the animal studies101-104 that explored the effects of post conditioning on survival 

outcomes featured pigs with induced VF arrest. These animals were studied under controlled 

conditions and treated at the 15-17 minute time point.101-104 In the SJA-WA cohort study 

however I could not be sure of the patient’s cardiac rhythm at the onset of arrest nor of their 

actual downtime. Patients were divided into three groups; ≤15 minutes, >15 minutes and 

those patients with an unknown downtime. However the downtime in the >15 minute group 

could have ranged anywhere from 15 minutes to several hours. It is perhaps therefore even 

less surprising that I did not see any survivors among this group.  

Despite the limitations of this work, it generated a number of important findings that have 

translated into a set of final recommendations.  
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9.8 Recommendations 

The following recommendations are provided on the basis of this research: 

 Given that compression depth was below the minimum recommended value in the 

large majority of cases that used the Q-CPR, actions should be promptly taken to 

ensure optimal compression depth among rescuers.  

 If not already done so, paramedics should be made aware of evidence from the 

literature that shows that deeper compressions have been associated with improved 

patient survival outcomes.  

 In addition paramedics should be made aware of the difference between the 

perceived quality of CPR and that measured using the Q-CPR device.  

 Given that overall the mean compression depth did not improve over the 

resuscitation time, despite the provision of visual feedback by the Q-CPR, further 

investigations should be undertaken to ascertain the possible reasons for why this 

was the case.  

 Although the mean compression rate measured was within the range recommended 

by international resuscitation guidelines, since my systematic review found a 

significant association between lower compression rates within this range and 

survival, attempts could be made to further reduce the mean compression rate to 

bring it closer to 100 cpm. Furthermore, a lower compression rate may assist in 

achieving deeper compressions since an inverse relationship between compression 

rate and depth has previously been reported in the literature. 

 In regards to the other CPR quality metrics, rescuers should continue to comply with 

current international resuscitation guideline recommendations. At this time no 

additional recommendations are made regarding chest compression fraction, despite 

the inverse nature of the relationship observed with ROSC.  

 Given the low reported use of the Q-CPR device among paramedics, and its 

widespread availability in the metropolitan ambulance service, measures should be 

implemented to promote its increased use. However this should only be done 

following an investigation of its effectiveness at facilitating optimal compression 

depth.  



153 

 Since the results of the survey revealed that many respondents prioritised other 

equipment and interventions over use of the Q-CPR device, paramedics should be 

made aware of findings from the literature that suggest that some of these other 

interventions such as intubation and the administration of drugs like epinephrine 

may not be as effective at promoting survival as is the provision of high quality 

CPR. 

 Regardless of how these recommendations are enacted, data should continue to be 

collected from the field to allow for ongoing monitoring of performance and to 

provide an indication on the effectiveness of any introduced quality improvement 

initiatives. In particular, trends in mean compression depth over time should 

continue to be monitored, as well as the Q-CPR usage rate. 

The International Consensus on Cardiopulmonary Resuscitation and Emergency 

Cardiovascular Care Science with Treatment Recommendations (CoSTR) advises that CPR 

feedback devices like the Q-CPR should be used within a broader system of care that 

includes comprehensive CPR quality improvement initiatives.38 Such a system of care should 

include tailored education and training programs and comprise a strategy to regularly 

monitor the performance of the system. In addition, the implementation of other initiatives 

such as personalised, post-event debriefing, while not discussed in this research, may 

increase the utility of feedback devices like the Q-CPR. SJA-WA is in the process of refining 

such a system and has recently employed a senior paramedic to coordinate strategies to 

improve OHCA outcomes in the organisation.  

9.9 Recommendations for future research 

Given the findings and inherent limitations of my research, I make several recommendations 

for future work. I recommend further investigation into the potential reasons for why devices 

like the Q-CPR may not always be effective at facilitating high quality CPR among rescuers 

in the field, as was widely observed among the study cohort of SJA-WA paramedics. I also 

recommend that others continue to explore the relationship between chest compression 

fraction and survival outcomes. Due to the variability in reported findings among studies, it 

is possible that a third factor or combination of factors are modulating this relationship and it 

would be useful to elucidate what this could be. In particular I recommend that others 

conduct further research to investigate the potential role of downtime in this relationship; 

however I propose that this be done using a larger sample size. I also recommend that others 

explore the potential for ‘personalised CPR’, in which CPR is customised on the basis of 

unique event characteristics such as downtime or titrated against patient physiological 
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measurements. The latter work is already being undertaken by others including Professor 

Robert Neumar and colleagues at the University of Michigan.147 This may represent a future 

paradigm shift in the provision of CPR.  

9.10 Concluding remarks 

This thesis explored the relationship between the quality of cardiopulmonary resuscitation 

performed by SJA-WA paramedics and OHCA patient survival outcomes. Importantly, 

compression depth was found to be too shallow in the majority of cases. Furthermore, the 

provision of real-time feedback by the Q-CPR device did not improve compression depth 

over resuscitation time. There was capacity for the further optimisation of mean chest 

compression rate to bring it closer to the minimum value of 100 cpm recommended by 

international guidelines. While compression depth and rate were not significantly associated 

with survival outcomes in the study cohort, compression fraction was significantly and 

inversely associated with ROSC. Upon further exploration of this counter-intuitive finding, it 

was observed that a lower compression fraction was associated with greater odds of ROSC 

in OHCA patients who had been without circulation for at least 15 minutes. This finding 

proposes the need for further research into whether a uniform compression fraction 

recommendation is appropriate for all OHCA patients. It was likewise found that the Q-CPR 

device was seldom used by paramedics, despite being prescribed as a mandatory piece of 

equipment for resuscitation. Survey results revealed that it was generally not assigned a high 

priority by paramedics in the cardiac arrest response algorithm. Together these findings 

indicate that in the context of SJA-WA, the Q-CPR device did not represent a successfully 

implemented and effective tool for facilitating high quality CPR among paramedics. These 

findings also support the need for devices like the Q-CPR to be used within a comprehensive 

system of care.  
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Appendix 5 Supplementary material for 
systematic review 

Appendix A. Search strategy (Ovid MEDLINE) 
 
Line  Search Statement  Subject Area 
1 exp Resuscitation/ or resuscitation$.mp.  

Cardiac arrest/ 
resuscitation  

2 CPR.mp.  

3 (heart adj massage$).mp.  

4 (cardiac adj massage$).mp.  

5 (cardiac adj arrest$).mp.  

6 (heart adj arrest$).mp.  

7 (cardiopulmonary adj arrest$).mp.  

8 (sudden adj cardiac adj death$).mp.  

9 OHCA.mp.  

10 IHCA.mp.  

11 exp Heart Arrest/  

12 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11  

13 quality.mp.  

Quality of CPR 

14 (compression adj rate$).mp.  

15 (compression adj depth$).mp.  

16 (duty adj cycle$).mp.  

17 (compression adj fraction$).mp.  

18 (defibrillation adj timing$).mp.  

19 (time adj2 first adj shock).mp.  

20 (chest adj recoil).mp.  

21 (hands-off adj time$).mp.  

22 (Q-CPR or QCPR or CPR-meter or CPRmeter or CPR-Ezy or 
CPREzy).mp. 

 

23 (real adj CPR adj Help).mp.  

24 (transthoracic adj impedance).mp.  

25 (peri-shock adj pause$).mp.  

26 (peri-defibrillation adj pause$).mp.  

27 (pre-shock adj pause$).mp.  

28 (pre-defibrillation adj pause$).mp.  

29 (post-shock adj pause$).mp.  

30 (post-defibrillation adj pause$).mp.  

31 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 
24 or 25 or 26 or 27 or 28 or 29 or 30 

 

32 12 and 31  Quality of CPR during 
cardiac arrest 

33 limit 32 to yr="1994 -Current"  

Limits 

34 limit 33 to animals  

35 33 not 34  

36 letter.pt.  

37 comment.pt.  

38 editorial.pt.  

39 35 not 36  

40 39 not 37  

41 40 not 38  

 

  



 

Appendix B. Risk of bias within studies (Newcastle Ottawa Scale) 
 
 

 SELECTION   COMPARABILITY  OUTCOME 

TOTAL 
SCORE 

Corresponding 
quality rating 

Author Representa-
tiveness of 

exposed 
cohort 

Selection 
of non-
exposed 
cohort 

Ascertain- 
ment of 

exposure 

Outcome 
not present 
at start of 

study 

 Comparability of 
cohorts 

 Assessment 
of outcome  

Follow-
up time 

long 
enough 

Adequacy 
of follow-

up of 
cohorts 

Abella 20054     


    7  Poor 

Babbs 200852             4  Poor 

Beesems 2013148           9  Good 

Bohn 201153           7  Poor 
Cheskes 201184           9  Good 

Cheskes 201483            9  Good 

Christenson 200996           9  Good 

Idris 2012113           9  Good 

Kamarainen 2012149           6  Fair 

Kramer-Johansen 
200659 

   


 


   9  Good 

Niles 2012150 
 

        5  Poor 

Stiell 20126           8  Fair 

Stiell 2014151            9  Good 

Vadeboncoeur 201414           9  Good 

Vaillancourt 201197           9  Good 

Wik 2005           8  Fair 
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Appendix C. Subgroup meta-analyses 
 

(a) compression depth vs. ROSC 

 
 
 
(b) compression rate vs. ROSC 
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(c) Compression depth vs. STHD 

 
 

(d) Compression rate vs. STHD 

 
Further notes: Where a subgroup analysis would include only one study, the 
results are not shown.  
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Appendix D. PRISMA Checklist 
 

Section/topic  # Checklist item  
Reported 
on page #  

TITLE  

Title  1 Identify the report as a systematic review, meta-analysis, or both.  2 

ABSTRACT  

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study 
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; 
limitations; conclusions and implications of key findings; systematic review registration number.  

2 

INTRODUCTION  

Rationale  3 Describe the rationale for the review in the context of what is already known.  3 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 

comparisons, outcomes, and study design (PICOS).  
3 

METHODS  

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 
provide registration information including registration number.  

3 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow‐up) and report characteristics (e.g., years 
considered, language, publication status) used as criteria for eligibility, giving rationale.  

3-4 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 
identify additional studies) in the search and date last searched.  

4 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it 
could be repeated.  

4 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta‐analysis).  

4-5 
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Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators.  

5 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  

5 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether 
this was done at the study or outcome level), and how this information is to be used in any data 
synthesis.  

5 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  5 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 

consistency (e.g., I2) for each meta‐analysis.  
5-6 

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  

6 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if 
done, indicating which were pre-specified.  

6 

RESULTS  

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  

6 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  

6 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  6 
Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for 

each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
6-9 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  6-9 
Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  9 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see 

Item 16]).  
6-9 
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DISCUSSION  

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, users, and policy makers).  

9-10 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  

10-11 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research.  

11 

FUNDING  

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 
funders for the systematic review.  

11 
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Appendix 6 Letter to the Editor (accepted for 
publication in Resuscitation) 

Letter to the Editor 

Sir, 

In our paper entitled “Lower chest compression fraction associated with ROSC in OHCA 

patients with longer downtimes”1 we reported a significant, inverse relationship between 

chest compression fraction (CCF) and return of spontaneous circulation (ROSC); 

furthermore this relationship was shown to vary with downtime from onset of arrest to the 

provision of CPR by paramedics. We found specifically that in the group with a downtime of 

greater than 15 minutes, a lower CCF during the first three minutes of cardiopulmonary 

resuscitation (CPR) was significantly associated with ROSC. In this Letter to the Editor we 

present some additional data for pre-, post- and peri-shock pause2 that was not included in 

our previously published work. The reason that it was not included was because there were 

few cases in our cohort that received a shock during the first three minutes of CPR quality 

data capture. However, we believe that presentation of this additional shock pause data aids 

in demonstrating that the significantly lower CCF observed among patients who achieved 

ROSC in the group with a downtime of greater than 15 minutes was not due to more time 

spent administering defibrillations. 

We analysed shock pause duration for all cases in our study cohort that received at least one 

shock during the first three minutes of CPR. The shock had to have occurred during the time 

that CPR quality data was captured because we were interested in the effect of the shock 

pause on the compression fraction calculated. We reviewed the compression waveform for 

each case using the Event Review Pro software package (version 4.2, EMS edition, Philips 

Healthcare, Seattle, WA, USA). Pre-shock pause was measured from the time of the last 

administered compression to shock delivery, post-shock pause was measured from shock 

delivery to the next administered compression and peri-shock pause was the combination of 

these two measurements. Where more than one shock was provided during the first three 

minutes of data capture, we combined the data from both shocks to obtain an indication of 

the total time spent defibrillating the patient during this time. Our findings, grouped by 

downtime, are presented in Table 1.  
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Table 1 - Total time (seconds) spent delivering shocks in cases that had at least one 
shock delivered during the first three minutes of CPR. Results are 
grouped by downtime. 

 Downtime ≤15 min Downtime >15 min Unknown downtime 

 
ROSC 

No 
ROSC 

ROSC 
No 

ROSC 
ROSC 

No 
ROSC 

Total number of cases  30 45 15 83 9 20 

Number of cases with a shock 
delivered during the first 3 min 
of CPR quality data capture 

9 6 0 4 0 3 

Mean number of shocks during 
first 3 min of CPR quality data 
capture 

1.2 1.2 0 1 0 1 

Total pre-shock pause duration 
(seconds, mean±SD)a 7.2± 4.9 9.0±4.3  - 

7.0±  
1.4 

- 
8.3±  
7.1 

p-value 0.48 - b -b 

Total post-shock pause duration 
(seconds, mean±SD)a 5.6±6.0 

3.0± 

2.2 
- 

2.8±  

2.4  
- 

8.0±  

8.7  

p-value 0.34 - b -b 

Total peri-shock pause duration 
(seconds, mean±SD)a 13± 10 

12± 
6.1 

- 
9.8±  
2.6 

- 
16±  
10 

p-value 0.87 - b -b 

1. If there was more than one shock delivered during the first three minutes of CPR, we combined the time 
from all shocks to obtain an estimate of the total time spent on delivering shocks. 

2. It was not possible to derive a p-value for these two groups.  

 
None of the patients in the group with a downtime of greater than 15 minutes who achieved 

ROSC received a shock during the first three minutes of CPR quality data capture. 

Importantly, we confirm that the lower compression fraction seen among those who achieved 

ROSC in the group with a downtime of greater than 15 minutes was not due to the fact that 

more time was spent delivering defibrillations.  

Conflict of interest statement 

Prof. Judith Finn is the Director of the Australian Resuscitation Outcomes Consortium (Aus-

ROC), a NHMRC Centre of Research Excellence (CRE #1029983), and receives partial 

salary support from St John Ambulance Western Australia (SJA-WA). A/Prof. Paul Bailey is 

Clinical Services Director at SJA-WA. Mr. Deon Brink is the General Manager - Clinical 

Services at SJA-WA. Dr. Madoka Inoue maintains the SJA-WA OHCA database and 

receives partial salary support from SJA-WA and Aus-ROC. Ms. Milena Talikowska is a 

PhD student funded by Aus-ROC. There are no other potential conflicts of interest to 

declare. 

 



191 

References 

1. Talikowska M, Tohira H, Inoue M, Bailey P, Brink D, Finn J. Lower chest compression fraction 
associated with ROSC in OHCA patients with longer downtimes. Resuscitation. 2017; 116:60-5. 
2. Cheskes S, Schmicker RH, Christenson J, Salcido DD, Rea T, Powell J, et al. Perishock pause: an 
independent predictor of survival from out-of-hospital shockable cardiac arrest. Circulation. 2011; 
124:58-66. 
 

Milena Talikowska* 
Prehospital, Resuscitation and Emergency Care Research Unit (PRECRU), 

School of Nursing, Midwifery and Paramedicine, 
Curtin University, Bentley, WA, Australia 

 
 

Hideo Tohiraa,b 
a Prehospital, Resuscitation and Emergency Care Research Unit (PRECRU), 

School of Nursing, Midwifery and Paramedicine, 
Curtin University, Bentley, WA, Australia 

b Discipline of Emergency Medicine, 
University of Western Australia, 

Crawley, WA, Australia 
 

Madoka Inouea.c 

a Prehospital, Resuscitation and Emergency Care Research Unit (PRECRU), 
School of Nursing, Midwifery and Paramedicine, 

Curtin University, Bentley, WA, Australia 
c St John Ambulance, Western Australia,  

Belmont, WA, Australia  
 

Paul Baileya,c,d 
a Prehospital, Resuscitation and Emergency Care Research Unit (PRECRU), 

School of Nursing, Midwifery and Paramedicine, 
Curtin University, Bentley, WA, Australia  

c St John Ambulance, Western Australia, 
Belmont, WA, Australia  

d Emergency Department,  
St John of God Murdoch Hospital,  

Perth, WA, Australia 
 

Deon Brinka,c 

a Prehospital, Resuscitation and Emergency Care Research Unit (PRECRU),  
School of Nursing, Midwifery and Paramedicine,  

Curtin University, Bentley, WA, Australia  
c St John Ambulance, Western Australia,  

Belmont, WA, Australia  
 

Judith Finna,b,c,e 

a Prehospital, Resuscitation and Emergency Care Research Unit (PRECRU),  
School of Nursing, Midwifery and Paramedicine,  

Curtin University, Bentley, WA, Australia 
b Discipline of Emergency Medicine,  

University of Western Australia,  
Crawley, WA, Australia 

c St John Ambulance, Western Australia,  



192 

Belmont, WA, Australia  
e School of Public Health and Preventive Medicine,  

Monash University, Melbourne, VIC, Australia  
 

*Corresponding author. 
Email address: milenatalikowska@postgrad.curtin.edu.au 

 
  



193 

Appendix 7 Supplementary material for survey  
paper 

 



194 

 

 
  



195 

 

 
  



196 

 

 
  



197 

Appendix 8 Licensing agreements with Elsevier for 
inclusion of published journal articles in thesis 

Agreement 1

 



198 



199 



200 



201 



202 

   



203 

 Agreement 2  



204 



205 



206 



207 



208 

  



209 

  



210 

 Agreement 3 



211 



212 



213 



214 



215 

 


