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Abstract

Background: Cardiac arrest is an often fatal event resulting from sudden loss of heart
function. When cardiac arrest occurs in the pre-hospital setting it is referred to as an
out-of-hospital cardiac arrest (OHCA). In Australia, with a population of 26 million,
OHCA affects an estimated 25,000 people each year; with a mortality rate of
approximately 88%. A structured approach to OHCA management as defined by the
‘Chain of Survival’ is critical to high-quality patient outcomes. Comprised of five
interconnected links, the chain of survival concept spans from early recognition of
OHCA and activation of emergency medical services (first link), early CPR (second
link), rapid defibrillation (third link), early advanced life support (fourth link) to
standardised post-resuscitation care (fifth link). The research included in this thesis
focuses on the post resuscitation care link in the chain of survival which begins with

return of spontaneous circulation (ROSC).

ROSC has previously been defined as “spontaneous circulation with no further need
for chest compressions for at least 20 minutes.” Patients who achieve ROSC are at
risk of developing post-cardiac arrest syndrome, a complex pathophysiological
response to whole body ischaemia. Research suggests that early access to a post-
resuscitation care bundle that includes emergent percutaneous coronary
intervention (PCl), targeted management of body temperature and maintenance of
normal arterial blood carbon dioxide (PaCO;) and oxygen levels (PaO3) improves
survival and neurological outcomes after OHCA. However, in the absence of large
randomised control trials (RCTs), there are conflicting conclusions about the survival
benefit of some of the individual components of post-resuscitation care, including
Emergency Medical Services (EMS) transport destination (PCl versus non PCl-capable
hospital) and the optimal targets for PaCO, and Pa0O; in patients receiving mechanical
ventilation. Further, there are few multicentre population-based studies that
examine the impact of these factors on survival and neurological outcomes after
OHCA and that assess the association between neurological outcome at hospital
discharge and 12-month survival. Therefore, the broad aim of this thesis was to

strengthen the evidence for optimising care in the post-resuscitation link in the chain
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of survival by examining the effect of in-hospital factors on survival and neurological

outcome after OHCA.

Methods: This thesis is based on a compilation of five peer reviewed manuscripts
published in Resuscitation, the highest ranked journal in emergency medicine
(Scimago H-Index 134) plus supporting chapters. In the first study, | conducted a
multicentre retrospective cohort study of all patients (218 years) with OHCA from
presumed medical aetiologies (presumed cardiac, or unknown, or other medical
causes), who were attended by St John Western Australia (SJ-WA) paramedics in
greater metropolitan Perth, WA between the 1st January 2012 and 31st December
2015 and admitted to hospital with ROSC. The aim of this study was to compare
survival outcomes of OHCA patients directly transported to a PCl-capable hospital
(direct transport) with patients transferred to a PCl-capable hospital via another
hospital without PCl services available (indirect transport) by SJ-WA paramedics. This
study used data from the prospectively collected SJ-WA database and medical chart
review at each of the five hospitals included in the study. Survival to hospital
discharge and survival up to 12-months after OHCA were compared between the
direct and indirect transport groups using multivariable logistic regression analysis
and Cox proportional hazards regression respectively, while adjusting for potential

confounders.

In the second study, | performed a systematic review and meta-analysis to assess the
effect of a low or high PaCO; on survival and neurological outcomes in adult patients
with cardiac arrest of any aetiology. The primary outcome was survival to hospital
discharge after cardiac arrest. Secondary outcomes included neurological status at
the end of each study’s follow-up period, hospital discharge destination and 30-day
survival. Studies were included if patients had suffered an in-hospital cardiac arrest
or OHCA and who had their exposure to PaCO; measured by arterial blood gas
analysis (ABG). To examine this association, | searched MEDLINE, EMBASE, CINAHL
and Cochrane CENTRAL databases for comparative studies published between
inception and August 2015. Meta-analysis was conducted if statistical heterogeneity

was low.
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The findings of the meta-analysis informed my third study which included all patients
with OHCA of non-traumatic aetiology transported to one of four adult tertiary
intensive care units (ICUs) in Perth, Western Australia, between January 2012 and
December 2017. In this study, | hypothesised that the relationship between PaCO;
and survival is non-linear, and maintaining an intermediate level of PaCO,; compared
to a low or high PaCO; in the first 24-hours of ICU admission is associated with
improved hospital survival. Secondary outcomes were good neurological outcome at
hospital discharge, as measured by Cerebral Performance Category (CPC) score of 1
or 2 and survival to 12-months. | used a four-knot restricted cubic spline function to
allow for non-linearity between the mean PaCO; within the first 24 hours of ICU
admission after OHCA and survival. Optimal PaCO; cut-points were identified from
the shape of the spline curve to generate corresponding odds ratios in multivariable

logistic regression analysis.

The methodology of the fourth study was near identical to the third and included a
similar cohort of patients. In this study, | hypothesised that abnormalities in mean
PaO; (both high and low) would be associated with decreased survival after OHCA.
The primary outcome was survival to hospital discharge; secondary outcomes were
CPC score at hospital discharge and 12-month survival. The potential non-linear
relationship between the mean PaO, within the first 24-hs of ICU admission and
patient outcomes was assessed by a four-knot restricted cubic spline function with

adjustment for potential confounders in multivariable logistic regression analysis.

Finally, | conducted a multicentre retrospective cohort study to describe neurological
and functional outcomes in adult OHCA patients (218 years) attended by SJ-WA
paramedics in Perth, WA and admitted to hospital, between 1st January 2004 and
31st December 2019. | used multivariable logistic regression analysis to estimate the
association of CPC score at hospital discharge with 12-month survival, adjusted for

known prognostic variables.

Results: In the first study of 509 adults with OHCA of medical aetiology, | found that

patients directly transported to a PCl-capable hospital for post-resuscitation care had

viii



significantly increased survival to hospital discharge when compared to patients
transferred via another hospital without PCl capability (adjusted odds ratio [aOR]
1.97, 95% confidence interval [Cl] 1.13-3.43). Indirect transport (compared to direct
transport) was also associated with an increased risk of death up to 12-months
(adjusted hazard ratio 1.36, 95% Cl 1.00-1.84) albeit this result did not reach

statistical significance.

In the second study, nine observational studies were included in the systematic
review and eight provided sufficient quantitative data for meta-analysis. | found that
PaCO; has a non-linear inverted U-shaped association with survival and outcomes
after cardiac arrest. Using PaCO; cut-points of <35 mmHg and >45 mmHg to define
hypo- and hypercarbia, normocarbia (referred to as normocapnia elsewhere in the
thesis) was associated with increased hospital survival (OR 1.30, 95% CI 1.23-1.38).
Normocarbia was also associated with a good neurological outcome (CPC 1 or 2)
compared to hypercarbia (OR 1.69, 95% Cl 1.13-2.51). This finding is in line with
international resuscitation guidelines’ that normocarbia be targeted during post-

resuscitation care.

Consistent with the findings of the meta-analysis, the third study concluded that a
nonlinear (inverted U-shape) relationship exists between mean PaCO; in the first 24-
hours of ICU admission and both hospital survival and survival to 12-months. Of the
493 patients who provided 3,769 PaCO; ABG results, | found that normocapnia was
significantly associated with improved hospital survival compared to either
hypocapnia (<35 mmHg) (aOR 0.45, 95% Cl 0.24-0.83) or hypercapnia (>45 mmHg)
(aOR 0.45, 95% Cl1 0.24-0.84). Of the twelve predictors assessed, PaCO; was the third
most important predictor, and explained 11.7% of the variability in survival. The
survival benefits of normocapnia extended to 12-months. Normocapnia was also
significantly associated with a good neurological outcome at hospital discharge when

compared to hypo- and hypercapnia.

Using Pa0; as the exposure variable, my fourth study also demonstrated a non-linear

association with an inverted U-shape between PaO; and patient outcome. Analysis



of 3,764 Pa0;results (from 491 patients) obtained within the 24-hrs of ICU admission,
found that survival to hospital discharge was highest for patients with a mean PaO;
between 100 and 180 mmHg (reference category) when compared to patients with
a mean Pa0; of <100 mmHg (aOR 0.50, 95% Cl 0.30-0.84), or >180 mmHg (aOR 0.41,
95% Cl 0.18-0.92). Mean PaO; within 24-hrs was the third most important predictor
and explained 9.1% of the variability in survival to hospital discharge. Patients in the
reference category also demonstrated increased survival to 12-months and good

neurological outcome (CPC 1 or 2) at hospital discharge.

In the final study, | found that of the 1,062 adult OHCA patients admitted to hospital
over the 16 year study period most (92.7%) were discharged with a good neurological
outcome (CPC 1 or 2). Further, a CPC of 1 or 2 at hospital discharge was significantly
associated with 12-month survival (aOR 3.28, 95% Cl 1.69-6.39) when the cohort was

restricted to WA residents.

Conclusion: The research included in this thesis suggests that a number of potentially
modifiable post-ROSC factors exist that may impact upon survival and neurological
outcome after OHCA. These findings have important clinical implications and RCTs
are needed to confirm the effect of hospital factors on patient outcomes and to
validate the optimal oxygenation and ventilation targets. Given the strong association
with survival, and the excellent short and long-term outcomes in the majority of
OHCA patients who survive to hospital discharge, optimising post-resuscitation care

should be prioritised.
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Chapter1  Introduction

1.1 Background and Rationale

Cardiac arrest is an often fatal event, resulting from sudden loss of heart function and
systemic circulation.’> When cardiac arrest occurs in the pre-hospital setting it is
referred to as an out-of-hospital cardiac arrest (OHCA).2 OHCA is a global public
health issue with significant social and economic costs; measured in terms of

premature mortality, neurological injury and functional disability.3®

According to global registry data, the incidence of Emergency Medical Services (EMS)-
treated OHCA is high, ranging from 30.0 to 97.1 cases per 100,000 population per
year and survival to hospital discharge or 30-day survival is low at between 3.1 and
20.4% across OHCA registries.” Substantial variations in neurological outcomes after
EMS treated OHCA are also reported, with a favourable neurological outcome at
hospital discharge or at 30 days estimated to be between 2.8 and 18.2%.” Australian
OHCA registry data estimates that as many as 25,000 OHCAs occur each year with

12% of patients surviving to hospital discharge.?

The aetiology of OHCA is presumed to be medical when no other obvious cause is
evident, for example drug overdose, submersion, trauma, asphyxia or
electrocution.® OHCA of presumed medical aetiology comprised 92% of all cases in
a recent registry-based observational study.’ Regardless of the aetiology, the
ultimate goal of cardiopulmonary resuscitation (CPR) is to restore the flow of
oxygenated blood to the brain and heart until restoration of spontaneous circulation
(ROSC) can be achieved and sustained.’® According to internationally accepted
definitions, known as the OHCA Utstein Template for Resuscitation Registries,
“sustained ROSC is deemed to have occurred when chest compressions are not
required for 20 consecutive minutes and signs of circulation persist (or sustained

ROSC if extracorporeal circulatory support is applied).”!?



Post-resuscitation care is started immediately after sustained ROSC to re-establish
effective regional and organ tissue perfusion, diminish the severity and consequences
of Post-Cardiac Arrest Syndrome and improve the likelihood of survival with a
favourable neurological outcome.'?> Post-Cardiac Arrest Syndrome is a complex
pathophysiological response to whole body ischaemia, comprising hypoxic-ischaemic
brain injury, myocardial dysfunction, systemic ischemia/reperfusion response and
persistent precipitating pathology.’? Interventions required for post-resuscitation
care are generally bundled into a care regimen and administered simultaneously.!?
These include identification and treatment of the cause of the cardiac arrest,
haemodynamic, oxygenation and ventilation management, targeted temperature
management  (TTM), glycaemic  control, seizure  management and

neuroprognostication.'?

The ‘Chain of Survival’ concept (Figure 1.1) provides a structured approach to OHCA
management from the prehospital scene to in-hospital post-resuscitation care and
identifies the time-critical interventions that have been shown to improve survival
and neurological outcomes in OHCA patients.'>!* Each link is time critical and
interdependent.’®>!4 The sequence of events starts with recognition of the emergency
and activation of the EMS (first link), early CPR (second link), rapid defibrillation (third
link), (4) early advanced life support (fourth link), and (5) standardised post-
resuscitation care (fifth link).*> It is well recognised that the Chain of Survival is only

as strong as the weakest link.13

|15

Figure 1.1 The American Heart Association Chain of Surviva

The variation in international OHCA survival rates reported above, is likely reflective

of differences in the strength of the local chain of survival. Therefore, research into



strategies to strengthen each link has the potential to significantly improve patient
outcomes across regions.'® The research included in this thesis concentrates on the
fifth link — post-resuscitation care. It addresses important knowledge gaps in the
prevention and treatment of post-cardiac arrest syndrome. These include whether
the direct transport of adult OHCA patients to a hospital capable of providing
emergency percutaneous coronary intervention (PCl) by emergency medical services
(EMS), is associated with a survival advantage when compared to patients first
transported to a non-PCl capable hospital. They also include the identification of safe
arterial carbon dioxide tension (PaCO;) and arterial oxygen tension (Pa0,) targets in
mechanically ventilated adult OHCA patients. Studies that report neurological
outcome at hospital discharge and long-term survival are also required to minimise
prognostic errors in decision making. In the absence of results from large randomised
control trials (RCTs) investigating individual components of post-resuscitation care,
observational studies such as those included in this thesis, provide the best available

indication of a possible causal relation between an exposure and patient outcome.

1.2 Research Aim and Objectives

1.2.1 Research Aim

The overall aim of this thesis is to explore the effect of in-hospital factors on survival

and neurological outcome after OHCA.
1.2.2  Research Objectives

In order to achieve this aim, the following research objectives will be addressed:

1. To compare survival outcomes of adults with OHCA of medical aetiology directly
transported to a PCl-capable hospital (direct transport) with patients transferred to
a PCl-capable hospital via another hospital without PCl services available (indirect

transport) by EMS.

2. To assess the effect of a low or high PaCO; on patient outcomes after cardiac arrest
by systematically reviewing the literature and by combining results from similar

studies in meta-analyses.



3. To assess the associations between different levels of PaCO; over the first 24 hours
of ICU admission and survival to hospital discharge, neurological outcome at hospital
discharge and 12-month survival in adult patients with OHCA of non-traumatic

aetiology.

4. To assess the associations between different levels of PaO; over the first 24 hours
of ICU admission and survival to hospital discharge, neurological outcome at hospital

discharge and 12-month survival in adult patients with OHCA of medical aetiology.

5. To describe neurological and functional outcomes among OHCA patients who
survived to hospital discharge and to determine the association between

neurological outcome at hospital discharge and 12-month survival.

1.3 Thesis Approach

This thesis is based on a compilation of peer reviewed publications and supporting

chapters. An overview of each chapter is provided in Table 1.1.



Table 1.1

Overview of Thesis Chapters.

Chapter

Contents

Research Aims

Chapter One

Introduction

1. Describe the background and
rationale of the thesis.

2. Define the aim of the thesis and
research objectives.

3. Provide an overview of the structure
of the thesis.

Chapter Two

Background and Context

1. Present background information
about OHCA.

2. Provide context to the research
presented in this thesis.

3. Outline the significance of this
doctoral research.

Chapter Three

Methods

1. Provide an overview of the thesis
methods.

2. Describe the data sources.

3. Describe the study definitions and
measurements.

Chapter Four

The association between EMS transport destination and survival after

OHCA (Research Objective 1)

Manuscript: Direct transport
to a PCl-capable hospital is
associated with improved
survival after adult out-of-
hospital cardiac arrest of
medical aetiology."’

To compare survival outcomes of
adults with OHCA of medical aetiology
directly transported to a PCl-capable
hospital with patients transferred to a
PCl-capable hospital via another
hospital without PCl services available
by EMS.

Chapter Five

Systematic review and meta-a

nalysis (Research Objective 2)

Manuscript: A systematic
review and meta-analysis of
the association between
arterial carbon dioxide
tension and outcomes after

cardiac arrest.'®

To assess the effect of a low or high
PaCO; on patient outcomes after
cardiac arrest by systematically
reviewing the literature and by
combining results from similar studies
in meta-analyses.

Chapter Six

The association of PaCO; and survival after OHCA (Research Objective

3)

Manuscript: Arterial carbon
dioxide tension has a non-

To assess the associations between

different levels of PaCO, over the first




Chapter

Contents

Research Aims

linear association with
survival after out-of-hospital
cardiac arrest: A multicentre
observational study.*®

24 hours of ICU admission and survival

to hospital discharge, neurological
outcome at hospital discharge and 12-
month survival in adult patients with

OHCA of non-traumatic aetiology.

Chapter Seven

The association of PaO; and survival after OHCA (Research Objective

4)

Manuscript: Non-linear
association between arterial
oxygen tension and survival
after out-of-hospital cardiac
arrest: A multicentre
observational study.?

To assess the associations between
different levels of PaO; over the first
24 hours of ICU admission and survival
to hospital discharge, neurological
outcome at hospital discharge and 12-
month survival in adult patients with
OHCA of medical aetiology.

Chapter Eight

Neurological outcome at hospital discharge and survival to 12-months

(Research Objective 5)

Manuscript: Neurological
outcome in adult out-of-
hospital cardiac arrest — not
all doom and gloom! %

To describe neurological and
functional outcomes among OHCA
patients who survived to hospital
discharge and to determine the
association between neurological
outcome at hospital discharge and 12-
month survival.

Chapter Nine

Discussion and conclusions

1. Summarise aims, approach and key
findings of the thesis.

2. Discuss the methodological
strengths and limitations of the thesis.

3. Discuss recommendations based on
key findings.




Chapter 2 Background and Context

2.1 Introduction

The intent of this chapter is to summarise current key concepts relating to OHCA and
post-resuscitation care; and to describe the context within which this doctoral
research was conducted (i.e. St John Western Australia, referred to as St John WA). |

also explain the significance of this research.

2.2 Background

2.2.1 Definition

OHCA is defined as the loss of functional cardiac mechanical activity in association
with the absence of a detectable carotid pulse, and unresponsiveness with agonal or
absent respirations occurring outside of a hospital setting.! OHCA is an unpredictable
medical emergency and can affect anyone in the community, of any age or gender
and at any time or place.?? OHCA is a time critical emergency.?? Within seconds of the
event, reduced blood flow to the brain causes unconsciousness, and irreversible
damage occurs to brain tissue within a few minutes.?? Early activation of the chain
of survival is the most important intervention to increase the likelihood of survival

and reduce the severity of primary and secondary brain injury.*3
2.2.2 Incidence

The true global incidence of OHCA has been difficult to assess due to differences in
definitions and reporting.2?32> The development of Utstein-style guidelines for the
uniform reporting of OHCA data by the International Liaison Committee on
Resuscitation (ILCOR)!, to address this issue, has assisted in the establishment of
national and regional OHCA registries.” These include, the Cardiac Arrest Registry to
Enhance Survival (CARES)?® in the United States, the UK Out-of-hospital Cardiac Arrest
Outcomes (OHCAO)?’ in the United Kingdom, the Pan-Asian Resuscitation Outcomes
Study (PAROS)?8, the European Registry of Cardiac Arrest (EuReCa ONE)?° and the
Australian and New Zealand Resuscitation Outcomes Consortium (Aus-ROC) OHCA

Epistry.®



A recent comparison of national and regional OHCA registries, found the global
incidence of EMS reported OHCA was 30.0 to 97.1 individuals per 100,000
population.” In comparison with other developed countries, the incidence of EMS-
attended OHCA per 100,000 population in Australia was 46.8.” This is lower than New
Zealand (50.2), United Kingdom (52.9), and the United States (62.2) but higher than
Singapore (42.0).” Variation in OHCA incidence across countries may be explained by
differences in the denominator used for population-based EMS-treated cases, case

ascertainment and social determinants of health.”2

The Aus-ROC Epistry (epidemiologic registry) provides a comprehensive data source
to understand the epidemiology of OHCA and to explore sources of variation in
incidence and outcome across Australia and New Zealand, including regional
comparisons.® Results from the Aus-ROC Epistry estimate that around 25,000 cases

of OHCA occur in Australia each year.®
2.2.3  Prehospital Prognostic Factors

A number of modifiable factors in the chain of survival have been identified that
improve survival and neurological outcome after OHCA.3° These include bystander
CPR,3! early defibrillation3? and EMS response time from call to scene.3! Non-
modifiable factors associated with improved patient outcomes after OHCA include
younger age®? and female sex,3* witnessed arrest by bystanders3® and a shockable

initial arrest rhythm 313>
2.2.4  Aetiology

Historically, the cause of OHCA was presumed to be of a cardiac origin unless an
obvious non-cardiac cause was identified.’ However, a 2014 review of the Utstein-
style recommendations suggested OHCA aetiology be described as medical unless it
was known or likely to have been caused by trauma, drug overdose, drowning,
electrocution, or asphyxia.! Medical aetiology (presumed cardiac, other medical
causes, or unknown cause) is the most common classification, and includes up to 92%

of all OHCAs.? However, this classification system has yet to be widely adopted by



Australian ambulance services. The term ‘non-traumatic’ has also been used to

describe OHCA of non-medical aetiology.®

A common underlying pathology for adult OHCA of presumed medical aetiology is
coronary artery disease,? with atherosclerotic plaque rupture leading to thrombus
formation and partial or complete arterial blockage.3® The resulting Acute Coronary
Syndrome (ACS), further defined as ST segment myocardial infarction (STEMI), non-
ST segment myocardial infarction (NSTEMI) and unstable angina, can lead to severe
metabolic and electrophysiological changes that induce ventricular arrhythmias such
as ventricular fibrillation (VF) or ventricular tachycardia (VT) and subsequent
circulatory collapse.?” However, OHCA of medical aetiology may also result from a
diverse range of other causes, including non-atherosclerotic disease of the coronary
arteries, primary arrhythmia without ischaemic heart disease, cardiomyopathy,
valvular heart disease and congenital heart disease.? Autopsy remains the gold
standard for determination of cause of death, especially in young adults where the

heterogeneity of OHCA aetiology is likely increased.3®
2.2.5 Initial Cardiac Arrest Rhythm

The initial cardiac arrest rhythm is either: (a) VF or pulseless VT causing ineffective
myocardial contractions or (b) pulseless electrical activity (PEA) leading to organised
electrical depolarisation of the heart without synchronous myocardial contractions
or (c) asystole resulting in the absence of electrical activity and myocardial
contractions.3*4% However, it can be difficult to determine the initial arrest rhythm as
the shockable rhythms of VF or VT can deteriorate with time to asystole before the

first electrocardiogram (ECG) is recorded.*4?

Aus-ROC Epistry data reports that overall, VF is the first monitored cardiac arrest
rhythm in 27.9% of EMS-attended cases.? In communities where the chain of survival
is strong, survival rates for witnessed OHCA with VF as the presenting rhythm can
reach up to 70%.4*** For patients with PEA or asystole as an initial arrest rhythm, the
probability of survival remains low.3>494546 One Australian study reported survival to

hospital discharge rates for asystole and PEA as low as 1.1% and 5.9% respectively.*



A second Australian study found increased mortality for patients with non-shockable

(as opposed to shockable) initial arrest rhythms in the first 4-years following OHCA.3°
2.2.6 EMS Transport Destination

It is widely accepted that early access to standardised post-resuscitation care is both
feasible and associated with higher rates of neurologically intact survival in adult
OHCA patients.}”47>1 The improved patient outcomes are associated with the
implementation of a post-resuscitation bundle of care that includes PCI, targeted
management of body temperature and careful control of oxygenation, ventilation
and haemodynamic parameters.'?> The capability of the first destination hospital has
been shown to influence patient outcomes in other time critical conditions such as
trauma®? and stroke.>® Ensuring OHCA patients arrive at the right hospital at the right

time has important implications for EMS transport protocols.

National®* and international guidelines'>> recommend that adult OHCA cases of
presumed medical aetiology are directly transported to a PCl-capable hospital. In this
respect, admission to a hospital with 24/7 PCI capability, may be considered a
surrogate for a higher level of post-resuscitation care. As OHCA is frequently
attributed to coronary artery disease and VF/VT is relatively common in the acute
phase of STEMI,>® coronary angiography and PCl are important elements of post-
resuscitation care. Research suggests that post-resuscitation coronary angiography,
with and without PCl is associated with increased survival and favourable
neurological outcome in adult OHCA patients.>’®0 This observation formed the basis
of Research Objective One in my thesis- to compare survival outcomes of adults with
OHCA of medical aetiology directly transported to a PCl-capable hospital (direct
transport) with patients transferred to a PCl-capable hospital via another hospital

without PCI services available (indirect transport) by EMS.
2.2.7  Post-resuscitation Care

The post-resuscitation care link in the Chain of Survival commences immediately after
sustained ROSC has been achieved.'? Post-resuscitation care is time sensitive and
should be commenced regardless of location. The primary aim of post-resuscitation

care is to re-establish effective regional and organ tissue perfusion and diminish the
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consequences of post-cardiac arrest syndrome.®! ILCOR defines post-cardiac arrest
syndrome as the collective pathophysiology = that  occurs  with
hypoxaemic/ischaemic/reperfusion injury.®! Four components of post-cardiac arrest
syndrome are described: (1) post—cardiac arrest brain injury, (2) post—cardiac arrest
myocardial dysfunction, (3) systemic ischaemia/reperfusion response, and (4)
persistent precipitating pathology.®! The systemic effects of post-cardiac arrest
syndrome have been described as similar to severe sepsis with organ dysfunction,
hypotension and hypoperfusion®® The severity of post-cardiac arrest syndrome
depends on the underlying cause of the arrest, time to sustained ROSC and the
patient’s premorbid health status.®! Patients demonstrating signs of wakefulness at,
or within a short time of ROSC, are less likely to develop post-cardiac arrest syndrome

than patients who remain comatose.®!

The phases of post-cardiac arrest syndrome have been defined by time: (1)
immediate post-arrest phase - first 20 minutes (2) early post-arrest phase - 20
minutes to 6 to 12 hours (3) intermediate phase — 6 to 12 hours to 72 hours and (4)
recovery phase — from 72 hours onward (Figure 2.1).%! Following early identification
of the cause of arrest, international guidelines recommend that clinical interventions
for post-resuscitation care are bundled into a care regimen (Figure 2.2).*2 This
includes early coronary angiography for patents with presumed OHCA of medical
aetiology and management of physiological goals for key parameters such as PaCO;
and Pa0; and body temperature.'? Other clinical interventions include treatment of
seizures, general intensive care management and targeting a mean arterial blood
pressure to achieve adequate urine output and normal blood lactate values.'? In the
later phases of post-cardiac arrest syndrome the focus is on prognostication and
rehabilitation to optimise the neurological and functional outcomes of survivors.!?
The clinical interventions most relevant to the research included within this thesis are

discussed below.
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Figure 2.1 Phases of Post Cardiac Arrest Syndrome.%!
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Figure 2.2 European Resuscitation Council and European Society of Intensive Care
Medicine Post Resuscitation Care Algorithm.??
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Coronary Angiography

Patients with OHCA of medical aetiology have a high incidence of ACS.*262 The clinical
management of ACS depends on whether the underlying cause is STEMI, NSTEMI or
unstable angina, as defined by ECG criteria.®? STEMI results from complete occlusion
of a coronary artery whereas NSTEMI and unstable angina occur if the occlusion is
partial (incomplete).®? NSTEMI may be further distinguished from unstable angina by
the presence of elevated cardiac biomarkers that reflect myocardial damage.®? Early
coronary angiography to determine the need for PCl in selected patients following
resuscitation from OHCA has been shown to improve survival and neurological
outcomes.®® A 2017 meta-analysis of 23 observational studies found that coronary
angiography performed within 24 hours of OHCA was associated with improved
survival and neurological outcomes (compared with angiography performed more

than 24 hours later or not at all).%3

Control of Ventilation

A significant proportion of adult OHCA patients will remain unconscious after ROSC
and will require endotracheal intubation and mechanical ventilation in an ICU to
ensure adequate ventilation and removal of carbon dioxide from the lungs.®* PaCO,
is inversely proportional to minute alveolar ventilation and a direct reflection of gas
exchange in the lungs. Abnormalities in PaCO, within the first 24 hours of ICU
admission after OHCA are common.®*®> Irrespective of the underlying cause of the
arrest and post-ROSC factors, clinical interventions that slow metabolism such as the
targeted management of body temperature may contribute to abnormalities in
PaC0,.® High PaCO, levels associated with insufficient carbon dioxide removal
(hypoventilation) may result in vasodilation of cerebral blood vessels with a
subsequent rise in intracranial pressure. Conversely low PaCO; levels associated with
excessive carbon dioxide removal (hyperventilation) can induce cerebral

vasoconstriction and exacerbate post-cardiac arrest brain injury.®’

Observational studies examining the association between PaCO; and survival after
OHCA suggest that a low PaCO; in the post-ROSC period (compared to a normal

PaCO,) is associated with worse patient outcomes.®®7 While international guidelines
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recommend targeting normal PaCO; levels in mechanically ventilated OHCA
patients,'? the optimal PaCO, target remains controversial. There are few RCTs
targeting different levels of PaCO, in adult OHCA patients®®’? and many of the
existing observational studies have methodological limitations.5%6%7%73-77 For
example, using PaCO> data from a single time point®4%%73 or limiting the number of

PaCO; samples included in the analysis.”%7¢77

These observations formed the basis of the following research objectives in my
thesis: Research Objective Two - To assess the effect of a low or high PaCO; on
patient outcomes after cardiac arrest by systematically reviewing the literature and
by combining results from similar studies in meta-analysis; and Research Objective
Three - To assess the associations between different levels of PaCO; over the first 24
hours of ICU admission and survival to hospital discharge, neurological outcome at
hospital discharge and 12-month survival in adult patients with OHCA of non-

traumatic aetiology.

Control of Oxygenation

Supplemental oxygen is routinely given to patients after OHCA to increase PaO; and
improve tissue hypoxia.”® Inadvertent arterial hyperoxaemia (defined as supranormal
Pa03) may occur in the pre-hospital setting as poor peripheral perfusion during OHCA
limits the accuracy of pulse oximetry and therefore the ability of the clinician to
titrate oxygen to normal arterial blood levels.” In this instance, hyperoxaemia may
not be detected until the first blood gas sample is analysed in the emergency
department (ED) or ICU. Although the functional and pathological effects of
prolonged hyperoxaemia are well established in animals®® and neonates®:%? the
impact of post-ROSC hyperoxaemia on survival and neurological outcomes in adults
remains unclear. It is thought that hyperoxaemia in adults potentiates secondary
brain injury through haemodynamic changes resulting in vasoconstriction and
reduced cardiac output and inflammatory changes producing oxygen free radical

production triggering cell injury and apoptotic activity.®3
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Oxygen delivery and consumption can be optimised by maintaining PaO; within a
target range in patients requiring mechanical ventilation after OHCA.}2 While
international guidelines recommend targeting normoxaemia, the optimal PaO; target
range is unknown. There are few RCTs’%%* comparing different PaO, targets during
the early post-resuscitation period, and results from observational studies are
inconsistent and have substantial methodological limitations. For example, using a
single Pa0; data point as a measure of oxygen exposure, such as the first recorded
Pa0,,’® the highest Pa0,>% or worst Pa0,’%’? is unlikely to reflect overall oxygen
exposure during the early to intermediate post-resuscitation phase. Further, studies
investigating the association between Pa0O; and survival have often assumed PaO;
has a linear effect on survival rather than allowing the data to be modelled in a non-
linear fashion when such a relationship exists. This observation formed the basis of
Research Objective Four in my thesis- to assess the associations between different
levels of PaO; over the first 24 hours of ICU admission and survival to hospital
discharge, neurological outcome at hospital discharge and 12-month survival in adult

patients with OHCA of medical aetiology.

Temperature Control

International guidelines recommend the targeted management of body temperature
in adult OHCA patients who remain unresponsive after ROSC, irrespective of initial
arrest rhythm.'? However, this recommendation is based on weak evidence from
RCTs with many methodological limitations. The results of the recent TTM2 Trial,?’
which has overcome some of these limitations, found no survival benefit associated
with targeted hypothermia (33° Celsius) over targeted normothermia (37.8° Celsius)
in 1,861 randomised patients. While these results support active temperature
management in comatose post-ROSC patients, the optimal target temperature for

different subgroups of OHCA patients remains unknown.?’
2.2.8  Survival and Neurological Outcomes
The global survival rate to hospital discharge after OHCA has increased over the last

four decades, probably due to an increased frequency of bystander CPR, early
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defibrillation® and advances in post-resuscitation care.'> A 2020 meta-analysis of 141
studies reporting survival rates of OHCA patients who received CPR, estimated the
global survival rate to hospital discharge and 12 months to be 8.8% and 7.7%
respectively.®8 The review found significant variability in survival across regions, with
the highest survival rates observed in Western countries.®® Research suggests that
patients who experience a bystander-witnessed, shockable cardiac arrest (as defined
by Utstein Criteria) have increased survival rates.! In 2019, Seattle and King County
Medic One/EMS system, considered the gold standard for OHCA survival by the
international resuscitation community, reported a survival rate of 56% for patients.%°
While early CPR and defibrillation make a difference, in-hospital post-resuscitation
careis also important and further clinical research is essential to improve survival and

neurological and functional outcomes.

Research assessing the neurological and functional status of survivors after OHCA is
important for evaluating the outcomes of post-resuscitation care.”® A number of
scoring systems have been developed to measure neurological and functional
outcomes after OHCA. These include the modified Rankin Score (mRS)°! and the
Cerebral Performance Category (CPC) score.?>°3 While ILCOR recommends use of the
mRS over CPC scores, due to substantial interrater reliability and increased sensitivity
in discriminating between mild and moderate disability,’* most OHCA studies

reporting neurological outcomes use the CPC scoring system.!?

The CPC is a five category scale which ranges from unimpaired survival to severe
dependence and death.?>°3 The scores are described as follows: CPC1: full recovery;
CPC2: moderate disability; CPC3: severe disability; CPC4: coma or vegetative state;
and CPC5: death. OPC scores at hospital discharge, ranged from OPC1 (capable of
normal life) to OPC5 (death). CPC scores of < 2 (moderate cerebral disability) suggest
good neurological recovery.! Often used in conjunction with the CPC score, the
overall performance category (OPC) score provides a measure of functional recovery
after OHCA (Table 2.1). This type of evaluation is well suited to retrospective cohort

studies as it is not restricted to a specific time point, does not require direct patient
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contact and the scores can usually be determined by medical record or chart

review.?® CPC and OPC scores are most commonly assessed at hospital discharge.®®

A recent survey of nine national and seven regional registries reported that for
patients with EMS treated OHCA, a good neurological outcome at hospital discharge
or 30 days was estimated to be between 2.8 to 18.2%.” This increased to between 9.9
to 33.3% for the subpopulation of patients with bystander witnessed shockable
OHCA.” However, this survey also reported significant variations across regions,’
suggesting further studies describing neurological and functional outcomes are
required. This would assist in identifying reasons for variation in outcomes of care,
support neurological prognostication and ensure that families and surrogate decision
makers have realistic expectations of patient treatment and outcomes. This
observation formed the basis for Research Objective Five in my thesis- to describe
neurological and functional outcomes among OHCA patients who survived to hospital
discharge and to determine the association between neurological outcome at

hospital discharge and 12-month survival.
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Table 2.1

Outcome of Brain Injury: The Glasgow-Pittsburgh Cerebral Performance and
Overall Performance Categories.’

Cerebral Performance Categories

Overall Performance Categories

CPC1. Good Cerebral Performance

Conscious, alert, able to work, might have
mild neurologic or psychologic deficit.

OPC1. Good Overall Performance

Healthy, alert and capable of normal life
(cpc1).

CPC2. Moderate Cerebral Disability

Conscious, sufficient cerebral function for
independent activities of daily life. Able to
work in a sheltered environment.

OPC2. Moderate Overall Disability

Conscious (CPC2) or moderate disability
from non-cerebral organ systems
dysfunction alone (CPC1) or both. Performs
independent activities of daily life but is
disabled for competitive work.

CPC3. Severe Cerebral Disability

Conscious, dependent on others for daily
support because of impaired brain function.
Ranges from ambulatory state to severe
dementia and paralysis.

OPC3. Severe Overall Disability

Conscious (CPC3) or severe disability from
non-cerebral organ systems dysfunction
alone (CPC1 or 2), or both. Dependent on
others for daily support.

CPC4. Coma or Vegetative State

Any degree of coma without the presence
of all brain death criteria. Unawareness,
even if appears awake (vegetative state)
without interaction with environment; may
have spontaneous eye opening and
sleep/wake cycles. Cerebral
unresponsiveness.

OPC4. Coma or Vegetative State
Same as CPC4.

CPC5. Brain Death

Apnoea, areflexia, ECG silence etc.

OPCS5. Brain Death
Same as CPC5.
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2.3 Context

2.3.1 Overview of OHCA in WA

The first OHCA registry in the Australia/New Zealand region was established with
vision and foresight by Professor lan Jacobs in 1996.°° Following his death in 2014,
responsibility was transferred to Professor Judith Finn, Director of the Pre-hospital,
Resuscitation and Emergency Care Research Unit (PRECRU) Curtin University Perth,
WA. The OHCA Database is now managed by the PRECRU Deputy Director Dr Stephen
Ball with assistance from Ms Alani Morgan, Ms Sheryl Gallant, Ms Lyndall Finn and
myself, the PhD Candidate. Data from the SJ-WA OHCA Database was used to inform

the research included in this thesis.

In 2019, there were 1096 EMS-treated OHCA cases in WA.?’ This equates to 3 cases
per day in this state alone.’® In the same year, patients who had resuscitation
attempted by SJ-WA paramedics had an OHCA of presumed medical aetiology in
79.8% of cases (unpublished data provided by Dr. S Ball; PRECRU Deputy Director
30th of July 2021). The aetiology of OHCA in WA during 2019 is further described in
Figure 2.3. SJ-WA reported a survival to hospital discharge rate of 12% for patients
who had resuscitation attempted by paramedics.’® The survival rate increased to
35.1% for patients who experienced a bystander witnessed shockable arrest as
defined by Utstein criteria.®® In 2019, most patients who survived to hospital

discharge had a good neurological outcome (CPC 1 or 2) at hospital discharge.??

20



Figure 2.3 The aetiology of OHCA in WA during 2019.

OHCA Aetiology

= Presumed medical (79.8%) = Trauma (13.0%) = Drug overdose (4.8%)
Drowning (1.5%) m Electrocution (0.2%) m Asphyxia (0.7%)

Data source: SJ-WA OHCA Database (unpublished data provided by Dr. S Ball; PRECRU Deputy
Director 30th of July 2021)

2.3.2  Geography and Demography of Metropolitan Perth

Western Australia is Australia's largest state, spanning 2,527,013 square kilometres.*®
Perth (the capital city of WA) is located in the south-western corner of the state on
the traditional lands of the Whadjuk Noongar Aboriginal People.’® Over the study
period (2004 to 2019), the Perth population increased from 1.49 to 2.0 million people
representing an actual change of 35.5%.1°! In the 2016 Census there were 1,943,858
people in the Perth metropolitan area: 49.6% were male and 50.4% were female.

Aboriginal and/or Torres Strait Islander people comprised 1.6% of the population.??
2.3.3  SJ-WA EMS Overview

SJI-WA is a not for-profit humanitarian organisation contracted by the WA
Department of Health to provide emergency and non-emergency road based
ambulance services across the state of WA. As the primary provider of emergency
ambulance services, SJ-WA services a population of 2.5 million people geographically
dispersed over 2.5 million square kilometres.'% This is the largest area covered by a
single ambulance provider in the world.1® Of the 194 ambulance depots operating

in WA, 34 are located within the Perth metropolitan area.’®* Of these, 30 are
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operational 24 hours a day, 7 days a week and four provide day ambulance services
only.1%* Metropolitan ambulance depots are staffed by a single tier of paramedics
who provide advanced life support skills according to SJ-WA Clinical Practice
Guidelines.'% Clinical support paramedics provide clinical leadership and support to
operational ambulance personnel. They also carry specialised equipment such as

mechanical chest compression devices and extrication and lifting equipment.

The SJ-WA Clinical Practice Guidelines are consistent with recommendations by the
Australian Resuscitation Council'® for the life support management of adult OHCA.
These include, high quality CPR and manual defibrillation, advanced airway
management (endotracheal intubation, laryngeal mask or surgical airway
[Cricothyrotomy]), needle thoracocentesis for tension pneumothorax, intravenous
access for medication and fluid administration.'® Paramedics are authorised to
terminate resuscitation and declare life extinct when resuscitation efforts are
considered futile, for example, if the initial arrest rhythm is asystole, non-paramedic
witnessed and 20 minutes of continuous CPR is performed without ROSC.%%> Where
there are obvious signs of death, such as injuries incompatible with life, resuscitation

is withheld.10>

In Australia, emergency ambulance services are activated by a call for help using the
24/7 triple zero (000) telephone number.1%” In WA, these calls are transferred to the
SJ-WA State Operations Centre, where communication officers use Medical Priority
Dispatch System (MPDS)!% via ProQA software to undertake case entry and key
guestioning to determine dispatch priority and response time target and provide
instructions to implement first aid or CPR.1%” This process is supported by Computer
Aided Dispatch (CAD) software that provides geographical and incident information
to identify the closest available ambulance crew.®” Where OHCA is suspected, SJ-WA
will dispatch at least two 2-person Priority 1 (potentially life threatening emergency)
ambulances with ‘lights and siren’ to the scene with a response time target of less

than 15 minutes.1%”
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SJ-WA Clinical Practice Guidelines in place during the PhD study period, stated that
OHCA patients who had resuscitation attempted by paramedics and not ceased in
the field be transported to the nearest ED. Subsequent inter-hospital transfer
occurred when the patient required a higher level of post-resuscitation care or access
to another specialty service. Patients directly transported from scene to a PCl-capable
hospital were defined as ‘direct’ transport patients. Patients transferred to a PCI-
capable hospital via another hospital where PCl was not available to a PCl-capable

hospital within 24 hours of EMS call were defined as ‘indirect’ transport patients.
2.3.4 WA Hospital System

The WA hospital system operates as a hybrid model with a mix of public, private and
private-public hospital partnerships.’% There are more than 80 hospitals, servicing
2.5 million people, spread across an area of 2.5 million square kilometres.!% The
public system ensures that all Australians, permanent residents of Australia and some
overseas visitors, have access to free treatment as a public patient in a public hospital
or private-public partnership hospital, paid for by the universal health insurance
scheme Medicare.’'® In addition to Medicare, the purchase of private health
insurance for in-hospital treatment provides access to both public and private

hospitals.10

OHCA patients who were transported to hospital in the Perth metropolitan area
during the study period (2004 to 2019), were transported to one of 11 hospitals with
an ED that provided 24 hour emergency services: seven public hospitals: four tertiary
and three general hospitals, one private hospital and three private-public partnership
hospitals. Of these, six hospitals (four tertiary, one private and one private public
partnership hospital) were PCl-capable as they had an onsite cardiac
catheterisation laboratory and the ability to perform PCl. Of the four PCl-capable
tertiary hospitals, two had restricted operating periods; Fremantle Hospital was
downgraded to a non-teaching hospital in February 2015 and Fiona Stanley Hospital
commenced operations in February 2015. The private-public partnership hospital
with PCI capability (St John of God Midland Hospital) operated from November 2012

(Table 2.2). The few patients admitted to the private hospital were excluded from
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this study as | did not seek Human Research Ethics Committee (HREC) approval from

that hospital.

Table 2.2

109

Metropolitan Perth hospitals stratified by hospital type, PCI capability and
operating restrictions.

Partnership

Hospital Name Hospital Type PCl-capable | Operating restrictions

Royal Perth Hospital Tertiary Yes Unrestricted

Sir Charles Gairdner Tertiary Yes Unrestricted

Hospital

Fiona Stanley Hospital Tertiary Yes Restricted- opened
February 2015

Fremantle Hospital Tertiary Yes Restricted- downgraded
February 2015

Armadale Health General No Unrestricted

Service

Rockingham Hospital General No Unrestricted

Swan District Hospital General No Restricted- closed
November 2015

St John of God Murdoch | Private Yes Unrestricted

Joondalup Health Private Public Yes Unrestricted

Campus Partnership

St John of God Midland | Private Public No Restricted- opened

Partnership November 2012
Peel Health Campus Private Public No Unrestricted
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2.4 Significance of Doctoral Research

There is growing evidence that advances in post-resuscitation care have led to
improvements in survival rates and neurological morbidity following OHCA.*?
Certainly, the individual and combined components of post-cardiac arrest syndrome
may be treatable if the patient is managed appropriately with coordinated,
collaborative care and resources. However, in the absence of high-certainty evidence
from large RCTs,'? well designed observational studies, such as those included in this

thesis, are required to inform international guidelines for post resuscitation care.

In the first retrospective cohort study, | investigated whether direct transport to a
PCl-capable hospital for post-resuscitation care is associated with a survival
advantage for adults with OHCA of medical aetiology.” EMS transport protocols
should now be informed by studies such as this, comparing patient characteristics
and outcomes following OHCA between those patients transported to hospitals with
or without PCl-capability. Also, this PhD study was included in a systematic review of
17 observational studies and one RCT, that addressed the question as to whether
post resuscitation care at a cardiac arrest centre, compared to care in a hospital not
designated as a cardiac arrest centre, is associated with a better patient outcomes.>!
This systematic review informed ILCOR guidelines, that state wherever possible, adult
OHCA patients with medical aetiology should be cared for in a hospital with 24/7 PCI

capability.t!

In the second and third retrospective cohort studies included in this thesis, | assessed
the associations between different levels of PaCO>* and Pa0,%° over the first 24
hours of ICU admission and survival to hospital discharge, neurological outcome at
hospital discharge and 12-month survival in adult patients with OHCA of non-
traumatic aetiology. An ILCOR systematic review investigating oxygen and ventilation
targets after cardiac arrest, (based on 36 observational studies and seven RCTs)
concluded that point estimates of individual studies generally favoured normoxemia
and normocapnia when compared to hypo and hyperoxaemia and hypo and

hypercapnia.’2 However, many of the included studies were limited by an excessive
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risk of bias and did not reach statistical significance.’'? Given the quality of this
evidence, studies addressing the limitations of previous analyses are required to
identify optimal PaCO; and PaO, targets after OHCA. Many of these limitations were
identified in my systematic review and meta-analysis investigating the association
between PaCO, and outcome after cardiac arrest.'® This information was used to
inform the methodology of the retrospective cohort studies included in this thesis
which importantly did not assume a linear relationship between PaCO;and PaO; and
outcome after OHCA. This in turn identified U-shaped relationships between mean
PaCO; and PaO; for periods up to 72 hours after ICU admission for OHCA and
identified target ranges for PaCO; and Pa0; associated with optimum outcomes that
should be maintained over this time period. These studies should now be

incorporated into evidence to inform international guideline recommendations.

In the fourth retrospective cohort study included in this thesis, | described
neurological and functional outcomes of adult OHCA patients admitted to hospital
and estimated the association of CPC score at hospital discharge with 12-month
survival, adjusted for known prognostic variables.?! International guidelines
acknowledge that the CPC score is the most widely used outcome measure after
cardiac arrest.’? This study provides additional information about the association
between CPC score at hospital discharge and survival to 12-months that can inform
prognostic decision making. It may also help to reduce the risk of premature
withdrawal of life sustaining therapy in patients who have a chance of meaningful

neurological recovery.

2.5 Conclusion

This chapter provided background and context to the research included in this thesis.
It also outlined the significance of this doctoral research. The next chapter presents
the methodology used to conduct the four multicentre retrospective cohort studies

presented in this thesis.
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Chapter 3 Methods

3.1 Overview

This chapter provides an overview of the methods used to undertake the four
retrospective multicentre cohort studies included in this thesis. The chapter describes
the research ethics, study design and setting, inclusion and exclusion criteria, data
sources, patient outcomes and statistical methods used to analyse the data in each
study. Further details of the methods used in each study are described in the
publications incorporated into the subsequent chapters. The methods for the

systematic review and meta-analysis are presented separately in Chapter Five.

3.2 Research ethics

The research presented in this thesis was conducted in accordance with the National
Health and Medical Research Council National Statement on Ethical Conduct in

Human Research (2007) — updated March 2014.

This PhD research project sits under an overarching study titled “Functional status of
survivors of out-of-hospital cardiac arrest in Perth Western Australia”. This study has
been approved by the HREC of the lead site Sir Charles Gairdner Hospital
(RGS0000001631 2012-184). The PhD Candidate has been listed as a co-investigator
on this study and has been employed as the primary data collector since July 2013.
Ethics approval was granted by the Curtin University Human Research Ethics
Committee (HREC) (HR 199/2014) and the relevant hospital HRECs: Sir Charles
Gairdner and Osborne Park Health Care Group HREC (Royal Perth Hospital, Sir Charles
Gairdner Hospital, Fremantle Hospital, Fiona Stanley Hospital, Armadale Kelmscott
District Hospital and Rockingham Kwinana District Hospital (#2012-184)); Ramsay
Health Care WA/SA HREC: (Joondalup Health Campus and Peel Health Campus
(#1225)); and St John of God Healthcare HREC (St John of God Hospital Midland, St
John of God Hospital Murdoch, and St John of God Hospital Subiaco (#1209)). Copies

of the ethics committee certificates of approval are contained in Thesis Appendix A.
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Approval to access St John Western Australia (SJ-WA) Patient Care Records (both
paper based and electronic) was granted by the St John Western Australia Research
Advisory Group (now called the Research Governance Committee). This data was
managed at PRECRU (Curtin University) and protected by robust data security

protocols.

Access to PathWest Laboratory Medicine WA (PathWest) data was provided by

PathWest, the pathology and forensic arm of the WA health system.

| was required to sign a confidentiality agreement with PRECRU, SJ-WA, the WA
Department of Health and PathWest prior to accessing any patient identified data. |
am also a Registered Nurse and patient confidentiality is a required agreement with
the registering body Australian Health Practitioner Regulation Agency (Ahpra). All
data was de-identified prior to statistical analysis and confidentiality is ensured as

published data is aggregate.

33 Study design and setting

This thesis includes four observational studies designed to examine post-
resuscitation care factors associated with survival and neurological outcome after
OHCA. These were all retrospective cohort studies. A summary of each study
including the study design is provided in Table 3.1 and further information is included
in each manuscript. The study setting was greater metropolitan Perth, WA. The study

setting has previously been described in Chapter 2.3.
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Table 3.1  Overview of the design of each multicentre retrospective cohort study
included in this thesis.

Chapter

Study information

Chapter Four

Manuscript: Direct transport to a PCl-capable hospital is associated
with improved survival after adult out-of-hospital cardiac arrest of
medical aetiology.'’

Study design: Multicentre retrospective cohort study
Study period: 2012 to 2015 (4 years)

Data sources:

1. SJ-WA OHCA Database

2. The WA Registry of Births, Deaths and Marriages

3. Medical chart review

Chapter Six

Manuscript: Arterial carbon dioxide tension has a non-linear
association with survival after out-of-hospital cardiac arrest: A
multicentre observational study.*®

Study design: Multicentre retrospective cohort study
Study period: 2012 to 2017 (6 years)

Data sources:

1. SJl-WA OHCA Database

2. The WA Registry of Births, Deaths and Marriages
3. Medical chart review

4. PathWest Laboratory Medicine WA

Chapter Seven

Manuscript: Non-linear association between arterial oxygen
tension and survival after out-of-hospital cardiac arrest: A
multicentre observational study.?°

Study design: Multicentre retrospective cohort study
Study period: 2012 to 2017 (6 years)

Data sources:

1. SJ-WA OHCA Database

2. The WA Registry of Births, Deaths and Marriages
3. Medical chart review

4. PathWest Laboratory Medicine WA

Chapter Eight

Manuscript: Neurological outcome in adult out-of-hospital cardiac
arrest - Not all doom and gloom!?!

Study design: Multicentre retrospective cohort study
Study period: 2004 to 2019 (16 years)

Data sources:

1. SJ-WA OHCA Database
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Chapter Study information

2. The WA Registry of Births, Deaths and Marriages

3. Medical chart review

3.4 Data sources

Four separate data sources were used to complete the research included in this
thesis:

1. SJ-WA OHCA Database

2. The WA Registry of Births, Deaths and Marriages

3. Medical chart review (electronic and paper based)

4. PathWest Laboratory Medicine WA

Each of these data sources are described in more detail below.
3.4.1 SJ-WA OHCA Database

The SJ-WA OHCA Database contains prospectively collected data for all OHCA cases
attended by SJ-WA paramedics in metropolitan Perth since inception and state-wide
since 2014.°6 The variables included in the database are based on internationally
recognised definitions outlined in the ‘Utstein’ template from ILCOR.! In this context
an OHCA patient is defined as “...someone with no signs of circulation - specifically
the absence of a carotid pulse, in combination with unconsciousness
/unresponsiveness, and agonal/absent breathing; with the event occurring outside
of hospital.”®® The case inclusion and exclusion criteria for this database are described

in Table 3.2.%¢

The SJ-WA OHCA Database captures information from two sources; the CAD System
Database and the electronic patient care record (ePCR) (paper based prior to 2011).%°
CAD data provides geographical and incident information for each emergency call
including the date, location of the incidence and critical time stamps (activation,
response, on-scene and transport intervals).?® The CAD Database assigns a unique
‘case number’ to each ambulance or emergency vehicle dispatched to an emergency

call. Where multiple ambulances or emergency vehicles attend the same incident, an
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‘incident number’ is generated to link each ‘case number’. CAD data is interrogated
on a routine basis to identify OHCA cases and the results are reviewed manually by
PRECRU clinical staff to ensure the accuracy and completeness of data before

inclusion in the SJ-WA OHCA Database.?®

The ePCR is a confidential medico-legal document that includes administrative,
demographic and clinical data for each patient attended by SJ-WA. The primary ePCR
is completed by the paramedic providing the majority of patient treatment.
Administrative data includes prefilled crew, location information and time data. It
also includes the problem urgency and problem code that best describes the patient
condition. OHCA is usually identified as Problem Code 418 (cardiac arrest) or 419

(post cardiac arrest). A list of SJ-WA Problem Codes is included in Thesis Appendix B.

Demographic information includes patient sex, date of birth, residential address and
contact details. Clinical information includes vital sigh monitoring, interventions and
medications. The minimum requirements for vital sign monitoring include respiratory
rate, heart rate, blood pressure, oxygen saturation, pain score and level of
consciousness (Glasgow Coma Scale). Patients may also have an ECG, end-tidal
carbon dioxide, oxygen saturation, dyspnoea, pain scores and blood glucose levels

recorded.

Prehospital variables collected in the SJ-WA Database and abstracted for this study
included geographic location of the event (rural versus metropolitan), whether
resuscitation was attempted by paramedics (yes/no), OHCA aetiology (cardiac versus
non-cardiac) patient age and sex, location of arrest (home, public place, other),
witness status (paramedic, bystander, unwitnessed), performance of bystander CPR
(yes/no), initial arrest rhythm (unknown classified as non-shockable), asystole or VF

ever reported and any prehospital ROSC (yes/no).

Date and time variables were also abstracted including date and time of the arrest,
day of arrest (weekday versus weekend), time of the arrest (night versus day), median

EMS response time (using time interval from EMS call to arrival on scene), median
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time to first ED (using time interval from EMS call to arrival at first ED) and median
time to PCl-capable hospital (using time interval from EMS call to arrival in cardiac

catheterisation laboratory). Where multiple ambulance crews attended the arrest, |

preferentially selected data captured by the primary crew.

Table 3.2

Inclusion/exclusion criteria for the SJ-WA OHCA Database.*®

Inclusion criteria: all of the following

Exclusion Criteria: any of the following

All patients (of any age) who suffer a
cardiac arrest in an out-of-hospital
setting (including residential care
facilities).

Any patient who suffers a cardiac arrestin a
hospital facility where SJ-WA may be in
attendance but are not the primary care
providers.

Occurred in the State of Western

Australia and were attended by SJ-WA

Any patient who suffers a cardiac arrest
during an inter-hospital transfer where SJ-
WA may be providing transport but are not
the primary care providers

a. All unconscious patients who are also
pulseless with either agonal or no
breathing on arrival of SJ-WA OR

b. All patients who become unconscious
and pulseless with either agonal or no
breathing in the presence of SJ-WA (so
called EMS
witnessed/paramedic/witnessed arrests)
OR

c. Patients who have a pulse on arrival of
SJ-WA following successful defibrillation
provided by a bystander prior to arrival of
SJ-WA.

Any patient where bystander/lay person
suspected a cardiac arrest, but the patient is
not in cardiac arrest on arrival of SJ-WA, and
no defibrillation has occurred.

Patients with brief episodes of pulselessness
who DO NOT receive CPR or defibrillation
from SJ-WA

3.4.2

WA Registry of Births, Deaths and Marriages

In accordance with WA legislation, the WA Registry of Births, Deaths and Marriages
creates and preserves records of births, deaths and marriages occurring within the
state. Under agreement with PRECRU, the Registry provides confidential death

information for medical research purposes. These data were used to determine
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patient survival to 30 days and 12-months. If there was no record of the patient in

the Registry at 30 days or 12-months it was assumed that the patient was still alive.
3.4.3 Medical chart review

Retrospective medical chart review was conducted at each study hospital to abstract
the in-hospital variables. Where patients were transferred between hospitals, |
reviewed the medical charts at both the referring hospital and receiving hospital. Of
the hospitals included in the study, only two hospitals (Fiona Stanley Hospital and St
John of God Midland Hospital) had implemented an electronic clinical information
system. | used Statistical Package for Social Sciences (SPSS) software to create an
electronic abstraction form. This form included a combination of free text and coded
responses for data entry. All data were collected by experienced research nurses who

had received training in the electronic data abstraction form.

The medical chart consisted of a complete record of the patient’s key clinical data
and medical history, such as demographics, past medical history, ED and hospital
discharge diagnoses, clinical interventions, vital signs, medications, treatment plans,
radiology and cardiac catheterisation images. For patients admitted to ICU, the
medical chart also included a critical care flow sheet. Each flow sheet was reviewed

to capture clinical observations, interventions, medications and pathology results.
3.4.4  PathWest Laboratory Medicine WA

PathWest Laboratory Medicine WA provided the ABG data used in the multicentre
cohort studies examining the association between PaCO; and PaO; and survival after
OHCA. PaCO; and Pa0; values in the first 72 hours of ICU admission was abstracted
from each ABG result to provide information on the patients’ ventilation and
oxygenation status respectively. ABG analysis is the internationally recognised gold
standard method for assessment of pulmonary gas exchange and acid base
homeostasis in critically ill patients.*!3 The machines used for point-of care testing for
ABG analysis are owned by PathWest and form part of their overall laboratory
services. ABG data from PathWest was cross checked against the patient ICU flow

sheets to ensure accuracy and completeness of the dataset.
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PathWest has a comprehensive schedule of internal and external audits as part of a
quality assurance and improvement program.!* The organisation also participates in
proficiency testing programs provided by the Royal College of Pathologists of
Australasia and other external providers.!!* PathWest testing facilities are routinely
accredited by the following organisations:

e National Association of Testing Authorities (NATA): international standards
ISO 15189 (Medical Testing), and ISO/IEC 17025 (Biological Testing) including
Media Preparation and Forensic Biology.

e Therapeutic Goods Administration (TGA): sterility testing of pharmaceutical
products, serological testing of human tissue and cell therapy donations,
microbial contamination testing of human tissue and cell therapy donations
and products and In house In Vitro Devices (IVDs) used for human diagnosis
and treatment.

e Royal College of Pathologists (RCPA): Pathologist Accreditation and ongoing

professional development.14

35 Data Linkage

Deterministic data linkage was conducted to combine death data from the WA
Registry of Births, Deaths and Marriages with the SJ-WA OHCA Database. Data linkage
was conducted by PRECRU Director Professor Judith Finn or Deputy Director Dr
Stephen Ball. | also used deterministic data linkage to link PathWest ABG data with
my PhD study database using a unique hospital unit medical record number (UMRN).
Any patient with a missing UMRN was linked on date of birth and first and last name.
Patients in the datasets were de-identified before the data were provided for

analysis.

3.6 Inclusion and exclusion criteria

The inclusion and exclusion criteria varied across the four observational studies
included in this thesis. In the first study,'” investigating the association between EMS
transport destination and survival OHCA, | included all patients (218 years) with OHCA
of medical aetiology (presumed cardiac or unknown, other medical causes) who were

attended by SJ-WA paramedics in in greater metropolitan Perth, WA between 1
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January 2012 and 31 December 2015 (4 years) and who were admitted to a study
hospital with ROSC. | excluded patients whose ED attendance could not be verified
from medical chart review and those with missing medical charts. A medical chart
was determined to be ‘missing’ if it could not be located after three separate requests
to the admitting hospital. | decided a priori to exclude patients if they had a second
OHCA within 7 days of hospital discharge due to the potential influence on pre-CPC
and OPC scores. | also excluded patients admitted to the Hospital in the Home’ (HITH)

program, as they were already receiving acute hospital level care in the community.

In the second®® and third?° studies investigating the association of PaCO; and PaO,
and survival after OHCA, | included all patients (218 years), with OHCA of presumed
non-traumatic aetiology and medical aetiology respectively, who were attended by
SJ-WA paramedics in greater metropolitan Perth, WA between 1 January 2012 and
31 December 2017 (six years) and who were admitted to a study hospital with ROSC.
In line with the first study,’ | excluded patients with missing medical records and
those admitted from HITH. | also excluded patients who did not receive mechanical
ventilation on admission to ICU, those who did not have an ABG recorded within the
first six hours of ICU admission and any patient who did not have a PaCO; or PaO;

value recorded during their ICU admission.

In the final study, describing neurological and functional outcomes among OHCA
patients who survived to hospital discharge, | included adults with OHCA of any
aetiology who had resuscitation attempted by SJ-WA paramedics, in greater
metropolitan Perth, and who survived to hospital discharge at one of eleven hospitals
between 1st January 2004 and 31st December 2019 (16 years). | excluded patients
with missing medical charts and interstate/overseas visitors from the multivariable

logistic regression analysis (to minimise loss to follow-up).

3.7 Patient outcomes

There is variation in the patient-centred outcomes used in the four retrospective
cohort studies included in this thesis. For clarification, the cohort definition and

outcome used in each study is described in Table 3.3 below.
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Table 3.3  Cohort definition and patient-centred outcomes included in each study.

Chapter

Study information

Chapter Four

Manuscript: Direct transport to a PCl-capable hospital is associated
with improved survival after adult out-of-hospital cardiac arrest of
medical aetiology.'’

Cohort: All cases of adult OHCA (>18years) of presumed medical
aetiology resuscitated by SJ-WA paramedics and admitted to a PCI-
capable hospital with ROSC.

Outcomes: There is one primary and three secondary outcomes in this
study:

1. Survival to hospital discharge (primary outcome)
2. 30-day survival (secondary outcome)
3. 12-month survival (secondary outcome)

4. Good neurological outcome at hospital discharge (secondary
outcome)

Chapter Six

Manuscript: Arterial carbon dioxide tension has a non-linear
association with survival after out-of-hospital cardiac arrest: A
multicentre observational study.*®

Cohort: All cases of adult OHCA (>18years) of presumed medical
aetiology resuscitated by SJ-WA paramedics with ROSC and who
required mechanical ventilation on arrival to an ICU.

Outcomes: There is one primary and two secondary outcomes in this
study:

1. Survival to hospital discharge (primary outcome)
2. 12-month survival (secondary outcome)

3. Good neurological outcome at hospital discharge (secondary
outcome)

Chapter Seven

Manuscript: Non-linear association between arterial oxygen tension
and survival after out-of-hospital cardiac arrest: A multicentre
observational study.?

Cohort: All cases of adult OHCA (>18years) of presumed medical
aetiology resuscitated by SJ-WA paramedics with ROSC and who
required mechanical ventilation on arrival to an ICU.

Outcomes: There is one primary and two secondary outcomes in this
study:

1. Survival to hospital discharge (primary outcome)
2. 12-month survival (secondary outcome)

3. Good neurological outcome at hospital discharge (secondary

outcome)
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Chapter Study information

Chapter Eight Manuscript: Neurological outcome in adult out-of-hospital cardiac
arrest - Not all doom and gloom!??

Cohort: All cases of adult OHCA (>18years) of any aetiology who had
resuscitation attempted by SJ-WA paramedics and who survived to
hospital discharge at one of eleven hospitals with an emergency
department (ED) in Perth, WA.

Outcome: There is one primary outcome in this study:

1. 12-month survival (primary outcome)

3.8 Statistical analysis

In each of the four retrospective cohort studies, continuous variables were reported
as means and standard deviation or medians and interquartile range, and categorical
variables as counts and percentages. Differences between groups were assessed
using the t-test or Mann-Whitney-U or Kruskal-Wallis test for continuous variables,
and Chi-square or Fisher’s exact test for categorical variables as appropriate. All
statistical tests were two tailed and a p value <0.05 was considered statistically
significant for all analyses. | used SPSS for Windows (version 24.0, IBM, USA) for all
analyses with the exception of the restricted cubic spline regression used in the
PaCO0;! and Pa0,%° studies which was performed using S-PLUS software (version 8.2,

TIBCP Software Inc., USA).

In the first study, | compared survival outcomes of adults with OHCA of medical
aetiology directly transported by EMS to a PCl-capable hospital (direct transport) with
patients transferred to a PCl-capable hospital via another hospital without PCI
capability.'” | analysed the total cohort of patients admitted to a PCl-capable hospital
as well as three subgroups of patients admitted to ICU. Subgroup analysis included
(a) all patients admitted to ICU with mechanical ventilation, (b) all patients who
received coronary angiography within 24 hours of EMS call and (c) all patients who
proceeded to PCIl. | used multivariable logistic regression analysis to examine the
independent association of transport group (direct versus indirect) and survival to

hospital discharge. The multivariable model was adjusted for ‘Utstein’ variables and
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other potential explanatory factors that have a known association with OHCA
outcome? including age (years; continuous), sex (male/female), location of arrest
(home versus public location), witness status (paramedic/bystander/unwitnessed),
bystander CPR (yes/no), initial arrest rhythm (shockable versus non-shockable),
prehospital ROSC (yes/no) and EMS response time (minutes; categorical). | also
adjusted for time of arrest (day; 0700-1859), day of arrest (weekday versus
weekend), and diagnosis of ACS in ED (yes/no). EMS response time was categorised
as the data was not normally distributed. The median EMS response time was used
to identify categories to separate patients with shorter and longer response times

from the majority of patients included in the cohort.

In a separate analysis, | conducted a Cox-proportional hazards model to examine the
independent association between transport group and survival to 12-months. | also
used Kaplan-Meier survival curves and log rank tests to compare the direct and
indirect transport groups and to eliminate the effect of any potential non-
proportionality in the 12-month survival analysis. To test the robustness of my
results, | performed two sensitivity analyses. The first analysis excluded all patients
in the total cohort whose initial arrest rhythm was unknown to estimate the effect of
these missing data. In the second analyses, | excluded all patients in the total cohort
with a pre-arrest CPC score of 3 (or less) to eliminate the effect of poor neurological

status on survival outcomes after OHCA.

In the second study, | hypothesised that the mean PaCO; in the first 24 hours after
ICU admission has a non-linear relationship with survival and neurological outcome
after OHCA and aimed to identify optimal PaCO, cut points for survival.'® This
hypothesis was based on the findings of published studies that report a non-linear
relationship between physiological variables and clinical outcomes in critically ill
adults 1*>1¢ including those reporting the association between PaCO; and survival®
and neurological outcome'’ after OHCA. It also reflected the findings of my
systematic review and meta-analysis of 23,434 cardiac arrest patients that found
PaCO; during the post-resuscitation phase had a significant inverted ‘U-shaped’

association with survival and neurological outcome after cardiac arrest.*®
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In this study, | used multivariable logistic regression analyses to adjust for the effect
of biologically plausible predictors of survival after OHCA, irrespective of their p value
in univariable analyses. These variables were selected a priori based on the Utstein
template because they have a known association with OHCA outcomes.! | assessed
the relative importance of mean PaCO; to other predictors in explaining the
variability in observed hospital mortality by each predictor’s Chi Square contribution

in the multivariable logistic model.

| then identified optimal PaCO; cut-points based on the shape of the spline curve
derived from a four-knot restricted cubic spline function.!® A restricted cubic spline
function is a way of summarising a relationship between dependent and independent
variables that are not linear.'*® The range of values of the independent variable is
split with “knots” defining the segments with separate curves being fitted to each
segment with the resulting fitted curve being smooth and continuous.''® The number
of knots was based on the sample size to ensure that there were sufficient
observations between each knot to fit each polynomial function.'? In this study,
restricted cubic spline regression was used to describe the dose-response association
between PaCO; and outcome, provide a visual tool to check the assumption of
linearity of the association and to minimise residual confounding when adjusting for

the continuous exposure.*®

In the third study, | used a near identical patient cohort and statistical analysis plan
to the second, to determine if PaO; has a non-linear relationship with survival after
OHCA.?° | hypothesised that maintaining an intermediate level of PaO; in the first 24
hours of ICU admission would be associated with improved hospital survival and
neurological outcome at hospital discharge and survival to 12 months.?° | included a
description of the statistical analyses in the supplementary material of the
manuscript. This reads as follows: “As stated, we assessed the importance of mean
PaO; relative to plausible physiological predictors in explaining the variability in the
observed hospital mortality by each predictor’'s Chi Square contribution in a

multivariable logistic regression. This is similar to the incremental contribution of
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each predictor to the area under the receiver operating characteristics curve, or c-
index, of the final model. After confirming a non-linear inverted U-shaped
relationship between the mean PaO; and survival, cut points were then identified
visually, based on the shape of the spline curve, and used to generate corresponding
odds ratios to facilitate clinical interpretation of this inverted U-shaped relationship.
We then performed a stepwise forward logistic regression to confirm the robustness
and consistency of the non-linear relationship between the mean PaO; and survival,
after adjusting for plausible physiological predictors of survival after OHCA. In
conducting the multivariable analyses, we also added two a priori defined predictors
to other known predictors of survival after OHCA, whether the patients had a
diagnosis of ST-segment elevation myocardial infarction on arrival to the emergency

department and received within 24-hours of the emergency medical services call”.?°

In the fourth and final retrospective cohort study, | aimed to describe neurological
and functional outcomes among OHCA patients who survived to hospital discharge
and to determine the association between neurological outcome at hospital
discharge and 12-month survival.?! | used adjusted multivariable logistic regression
analysis to identify the association between CPC score at hospital discharge and 12-
month survival.?! Covariates included in the model were: age (years; continuous), sex
(male/female), witness status (paramedic/bystander/unwitnessed), location of
arrest (home versus public location), early CPR (includes ‘bystander CPR’ and
‘paramedic CPR’ for paramedic-witnessed arrests), initial arrest rhythm (shockable
versus non-shockable), aetiology of arrest (cardiac versus non cardiac) and calendar

year categorised into 4 year epochs.?!

3.9 Conclusion

This chapter summarised the methods used for the four multicentre cohort studies
included in this thesis. Further information about the methods used for the individual
studies are detailed in the relevant study chapters. In each study, | used high quality
data sources, included robust patient-centred outcomes and employed a rigorous

approach to data collection to minimise loss to follow up.
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The next chapter presents the findings of the first study investigating the association
with EMS transport destination and survival after OHCA. This study is titled ‘Direct
transport to a PCl-capable hospital is associated with improved survival after adult

out-of-hospital cardiac arrest of medical aetiology’.’
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Chapter4 EMS Transport Destination

4.1 Overview

In this chapter, the findings from the first multicentre retrospective cohort study
included in this thesis are presented. This study investigates the association between
EMS transport destination and survival after OHCA. Early access to post-resuscitation
care is the fifth link in the ‘Chain of Survival’ concept.??912! |nternational guidelines
recommend direct transport of adult patients with OHCA of medical aetiology to a
specialist cardiac arrest centre that can provide evidence-based post resuscitation
treatments.'? This includes early coronary revascularisation, targeted management
of body temperature and control of oxygenation and ventilation.2 However, these
guidelines are based on very low certainty evidence and there are no large RCTs that
demonstrate a survival benefit associated with direct transport to a specialist cardiac
arrest centre in the overall patient population.? Further, while evidence suggests
that direct EMS transport of STEMI patients with OHCA to a specialist cardiac centre
improves survival,'?? it is unclear if this decision strategy benefits patients with OHCA
from other medical causes. Observational studies that compare patient
characteristics and outcomes following OHCA of medical aetiology (including
subgroups of patients) are required to inform clinical decision making and EMS

transport protocols.

The research aim was:

To compare survival outcomes of adults with OHCA of presumed medical aetiology
directly transported to a PCl-capable hospital (direct transport) with patients
transferred to a PCl-capable hospital via another hospital without PCl services

available (indirect transport) by EMS.

The specific objectives were:
1. To undertake a retrospective cohort study of adult patients with OHCA of
medical aetiology, attended by SJ-WA paramedics and admitted to a study

hospital
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2. To describe the characteristics and patient outcomes for the total cohort

3. To compare patient outcomes by transport group (direct versus indirect) for
the total cohort

4. To describe OHCA characteristics and patient outcomes for a subgroup of
patients admitted to ICU

5. To compare patient outcomes by transport group (direct versus indirect) for
the ICU cohort

6. To conduct sensitivity analyses to assess the robustness of the results by
excluding (a) patients whose initial arrest rhythm was unknown and (b)
patients who had a CPC score of 3 (or less) prior to the arrest from the total
cohort; and

7. To compare patients remaining at a non-PCl capable hospital with those

transferred to a PCl-capable hospital.

This Chapter comprises a manuscript that has been published in a peer-reviewed
journal and is inserted as a portable document format (PDF) in the format published

by the journal:

McKenzie N, Williams TA, Ho KM, Inoue M, Bailey P, Celenza A, Fatovich D, Jenkins |,
Finn J. Direct transport to a PCl-capable hospital is associated with improved survival
after adult out-of-hospital cardiac arrest of medical aetiology. Resuscitation. 2018 Jul;

128:76-82.17

Supplementary material supporting this article is presented prior to the Chapter

summary.

A poster related to this publication was presented at the 11th International Spark of

Life Conference, Adelaide, South Australia, May 2017, and is included in Thesis

Appendix C:
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McKenzie N, Williams TA, Tohira H, Ho KM, Inoue M, Bailey P, Finn J. Direct transport
to a tertiary hospital improves survival from out-of-hospital cardiac arrest in adults

with acute coronary syndrome.
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Internaticnal consensus is that direct EMS transport of STEMI pa-
tients with OHCA to a PClcapable hospital for early coronary re-
vascularzation and post-resuscitation care mmproves survival [4].
‘Whether this referral strategy increases survival i OHCA from mesdical
causes other than STEMI is unknown Observational studies from the
United States [5,6], Japan [7], and Burope [1-10] saggest direct EMS
transport af adult OHCA patients to a hospital with a high-level critical
are service improves survival after adjustment for other sk factars.
An Australian study found that in-hospital factars, inchuding 24-h PCL-
capability were significantly associated with improved sarvival to

Beasciiotion 138 (2008) P82

spontaneous circulstion (ROSC). We excluded patients with missing
medical charts, 0HCA within 7 days of haspital discharge and ‘Hospital
in the Home" patients as they were already receiving acute hospital
lewel care [17].

[Dhatn sources
Fatients were identified from the prospectively collected 5JA-WA

OHCA Database. We abstracted demographic and dinical dat in-
cluding transport grouwp (direct wersus indirect], a.;:.sn.mutlnﬂ

hospital discharge (STHDY) for adule OHCA patients [11). The awtk
conchidsd further research was needed to establich the generalimability
af their findings given the variation in population distribution and
distance to PClcapable haspitals n Australia [11].

We aimed to determine if direct EMS transpart of adults with OHCA
af presumed medical astiology, including those with OHCA due to non-
STEMI or acute coronary syndrome [(ACS), to a PCl-capable hospital
{direct transport) was associated with improved STHD and 12-month
survival ¢ | to those ferred via another bospital whene PCI
was not available (indirect tramspart].

Methods

Snudy design

‘We conducted a retrospective cohart study across five PClcapable
hespitals in Perth for OHCA patients attended by St John Ambulance
Western  Australia [(SJA-WA) between Ist January 2012 and 3st
December 200 5.

Snudy setting

Perth is the capital of Western Australis (WA). Iis population was
2.0 million in 2015 [12). Perth & serviced by a single road-besed EMS
provider, SJA-WA [13]. Paamedics prowide advanced life suppart
{ALE) according to SJA-WA Clinical Practice Guidelines [2] based on

tion, wi status (bystander, ol 1}, bystand
cardispulmonary resascitation (CER) tjw'nn}. indtial arl\st rhythm
[unknown classified as pon-shockable], asystole or ventricalar fibrilla-
tion (WF) ever reparted, day and time of arrest, and any prehospital
ROSC.

Data abstracted from medical chart review incladed a medical di-
agnosis of ACS in ED, coronary angiography, PCI within the first 24 h of
EMS call and therapeutic interventions in ICU, including mechanical
ventilation {M¥) and TTM. We defined TTM as any attempt to control
core body temperature within the first 24-h of ICU admission [18,15].

Survival outcomes were collected from medical chart rewiew and
deaths were confirmed by the WA Death Registry [20]. All data were
collected by trained research nuress and Coben's Kappa inber-rater re-
liability was high (x = 0.96, 95% Cl1 0.88-1.0, p = 0001} [21].

Study outcomes

The primary cutcome was STHD. Secondary outcomes were: 30-day
survival, 12-manth survival (both from the date of the OHCA) and good
neurclogical owicome at  bospital discharge uwsing the Cerebral
Performance Categories (CPC) Scale [22]. CPC scores of 1 (good cere-
bral performance) or 2 (moderate cerebral disability) were considered
to be *good” newrobogical owtcomes [22].

Statictival antys

ARC Guidelines [14]. ALS skills include advanced airway ¥ t
{endoeracheal intubation or laryngeal mask), cardizc arrest drug ad-
ministration and mamual defibrillagion [3].

In accordance with SJA-WA clinical guidelines at the tme, OHCA
patients whio had resuscitation attempeed by paramedics and not ceased
in the fiekl were ported to the ED [2]. Sub nter-
hospital trmmsfer ocourred when the dizgnostic fadlities, clinical ex-
pertize ar therapeutic needs of a patient were beyond the capacity of the
indtial receiving hospital.

During the study, 11 hospitals had an ED that provided 24-b
emergency services to adult OHCA patients; four tertiary, three general,
three private public partmership (FPF) and one private hospital. OF
these, six hospitals (four tertiary, one PPP and one private hospital)
were PCl-capable as they had an onsite cardiac catheterisation labora-
tory {OCL) and the ability to perform PCI [15]. 'We excluded the few
patients admitted to the private hospital as we did not seek Human
Research Ethics Committee (HREC) approval at that hospital.

Of the five PClcapable hospitals included in the study, two tertiary
hospitals had restricted operating periods. Site A operated from January
2012 to Pebruary 2015 and site B operated from Pebruary 2015 o
December 2015, The PPP hospital with POl capabélity (site C) operated
fram November 2012. Patients transferred via another bospital where
POl was not available to a PCl-capable hospital within 24 b of the EMS
call were defined as “indirect tracsport’ patients.

Snudy cohart

We included patiemts (=18 years) with OHCA from presumed
medical aetiologies (presumed cardinc or unknown, other medical
causes) [16], resascitated by paramedics and admitted with retam of

Ta ine the asociation betwesn transport group and survival,
we amalysed the iotal cobort of patients admitted to a PCl-capable
haspital, as well as three subgroups of patients admitted o ICU. The
first subgroup incladed all patients admitted to KU and the second
included patients who also received coronary angiography within 24 h
of the EMS call. The third subgroup included patients who proceeded to
PCL Patients not receiving MY on amrival to ICU were excluded from
subgroup analyses o reduce clinical heterogensity.

Descriptive statistics describe and compare demographic and cline
ical characteristics and patient owitcomes between the direct and in-
direct transport groups and also betwesn these groups combined and
thase patients who remained at a non-PCl-capable hospital. Continuous
variables were reparted as medians with interquartile range (IR} and
categorical variables as percentages. Differences between transport
groups were assessed using the student’s t-test and Mann-Whitney U
test for comtiouous variables, and Pearson chi-square analysis, Chi
Square and Fisher's Exact Test for categaorical variables as appropriate.
A p value < (.05 was considered statistically significant for all ana-
lyses. We used the Statistical Package for Social Sciences (SPSS) Version
24.0 (IBM, Armonk, MY, USAL

Multivariable logistic regressi del ined the insd dent
mmnuft:w;mpmlhﬂHDdempmpmmalhuuds
muodels for 12moath sarvival. Multivariable models were adjusted for
Utstein variables and other potential explanatory factors (Table 2). To
eliminate the effect of any potential non-proportiomality in hazards in
the 12month sarvival analysis, we used Kaplan-Meser survival curves
and log rank test to compare tanspot groups.

We conducted two sensitivity analyses to assess the robustness of
our results. Firstly, we excluded all patients in the total cohort whase
imitial arrest rhythm was “unknown' to estimabe the effect of these
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missing data. Secandly, we excluded all patients in the total cobort who
had a CPC score af 3 (or less) before the amest, to eliminate the efect of
poar prior newralogical statas on survival outcomes after OHCA

Ethics approval

The stody was approved by SIA-WA Ressarch Advisory Group,
Curtin University HREC (HR 199/2014) and each study hospital's
HREC.

Results
OHCA choracteristics and patient cutcomes for mooal oofort

During the study S07% OHCA patients with presumed medical ae-
tindogy were attended by paramedics. Of these 2 582,/507% (50.9%) had
resuscitation attempeed and S43/2583 (21.0%) were admitted o
heospital, of which 513,543 (94.5%) patients were admitted to a PCL-
capable haspital. A total of 408,513 (79.5%) patients were directly
tramsported o a PCl-capable bospital (dinect transport) and 106,513
{20.5%) were transferred from another hospital (indirect transportl.
Only 4,513 (0.8%) patients were excloded from the study (Fig. 1)

The transpart groups wers similar in age and gender distribution
(Tablz 1} In g d analysis, direct patients (404,509,
79.4%) were more likely to have an OHCA at a public location and a
paramedic-witnessed arrest; but a diagnosis of ACS i ED and ICU ad-
mission were less frequent compared to the indinect transport patients
(105/509, 20.6%). Eleven patients (2.7%) in the direct transpont group
had a pre-arrest CPC score of 3. Direct transport patients had a sig-
nificantly shorter transport time (time interval from EMS call to amrival
at PClcapable hospital) than indirect transport patients (medi
A7 min [I)B 38=56] versus 208 [IQR 149:255]).

OF the 509,513 (99.2%) patients included in the outcome analyses,
274 (53.8%) STHD, 268 (527%) survived to W0-days, and 253 (49, 7%)
survived to 12-moaths after OHCA. Of the 274,509 hospital survivars,
2527274 (92%) had a good newralogical outcome at hospital discharge
{CPC scores = 2] (Table 1),

Comparizon of patient outcomes by transpont group for total cofont

Direct transport patients wene significantly maore likely to STHD
(56. %% wversus 44.8%, absolute risk difference = 11.4%, 95% CI
0.7-21.8). The 30-day and 12-month survival for patients transpornted
directly to a PClcapable hospital were not statistically different.
(Tablz 1). The unadjusted odds of STHD were higher in the direct
transport group (odds @b [OR] 1.58, 95% confidence interval [CI]
1.03=2.44) than the indirect transpart groap (Table 2). After adjus-
ment for confounders, dirsct transport patients were twice as likely to
STHD (OB 1.97, 95% C1 1.13-3.43) than thase transferred via another
hespital (Table 2). OF the OHCA patients who survived to bospital d-
mission, the number needed to treat for one additional survivar was six.
Although more survived to 12-months with a lower hazard of death
compared to the indirect group (adjusted HR 1.36 for the indirect
group, 95% C1 1.00-1_84; p = 0.05), this did not reach conventional
statistical sigmificance {Table 3). Howewer, Kaplan-Meier survival
curves maggested the proportional hazards of death between the two
groups was not comstant; most of the difference in hamards cooamred
within the first 30 days (log rank test p = 0.07) (Supplemental Pig. 511

OHCA characteristics end patent cutcomes of the IOU cofort

A total of 382509 [75%) OHCA patients, were admitted to the ICU
af a PCl.capable hospital; 201 /404 (72.0%) in the direct and 1,105
{86.7%) in the indirect transport group, and 377362 (987%) required
MV (Table 1). TTM was administered to 298,377 (79%) patients, 203,
377 (53.8%) underwent coronary angicgraphy, and 103,377 (27.3%)

Brnsciaton 138 (J018) P82

proceeded to PCl within 24 h of EMS call. Indirect transpont patients
were significantly mare likely to have a medical diagnosis of ACS in the
fArst ED} (37 4% wersas 24.4%), receive PCI overall [36.7% versas
24.4%) and receive PCI for STEMI (33% versus 16.2%) (Takle 1),
STHD, 30-days and 1 2-moaths were 172/382 (45%), 170,392 (44.5%)
and 166,382 (43.5%) respectively (Supplemental Fig. 52). Maost bos-
pital survivers (154,172, 85 5%) had a good neuwralogical owtcome at
haspital discharge. The outcomes of patients admitted to other wands
are displayed in Supplemental Fig. 52.

Comparison of patient owiromes by ronsport group for ICU cohore

The results of this study remained consistent across all three sub-
group analyses of patients admitted to ICU. The adjusted odds of STHD
after direct transport to a PClcapable hospital for (a) all patients re-
quirimg MV (OR 2.33, 95% 1 1.26=4.28]), (b) those who had cononamy
angiography (OR 2.54, 95% C1 1.20-5.400, and {c) those whao had PCI
(DR 4.37 95% 1 1.49-12.7%) were all better than those transfermred via
amather hospital (Table 2 and Supplemental Tables 51-53). Similarly,
the direction and magnitude of the hazard for death within 12-manths
after OHCA remained higher for those transferred indirectly, although
some of the differences did not reach statistical significance in some of
these subgroaps (Table 2) and Supplemental Fige 53-85.

Excluding patients (n = 12/50%, 2.4%) whaose initial arrest rhythm
was unknown did not change the association between direct transport
and STHD (OR 1.97, 953 C1 1.12-3.46) ar 1 2-manth sarvival (HR 1,386,
G55 C1 1.00-1.84) (Appendix 1). Excluding patients (n = 11, all in the
direct transpart group, 2.7%) who had a pre-arrest CPC score of 3 also
did not change improved STHD (OR 2.28, 95% C1 1.34=3.90) ar 12-
moath survival (HR 1.29, 95% C11.02-1 88) associated with patients
directly admitted to a FCl-capable hospital (Appendix 2

Comparison of patients r reing o a mon-PCI copable hospitnd compared
to patieats ioken o a PCl-capable hospiral

The 36,543 (4.9%) patients remaining at a non-PC] capable hospital
(Fig. 1) had a significantly lower STHI: 7726 (26.9%) versus 274,509
(53.8%); p = 001 and were less liely to be mabe: 1326 (50%) versas
I65/509 (71.7%); p = &.02 or have an initial shockable rhythm: 8/26
(30.7%) wersus 317 (62.3%); p = @01, There were no significant dif-
ferences in age, arrest location, witness status, bystander CPR, day and
time of arrest, and any prehospital ROSC.

Driscussion

This multicentre retrospective study of adults with OHCA of pre-
sumesd medical astiology found direct EMS transport to a FCl-capable
haspital was asociated with improved STHD when compared to
transfer via another hospital without PCl availsbility. This association
remained significant across all subgroups of patients admitted o ICU.
The=se results have potentially important implications for EMS transport
pratocols.

Our averall unadjusted sarvival rates for patients admitted to a PCL
capable haspital were 54% STHD, 53% 30-days and 50% at 12-manths
with most haspital survivors (92%) having a good nearclogical ouat-
come. This compares to 34% STHD reported i a similar Australiam
study, however the sudy differed in excluding patients with EMS wit-
nessed OHCA [11]. Our resulis suggest direct transport of GHCA pa-
tients to a PCl-capable hospital improves STHD compared to indinect
transfer (56.2% wversus 44.5%). There are at least two possible ex-
planations. First, multiple studies show optimal post-resascitation care
iz a pivotal component of the chain-of survival after OHCA, and stan-
dardised treatment protocels for post-resuscitation care could imprave

47



. Mckmzic ot al

EMS aimeded OHCA

Resuscitalion sl

Bensciaton 138 (2018) P6-8F

of pressmed medical atiempied
wtinlogy = A5 0T
N= 5079 149, 1%)
Ieesuscitation DHed i scena
il n= T57/2,583
n= 1,583/5,07% {29 5%
150 5%
., A %, A
. ™y
Trameporsed to ED Diedd in ED Exclisded
n= | R3&2 5R1 n= | 275/] K} Mg dam
%) [ ] = 21826
I 1 %)
%, 1_ # .,
- )
Survived EDr Mot pedmemed 10
= MW, 5R: hispil
21.3%) = 6540
[LI%)
\_l—z' ., 4
' Ty .
Admitbed 8o a Perth Mo tragsler o PCL- Admitied o privase
heepital capable hospital PCl-capaable hoepital
B= 54112, 553 n= J5543 = 41547
21 [RE ] 40T
Addmitied o2 PCT- Dt drimepord ba Tafifect Mimspnt Lo
eapuble heegrital PCT-capuabile hosgial PLI-copabibe hoepnal
4131445 n= 40513 = 051
154, 5% (7R85 120 5%
.. y l
-
Patients included in Exeluded m= /303 (4%
anlcimne anssis Unable io locate medical record me= 2
SIHUE1E Al rom HITH n= |
LE ] Second OHCA within 7 days of hosplinl dschange n= 1
r b A

Alfreaaniis A= Frorgency fepastaval, ST Eaergeacy Mediral Seakivs, MITH' Fogaial o e Mo, OMCE = Durastt Wil

Ciardbae derer, INCT= Pervmaaneciat osromary Ducrromin

Fig. 1. Flow chart of included and excluded adul OHCA patients (=18 years) with | d medical setiology
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P3-capahle hospital in Perth, WA betwesn the st of January 2012 and 312 of December 2015,

patient putcomes [5,23,24]. Indeed, ARC guidelines recommend con-
sideration of transport to a specialist cardiac arrest centre with urgent
access to PCIand TTM [1]. Second, both quality post-resascitation care
and timely inftiation of optimal post-resuscitation care is vital. Patients
directly transported to specialist cardiac arrest centers, including
STEMI patients with OHCA, have improved outcomes [5,25] and the
impartance of early reperfusion of critical ACS is well established. We
found patients transported directly to a PClcapable hospital had
sharter times o admission compared to those transparted via another
hespital (median 47 versus 208 min). Delays in initisting optimal post-
resuscitation care after OHCA may partly explain why patients in-
directly transparted to a PCl-capable haspital had waorse outcomes than
those treated promptly. Survival in oar patsents who had PO after di-
rect transport to a PCl-capable hospital was greater than those who
finally received PCI after transport from another hospital (STHD: ad-
juestesd O 437, 95% C1 L.49-12.7%). The importance of early coronary
reperfusion and TTH after OHCA was also shown in a secondary ana-
ly=is of a climical trial of an impedance threshold device for CPR [25].

The role of specialised post-resuscitation care and PCl-capahility for

patients with OHCA is increasingly recognised. A Japamese study found
direct transport to a hospital with a high lewel of critical care was as-
sociated with improved survival in patients with OHCA of cardiac ae-
tiology [7]. However, the authors did not report in-haspital factors that
mission to a hospital with 24-h PClcapability was associated with in-
creased STHD [27). Whether this benefit was related to PC itself or the
whole bundle of specialised post-resuscitation was nat fully addreseesd
by the investigators, nor did they document neurclogical outcomes of
patients at hospital discharge or 12-month survival [11]. A Prench
study found the charactenistics of receiving hospitals were not asso-
ciated with STHI, but the anthors commented that this might be par-
tially explained by the pre-haspital triage organization [28]. The au-
thars did mot consider post resuscitation care in mubtivanate analysis
amd the French EME system differs to that in Australia.

Studies comsidering in-hoepital care factors indude a German study
reparting direct transport to a PCl-capable hospital after OHCA was an
independent predictor of STHD even after considering the effect of PCI
amd TTM [2]. Another study from Marth America [29] found improved
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Table 1
Demographic and OHCA ch of all p dmutted to a PCl.cap-
able hospital stracified by transpost group.
No. (W) of patients All Direct Indirect pralue
Patients tramaport ranspart
00 404 (704) 108 (206)
Dot demegraphics of weal cohert
Medise wpe, yoans 62(50-73) 62(81-7%) SV (w-89) aw
Made wex 365(71.7) HM8(13) 7MY ass
Pre-srest CIC scure
oct 447 (B7.8) M7 (B59) 10952 a0z
ac2 S1(a0) L San
ocs naey nean o
Prehospieal OHCA cheracterincs of otsl coborr
Location of serest
Home 312(6L3) 22(574) WOED aoor
Public place 168 (330) 149 (389) 1wasn)
Other 2067 nEn 6(57)
Wenesed srvest
Paramadic 86 (169 77000 98 ooe
Bystmder 230(452) 179(443)  S1(W6)
Urmasemed 193(32.9) 48368 4S9
Bystander (PR* 307 (603) I (502) 68 (64H) amw
lrsmal arvest chythm, 37(623) 2M48(614) 60(S7) ae
shockable”
Aqnd-a--m‘ 100(214) S (218 21 (20.0) ar
VF ever meported ” 325(639) 253(626) 72(e46) ax
Tene of smrest’ aos
Day (07:00-18:90) 346(680) 282(008) 64 (8L0)
Night (19:00-06:59) 163(320) 12002 40
Dury of arvest azxs
Wenkduy 360(707) 281(606) (A
Wevkend 140(203) 123004) 26(48)
Any prebasgetal ROSC 430(862) ISI(B74) 86 (BLO) as
Maodism EMS resporse 8 (6-10) 8(6-10) 7(5-10) o
tieme, minuser’
Modisn tine to fiest DY 47 (30-56) 47 (38-56) 47 (9-54) ax
Medisn tene to M- S2(41-76) 47 (8-56) 28 « 0001
capable bospital (140-255)
mmte
Inhosparal OHCA characteriatics of aeal cobort
Disgrosss of ACS in firt 164 (322) 121 (300) 43(4L0) ooy
0
D4(558) 05053 WD asy
(=MbY
A 24b) 151(207) 114282 W (B2 aw
Admittay ward
o 863 7178 1204 a00¢
Other wand 4389 41 (0.1 209
oy 3W2(750) M 200 N
Survival end newalopcsl catcames of seesl cobart
STHD W4(53E) 20 (562 (M8 ooe
30-day survivel 8 (527) 222(5850) 4T(ME) aos
12-month wrvivd 253(407) 210(520) 4s(aL0) aos
Post arrest CFC scorw for
hospital murvivors
CIClor2 282(920) W6 (907) (W9 aM
CICIord 2(80) 2009 2y
o haspital OHCA characteristio of JCU cobort (n = 382)
Adnitted 1o KU W2(750) M6 N@w)
Disgreosss of ACS in first 105(22.5) 714 ELTE )
0
MV in U I77(9R7) 247 (986) 00 (W.9)
TIM in U 206 (70.0) Z32(B08) 66 (71I)
Corcnary ampiopraphy 203(5%8) 151(526) S2(2.7)
(240"
P (s 24n" 105(22.3) 704 [(W7)

Table 1 (concimued)
Na (%) of patients All Direct Indirect prralue
Patients transport aaport
0 404 (704) 105 (206)
STEMI with Q1 7™ <08 30 (33) < 0.001
(=24n)"
Data are p d as median quartile range) or count (percentage).
Abbreviations:  ACS = Acute  Corooary  Syndrome, COCL = Cardiac
Cath Lab Yy, OCU =G y Care Unit, CPC = Cercbral
Performance Category, CPR = ( apul Y
ED - Em EMS ~ dical

QU - WC.MW wmm-md
hospital  cardlac  amrest, PCl =P

ROSC = Retum of S C STEMI= ST-c4 yocardial
STHD = I to hospital discharge, TTM = Targeted
VF = dlar Fibrillation.

mem Statistically significant result.

* Includes 1 patient where ‘Bystander CPR’ Is unknown.

* includes 12 patients where Saitial arvest rhythm” is unknown.
* Covariate does not include ‘Inktial avest thythm',

“ inctudes 2 p where ‘Asystole ever reported” Is unkn

* Includes 2 patieats where “VF ever reparted” Is unknown.

! Using time of arrest (If unavallable using time of EMS call).
* Using time interval from EMS call to arvival ca scene.

* Using time interval from EMS call 1o arrival a fiest ED.

! Using time interval from EMS call to arrival at PCl-capable hospital.
! Using time laterval from EMS call to anrival in CCL.

* Using the aumber of patients with MV as the denominator.

STHD in patients admitted to a PCl-capable hospital in univari
analysis.

Our findings have the following 11 ' This was a
retrospective observational study and the association of improved
outcome with direct transport to a PClcapable hospital does not in-
dicate tion. Unk founders may have inflt d the as-
sociations observed in the multivariabl l Pa dics can be

Mhmwduwmwm) This is
suggested by direct transport patients differing in some characteristics
ﬁuMmpm(Tabkl).Shiu:mn&oMyw
have & d decisi pati on from a nonPCl cap-
Mwmwmmwmu
an ED diagnosis of ACS, after adjustment this was not associated with
improved survival in either the total cohort or in the subgroup analysis
of ICU patients. Also, the patients who remained at non.PCl capable
haspitals had a significantly lower STHD and were less likely to have an
initial shockable rhythm.
mmdnwwuwdwm
rumh.kncnbnlshovmb&n

ple size to d 1 P diffe b
uupmm-dﬂnwu"‘ ths. We also pared the
of pati who ined at a non-PCl-capable hospital to
Adress the potential for selection bias.
Conclusion
This  multi pective study showed that direct EMS
to a PCL ble hospital for adults with OHCA of medical

mmmmwmwww

pital without PCl.capability. The

WWB“MM&)MWM”

care including early PCI and TTM. This has potential im-

licati for EMS P ds including direct transport of

Mmmawwmu.mw
haospital.
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Table 2
Univariase amd tactors assoclared with STHD for patients direcily T d wersus pat Indirectly transp d 1 a PCl-capable hospital
All patients (N = 500) Ureadjustied 030 {95961 Fvaue Adjusted OR (95%CT) pralur
Tramport grovg, direce 158 (Lid-24d) od 1.0 [LB3-3.43) il
Juzene demsmazive
e 098 (0705 001 £L.06 {01.95-0.98) )
Dl e L76 (Li-2a4) od 1.01 [0&0-1.70) aer
Prohespiinl OHCA cheracioriiic
Locativs of srmest, publc 2E0 (1EL-398) EiEir) 170 (1.3-287) oo
Wikneased armed
Paramadic 415 (LE-5.48) = L] 576 (254-1307) = dLiat
Byatamder Lada (0-L13) Ll DT [O50-1ELY an
Urretnred L 10
PR 130 (E4-1.71) o 00T [055-1.72) e
Ireml arnat chythm, shockabke 557 (3.76-5.25) = L] 2 3% (0.95-5.45) aor
Aupsealr v noparsed 010 (060 18) = L] 1S [0.06-0.29) = dLiat
VF evim reparied 435 (25644 = L] 129 (0.52-3.15) 058
Time of sret, duy (07001850 107 (8:73-1.55) o 1.0 (061-LET) aep
Dy of arnd, wiskeday DED (B4T-1.01) i LA (050-1.35) L2 ]
Any prebospital ROSC 343 (1.08-5.06) EiEir) 36 (A10-1313) = L
EMS s time mimte
B4 216 (LAS—4.43) o4 164 (0.65-4.12) oo
4-=H L50 (0uER-T 55) e 1.48 (0.73-3.00) 025
B 12 L35 (7213 a2 104 [051-2.01) [2Ei)
=12 L 10
dm hagpetal OFCA charasteristics
Disgrecass of ACS in FI¥ 275 (1.E5—40d) EiEir) 1.5 (0.93-2.70) [2Ei)
Abbreviatiors ACS = Acale Corenary Synd PR = Cardi ¥ Resuscimtion, ED = Emergency Depariment, EMS = Emergency Medical Service,

OHCA = Out of Hespital eardise armest, EII-E Rearn n!spnnmnm Circulagion, VF = Ventricular Fibeillation

Bald/ialie p-vabues indicaces : Stacistieally significant resalt.
* Includes 1 patient where “Bymander CPR” b unkmown.
b Includes 12 patients where ‘Initial arvest chythm’ s unkniswn.
a wihere ‘Asystole ever 4" Is unk

9 Includes T parients where “VF ever reponed” s anknown

* Using tme incerval from EMS call to arvival on scene.

Includes 2 pati F

Table 3

Resuls of logiste regression analysis and Cox
analysis for STHD and survival to 12-months reqrﬂlueh- for patients directly

teansponied o & PCL-eapable hospial

STHD 1 2memth el
B (%) Ao iy e Adjustsd haand ratin
L4 e ] 5% 1)
Patients sdmitted 1o a hespital (N = S
Wirest 404 PR LAT(LL3-249) 136 (100-1.684)
indirest 105 206 LD L
Patients sdmibted 1o B with 8V (n = £97)
Wirest 36T PR 235 (136-438) 138 (1004191}
Iniret EET L0 11
Patients sdmitted 1o U with S0V and coromary ssgiography = 245 of EMS call
(m = 233
Wirest 151 (P&} 254 (130-5.40) 150 (0:95-2.57)
Iniret 52 (25.6) L0 11
Patients sdmitted 1o BEU with S0V and PCL= 34 b of EMS call fn = 103)
Direst 0 (R 457 (L40-1270) 174 (B 3.55)
indirest 33 (3200 LD L1

Abbreviations: EM5 = Emergency Medical Services, ICU = Incersive Care Unit,
MY = Mechanbeal Ventilation, PCl = Percutanéous coronary intervention.
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4.3

Table 4.1

Supplemental Tables (Mckenzie et al. Resuscitation. 2018 Jul;
128:76-82)Y

(Supplemental Table 1) Univariate and multivariate factors associated with
STHD for patients admitted to the ICU with MV.

All patients (n= 377)

Transport group, direct
Patient demographics
Age, years

Male sex

Prehospital OHCA
characteristics

Location of arrest, public
Witnessed arrest
Bystander CPR®

Initial arrest rhythm,
shockable®

Asystole ever reported®

VF ever reported@

Time of arrest, day (07:00 -

18:59)
Day of arrest, weekday

Any prehospital ROSC

EMS response time, minutes'®

Oto<4

4to<8

8to<12

>12
OHCA characteristics in-
hospital
Diagnosis of ACS in ED
TTMin ICU

Unadjusted OR
(95%Cl)
1.63 (1.00-2.66)

0.98 (0.96-0.99)
1.63 (1.02-2.60)

2.46 (1.58-3.85)
1.20 (0.80-1.82)
2.07 (1.33-3.24)
6.77 (4.13-11.10)

0.13 (0.07-0.25)
6.57 (3.92-11.01)
1.15 (0.74-1.77)

0.58 (0.37-0.90)
2.96 (1.59-5.51)

2.32 (0.99-5.40)

1.63 (0.85-3.11)

1.27 (0.66-2.44)
1.0

2.03 (1.28-3.20)
2.69 (1.55-4.65)

p-value

0.05

0.001
0.04

<0.001
0.37
0.001

<0.001

<0.001
<0.001
0.53

0.02
0.001

0.05
0.14
0.48

0.002
<0.001

Adjusted OR
(95%Cl)
2.33 (1.26-4.28)

0.96 (0.94-0.98)
0.87 (0.46-1.62)

1.28 (0.70-2.31)
1.02 (0.60-1.71)
1.06 (0.59-1.92)
2.43 (0.90-6.54)

0.21 (0.10-0.45)
1.48 (0.56-3.93)
1.09 (0.62-1.91)

0.59 (0.34-1.02)
3.32(1.54-7.17)

1.07 (0.37-3.03)

0.87 (0.38-1.98)

0.71(0.31-1.62)
1.0

1.42 (0.79-2.55)
1.42 (0.72-2.80)

p-value

0.01

<0.001
0.65

0.42
0.95
0.84
0.08

<0.001
0.43
0.78

0.06
<0.001

0.90
0.74
0.41

0.24
0.32

Includes 1 patient where ‘Bystander CPR’ is unknown

b Includes 3 patients where ‘Initial arrest rhythm’ is unknown
c) Includes 1 patient where ‘Asystole ever reported’ is unknown
d) Includes 1 patient where ‘VF ever reported’ is unknown
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(e) Using time interval from EMS call to arrival on scene

Abbreviations indicate as follows: ACS; Acute coronary syndrome, CPR; Cardiopulmonary
resuscitation, ED; Emergency department, EMS; Emergency medical services, ICU; Intensive care unit,
OHCA; Out of hospital cardiac arrest, ROSC; Return of spontaneous circulation, STHD; Survival to
hospital discharge, TTM; Targeted temperature management, VF; Ventricular fibrillation.
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Table 4.2

(Supplemental Table 2) Univariate and multivariate factors associated with

STHD for patients admitted to ICU with MV and who received coronary
angiography within 24 hours of EMS call.

All patients (n= 203) Unadjusted OR p-value Adjusted OR p-value
(95% Cl) (95% Cl)
Transport group, direct 2.43 (1.27-4.63) 0.01 2.54 (1.20-5.40) 0.02
Patient demographics
Age, years 0.96 (0.94-0.98)  0.001  0.95(0.93-0.98)  <0.001
Male sex 1.45 (0.68-3.09) 0.34  1.52(0.62-3.71) 0.36
Prehospital OHCA characteristics
Location of arrest, public 1.52 (0.85-2.70) 0.16 0.83 (0.30-2.36) 0.73
Witnessed arrest 0.80 (0.45-1.41) 0.44 0.74 (0.38-1.43) 0.37
Bystander CPR® 1.70 (0.90-3.22) 0.10  1.04(0.48-2.29) 0.91
Initial arrest rhythm, shockable®®  3.03 (1.39-6.62) 0.01 2.81(1.16-6.81) 0.02
Time of arrest, day (07:00 to 0.87 (0.48-1.58) 0.64  1.11(0.53-2.31) 0.78
18:59)
Day of arrest, weekday 0.79 (0.42-1.47) 0.45 0.96 (0.48-1.95) 0.92
Any prehospital ROSC 4.00(1.75-9.13)  0.001  3.45(1.31-9.12) 0.01
Median EMS response time,
minutes'®
O0to<5 2.17 (0.90-5.25) 0.09 1.45 (0.53-3.95) 0.47
5to<10 1.56 (0.80-3.04) 0.20 1.14 (0.52-2.47) 0.74
>10 1.0 1.0
OHCA characteristics in-hospital
TTMin ICU 1.67 (0.70-3.99) 0.26 1.29 (0.49-3.43) 0.60
(a) Includes 1 patient where ‘Bystander CPR’ is unknown
(b) Includes 1 patient where ‘Initial arrest rhythm’ is unknown
(c) Using time interval from EMS call to arrival on scene

Abbreviations indicate as follows: CPR; Cardiopulmonary resuscitation, EMS; Emergency medical

services, MV; Mechanical ventilation, OHCA; Out-of-hospital cardiac arrest, ROSC; Return of

spontaneous circulation, TTM; Targeted temperature management.
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Table 4.3

(Supplemental Table 3) Univariate and multivariate factors associated with

STHD for patients admitted to ICU with MV and who received PCl within 24

hours of EMS call.

All patients (n=103) Unadjusted OR p-value Adjusted OR p-value
(95% Cl) (95% Cl)
Transport group, direct 3.58 (1.50-8.51) 0.004 4.37 (1.49- 0.01
12.79)
Patient demographics
Age, years 0.99 (0.96-1.02) 0.36 0.97 (0.93- 0.07
1.003)
Male sex 3.54 (1.01-12.36) 0.05 3.01 (0.64- 0.16
14.23)
Prehospital OHCA characteristics
Location of arrest, public 1.64 (0.71-3.75) 0.25 1.07 (0.37-3.06) 0.90
Witnessed arrest 1.33(0.59-2.98) 0.50 1.94 (0.69-5.44) 0.21
Bystander CPR 2.10 (0.88-5.02) 0.10  1.41(0.47-4.26) 0.54
Initial arrest rhythm, shockable®  1.67 (0.52-5.38) 0.39 1.60 (0.37-6.94) 0.53
Any prehospital ROSC 6.42 (1.94-21.24)  0.002 4.42 (0.96- 0.06
20.24)
Median EMS response time,
minutes'®
0to<5 1.62 (0.62-4.27) 0.33 1.55 (0.50-4.77) 0.58
5to< 10 1.18 (0.38-3.67) 0.77 1.35(0.36-5.09) 0.66
>10 1.0 1.0
OHCA characteristics in-hospital
TTMin ICU 1.14 (0.37-3.48) 0.82 1.59 ( (0.39- 0.52
6.60)
(a) Includes 1 patient where ‘Bystander CPR’ is unknown
(b) Includes 1 patient where ‘Initial arrest rhythm’ is unknown
(c) Using time interval from EMS call to arrival on scene

Abbreviations indicate as follows: CPR; Cardiopulmonary resuscitation, EMS; Emergency medical

services, ICU; Intensive care unit, ROSC; Return of spontaneous circulation, TTM; Targeted

temperature management.
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4.4 Supplemental Figures (Mckenzie et al. Resuscitation. 2018 Jul;
128:76-82)Y

Figure 4.1  (Supplemental Figure 1) Kaplan-Meier survival plots stratified by transport

group (direct versus indirect) for all patients admitted to a PCl-capable hospital

(N=509) (Log Rank test p=0.07).
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Abbreviations indicate as follows: PCI; Percutaneous coronary intervention.
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Figure 4.2
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Figure 4.3 (Supplemental Figure 3) Kaplan-Meier survival plots stratified by transport
group (direct versus indirect) for all patients receiving MV on admission to ICU
of a PCl-capable hospital (n=377) (Log Rank test p=0.07).
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Percutaneous coronary intervention.
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Figure 4.4 (Supplemental Figure 4) Kaplan-Meier survival plots stratified by transport
group (direct versus indirect) for all patients receiving MV on admission to ICU
of a PCl-capable hospital and who received coronary angiography within 24
hours of EMS call (n=203) (Log Rank test p=0.01).
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Abbreviations indicate as follows: ICU; Intensive care unit, MV; Mechanical ventilation, PCI;
Percutaneous coronary intervention.
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Figure 4.5 (Supplemental Figure 5) Kaplan-Meier survival plots stratified by transport
group (direct versus indirect) for all patients receiving MV on admission to ICU

of a PCl-capable hospital and who received PCI within 24 hours of EMS call
(n=103) (Log Rank test p=0.01).
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Abbreviations indicate as follows: ICU; Intensive care unit, MV; Mechanical ventilation, PCl;
Percutaneous coronary intervention.
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4.5 Appendices (Mckenzie et al. Resuscitation. 2018 Jul; 128: 76-
82)17

Table 4.4  (Appendix 1) Results of adjusted sensitivity analysis excluding 12 patients
where ‘initial arrest rhythm’ is unknown.

STHD 12-month survival
All patients (N= 509) N (%) Adjusted odds ratio Adjusted hazard ratio
(95% Cl) (95% Cl)
Direct transport 404 (79.4) 1.97 [1.12-3.46] 1.36 [1.003-1.84]
Secondary transport 105 (20.6) 1.0 1.0

Table 4.5  (Appendix 2) Results of adjusted sensitivity analysis excluding patients with a
CPC score of 3 prior to OHCA.

STHD 12-month survival
All patients (N= 498) n (%) Adjusted odds ratio Adjusted hazard ratio
(95% Cl) (95% Cl)
Direct transport 393 (78.9) 2.28 (1.34-3.90) 1.39 (1.02-1.88)
Secondary transport 105 (21.1) 1.0 1.0
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4.6 Summary

This multicentre retrospective cohort study showed that for adults with OHCA of
presumed medical aetiology, direct transport to a PCl-capable hospital for post-
resuscitation care was associated with significant survival benefits compared to
indirect transport via another hospital without PCl capability.l’ Specifically, direct
transport patients were twice as likely to survive to hospital discharge, than those
transferred via another hospital.}” My findings suggest that while prehospital factors
such as bystander CPR and early defibrillation are important, early access to a
standardised post-resuscitation care bundle may also improve survival and
neurological outcome in adult OHCA patients.'” My findings are consistent with
current international guidelines? and support the implementation of specialist

cardiac arrest centres in Australia.?3

This study forms part of a growing number of publications investigating whether care
at specialist cardiac arrest centres improves patient outcomes. A subsequent
publication comparing patient characteristics and outcomes following OHCA patients
transported to hospitals with or without PCl-capability within New Zealand found
improved 30-day survival for the direct transport group.*® A 2019 systematic review
and meta-analysis of 17 observational studies found that care at a cardiac arrest
centre is associated with improved survival to hospital discharge with favourable
neurological outcome.>* However, the authors concluded that while their findings
were generally supportive of transporting OHCA patients to cardiac arrest centres
they should be interpreted with caution because of the nature of observational
studies.”® This systematic review and meta-analysis included the PhD study'’ that is

subject of Chapter 4 in this thesis.

Improved patient outcomes with direct EMS Transport to specialist centres has been

126-128 3nd STEMI'?? leading to the acceptance of

described for trauma,>>12412> stroke
specialised treatment centres for these conditions. The weight of evidence, although
this is not yet conclusive, supports the introduction of cardiac arrest centres. While it

would be ideal to confirm these findings with a large multicentre RCT, the number
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and consistency of observational studies supporting cardiac arrest centres suggests

that equipoise no longer exists to conduct such studies.

In the next chapter, | consider another strategy that may help to improve patient
outcomes after cardiac arrest. The targeted management of PaCO; in mechanically
ventilated patients admitted to ICU. A systematic review and meta-analysis of the
association between arterial carbon dioxide tension and outcomes after cardiac

arrest follows in Chapter Five.
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Chapter 5 Systematic Review and Meta-analysis

5.1 Overview of Chapter 5

Chapter Two provided a contextual overview of OHCA and described post-
resuscitation care strategies that have been shown to reduce the severity of post-
cardiac arrest syndrome. One important strategy is the targeting of normal PaCO;
levels in mechanically ventilated adult OHCA patients, but the evidence to inform
international guidelines is weak.'2 While there have been multiple observation cohort
studies investigating the relationship between PaCO; and survival in cardiac arrest
patients these are inherently limited by lack of randomisation of exposure and
subject to bias and confounding.646873117 Fyrther, there have been few RCTs
investigating PaCO; as a potential therapeutic target in this population of critically ill
patients®®’? and results from an ongoing multinational study have yet to be

published.129130

Given the limited evidence, | aimed to assess the effect of a low or high PaCO; on
patient outcomes after cardiac arrest by systematically reviewing the literature and
by combining results from similar studies in meta-analysis.'® The Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA) protocol directed this
study.’®! Details of the protocol were registered in the international database of
prospectively registered systematic reviews (PROSPERO; CRD42015024907).132 The
PRISMA protocol checklist and the PROSPERO registration are included in Thesis
Appendix D and E respectively. This systematic review and meta-analysis provides the
foundation for the second retrospective cohort study included in this thesis: Arterial
carbon dioxide tension has a non-linear association with survival after OHCA: A

multicentre observational study.

This Chapter comprises a manuscript that has been published in a peer-reviewed

journal and is inserted as a PDF in the format published by the journal:
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McKenzie N, Williams TA, Tohira H, Ho KM, Finn J. A systematic review and meta-
analysis of the association between arterial carbon dioxide tension and outcomes

after cardiac arrest. Resuscitation. 2017 Feb; 111: 116-126.%8

Supplemental material supporting this article is presented prior to the Chapter

summary.

A poster related to this publication was presented at the American Heart Association
(AHA) Scientific Sessions, New Orleans, United States of America, 2016 and is

included in Thesis Appendix F:

McKenzie N, Williams TA, Tohira H, Ho KM, Finn J. A systematic review and meta-

analysis of the association between arterial carbon dioxide tension and outcomes

after cardiac arrest.

65



5.2

Manuscript

Resuscitation 111 [B017] 116-126

ELSEVIE]

Contents lists available at ScienceDirect

Resuscitation

journal homepage: www.elsevier.com/locate/resuscitation

ELURCPEAN
’ RESUSCITATION
COUNCIL

Review article

A systematic review and meta-analysis of the association between
arterial carbon dioxide tension and outcomes after cardiac arrest™

@ e

Nicole McKenzie*- -, Teresa A. Williams == Hideo Tohira®=, Kwok M. Ho"*,

Judith Finn =

& Prohogpital Ressscivarion and Emergescy Core Research Lisit [ PRECRLY), Schonl of Mursieg, Midwifery and Porasedicine, Csemis Lishersity, Bentley, W4,

Austrafia
s S jafin Amsbulance Weestem Australig, Balmant, WA, Asstralia
© Ryl Perth Mospial, Perth, WA Ausimalia

4 kool of Public Health and Prevestive edicing, Moanash Un

2 WIC

* Discipline of Eswvgency Medicing Universiny of Westers Ausmalia, Fenth, Wi Ausmafia

ARTICLE INFOD ABSTRACT

Artice hisTany:
Received 19 April 2016

Received in revised form 13 Auges 2015
Accepted 16 Seprember 2016

Keywards:

Heam arres

Carban dicadde
DRAICoAES BS5EEEMEnT

Introduction: Arterial carbon diowide:
Maintaining a normal FaC0: makes physiological sense and is recommended s 2 therapewtic tanget after
CA, bt few studies have examined the association between Pal0; and patient owtcomes. This systematic
review and meta-analysis aimed to assess the effect of 2 low or high PaCOs on patient outcomes after CAC
Methods: We searched MEDLINE, EMBASE, CINAHL and Cochrane CENTRAL, for studies that evaluated the
association between FaC0; and outcomes after CA. The primary outcome was hospital survival. Secondary
outcomes included newrological status at the end of each study's follow up period, hospital discharge
destination and 30-day survival Meta-analysis was conducted if statistical heterogeneity was low.

{Palily ) ak alities are afber cardiac arrest (CAL

Results: The systematic review included nine studies; sight provided sofficient quantitative data for
meta-anabysis. Using PaC0; cut-pointsof <35 mmHg and >45 mmHg to define hypo- and hypercarbia, nor-
mocarhia was associated with increased hospital surdival (odds ratio [OR) 130, 93X confidence interval
[€1] 123, 1.38). Normocarbia was also associated with a good neurological outcome (cerebral perfor-
mance categary scare 1 ar 2) compared o hypercarbia (08 169, 95201 1.13, 251 ) when the analysis alo
included an additional study with a slightly different definition for normocarbia (PaCO; 30-50 mmHg).

Conchusions: From the limited data it appears Pall; has an important U-shape association with sur-

wival and owtcomes after CA, consistent with international resuscitation guideli rex

lation

that normocarbia be targeted during post-resuscitation care.

© 2016 Elsevier kreland Lid. All ighes reserved.

Introduction

Elimination of arterial carbon dicxide is substantially impaired
during cardiac arrest [CA) due to inadequate perfusion of the lungs.
Both high and Jow arterial carbon dioxide rension (or partial pres-
sure PaCOz) after return of spontaneous circulation (ROSC) from
CA are common, due to sccumulation of carbon dioside during
CA and excessive mechanical ventilation, respectively.' Unin-
tentional hypocarbia i particularly common during therapeutic

“ A Spanish rranslated version of the abstract of this arvicle appears as Appendix
In vhe final online version ac hop: [dodolong! B0 100 & resusciation 2016 09.009,
* Cormesponding swthor a1z Prehospital Resuscitation and Emergency Care
Reszarch Unit (PRECRU], School of Nursing, Midwifery, and Paransedicine, Curtin
Universing, GPO Bax 1987, Penth, WA G845, Ausmalia.
E-meail address: nicole nackenzie@srudentount nedn s (M Mckenzie].

hitp: | dsded org) 10,1016 resusctacion 201609019
ME300-9572/0 2016 Elsevier bnsland Lid. All rights reserved.

hyporhermia after CA because cooling reduces patient’s merabolic
rate and COy production.' 47

Physiologically, PaC0p has an important regulatory role on
cerebral blood fMows: hypercarbia dilates cerebral blood wessels
resulting in an increase in cerebeal perfusion and intracranial pres-
sure, and hypocarbia indeces cerebral vasoconstriction resulting
in a reduction in cerebral blood flow.”® Hypothetically, abnosmal
PaCDy may have the potential to increase the likelihood of further
CA" and exacerbate ischaermic brain injury."" Corversely, main-
taining a relarively normal PaC0y with mechanical ventilarion and
regular arerial bood gas (ABG) analysis may improve survival and
meurological outcomes after CAY

Observarional dara from CA registries suggest that derange-
ments in PaCOp are associated with poorer neurobogical
outcomes 11 While some studies have suggested that mild hyper-
carbia may be better in optimising newrological outcomes after
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CcA ' others have suggested either hy pocarbia or hypercarbia can
e harmful in both adules' and children.'*

For patients who survive after a CA, neurological recovery is
paramount and hence, good post-resuscitation care is essential in
the chain of survival.'® Because maintaining normocarbia after CA
may avoid both cerebral ischaemia and hyperperfusion and there
is no evidence o suggest this may cause harms after CA, interna-
tional guidelines have recommended targeting normocarbia as part
of the post-resuscitation care ™ '* Whether this recommendation is
fully supported by existing evidence remains uncertain, and will be
assessed in this systematic review and meta-analysis.

Methods

The Preferred Reporting Items for Systematic Beviews and Meta-
Analysis (PRISMA) statement was adhered to in this this systematic
review and meta-analysis.'®

Eliggibsiliry crireria

Weincluded comparative studies if they investigated the associ-
arion of FaC0; and survival to hospial discharge | hospital survival)
or in-hospital mortality (hospital mortality) after CA Studses were
included if patients had suffered an in-lospital cardiac arresg | [HCA)
or gut-of-hospital (DHCA) of any setiology and wio had their expo-
sure o PaC0; mexsured by ABG analysis. The search was limived to
full manuseripts published in peer-reviewed journals and no Lan-
guage restriction was applied. We excluded studses that included
paediatric patients (as defined by the authors), animal soudies, case
reports, reviews, editorials, letters and commentary. The authors®
cut-points were used for the definitions of low, normal and high
PaCDy and time of assessrment of PaC0;. When authors did mot
report sutcomes by PaC0z group but provided their patient data we
a priori defined cut-points according to published threshold values
as hypocarbia <35 mmHg, normocarbia 35-45 mmHg and hyper-
carbia >45 mmHg. >4 The primary cutcome was lospital survival
after CA. Secondary outcornes included neurslogical status at the
end of each studys follow-up period, vospital discharge destination
and 30-day survival. Neurological status after CA is often described
using the Cerebral Performance Category (CPC)'S which is a five
category scale ranging from unimpaired survival to severe depen-
dence and death.'™ CPC scores of 1 or 2 are considered as good
newrological recovery.'” Hospital discharge destination has been
reported as a surrogare marker for neurological outcorme after CA,
bt few such markers have been adequarely validated? and are sub-
ject to factors that affect discharge decision making e.g. availability
of & care-giver.

Data sources

Darabases were searched for eligible studies published berween
inception and August 2015: Ovid MEDLINER], Ovid MEDLINE (R}
in process and ather non-indexed citations, Ovid EMBASE, CINAHL
Flus with Full Text [EBSCO) and Cochrane Central Register of
Controlled Trials (CENTRAL) Reference lists from review aricles,
editorials and citation lists in Scopus were hand-searched to iden-
tify possible additional studies. The end date for the literature
search was 31st August, 2015. Authors of the papers that met the
inclusion criteria but did not report patient outcome by PaCOg
group were contacted wirh a request for the original data.

Dara search

We grouped search terms under three main subject headings:
Heart Arrest, Carbon Dioxide and Dutcomes Assessment. The three

groups were combined wsing Boolean operators. The search strat-
egy used for MEDLINE i provided in Supplementary Table 51 in
the online version ar DO1: 10.1016/j.resuscitation.2016.09.019, &
similar search strategy was applied 1o the other darabases.

Srudy selection

Titles and abstracts were reviewed by two investigators (NM
and TAW) 1o identify relevant studies. Full text of the screened
studies were reviewed when eligibility was unclear. Any differ-
ences in study selection were resolved by consensus berween the
authors. For studies reporting data on overlapping patient cohorts,
we selected the reports thar; (1) most closely examined our pri-
mary outcome of intefest; (2] contained the largest sample size; or
(3] contained data for our meta-analysis.

Dare collection

Descriptive, methodological and outcome data were abstracted
from the included studies using a pre-determined electronic
spreadsheet developed by NM. Data extracted included locarion of
CA (IHCAJOHCA) year of publication, study location, sample size,
study year(s), study design, PaCD, cut-points wsed to define hypo-,
normo- and hypercarbia, PaC0; sampling time, use of therapeutic
hypothermia, whether the ABG was adjusted for body temperature
of not [alpha-stat versus pH-stat)*" and primary and secondary
outcomes. We preferentially selected ABG results measured by
alpha-stat o provide & more consistent interpretation of PaC0g
For studies that reported hospital mortality we have used this data
to report hospital survival. For studies that reported CPC scores of
3-5 for poor neurslogical outcome, we have reported CPC scores of
1-2 for good neurslogical outcorme. For studies that reported hospi-
tal discharge destination we selected and reported discharge home
among survivors. A second author (HT) independently verified all
the extracted data.

Risk of bigs assessment

The Mewcaste-Ortawa Scale (NOS)' was used to assess the
methodological quality of studies included in this systematic
review. Results were collated and accuracy independently checked
by two authors (MM and HT). The authors” proposed (o rate the
methodological quality of each study as low, intermediate o high
if they scored <4, between 4 and 6 or >6, respectively. In this sys-
tematic review, only intermediate and high quality studses were
included for derailed analysis.

Dara analysis

W performed mera-analyses of the association between PaCi0z
and patient outcomes, including hospital survival, CPC score of
1 or 2 at the end of each study's follow-up period and dis-
charge home among survivors, The results were summarised by
forest plots using weighted Peto odds ratio (OR) fixed effect
madel with 95% confidence interval [C1) (RevMan Version 5.3,
Cochrane Collaboration)** Wiere patient data by PaCDy group
was receved from the authors, 154054 we caregorised PaCDy: as
hypocarbia (<35 mmHg), normocarbia [35-45 mmHg) and hyper-
carbia (=45 renHg L If patient data were ot explicitly stated in the
table or text, we extracted the outcome data (rounded to the near-
est whole number] reported in the studies’ figures.” Where four
PaCDy threshold groups were reported ' we considered patients
in the middle and intermediate PaC0; quartiles as being exposed
to normocarbia, Where individual patient data by PaCOz group was
available we calculated odds ratio (OR) for each outcome with 95%
confidence intervals (C1s) and the associated “p value using [BM
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Sratistical Package for Social Sciences [ SP55) for Windows (Version
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Hererageneiry

Studies were tested for heterogeneity using the I statistic "
I values of <25%, 25-50%, and >50% were considered 1o have a
lowy, moderate, and high Jevel of inconsstency between studies,
respectiviely. ™ We proposed to report a posled estimate only when
the ¥ statistic was less than S0%. If the 12 statistic was greater than
50, forest plots would be wsed to display individual study results
only. We considered IHCA/OHCA and DHCA a5 separate sub-growps
in this mera- analysis so as o make comparisons between them. We
abkso considered differences in the authors follow up e and vari-
arions in PaC0y cul-points used o define normocarbia as povential
sources of clinical heterogeneity. We planned to conduct sensi-
tivity analysis to determine the effect of these varatons on the
overall conclusgion of the meta-analyses. The poatential for publica-
tion bixs was interpreted through visual inspection of funmel plog
asymmetry.

Protecol and registration

The study protocol has been registered with the interma-
tional Prospective Register of Systematic Reviews PROSPERD
201 5:CRO4201 502490727

Resulis
Srudy selectivn

Our search straregy found no randomised control trials (RCT's)
comparing PaC0Oz targets after CA. Of the 93 studies identified, 77
studies were excluded based wpon review of the title and sbstract
against the inclusionfexclusion criteria. Sixteen studies with full
text were further examined in detail and nine studies were con-
sidered eligible for this systematic review, 2411122022428 The
inclusion and exclusion of the stedies are described in Fig 1.
Two studies by Roberts et al*~*" appear w include patients from
two overlapping periods: 2009-2011 and July 2010-July 2011. As
such, only information contained in te Lirger patient colort was
included in this review.

Srudy characrerisrics

All ning studies included were published in English bebween
1985 and 2015 from Australia and Mew Zealand (combined )’
United States of America’™® Korea,*** Finland,'' Australia ™
Taiwan,” and Holland"' and incleded 23434 patients (range
A4 -16,542 ). Two studies ' included OHCA patients, (n= 5667
in rotal), one smudy included IHCA patients,”” (n=550) and
six smudies included both IHCAJOHCA patients (n=17217 in
total] S04 Three studies™' '™ wsed national multicentre
darsbases, twi of these included anly OHCA patients (the Finnish
Intensive Care Consortium database'” and the Dutch Marsomal
Intensive Care Evaluation registry'") and the third one included
both IHCA and OHCA (Australian New Fealand Intemsive Care
Sociery-Adult Patient Darabase)l The other six stwdies were
single-centre studies "% Colort design was used in all stud-
ies with four prospective stdies”'“* and five retrospective
s-[udLELJ.-I.H..'UJS

The cut-paints used todefine hypocarbia and hypercarbia varied
berween 30 and 35 mmHg and berween 45 and 50 mmHg, respec-
tively, in the included studies. Two studies® - reported PaC0y as
acontinuouws variable and did not define threshold valves to define
hypo of hypercarbia. Additional patient data according to PaCOz

groupwas received from the authors of one of these studies* and as
such, the results on hospital survival from this soudy were included
in this meta-analysis.

Tiee timing and durarion of ABG results in relation to CA in the
included studses also differed. Three studies reported serial ABGs
sampled across a number of time points, from ROSC to the end of
therapeutic hypothermia® first 24 h after ROSC and frst 24 h after
10U admission’ ; three studies only reported & single ABG result
within the first 24 h after CA corresponding to the worst oxygena-
tion according to Acute Physiobogy and Chranic Health Evaluation
(APACHE) - and IV'' scores and three studies reported the
first PaC0; value recorded twenty minutes after sustained ROSCH
ome hour after ROSC® or one hour after sustained ROSCY Sudy
characteristics of the inchsded papers are reported in Takde 1.

Parignr ceniréd euicomes

The unadjusted and adjusted outcome data Trom e included
studies are summarised in Table 2.

Survival

Two  retrospective  multi-centre’'!  and  four  single-
cenpred 055 snndies  reported  survival outcomes. OF the
multi-centre studies, one soudy’ reported hospital moralicy
for IHCA/OHCA patients and one study for only OHCA patients "'
For the single-centre studies, one study”® reported hospital sur-
vival for only THCA patients and three stedies® "4 for IHCADHCA
patients.

Neurslogical outcommes

One  prospective multi-centre’  and  three  single-centre
stusdies? -1 used CPC scofes o evaluate the relationship between
neurological outcome and PaCDy after CA Vaahersalo er al™
reported CPC scores at 12 months for only OHCA patients. Wang
et al.** repormed a CPC score of 1 or 2 at hospital discharge for only
IHCA patients. Roberts et al.? and Lee et al* reported a CPC score
of 3-5 at hospital discharge for both OHCA and IHCA patients.

Discharge home among survivors was used as surrogate marker
of neurclogical owtcome in two stedies " Discharge home was
presumed (o be a better newrological outcome compared to patients
thar oould not be discharged home by the authors of both studses,

Methodolgical quality

Twao studies were considered to be of intermediate qualicy**-*#
and seven studies were considered to be of high qualicy, 4111508
as shown in Supplementary Table 52 in the online version ar
DOI: 10,1016/ resuscitation. 2016.09.019. No study was excluded
becawse of low methodobogical quality.

Results of meta-analysis

Eight studjes’—=10 14502525 pepprred  quantitative data suit-
able for meta-analysis (Fig. 1). Forest plots were constructed by
combining additional patient data provided by the authors in
four studies® 455 with published results from another four
studies ** 10 10 addition, data were extracted from the figure in
the spudy by Roberts et al.* for the meta-analysis.

Assaciation between PoC0; [evels and survival

St studies reporved hospital survival daa 901209 of
the six studies comparing hypocarbia with normocarbia, three
studies ™! found a significant association between normocarbia
and increased chance of hospital survival bur there was signif-
icant heterogeneity between the six included smudies [12=53%)
S0 a meta-amalysis was not performed (Fig. 2a) There were
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Table 1

Chacacreristics of Included studies.

Study IDjcosery TotalN-  Study years Stady desqgn PaCO; sampl Paco; PaCD; Secondary outcome(s)
woups
Low High Normal
OHCA
Vahersalo 20147 409 2010-2011 Prospective cohort, ADABCsduringficst <30 >45 MsASe30-37.5 MeanPacO;temiles  CPCat 12 months NR
multicentre 24nin XU and time weighted
Finland Intermediate  PaCO; quanes
37545
Helmerhorst 2015 5258 2007-2012 Retrospective cobort,  ABG with warst A5 45 3545 Low vs. normal Hospital mortatity 1CU mortasity
Hofund multicentre oxygenation dusing High vs normal
first 24 in ICU High vs. low
THCA
Wang 20154 550 2006-2012 Retrospective cobort,  Farst ABG after <0 >50  30-50 Mean PaCO; for patients  CPC 1o 2athospital  Hospital survival
Taiwan single centre sustained ROSC with and without discharge
R favourable outcome
Weil 1985 105 N® Case series Farst ABG cae hour NR NR NR Mean Paco; for survivees Hospital survival NR
UsA after ROSC and non-suvivers
Moan 2007 “ 2004-2006 Prospective cohort, First ABG cae howr NE NR NR Mean PaCD; for survivees. Hospital moratity NR
Xorea stogle centre after R0SC and noo-survivers
Schoeider 20131 1652 2000-2011 Retrospective cabost,  ABG with worst as w45 3545 Low vs. normal Hospital morality Haspital @ischarge
malticentre oxygenation destination amcog
fiest 24b in ICU survevors
Australia & New Hggh vs narmal Death or failure to be
Zealana discharged home
Hghvs low
Raberts 2013 193 20092011 Prospective cohort, A ABG's In the tirst 30 =50 <3006 =50 Low vs. normal CPC3oSaubospital  NR
usA stogle centre 24h after ROSC Hgh vs narmal discharge
Both vs. normal
Lee 2014° 213 2008 Retrospective cabost,  ANIABGs between 5 245 3545 Low vs. normal Hospital morality CPC3 105 at hospital
Xorea 2012 single centre ROSC and end of TH High v< normal discharge
Eastwood 2015% 120 2007- 2011 Retrospective cahort,  ABG with warst a5 45 3545 Low vs. normal Classification af Hospital martality
Australia single centre oxygenation duriog High v< normal into POy and  Discharge
fiest 241 in ICU PaC0; categories survivors
ABG =arterial blood gas analysis, CPC= Cerebiral Category, 101 . N/R=Not reported, PacO; ROSC.

Table 2
nadjusted and adjusted cUtcome data extractsd from the inchaded studies by low, high and normal PaCD; {mmHg) exposure graups.

Study 1D

Outcomes] linded s sunvival

and good neurologscal stans at
end o sudy Sodlow up time*

expasune.

Unadjusted outcome data by kow, high and nor mal PaC0; [misHg )
ougs

Adjusied outcome data [OF, S5 C1) by low, high and normal Facoy
(mmHg | expasre groups:

Low High Fiormal Low High Normal
OHCA
Helmerhorss 2015 Hespital surviwal ATINIE THI/1EIN 1159/2288° 072 {0E1-0B5F 081 (0.7, 1057 oo
100 127 (106, 1497
Vashersalo 2014% CPC 1 or 2 at 12 momths T[T 3t a27208" Association benween proportion of time spent in PaCD; group and mcoms
L0008, 101 102 {100, 1.03] Middle 0.99 (0,99, 1.00]
Intermediace 1.00
(0.8, 1.00]
CFC 1 or 2 at hospical discharge 412600 12145 217143 ‘Dverall OR (95% C1) for favourable outcome- 0.58 (095, 0.99)
Haspital survival £3/260" 26{145" 457143 Overall O (95% C1) for favourable utcome- (.58 (0.97, 0.99)
Huspital surveal MR MR N N N[ N
Hispical survival &)14° EES 2[15* NE NER NE
Huspial survival 12203000 82/EHIT 3241 (6705 089 (EL 1007 0594 (L7, 1037 100
100 105 (054, 1181
Discharge home among Ta0) 1200 19152882 210573241 081070, 084] 116 {102, 132] 100
sunvivers 100 143{1.22,169]
Roberts 2013 CPC 1 102 a hospiral discharge 952" e 2660 041018, 0967 045 (021 04T 100
Lee 2014 survival 24j48° niar 115152 040{0.19, 084] 050(0.16, 155F 100
CFC 1 102 a hospital discharge 944" mne 87152 045013, 1557 054 (15481 F 100
Eastwood 20155 Hispical survival Alpha-san Adjusied OR {95 O
pH-s2an for high and normal FaCO; groups wich alpha.stat
T8 25053 FETE High versus normal Normal versus bow
and low FaCDy- 0.43 FaClh- 233 {036,
0111547 16677
Discharge home among EH 453 V[ versus normal Normal versus low
sunvivers ane low PaCD;-5.76 PaCD;- 039 [007,235]
10:85, 351

Abreviarians: CPC=cerehral performance cnegary, OR (955 C1)= odds rafio [95% Confidence interval), N/R = not reported, P00 = partial pressure of arteral carbon dinvide.
* Whese authers have reported hospital morality and CRC scores of 3-5 at hospital discharge we have reported hospital survival and TR scores of 1-2 respectively.

b pata by as PaCiy low [ 45, PaO; nel PaC0; nomsal (3545 mmkg ).

* man 1 paper walues of PacTh PFal; ] and PaCDy; normal {35-45 mskg) to repedt results for good catcome.
# Rexiprocal ORs (95% CIs) for eutcome al fram.

* man from igure e using of FaC0y low (<30mmHg), PacD; high [ ighand PaC0; normal (30
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. c2 e Reference lists: |
R —
i : -
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(ne93)
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qualisative sy =l , overlapping patient cobort
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!

Smdies included in
quangitative synthesis
(meta-snalysis)
(i)

Fig. 1. PRISMA 2009 flow dlagram.

six studies’* 11202524 comparing normocarbia with hypercarbia,
and the meta-analysis found that normocarbia was associated
with increased hospital survival (OR 130, 95% CI 1.23, 1.38;
p=0.001) with moderate heterogeneity (12 =26%) (Fig. 2b). Of the
six studies® * 11202334 raporting comparative data between hyper-
carbia and hypocarbia, only one study’” found a significantly
Improved hospital survival associated with hypocarbia(Fig. 2¢). The
significant b y (12 = 58%) precluded a meta-analysis.

Association between PaCO; and neurological outcomes

Of the four studies included in this comparison, three
studies’*** reported CPC score at hospital discharge and one
reported CPC score at 12 months.’? Two studies’* showed that
normocarbia was more likely than hypocarbia to be associated
with a better neurological recovery (CPC scores 1 or 2) at hospi-
tal discharge. The statistical heterogeneity was too high (P = 78%)
to perform a meta-analysis (Fig. 3a). However, a meta-analysis of
four studies”*'“*' did show that normocarbia was slgulﬂunﬂy

a significant association between hypocarbia and good neurolog-
ical recovery (CPC scores 1 or 2) at hospital discharge, and the
heterogeneity was too high (12 =61%) to perform a meta-analysis
(Fig. 3¢}

Discharge home g Survivors was reported in a large study”®
and in another small study.*” A meta-analysis found the normocar-
bia was associated with a significantly higher chance of discharge
home among survivors compared to hypocarbia (OR 1.25, 95% CI
1.09, 1.43; p=0.001) (Fig 4a), but not for hypercarbia (OR 1.06,
95% C10.96, 1.18; p=0.26) (Fig. 4b). When hypercarbia was directly
compared to hypocarbia, the pooled OR was in favour of hypercar-
bia (OR 1.33,95% C1 1.16, 1.53; p < 0.001) with a higher chance for
patients to be discharged home. The statistical heterogeneity for
this outcome was low (12 = 0%) (Fig. 4¢).

Sensitivity analysis

After excluding the study by Vaahersalo et al.'* which only

associated with an increased chance of good

d CPC at 12 months, normocarbia was still significantly

(CPC scores 1 or 2) than patients with hypercarbia (OR 1.69, 95% CI
1.13,2.51; p=0.01)and the heterogeneity was low (12 = 7%)(Fig 3b).
Data on the comparison between hypercarbia and was
more limited, with only one study** out of four’**2#* showing

assocuud with an increased chance of good neurological outcome
(CPC scores 1 or 2) at hospital discharge than patients with hyper-
carbia (Fig. 5b). A d sensitivity 1| was conducted to
assess whether excluding the different PaCO; cut-points reported
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Fig- 2. Forest plot showing the association of Pacl; groups on hospical survival for patients suffering IHCA* or DHCA' or IHCAJOHCAL 21 Posled OR not provided for

Za ared 2c due o heterogenedty =505

by Roberts er al.” changed the overall conclusions of meta-analysis
for the same sutcome. When we used a Pa00y between 35 and
45 mmHg as cul-points to define normocarbia, normocarbia was
no bonger statistically significantly associated with an increased
chance of survival (OR 142, for hospital survival, 95% O 0.ES,
2328; p=0.14) without significant heterogeneiry(l* = 0%) [ Fig. 6b]L
A planned additional analysis to compare THCA with OHCA was
not possible because the OHCA studies' ™" reported different out-
comes and there was only one THCA study.**

Publicarion bfas

Visual inspection of the funnel plats suggests that there was no
clear publication bias [Supplementary Figs. 51 and 52 in the onling
version at DOI: 10L1016)j resuscitation 2016.09.019)

Discussion

Our systematic review and meta-analysis included 23434
patients with CA and found that PaCD: during the post-
resuscitation phase had a significant association with patient
survival and neurological ourcomes. The U-shaped relationship

berween outcomes from CA and PaC0y was in line with the most
recent resuscitation guidelines that recommend normocarbia as
the target of post-arrest mechanical ventilation, as determined by
regular ABG analysis.” Our results are clinically relevant and requine
further discussson

Mot all studies included in rhis review showed that normocarbia
was beter than hypocarbia or hypercarbia. In the study by East-
wood er al.*" no relationship berween Pa00; and patéent oulcome
was observed. However, the association between PaC0; and patient
centered ouTCome was not the primary aim of the study nor was
the study powered to detect such relationship.

Post-resuscitarion care is an important link in the chain of sur-
vival after CA” The idea that PaC0; levels are important for patient
neurological outcomes is a significant consideration, particularly in
an era of targeted temperature management in which hypocarbia
(or hypercarbia) can occur during the period of post-resuscitation
care if mechanical venrilation is not adjusted regularly to main-
tain normocarbia.' @ Ir is plavsible thar hypocarbia by inducing
cerebral vasoconstriction might cause relative cerebral ischaemia
and worsen neurslogical outconse.” Conversely, hyperaemia xsso-
ciated with hypercarbia might increase vasogenic oedema and
inrracranial pressure, which can worsen neurological oulcome
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Fig. 1 Forest plot showing the assocdation of FaD0: grewps on neurological outoomes using OPC soore 1 or 2 at hospital discharge” " and 12 mohs™ Tor patients sulfering
IHCA Y OHBCA™ o IHCAJOHCA** Poaled OR not provided for 33 and 3¢ due 1o heterogensiny »506

directly.’ 23 It is also possible thar excessive tidal volumes dur-
ing mechanical ventilation after ROSC affects parient outcomes. n
parients with adult respiratory distress syndrome, a RCT showed
that excessive tidal volume [*6mg/kg ideal body weight) is associ-
ared with an increase in mortaling.

This review has several limitatsons. Firstly, while, the patient
PaCOy and outcome data received from four authors®!sH24
enabled us to classify patients with different PaC0; values doross
seven out of eight studies ina much more consistent fashion, the
definition of hypo-, normo- and hypercarbia differed slightly in the
Roberts ef al® sudy so thar the PaC0; groups between studies
are not cornpletely comparable in te meta-analysis of the asso-
ciation of PaC0; and meunslogical sutoome. Exclusion of this study
in the sensitivity analysis for the same outcome resulted in loss of
statistical significance. The results of our mera-analyses were also
influenced by the Schnebder et al.® study wihich accounted for a high
proportion of the pealed results for the owtcomes ‘hospital sundival®
and “discharge home among survivors’.

secondly, significant differences in patient characteistics
berween the included soudses existed, including countries af the
origin of the study, the location of CA (IHCA* versus OHCA'?
versus IHCAJOHCA) 1% the use of therapeutic hypotherma
(ranging from 0.5%* to 100%4 ) and the tdming as well as frequency
of the PaC0y measurement {single® - versus muliiple” ™ versus
selecred ABG analysis) """ Thus, it wias mol surprising that thene
was significant bheterogeneity in some outcomes in this review.
lieniing owr abilicy to draw a definitive conclusion on the optinmal
PaCOyz bewed that clinicians should target for patients after CA

Thirdly, the temporal b ity in ABG sampling times

within and between the incCluded smudies is relevant to the inter-

pretation of the sudy results. In one study,?? ABG measurements
were conducted s early ks rwenty minutes after sustained ROSC
and rhese values may partly represent the physiologic effects of
CA and the prearrest state. Where PaC0; values were obrained
later in the post-arrest perod,’ 4120829 machanical venrila-
tion parameters,” ¢ metabolic rate™ and lung abnormalities®
are likely o be the major deverminants of PaCO; and therefore
reflect a target for ongoing parient management.

Finally, all included soudies were observational studies.
Pulmonary aspiration, ™" cardiogenic and non-cardiogenic pul-
monary sedema’> 37 are known complications of patients with CA,
especially for those with prolonged CA or with poor underlying
myocardial function In patients with these respiratory compli-
cations, it is possible for hypercarbia to occur and hypercarbia
may represent as a confounder for poor owtcome instead of a
causarive step in inducing poor eutcome. Similarly, in patients with
sevene lactic ackdosis due to prodonged CA™ of repeated doses of
adrenaline during cardiopulrmonary resuscitation ™ compensarory
respiratory alkalosis with hypocarbia may ocour and, again, this
muay represent as a confounder for poor owtcome aftes CA. These
and other potential confounders of PaC0y may have influenced the
associarions observed in the meta-analyses.

RCTs assessing different rypes of interventions for patients
with CA have been conducted. 4 Currently there is at least one
pilot study assessing therapeutic hypercapnia after CA (ACTRMN
126120006917 but more adequately-powered RCTs comparing
different PaCO;targets during the post-resuscitation care period
are needed to confirm the possible therapeuric rale of normocarbia
after CA
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Fig.5. Forest plots of y analysis showing the
and 12 manths'* and (b) CRC score of | or 2 at hospital discharge oaldy.” **'.

Conclusion

In conclusion, with the limited data available, maintaining nor-
mocarbia after CA was associated with better patient-centred

o4 10
Favours [Hgh PaC0,] Favours [Nomal Pac |

of high versus normal PaC0; on neurclogical outcomes wsing (2 ) CPC score of | or 2 at haspital discharge’ *+

outcomes compared to either hypo- or hypercarbia, consistent
with the current post-resuscitation guidelines’ recommendations.
Adequately powered RCTs are, however, needed to confirm our

findings.
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Key messages

1. Meta-analysis of observational studies suggests thal normocar-
bia is associated with improved patient outcomes compare o
hypo- or ypercarbia after CA.

2 Different studies used different PaCy cut-points o define nor-
mscarbia, with PaC02 between 35 and 45 mmHg being the
commonest definition for normocarbia

3. Greater uniformity in reporting patient centred outcormes after
CA would assist in valid interpretation of the available evidence.

A4 Randomised controlbed trials are needed to define the best PaCOy
target during the post-resuscitation persod after candiac arrest.
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5.3 Supplemental Tables (Mckenzie et al. Resuscitation 2017 Feb;

111:116-126)*8

Table 5.1  (Table S1) Search strategy (Ovid MEDLINE(R) 1946 to Present with Daily
Update).

Line Number

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

Searches
exp heart arrest/
cardiac arrest.mp.
in-hospital cardiac arrest.mp.
out-of-hospital cardiac arrest.mp.
cardiorespiratory arrest.mp
cardiopulmonary resuscitation.mp.
lor2or3ord4or5or6
exp carbon dioxide/
hypercarbia.mp.
hypocarbia.mp.
normocarbia.mp.
dyscarbia.mp.
hypercapnia.mp.
hypocapnia.mp.
normocapnia.mp.
8or9orl0orllorl2orl3oril4orl5
exp outcomes assessment/
survival.mp.
neurological outcome.mp.
prognosis.mp.
cerebral performance category.mp.
17 or18 or 19 0or 20 or 21
7 and 16 and 22
limit 23 to animals
23 not 24
limit 25 to review articles
25 not 26
limit 27 to case reports

27 not 28

Subject Headings

Heart Arrest

Carbon Dioxide

Outcomes assessment
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30
31
32
33

limit 29 to letter
29 not 30
limit 31 to comment

31 not 32

77



Table 5.2

(Table S2) Newcastle-Ottawa Scale (NOS) risk of bias assessment.

Quality
assessment
criteria
Selection
Truly
representative of

the study cohort

Somewhat
representative of

the study cohort

Selection of the
non-exposed

cohort

Acceptable

CA with ROSC and
ABG analysis

demonstrating

exposure to hypo- or

hypercarbia
CA with ROSC and
ABG analysis

demonstrating

exposure to hypo- or
hypercarbia and any

clinical intervention

that may select

toward better overall

outcome

CA with ROSC and
ABG analysis
demonstrating
exposure to

normocarbia

Weil?®
1985

Moon?*

2007

Schneider?

2013

Roberts?

2013

Lee*

2014

Vaahersalo®?

2014

Eastwood?®

2015

Wang?
2015

Helmerhorst!!

2015

78



Quality Acceptable!” Weil?® Moon?*  Schneider* Roberts> Lee* Vaahersalo'?  Eastwood”® Wang?® Helmerhorst!!
assessment 1985 2007 2013 2013 2014 2014 2015 2015 2015

criteria

Ascertainment of  Secure medical

exposure record

Demonstration Post-ROSC ABG

that outcome of analysis

interest was not * * * * * * * * *

present at start of

study

Comparability

Comparability of Yes

cohorts on the

basis of a * * * * *

validated illness

severity score

Comparability of Yes

the cohorts on

the basis of a

validated

neurological

assessment tool

Outcome
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Quality
assessment

criteria
Assessment of
outcome
Was follow up
long enough for
outcomes to
occur?
Adequacy of
follow up of
cohorts?
Overall quality
score
Overall quality

rating

Acceptable!”

Independent blind
assessment
Assessment of
outcome made at or
after the time of
hospital discharge
Greater than 90%
follow up to the point

of outcome

Weil?®
1985

Inter-

mediate

Moon?*

2007

Inter-

mediate

Schneider?

2013

High

Roberts?

2013

High

Lee

2014

High

Vaahersalo*?

2014

High

Eastwood?® Wang?3
2015 2015
* *
* *
7 7
High High

Helmerhorst!!

2015

High

Abbreviations indicate as follows: ABG; Arterial blood gas, CA; Cardiac arrest, ROSC; Return of spontaneous circulation
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5.4 Supplemental Figures (Mckenzie et al. Resuscitation 2017 Feb;
111:116-126)8

Figure 5.1 (Figure S1) Funnel plot of comparison for PaCO, groups on hospital survival for
patients suffering IHCA2® or OHCA or IHCA/OHCA 342024
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Figure 5.2

for patients suffering IHCA% or OHCA®? or IHCA/OHCA.>*

2,4,23

(Figure S2) Funnel plot of comparison for PaCO, groups on neurological
outcomes using CPC score of 1 or 2 at hospital discharge

and 12 months*?
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5.5 Summary

This systematic review and meta-analysis'® of eight observational cohort
studies®40869.73-76117 included 23,434 patients with cardiac arrest. | found that
targeting normocarbia in the post resuscitation phase was associated with improved
hospital survival and improved neurologic outcomes compared to hypercarbia and
improved rates of discharge home with normocarbia as compared to hypocarbia.*®
The inverted U-shape relationship between PaCO; and survival suggests that there
may be a physiological “sweet spot" that corresponds to best patient-centred
outcomes.'33 In the absence of conclusive clinical data and recognising the potential
harm caused by hypo-and hypercarbia, international guidelines recommend that
normocarbia be targeted during post-resuscitation care.!? The results are clinically

relevant and require further investigation by adequately-powered RCTs.*®

The importance of this inverted U-shape relationship was highlighted by an
accompanying editorial in Resuscitation titled ‘Optimal arterial carbon dioxide
tension following cardiac arrest: Let Goldilocks decide?’ (Thesis Appendix G).*3* This
editorial raised the question as to whether abnormalities in PaCO, are merely
reflective of post-arrest pathophysiology or whether PaCO; is an independent
promotor of secondary injury, with the authors concluding both propositions are
likely true. The editorial also reiterated the limitations identified in the systematic
review including the use of arbitrarily selected cut-points to define PaCO; thresholds
and heterogeneity in the timing and duration of ABG analyses.’** The authors
concluded further studies are required to support the targeted management of
PaCO; during the critical post resuscitation period where the patient is susceptible to

the development of post cardiac arrest syndrome.

In the absence of results from large clinical trials targeting low or high-normal PaCO;
levels after OHCA, | conducted a multicentre retrospective observational cohort
study that aimed to determine the optimal PaCO; cut-points for survival after OHCA.
The strengths and limitations of the studies included in this systematic review,

findings from the meta-analysis and results from other published studies
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investigating the association between physiological parameters and outcomes in
critically ill patients informed the methods of this study. Firstly, | used a four-knot
restricted cubic spline function to allow for the possibility of a non-linear relationship
between PaCO; and outcome. Secondly, | assessed the relative importance of mean
PaCO; to other predictors in explaining the variability in observed hospital mortality
by each predictor’s Chi Square contribution in the multivariable logistic model. This
is consistent with the editorial comment that PaCO, could be an independent
promotor of secondary injury. Thirdly, | avoided the use of arbitrarily selected PaCO;
cut-points by identifying optimal cut-points based on the shape of the spline curve.
Finally, | overcame limitations related to single or selected ABG analysis by using all
ABG results obtained within the first 72 hours of ICU admission. This study is titled
‘Arterial carbon dioxide tension has a non-linear association with survival after out-
of-hospital cardiac arrest: A multicentre observational study’ and the manuscript is

presented in Chapter 6.
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Chapter 6 Arterial Carbon Dioxide Tension

6.1 Overview

In this chapter the findings of the second multicentre retrospective cohort study
included in this thesis are presented. In this study, | hypothesised that normocapnia
within the first 24 hours after OHCA is associated with better patient-centred
outcomes when compared to hypo-or hypercapnia.'® This hypothesis was based on
the findings of my systematic review and meta-analysis that identified an inverted U-
shaped association between PaCO; and survival following adult cardiac arrest.*® It
found improved hospital survival and improved neurologic outcomes with
normocapnia as compared to hypercapnia; and improved rates of discharge home
with normocapnia as compared to hypocapnia.’® The study was also based on the
results of other published studies which have shown a non-linear relationship
between PaCO; and patient survival®® and neurological outcomes!?’ in cardiac arrest

populations.

Titration of mechanical ventilation to achieve a target range of PaCO; has become an
integral component of post resuscitation care.*? Evidence suggests that hypocapnia
causes cerebral vasoconstriction and ischaemic injury while hypercapnia may lead to
cerebral vasodilatation, increased cerebral blood flow and intracranial
hypertension.'313% However, the optimal PaCO, targets during the post-
resuscitation phase have yet to be identified and there may even be a subgroup of
patients who derive benefit from mild hypercapnia.®®*3” The effect of targeted
therapeutic mild hypercapnia after cardiac arrest is currently under investigation in
clinical trials.??>'30 However, it is difficult to imagine that there is clinical equipoise to
randomise adult OHCA patients to other PaCO; levels that are outside the normal

range.
With consideration to the available evidence | conducted a multicentre retrospective

cohort study to determine if PaCO; has a non-linear association with survival after

OHCA.
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The research aim was:

To assess the associations between different levels of PaCO; over the first 24 hours

of ICU admission and survival to hospital discharge, neurological outcome at hospital

discharge and 12-month survival in adult patients with OHCA of non-traumatic

aetiology.

The specific objectives were:

1.

To undertake a retrospective cohort study of all adult patients with OHCA of
medical aetiology, attended by SJ-WA paramedics and who achieved ROSC and
received mechanical ventilation on arrival to a study hospital

To describe the characteristics and patient outcomes for the total cohort
stratified by hospital survival status

To use a four-knot restricted cubic spline function to evaluate the potential for
non-linearity in the relationship between PaCO; and survival

To identify optimal PaCO; cut-points for survival based on the shape of the spline
curve

To employ multivariable logistic regression analyses to assess the association
between mean PaCO; in the first 24-hours of ICU admission and survival to
hospital discharge, neurological outcome at hospital discharge or 12-months
after stepwise forward adjustment for potential confounders and;

To conduct four sensitivity analyses examining whether the mean PaCO; during
the first 48 and 72 hours in ICU after OHCA was associated with survival, if there
was any clustering of mortality with either hypercapnia or hypocapnia within
certain ICUs using Generalised Estimating Equations and if using different PaCO;
cut-points would substantially affect the mortality risk estimates associated with

hypo- or hypercapnia compared to normocapnia.

This Chapter comprises a manuscript that has been published in a peer-reviewed

journal and is inserted as a PDF in the format published by the journal:
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Mckenzie N, Finn J, Dobb G, Bailey P, Arendts G, Celenza A, Fatovich D, Jenkins |, Ball
S, Bray J, Ho KM. Arterial carbon dioxide tension has a non-linear association with
survival after out-of-hospital cardiac arrest: A multicentre observational study.

Resuscitation. 2021 May; 162:82-90.%°

Supplemental material supporting this article is presented prior to the Chapter

summary.

87



6.2
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Introduction

Despite advances in past-resuscitalion cans, hypodic-schemic enosph-
slepatihy remaing 8 cammen cause of death afier out-al-hospitsl cardiac
ames (OHCA).' lsshanic-raperfusian brain injury invobaes & number af
mechaniems, including inadequate cersbral axpgen delivery and
impuained sutcregulation af cerebral Biood Sow ® Canebral caygen delrery
i& dalermirad by cershral Bisod flow, which in tum can be sflscsed by
rumenous Factars inciuding arerial carbon dicdide ergion (PaC0).>

A recent meta-analysic of sight obesratianal studies® " found
that bath high and lew PaCOy levels were assosisted with worss
survival autcomes.'® These findings ane consistent with inbernational
guidelines that a normal PaCOs should be bargeted during past-
resuscitation care.'" ' Data from exising randomized-controbad-
trials targefing different PaCOy, levels in adull patients after cardiac
arest ane gparse,' ™ Most of the observational studies are Emited by
their useaf arbitrary cut-poirts b define an optimal PaC0;. analysis of
PaCO, wsing data from ane single ime paint or aves  Emited pedod of
time, and assuming PaCOs i linearly associated with survival,'”
Anabysis assuming & Enear associalion contradicts the results of a
mmmuyﬁs and two mulli-cemne cohon studies in whech a non-
linmar sssaciation betwesn PaCO:; and patient aulcome was
demonsirated. ™ '

We hypathesised that normocapnia within the first 24 h afer OHCA
i& associaied with & betier chance of survival compared o hypocapnia
or hypercagria, and aimed to determine the aptimal PaCOs cut-poinis
for swnvival ales OHCA.

Methods

Study design and setiing

This: multicesine retrospective cobwart shdy incuded all paferts with OHCA
of norrirsurstc ssiology " tansporied o ore of four adul bedisgy
iniersive cane units {ICUS) ™ in Peh, Westem Ausiralia_ bebwsen Januany
2012 and Decamber 217 In 2017 e Perh melropoltan ansa had a
population 2,06 millon " 52 John Westem Ausirala (SUWA) is the sole
provider of emergency medical services in Westem Austalia, SIMWA
dhedivears 4 sirgle er of road-based parsmedics wha provide advarced il
suppat accandng Yo SMWA Clinical Practice Guidelnes™ based an
recomendations from e Australian Resusctstion Coundl. ™

Diurifg this stuy period, all OHCA patients wha had resusstation
attempled and nol deckared dead at the scene were ransparied 1o the
rearest hospital emengency department”' except patiems with ST-
segment elevation myocardial nfarction wha were ransparisd
direcily to & haspital with the ability 1o perfanm pe rou baneous caronany
intervention.”” When cinically indicaled, patients inilially ransparied
o the ememency depatment of a non-berfiary hospial wens
ranshered o a lediary hospital These palients were defined as
‘indirect’ transpod patiants in his study ™

Participanits

Adult OHCA patients (=18 years) who achieved restaration of
spantaneas circulation (ROSC) and received mechanical ventilation
on arrival o one of the study centres were identifisd fram the SJWA
OHCA registry™ and included in this study (Fg. 1],

Post-resuscitation care

Post-resuscilation care & sandardised across the Tour shudy
hosgitals. AL the time of this study, freatmen included: hemady namic
management 1o maintain an adequate arerial blood pressune;
pratective ventilaton o maintain ate ksl oopgen and carban dicaade
tersion within pormal limits; tamgebed lemperature management
(TTM] including pravention and irealment af yperpyrexia immedate
perculaneous-comnan-imenention for patients who had ST-seg-
mentelevation myocardial infarction; and, use of multiple modalities o
pragnosticate neurological oulcomes = T2-h aler OHCA. ™

Dala sources

Diata wene collected fram the SJWA OHCA registry and from hosgitsl
redical recards. The SAWA OHCA registry containg data an age (in
years), sex (male vs femabs), armest location (public vs home), OHCA
wilress: stats (parsnedc ve bystander vs unsilnessed), bystarder
cardispuimenary resuscitation {yes va na), firsl rhythm as shockable
{yes ve na), emengency medical sanices’ nesponss Bme io aftend the
soens (in minubes), fime (o teriary 1CL admission (in minues) and
trangport |0 study centre stabug (direct v indirect). This infermatian
veis supphernented with data from the medical recards which included
all arterial blood gases (ABG) resulls within e fist 72-h of ICU
admissicn, clinical interventions induding perculaneaus corondary
imenention, mechanical venblation, and TTM, and neurclogical
stabus priar 1o cardiac armest. Survival stabus al 12-months after OHCA
was ascerlained from the death registry.

Oulcome MBasures

The primary oulcome was survival 1o haspital discharge (STHD).
Secondary cubeomes were 12-manth survival and good neursl ogical
outcome al hospital discharge which was defined by Censbral
Peromance Categery scere ™ af 1 (goed cerebral perarmance) or 2
{moderate cerebral disabiity).””

Statistical analyses

Continuous variables ware repanied as means and standard deviation
{80 or medans and inberquartile range (IOR), and calegorcal
wanables as counls and percentages. Differsnces balbwesn groups
wisrs asssssed using the e, Marn- Whithey-U or Kruskasl - Walks
tast for contiruous varables, and Chi-squarns or Fishar's axact best for
caisgorical vanables. We adusted for bislogically plausile predicions
far sundval afer OHCA in mullivariable analysis, inespactive of their
pewatlee in the univariabe snalysss.

Wi used a four-knal restricted cubie spling function™ 1o allow for
the pessbility of a ronlinear relaSanship between PaCOg and
outeame. Oplimal PaC0, cul-points were then identified based an the
shage af the splne curve 1o penarabs comesponding odds ratios [ORE)
using mullivanable logstc regression. We assessed the rekstive
imporance of mean PaCO; lo alber prediclors in explaining the
varabiily in obsarved hospital mortality by each predictar’s Chi
Square conbribution (of incremental irprovemen n the area unders
the receiver-operaling-characlenstic curve) in the mullivarable
logistic maodel.™ Finally, we conducted four sensitivity analyses
examining whether the mean PaCO; during the fist 48 and 72-h in
ICU after OHCA remained associabed with sundval, any clustering af
rortality with either hypencapria ar hypocapnia within cenain ICUs
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Fig. 1 - Flow chart showing the inclusion and exclusion of adult OHCA patients [ 18 years) of non-traumatic aeticlogy
attended by paramedics and transported to a tertiary hospital.

*B84 patients out of 2812 [33.9%) had ROSC on arrival to the first ED.

ABG, arterial blood gases; CPC, cerebral performance category; ED, emergency department; EMS, emergency medical
services; HITH, hospital in the home; ICU, intensive care unit; MV, mechanical ventilation; OHCA, out-of-hospital

cardiac arrest; PaC0;, arterial rk dioxide tension; PCI, p t onary-intervention; STHD, survival to
hospital discharge.
(using Generalised Eslimaling Equations), and whelher using All anakrses wens bwo Sided tests and conducted wsing SPSS far

different cut-points of Pal0; would substanSally affect the martality Wirdows [wersion 24.0, IBM, USA) and 5-PLUS (version 8.2, 2010;
risk estimales associated with hypocapnia or hypercapnia comparned TIBCPF Software Inc., USA), and a p< 0058 was considered
1o normMmocapnia. stafstically significant.
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Ethics approval

Ethics approval was gramted by the Curin University Human
Research Efics Commiltee (HAEC) (HA 188/2014) and sach sludy
haspital's HREC: Foyal Perth Hospital (1:3-044), Sir Charles Gairdner
Hesgital [2012-184), Fremantie Hospital (AR-13-86) and Fiona
Starikey Hospital (2015-091).

Results
Selection of the study population and its characteristics

Betwesn January 2012 and December 2017, SJWA paramedics
atlended B016 patients with non-raumatic OHCA Of these, 3907
{40.606%) had resuscitalion c wd by | dice and 2812
(70.4%) were bansporied bo & hospital emergency depariment

(554 33.9% with ADSC). Of the BT (31.5%) patients who survived
to emergency deparimend discharge, T2B [B2.1%) were admiled
{directly or indinselly) boa tertiany haspital wilh 502 (£9.0°%) 1o the ICU.
Mirse: pattients (1.8%) were axcleded bacause twa were ned venilated
anadmission b ICU, Tour did rathave an ABG within the first Eh of ICU
admission and three had missing PaC0; data. Of the 453 patients
inchuded in this study, 230 [47.1%) sunived 1o hospital dscharge, a
magarity ef iherm (n= 210, 91.09%) with & goed neuralogical culearms;
225 (87%) heapital survivers remained alive at 12-menths (Fig. 1),
Table 1 sumvnansss the characteristics of the study patienls.
Hospital surnivons ware yeunger |57 ve B3 years-eld), mere Besly babe
rrhe (78, 4% va B5.1%4), had bystarder cardiopulmonary resussitation
(T7.5% va B3.2%), veniricular firilistion or lachycardia as the initial
arrest rhythen (B3.6% v 44.1%), and ADSC en arival 1o the first
emergency departmant (33.1% vs TEE%) compansd 1o non-survivers.
With respest 1o in-hospital facters, haspital survivers were mere likely
b have & diagnosis of ST-segment elevation myccardial infarction
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Fig. 2 - All individual arterial carbon dioxide tension
(PaCO;) values within the first 24-h of intensive care
admission after out-of-hospital cardiac arrest, stratified
by hospital survival status.

(27.1% ve 16.9%), received percutanecus corcngry interverttion
within 24-h of OHCA (35.8% vs 22.6%) and TTM in the ICU (B8.4% vs
75.1%) compared to non-Survivers.

The association between mean PaCO, within the first 24 h
and survival

A total of 3769 ABG samples were collected within the first 24-h and
the median number of ABG samples per patient was 7 (IOR 5-10).
Fig. 2 shows individual PaCO, values within the first 24-h of ICU
admission stratified by patients’ hospital survival status. Modeling
the mean PaCO; as a linear predicior had no significant associason
with STHD (p « 0.62) while adjusting for other prediciors of survival
(listedin Table 2) (Supplementary Fig. 1). C ly, after allowing
PaCO; to be associated with STHD in a non-linear and non-
maonatanic fashion, we observed an inverled U-shaped relatianship
between the mean PaCO; and STHD (Fig. 3), with the predicted and
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cubic spline function and centered with the median

value. Dotted lines indicate 95%C1L
Cl, confidence interval.

ochsarved probabiities of STHD closely mabched with sach ather
{Supplementary Fig. 2). The imeerted U-shaped association
between the mean PaC0; and survival 1o 12-months was similar
ta STHD (Fig ).

Visual inspection of the inverted U-shape of relationship between
PaCO; and STHD suggested that the best cul-peints for PaCOg ta
diflerentiste sunival ware <3SmmMg (n=TE), 35-45mmbg
(n=332) and =45mmHg (n=83), in ne Wil how hypocapnia,
rormocapria and hypencapria, respectively, were defined in other
studies =117 Palisnts in the normosapnia group were mans likely to
be rrale, have VEAT as an initial amest dythm, and ROSC on arival
o the firsl emerpency deparment compared to the hypa- and
hypercapnia groups. The dilerences in palient characlesistics
betwean different PaCOs groups are described in Supplementary
Tadle 1.

Mormocapnia (PaCO, 35 -45 mmiHg) was significantly associated
with & higher odd of STHD compared 1o either Fypocapnia (adustsd
odds ratia [#0R] 0.45; 853 CI 0.24- 083} or hypercapaia (a0R 0.45;
95% C1 024 - 0.84) (Table 2). We cbserved & similar result betweaen
PaCO; and survival to 12 months Tor hypocapnia (@0R 0.37
(0,19~ 0.68) and hypercapnia (20R 0.42 0.22 - .79) (Supplemsaniary
Table 2). Mormocapnia was alse significanty associed with a gaod
neurckgical culcome at hospital discharge when compared b hype-
and hypercapnia. [Supplemeantary Fig. 4.

Relative importance of PaCO; on survival compared to other
predictors

Inifial dythen that was shockable, wilnessed arrest, andmean PaCO; in
thefirst 24-h of ICU sdmission were the firee mast imponant predicions:
of survival, explaining 80.5%, 13.6% and 11.7% of the variabiity in
STHD, respectvaly (Fig. 4). We noted that PaCD; was also mane
important than mean aerial oo gen terson within the first 24-h (which
enplained 5.2% of the vardabilty in STHD).

Sensilivity analysis

When compared o nammacagni, both hypocagnia (a0 0.44; 85% CI
0.24-0.79) and hypercapria (20R 0.31; 95% Cl 0.14-0.67) within
the first 48-h were assocaled with a reduced odd of Sunsival
(Supplementary Table 3} ®his resull remained similar when
hypocapnia (a0 0.44; 95% CI 0.24-0.800 and hypercapnia (aOR
0.28; 95% Cl 0.13-0.62) within the first 72-h were assessed
(Supplementary Table 4). Using slghtly diferent cut-poinks far PaCOz
did nod significantly change the add of STHD for those with hypocapnia
{=3ImmHg: a0R 0.42; 95% Cl 019-096) or hypercapnia
{=4BmmHg: a0A 0.29; 96% CI 0.18-0.72) compared b nanme-
capnia (33 -48mmHg). Similary, adjusting for cerre-efact did nat
changs the add of STHD for those with hypocapnia (200 0.45;95% C|
0.24-0.82) o hypencaphia (a0R 0.45; 95% C1 0.25-0.82) cormpaned
b NEIMOCApnia.

Discussion

This multicarre cohort study lound that narmacapnia during the st
24-h al ICL) admission was associated with & significantly higher odd
of sunvival compared to hypocapnia (<35mmHg) or hypercapnia
{=-4GmmHg), and was the third mos! irpedant prediclor of OHCA
survival, These results are clinically relevard and reguire carsful
cansideration.

Our findings are consishent with & recent meta-analysis of eight
aobservational shedies meleding 23,434 patients. = which the
refationship babweaen PaCOs; and survival and neuralogical outcome
after cardias armes i found bo be in a U-shape and thal normocapnia
(35 45mmHg) is assccisted with improved palient outcames
campared ta hype- or hypercapnia in the postresuscitalion phase. '
Thiy arealse i line with inbarnaticnal quidalines for post-rasussitation
cane that recommend profective lung venlilaon targeting nonmo-
capnia by manitoring end-tidal catboen dicxide and ABG analyses, '™

The exssting obsercational sludies that were used to nform
imematonal guideines for post-resuscitation care afler cardiac
amest have methodological Bmitations. These indude a lack af
sanal ABG analysas within the first 24-h of ICU admission, with
some sludies mporting results from using a snghe™" 01122
measurement or af best only a limiled nwember of ABG
analyses ™77 For example, based on the resulls of a single
ABG [with worsl caygenation data) during the first 24-h in ICU
admission, Helmerhorst et al.,” described a curvilnear ralationship
betwesn PaCO,; and survival afier OHCA. Previous Studies are
alss limited by using differenl, afban arbitary, PaCO; cul-painks 1o
define normocapnia (from =30 mmHg* 7% o <E0 mmHg""),
making it difficull for clinicians to decde e optimal PaCO; range
far OHCA patents.’” Obsenational studies examining  the
associaion betwesn PaCO, and survival afler OHCA  are
lirmited, """ bt sugpest that hypocapria in he post-ROSC
period & associsted with worse palient culcomes compared io
nomocapnia. As for hypercapnia, MoGuigan o al™ found that
hypercapnia was assacisled with a lower hospilal monality
campared 16 rormocaphia,™ bul ths study caly used data Tredm
& single ABG associated with the lowest Pal, in the fist 24-h of
ICU admission. Surely, & sngle Pal0; measurement would nal
fully caphsre the polential impact of PaCO; on the brain during the
wulnerable period after OHCA. Chnicians might also have aliered
the wertilafion subseguently without repeating ABG analyses,
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polentially indwcing classification erors in debamining whether a
patient has been (mostly) exposed 1o hypocapnia, normocapnia or
hypercapnia. Another mportant limitation in some existing stedies
i that they analyzed PaC0; &= a linear predichor and as expecied,
hese studies did not confirm the imponance of nomocapnia similar
o our resulls when non-linearty of Pal0; was nol allvwed
(Supplementary Fig. 1).

By s ing alf seral measur af PaCO; (ower up o
72h) and allewing PalD; to be modebed as a narlinear
cantinuous predictor (Fig. 2], our resulls suggest thal maintaining
PaCOy within the 35-45mmHg range may have an imporiant
influence on patient culcame. Our resulls provide another piece af
robusl evidence to support the lalest resusctation guidelines that
mantaining nomocapnia (3545 mmHg) after OHCA is impartant
o palient survival with a good neurclogical oulcoms. Because
PaCD; can be tirabed relatively sasly by varging the venllaior
saltings, mainiaining nomosapnia polentially represants ane of the
matl important therapies 1o oplimize e survival of paisnts afler
OHCA

Study strengihe and limitations

This mulli-centre cohort induded all adult OHCA patierts fransporied
16 Tour adull tediary hospitals in Perih over six years with exiensive
data on PaC0y; results up b 72-h aher ICU admission (Supplementary
Tables 3 and 4), making our resulls mare representative of the tue
expasure o PaDD; during the critical post-ROSC me perod. We
were also able b adjust for bath pre-haspital and in-hospilal vanables
thial miary impact sunival, and allowed PaCi0, to vary non-linsarly with
Survival.

Our study has Emilstions. Firsl, this was a rerospeclive
abservational stedy and we do not assert causality. It i possible
thal patisnts with hypo or hypercapnia had a greater sewerity of
lress leading 1o the association with increased mortality.™ Two
recent @mall randomized-conbrolled-trials have examined the
relatianship batwean PaC0; and ouleeme afer DHCA:'™"° thess
studies were, however, mited by their small sample size and anly
used biomarkers as an culcome. The Targeled Tharapeulic Mild
Hypercapnia aler Reswscitated Cardiac Arrest [TAME) study™ is a
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phase |l cinical thal aiming to determine whether targeied
therapeutic mild hypercapnia (PaCO, 50-55mmHg) far 24k
fallawing randomization would improve nesrlogical oulcome at
& months compared bo standard care (PaCO; 35 -45mmig) for
adull OHCA patients. This study is estimabed b complete in
December 2022,

Second, & propodion of OHCA patients who sunived their
emergency department stay (17.8%) were not iransfermed 1o a beriary
haspital and wene nol incuded in our sludy. Bacause most of these
patients did nolrequins eriary inbensive cane therspy, excluding thess
patients was logical and wauld nol have allered owr resulls. Third,
protocals for pest-resuscitation cane varied between Sthedy centres in
the liming and freguency of ABG analyses and the berpensiune target
for TTM. While the eMects of hypothermia on PaCO; have not been
dirsctly considered, all siles used pralective ventilation strabagies.
Fourth, it i unclear whether the ABGS wens corrected to the patient’s
bady temnperatune (pH-stal) ar nat (alpha-stat) andthis may have hada
small ifpad on the paients PaCO; grouping. Finally, we have na
infarmation an PaCO,; befone ICL) admission.

Conclusions

Compared 1o hypocapria (<35 mmkg) and ypercapnia (=45
ramibg), nammosapnia (35 - 45mmHg) within the firl 24-h of ICU
admission afler OHCA was associaled wilh & significantly greater
chance of survival bo hospital discharge and at 12 manths. Cur resulls
supparl the exsing ntemational guidelines, and have impartant
implications on baw OHCA patisnts should be managed within e rst
24k alter ICU admissicn,
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6.3 Supplemental Tables (Mckenzie et al. Resuscitation. 2021, May;
162:82-90)*°

Table 6.1  (Supplemental Table 1) Characteristics of out-of-hospital cardiac arrest patients
of non-traumatic etiology stratified by the mean PaCO; within the first 24-hours
of ICU admission.

Hypocapnia Normocapnia Hypercapnia p-values
(<35 mmHg) (35-45 mmHg) (>45 mmHg)
n=78 (15.8%) n=332 (67.3%) n=83 (16.8%)
Mean PaCO,, mmHg 323 39.7 51.1 <0.001
Age, median (IQR) in 65 (53-73) 58 (47-70) 60 (49-69) 0.2700.
years
Sex, no. (%):-
Male 44 (56.4) 246 (74.1) 62 (74.7) 0.01
Female 34 (43.6) 86 (25.9) 21 (25.3)
Pre-arrest CPC score,
no. (%):-
CPC1or2 78 (100%) 327 (98.5) 82 (98.8) 0.83
CPC3 0 (0%) 5 (1.5) 1(1.2)
Witnessed arrest, no.
(%):-
Paramedic 8(10.3) 20 (6.0) 15 (18.1) 0.01
Bystander 35 (44.9) 165 (49.7) 34 (41)
Unwitnessed 35 (44.9) 147 (44.3) 34 (41)
Bystander CPR, no. 50 (64.1) 246 (74.1) 49 (59.0) 0.01
(%)
Initial arrest rhythm,
no. (%):-
VF/VT 44 (56.4) 225 (67.8) 40 (48.2) 0.001
PEA/Asystole'® 32 (41.0) 101 (30.4) 43 (51.8)
EMS response time, 8 (6-10) 8 (6-10) 9(7-12) 0.01
median (IQR) in
minutes®
Time to arrive the 47 (37-56) 46 (38-52) 48 (40-59) 0.02
first ED, median (1QR)
in minutes'
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(%)

Hypocapnia Normocapnia Hypercapnia p-values
(<35 mmHg) (35-45 mmHg) (>45 mmHg)
n=78 (15.8%) n=332 (67.3%) n=83 (16.8%)
Time to arrive the 236 (182-278) 224 (176-285) 237 (172-292) 0.99
tertiary ICU, median
(1QR) in minutes'¥
Direct transport 214 (171-267) 213 (165-260) 205 (157-270) 0.79
patients (n=367)
Indirect transport 268 (243-331) 288 (244-350) 296 (242-343) 0.55
patients (n=124)
ROSC on arrival to the 60 (76.9) 292 (88.0) 64 (77.1) 0.01
first ED, no. (%)
Diagnosis of ACS at 18 (23.1) 117 (35.2) 20(24.1) 0.02
ED, no. (%)
Diagnosis of STEMI at 12 (15.4) 82 (24.7) 13 (15.7) 0.40
ED, no. (%)
PCI (<24-hours), no. 16 (20.5) 110(33.1) 16 (19.3) 0.58
(%)(e)
Duration of ICU stay, 2 (1-4) 3 (1-5) 1(1-5)
median (IQR) in days
TTM in ICU, no. (%) 60 (76.9) 284 (85.5) 57 (68.7) 0.001
Inotropes in ICU, no. 67 (85.9) 285 (85.8) 76 (91.6) 0.38

Data are presented as mean (standard deviation - SD), median (interquartile range - IQR) or count

)
)

e

(percentage)

(a) Includes 8 patients where ‘Initial arrest rhythm’ is unknown
(b) Time interval from EMS call to arrival on scene

(c) Time interval from EMS call to arrival at first ED

(d Time interval from EMS call to arrival at a tertiary hospital ICU
(

Time interval from EMS call to arrival in CCL

Abbreviations indicate as follows: ACS; Acute coronary syndrome, CCL; Cardiac catheterization

laboratory, CPC, Cerebral Performance Category, CPR; Cardiopulmonary resuscitation, ED;
Emergency department, EMS; Emergency medical services; ICU, Intensive care unit, PCI;

Percutaneous Coronary Intervention, PEA; Pulseless electrical activity, ROSC; Return of spontaneous

circulation, STEMI; ST-elevation myocardial infarction, STHD; Survival to hospital discharge, TTM;

Targeted temperature management, VF; Ventricular fibrillation; VT; Ventricular tachycardia.
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Table 6.2  (Supplemental Table 2) Forward stepwise logistic regression assessing the
associations between the mean arterial carbon dioxide tension (PaCO;) within
the first 24 hours of admission to the intensive care unit (ICU) — grouped as (a)
normocapnia (35-45mmHg, n=332), (b) hypocapnia (<35mmHg, n=78) and (c)

hypercapnia (>45mmHg, n=83) — after out of hospital cardiac arrest and survival

to hospital discharge or 12 months (N=493).

(c) hypercapnia

0.37 (0.22-0.62)

Confounders used for | Mean PaCO, tension within OR (95%Cl) OR (95%Cl)
adjustment the first 24 hours after for survival for survival
cardiac arrest in relation to to hospital to 12 months
survival discharge (n=225, 45.6%)
(n=232, 47.0%)
None (a) normocapnia 1 (reference) 1 (reference)
(b) hypocapnia 0.42 (0.25-0.71) 0.36 (0.21-0.62)
(c) hypercapnia 0.39 (0.23-0.64) 0.35(0.21-0.59)
Age (a) normocapnia 1 1
(b) hypocapnia 0.44 (0.26-0.74) 0.38 (0.22-0.64)
(c) hypercapnia 0.38 (0.23-0.64) 0.35(0.21-0.59)
Age & sex (a) normocapnia 1 1
(b) hypocapnia 0.49 (0.29-0.83) 0.42 (0.24-0.72)

0.34 (0.20-0.57)

Age, sex, & witnessed

arrest

(a) normocapnia
(b) hypocapnia
(c) hypercapnia

1
0.48 (0.28-0.82)
0.35 (0.20-0.59)

1
0.41 (0.24-0.72)
0.32 (0.19-0.56)

Age, sex, witnessed
arrest, & bystander

CPR

(a) normocapnia
(b) hypocapnia
(c) hypercapnia

1
0.49 (0.28-0.84)
0.36 (0.21-0.61)

1
0.42 (0.24-0.61)
0.33 (0.19-0.57)

Age, sex, witnessed
arrest, bystander CPR
&
shockable first rhythm

(a) normocapnia
(b) hypocapnia
(c) hypercapnia

1
0.48 (0.27-0.86)
0.41 (0.23-0.75)

1
0.40 (0.22-0.73)
0.38 (0.20-0.69)

Age, sex, witnessed
arrest, bystander CPR,
shockable first rhythm,

& EMS response time

(a) normocapnia
(b) hypocapnia
(c) hypercapnia

1
0.49 (0.27-0.88)
0.426 (0.23-0.78)

1
0.41 (0.22-0.75)
0.39 (0.21-0.72)

Age, sex, witnessed
arrest, bystander CPR,
shockable first rhythm,
EMS response time, &

time between EMS

(@) normocapnia
(b) hypocapnia
(c) hypercapnia

1
0.48 (0.26-0.86)
0.42 (0.23-0.77)

1
0.40 (0.22-0.72)
0.38 (0.21-0.71)
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Confounders used for

adjustment

Mean PaCO, tension within
the first 24 hours after
cardiac arrest in relation to

survival

OR (95%Cl)

for survival
to hospital
discharge

(n=232, 47.0%)

OR (95%Cl)
for survival
to 12 months

(n=225, 45.6%)

attendance and

tertiary ICU admission

Age, sex, witnessed
arrest, bystander CPR,
shockable first rhythm,

EMS response time,

time between EMS

attendance and
tertiary ICU admission

& pre-cardiac arrest

CPC score

(a) normocapnia
(b) hypocapnia
(c) hypercapnia

1
0.46 (0.25-0.83)
0.41 (0.23-0.75)

1
0.38 (0.21-0.70)
0.37 (0.20-0.69)

Age, sex, witnessed
arrest, bystander CPR,
shockable first rhythm,

EMS response time,

time between EMS

attendance and
tertiary ICU admission,
pre-cardiac arrest CPC

score & STEMI

(a) normocapnia
(b) hypocapnia
(c) hypercapnia

1
0.46 (0.25-0.83)
0.41 (0.23-0.76)

1
0.38 (0.21-0.71)
0.38 (0.20-0.70)

Age, sex, witnessed
arrest, bystander CPR,
shockable first rhythm,

EMS response time,

time between EMS

attendance and
tertiary ICU admission,
pre-cardiac arrest CPC

score, STEMI & PCI

(@) normocapnia
(b) hypocapnia
(c) hypercapnia

1
0.46 (0.25-0.83)
0.41 (0.22-0.75)

1
0.38 (0.20-0.70)
0.37 (0.20-0.69)

*Final fully adjusted
multivariable model:
Age, sex, witnessed

arrest, bystander CPR,

(a) normocapnia
(b) hypocapnia
(c) hypercapnia

1
0.45 (0.24-0.83)
0.45 (0.24-0.84)

1
0.37 (0.19-0.69)
0.42 (0.22-0.79)
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Confounders used for

adjustment

Mean PaCO, tension within

ca

the first 24 hours after
rdiac arrest in relation to

survival

OR (95%Cl)

for survival
to hospital
discharge

(n=232, 47.0%)

OR (95%Cl)
for survival
to 12 months

(n=225, 45.6%)

shockable first rhythm,
EMS response time,
time between EMS
attendance and
tertiary ICU admission,
pre-cardiac arrest CPC
score, STEMI, PCl &
mean Pa0; within the

first 24 hours in ICU

(i)

age
sex (female)
witness arrest:
paramedic witnessed vs
unwitnessed
bystander witnessed vs
unwitnessed
bystander CPR
shockable first rhythm
EMS response time
(per min increment)
time between EMS
attendance and
tertiary ICU admission
good pre-cardiac arrest
CPC score
STEMI
PCI
Mean PaO, within the
first 24 hours:-
mild to moderate
hyperoxemic (100-
180mmHg) as the

reference

0.98 (0.96-0.99)
0.63 (0.38-1.05)

6.05 (2.36-15.48)

0.86 (0.54-1.36)

1.94 (1.10-3.40)

7.21(4.25-12.24)

0.93 (0.87-0.99)

0.99 (0.99-1.00)

5.92 (0.51-68.45)

1.14 (0.61-2.15)
0.80 (0.45-1.43)

0.54 (0.32-0.92)

0.98 (0.96-0.99)
0.60 (0.36-1.00)

6.32 (2.40-
16.61)

0.90 (0.56-1.44)

2.24 (1.25-4.02)

7.94 (4.60-

13.72)

0.92 (0.86-0.98)

0.99 (0.99-1.00)

6.04 (0.50-
73.52)

1.33 (0.70-2.51)
0.70 (0.39-1.27)
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Confounders used for | Mean PaCO, tension within OR (95%Cl) OR (95%Cl)

adjustment the first 24 hours after for survival for survival
cardiac arrest in relation to to hospital to 12 months
survival discharge (n=225, 45.6%)

(n=232, 47.0%)

(ii) hypo or
normoxemic 0.75 (0.42-1.34)
(<100mmHg) 0.49 (0.28-0.84)

(iii) severe
hyperoxemic 0.75 (0.41-1.36)
(>180mmHg)

*The Hosmer-Lemeshow Chi-Square and Nagelkerke R? for the final fully adjusted model for survival
to hospital discharge were 11.57 (p=0.17) and 0.36, respectively. The Hosmer-Lemeshow Chi-Square
and Nagelkerke R? for the final fully adjusted model for survival to 12 months were 5.09 (p=0.75) and
0.40,

Abbreviations indicate as follows: Cl; Confidence interval, CPC; Cerebral Performance Category, CPR;
Cardiopulmonary resuscitation, EMS; Emergency medical services, PCl; Percutaneous coronary
intervention, STEMI; ST-segment elevation myocardial infarction, OR; Odds ratio, PaCO,; Arterial

carbon dioxide oxygen tension, PaO,; Arterial oxygen tension.

Normocapnia (35-45mmHg) was used as the reference group.
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Table 6.3

(Supplemental Table 3) Final multivariable logistic regression assessing the

associations between the mean arterial carbon dioxide tension (PaCO;) within
the first 48 hours of admission to the intensive care unit (ICU) — grouped as (a)
normocapnia (35-45mmHg, n=348), (b) hypocapnia (<35mmHg, n=81) and (c)
hypercapnia (>45mmHg, n=63) — after out of hospital cardiac arrest and survival
to hospital discharge or 12 months (N=492).

Predictors*®

OR (95%Cl)
for survival
to hospital discharge
(n=231, 47.0%)

OR (95%Cl)
for survival
to 12 months
(n=224, 45.5%)

()
(i)
(iii)

Mean PaCO; tension within the
first 48 hours after cardiac arrest

in relation to survival

normocapnia
hypocapnia

hypercapnia

1
0.44 (0.24-0.79)
0.31 (0.14-0.67)

1
0.40 (0.22-0.74)
0.26 (0.11-0.58)

(i)

age
sex (female)
witness arrest:
paramedic witnessed vs
unwitnessed
bystander witnessed vs
unwitnessed
bystander CPR
shockable first rhythm
EMS response time (per min
increment)
time between EMS
attendance and tertiary ICU
admission
good pre-cardiac arrest CPC
score
STEMI
PCl
mean Pa0; groups within the
first 48hrs:
mild to moderate

hyperoxemic (100-

0.98 (0.96-0.99)
0.62 (0.37-1.03)

5.73 (2.23-14.73)

0.80 (0.50-1.27)

1.76 (1-3.12)

7.12 (4.17-12.17)

0.93 (0.88-1)

0.99 (0.99-1.00)

6.15 (0.49-77.48)

1.10 (0.59-2.07)
0.92 (0.51-1.65)

0.98 (0.96-0.99)
0.58 (0.34-0.98)

5.91 (2.24-15.60)

0.84 (0.52-1.35)

2.02 (1.13-3.64)

7.82 (4.50-13.58)

0.93 (0.87-0.99)

0.99 (0.99-1.00)

6.25 (0.47-83.46)

1.28 (0.67-2.42)
0.82 (0.45-1.49)
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Predictors*

OR (95%Cl)
for survival
to hospital discharge
(n=231, 47.0%)

OR (95%Cl)
for survival
to 12 months

(n=224, 45.5%)

180mmHg) as the

reference

(ii) hypo or normoxemic
(<100mmHg)

(iii) severe hyperoxemic
(>180mmHg)

0.64 (0.35-1.03)

0.32(0.11-0.93)

0.63 (0.39-1.04)

0.36 (0.12-1.07)

*The Hosmer-Lemeshow Chi-Square and Nagelkerke R? for the final fully adjusted model for survival
to hospital discharge were 12.22 (p=0.14) and 0.38, respectively. The Hosmer-Lemeshow Chi-Square
and Nagelkerke R? for the final fully adjusted model for survival to 12 months were 17.61 (p=0.02) and

0.41, respectively.

Abbreviations indicate as follows: Cl; Confidence interval, CPC; Cerebral Performance Category, CPR;
Cardiopulmonary resuscitation, EMS, Emergency medical services, PCl; Percutaneous coronary
intervention, STEMI; ST-segment elevation myocardial infarction, OR; Odds ratio, PaCO,; Arterial
carbon dioxide tension, Pa0O,; Arterial oxygen tension.

Normocapnia (35-45mmHg) was used as the reference group.
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Table 6.4  (Supplemental Table 4) Final multivariable logistic regression assessing the
associations between the mean arterial carbon dioxide tension (PaCO;) within
the first 72 hours of admission to the intensive care unit (ICU) — grouped as (a)
normocapnia (35-45mmHg, n=348), (b) hypocapnia (<35mmHg, n=156) and (c)
hypercapnia (>45mmHg, n=28) — after out of hospital cardiac arrest and survival
to hospital discharge or 12 months (N=492).

Predictors*®

OR (95%Cl)
for survival
to hospital discharge

(n=231, 47.0%)

OR (95%Cl)
for survival
to 12 months

(n=224, 45.5%)

Mean PaCO; tension within the
first 72 hours after cardiac
arrest in relation to survival

(&) normocapnia

(b) hypocapnia

(¢) hypercapnia

1
0.44 (0.24-0.80)
0.28 (0.13-0.62)

1
0.41 (0.22-0.75)
0.24 (0.11-0.54)

- age

- sex (female)

- witness arrest:

paramedic witnessed vs
unwitnessed
bystander witnessed vs
unwitnessed

- bystander CPR

- shockable first rhythm

- EMS response time (per
min increment)

- time between EMS
attendance and tertiary ICU
admission

- good pre-cardiac arrest CPC
score

- STEMI

- PC

- mean Pa0; within the first
72 hours:-

(i) mild to moderate

hyperoxemic (100-

0.98 (0.96-0.99)
0.61 (0.37-1.02)

6.04 (2.33-15.71)

0.80 (0.50-1.27)

1.77 (1-3.12)

7.08 (4.15-12.11)

0.93 (0.87-0.99)

0.99 (0.99-1.00)

6.15 (0.49-77.48)

1.08 (0.57-2.04)
0.90 (0.50-1.62)

0.98 (0.96-0.99)
0.58 (0.34-0.97)

6.12 (2.31-16.50)

0.84 (0.52-1.35

2.02 (1.13-3.64)

7.81 (4.49-13.57)

0.92 (0.87-0.99)

0.99 (0.99-1.00)

6.6 (0.48-89.61)

1.25 (0.66-2.37)
0.81 (0.45-1.46)
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Predictors* OR (95%Cl)
for survival
to hospital discharge
(n=231, 47.0%)

OR (95%Cl)
for survival
to 12 months

(n=224, 45.5%)

180mmHg) as the 0.74 (0.46-1.19)
reference
(ii) hypo or normoxemic 0.21 (0.06-0.71)
(<100mmHg)

(iii) severe hyperoxemic

(>180mmHg)

0.75(0.46-1.22)

0.24 (0.07-0.81)

*The Hosmer-Lemeshow Chi-Square and Nagelkerke R? for the final fully adjusted model for survival
to hospital discharge were 16.64 (p=0.03) and 0.38, respectively. The Hosmer-Lemeshow Chi-Square
and Nagelkerke R? for the final fully adjusted model for survival to 12 months were 15.21 (p=0.06) and

0.41, respectively.

Abbreviations indicate as follows: Cl; Confidence interval, CPC; Cerebral Performance Category, CPR;
Cardiopulmonary resuscitation, EMS, Emergency medical services, PCl; Percutaneous coronary
intervention, STEMI; ST-segment elevation myocardial infarction, OR; Odds ratio, PaCO,; Arterial

carbon dioxide tension; PaO,; Arterial oxygen tension.

Normocapnia (35-45mmHg) was used as the reference group.
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6.4 Supplemental Figures (Mckenzie et al. Resuscitation. 2021. May;
162:82-90)*°

Figure 6.1 (Supplemental Figure 1) A lack of significant relationship between mean arterial
carbon dioxide tension (PaCO,) within the first 24-hours of intensive care
admission and the odds of survival to hospital discharge when non-linearity of
the effect of PaCO, on survival was not considered, while adjusting for all
covariates described in Table 2. Dotted lines indicate 95% confidence interval.
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Figure 6.2 (Supplemental Figure 2) Calibration of the multivariable model (by comparing
predicted and observed probability of survival to hospital discharge).
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A 4-knot restricted cubic spline function was used for the mean arterial carbon dioxide (PaC0O2) and
oxygen tension (Pa02) within the first 24-hours of intensive care admission after out of hospital
cardiac arrest, adjusting for all covariates listed in Table 2. The bias-corrected (continuous) line was
derived from 200 bootstrapping repetitions to adjust for bias from overfitting. The distribution of the
predicted probability of survival to hospital discharge of all patient is defined by the density of data
points on the top of the graph.

Listed below are:

(1) Indexes of this multivariable model, including both original, training and testing sets.

(2) P value associated with each predictor in the multivariable model including the non-linear
components of PaO; and PaCO..
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(1) Indexes of this multivariable model, including both original, training and testing sets.

Index

corrected

Dxy

RZ

Intercept

Slope

Emax

Original set

Training set

Test set

0.647591973

0.392066543

0.000000000

1.000000000

0.000000000

0.345648304

-0.004081633

0.349729936

0.169787912

0.675893650

0.427037029

0.000000000

1.000000000

0.000000000

0.384317192

-0.004081633

0.388398825

0.162398679

0.61817324

0.34201783

0.00453844

0.80369288

0.04949272

0.29422423

0.01390715

0.28031708

0.17794756

Optimism Index-

0.05772041 0.58987157
0.08501920 0.30704734
-0.00453844 0.00453844
0.19630712 0.80369288
0.04949272 0.04949272
0.09009297 0.25555534
-0.01798878 0.01390715
0.10808175 0.24164819
-0.01554888 0.18533679

NB: Dxy is the difference between concordance and discordance probabilities; R? is the Nagelkerke R?;

intercept reflects the systematic bias of the model; slope reflects whether the predicted risks of the

model match the observed risks across the full spectrum of the observed risks; Emax is the maximum
absolute error in predicted probability; indexes of unreliability (U), discrimination (D) and overall
quality (Q=D-U) are derived from likelihood ratio tests. B is the Brier’s index.
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(2) P value associated with each predictor in the multivariable model including the non-
linear components of PaO, and PaCO..

Predictors Chi-Square Degree of P value
Freedom

1. Shockable rhythm 55.87 2 <0.0001
2. Witnessed 16.53 2 0.0003
3. Mean PaCO; over the 15.53 (total) 3 0.0014
first 24 hours:-

15.53 (nonlinear component) 2 0.0004
4. Age 7.63 1 0.0057
5. Mean PaO; over the 8.60 (total) 3 0.0350
first 24hrs:-

8.58 (nonlinear component) 2 0.0137
6. Emergency medical 5.97 1 0.0146
services response time
7. Bystander CPR 5.05 1 0.0247
8. Sex 2.89 1 0.0891
9. Emergency medical 2.79 1 0.0948
services arrival to ICU
time
10. Pre-arrest Cerebral 2.90 2 0.2346
Performance Category
11. Percutaneous 0.20 1 0.6537
coronary intervention
within the first 24 hours
12. ST-segment elevation 0.09 1 0.7632
myocardial infarction
TOTAL NON-LINEAR 24.41 4 0.0001
COMPONENT
TOTAL 106.70 19 <0.0001
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Figure 6.3  (Supplemental Figure 3) An inverted-U shape relationship between mean
arterial carbon dioxide tension (PaCO;) within the first 24-hours of intensive care
admission and the odds of survival to 12 months when the non-linear effect of
PaCO; on survival was considered using a 4-knot restricted cubic spline function,
while adjusting for all covariates described in Table 2. Dotted lines indicate 95%
confidence interval.

log odds

30 40 50 60 70
Mean F'aCDzw'rthin the first 24 hours (mmHg)
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Figure 6.4 (Supplemental Figure 4) An inverted-U shape relationship between mean
arterial carbon dioxide tension (PaCO;) within the first 24-hours of intensive care
admission and the odds of survival with a good Cerebral Performance Category
(CPC) at hospital discharge when non-linear effect of PaCO, was considered
using a 4-knot restricted cubic spline function, while adjusting for all covariates
described in Table 6.2. Dotted line indicates 95% confidence interval.

log odds
a5

=1.0

<1.5

=20

I : I I . T I
30 40 50 60 70

Mean PaC 0, within the first 24 hours (mmHg)
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6.5 Summary

In this study, | investigated whether PaCO; has a non-linear association with survival
after adult OHCA of non-traumatic aetiology.® | found that the relationship between
PaCO; and survival is indeed non-linear (inverted U-shape) and normocapnia within
the first 24-hours of ICU admission is associated with improved survival when
compared to patients with hypocapnia (<35 mmHg) or hypercapnia (>45 mmHg).*°
Further, mean PaCO; in the first 24 hours of ICU admission was the third most
important predictor of survival, explaining 11.7% in the variability in survival to
hospital discharge after OHCA.*® My findings of improved patient outcomes are
consistent with the results of other published studies reporting a non-linear
relationship between PaCO; and patient outcomes®¥'” and in line with international
guideline recommendations that ABG samples are monitored and normocapnia be
targeted during post-resuscitation care.’? As abnormalities in PaCO, are common
after OHCA®*7113% and manipulation of PaCO; is relatively easy to achieve with
mechanical ventilation,®#13° these results have important clinical implications and

require further consideration in RCTs.

The monitoring of physiological parameters and titration of medical therapies to
achieve physiological target thresholds for treatment is standard practice in the
ICU.133 Pa0O, can be manipulated through the titration of inspired oxygen
concentration (FiO2) and positive end expiratory pressure. PaCO; can be manipulated
through the titration of tidal volume, applied inspiratory pressure or respiratory
rate.!33 RCTs investigating whether titration of PaO, or PaCO3 to achieve a target level
is associated with significant benefits with respect to outcome in critically ill patients
remain the gold standard, but results are lacking. In the absence of results from RCTs
and with consideration to the findings presented in systematic review and meta-
analyses it is reasonable to hypothesise that a U-shaped curve describes the
association between Pa0,% and PaC0O,*® and patient centred outcomes after OHCA.
Although wide reaching conclusions cannot be drawn from these analyses, until
results from large RCTs are made available the current recommendation to target

normocapnia makes physiological sense.
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In the next chapter, | present the findings of the third multicentre retrospective
cohort study included in this thesis. This is titled ‘Non-linear association between
arterial oxygen tension and survival after out-of-hospital cardiac arrest: A

multicentre observational study’.
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Chapter 7  Arterial Oxygen Tension

7.1 Overview

In this chapter, | present the findings of the third multicentre retrospective cohort
study included in this thesis. The aim of this study was to determine if a non-linear
relationship exists between Pa0O; and survival and neurological outcome in adult
patients with OHCA of medical aetiology. | hypothesised that abnormalities in mean
Pa0; (both high and low) in the first 24 hours of ICU admission would be associated
with worse patient outcomes when compared to an intermediate level of PaO;. This
hypothesis was based on international guidelines that recommend avoiding
hypoxaemia and hyperoxaemia in adult OHCA patients with ROSC.'*° It was also
based on the results of observational studies that report a non-linear relationship
between physiological parameters and outcome in other populations of critically ill

patients.!1>116

The explanations for the nonlinear association between Pa0O; and survival after adult
OHCA have not been well established, with only one prior observational study
reporting a curvilinear U-shaped relationship between supraphysiological PaO; levels
and hospital mortality.®® Further, while observational data consistently shows harm
from hypoxaemia,’?7879138141  research is conflicting as to the harms of
hyperoxaemia. A recent meta-analysis of ten observational studies investigating
oxygen targets after cardiac arrest,'*? found no association between hyperoxaemia
and patient outcomes in six studies®®142-14¢ and lower survival to hospital discharge
and/or lower survival with favourable neurological outcome in the remaining four
studies.86138147.148 Of the four studies, only one reported worse patient outcomes.38
Despite these findings optimal PaO, targets to mitigate these harms remain

unknown.’8147

With consideration to the available evidence, | conducted a multicentre

observational study to determine whether PaO;, has a non-linear relationship with

survival and neurological outcome after OHCA. | also aimed to assess the associations
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between different levels of PaO; over the first 24-hours of ICU admission and survival
to hospital discharge, neurological outcome at hospital discharge and 12-month

survival in adult patients with OHCA of medical aetiology

The specific objectives were:

1. To undertake a retrospective cohort study of all adult patients with OHCA of
medical aetiology, attended by SJ-WA paramedics and who achieved ROSC and
received mechanical ventilation on arrival to a study hospital

2. To describe the characteristics and patient outcomes for the total cohort
stratified by hospital survival status

3. To use a four-knot restricted cubic spline function to evaluate the potential for
non-linearity in the relationship between PaO; and survival

4. To identify optimal PaO; cut-points for survival based on the shape of the spline
curve

5. To assess the importance of mean PaO; relative to plausible physiological
predictors in explaining the variability in observed hospital mortality by each
predictors’ chi square contribution in a multivariable logistic regression analysis
and;

6. To conduct two sensitivity analyses examining whether the mean PaO; during
the first 48 and 72 hours in ICU after OHCA was associated with hospital survival

and survival to 12-months.

This Chapter comprises a manuscript that has been published in a peer-reviewed

journal and is inserted as a PDF in the format published by the journal:

Mckenzie N, Finn J, Dobb G, Bailey P, Arendts G, Celenza A, Fatovich D, Jenkins |,
Ball S, Bray J, Ho KM. Non-linear association between arterial oxygen tension and
survival after out-of-hospital cardiac arrest: A multicentre observational study.

Resuscitation. 2021 Jan; 158:130-138.%°

Supplemental material supporting this article is presented prior to the Chapter

summary.
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Introduction

Hypaxic-ischaemic sncephalopathy afier retum of Spontanscus
circulation (AROSC) in out-al-hospital cardiac anmest (OHCA) = a
major deteminant ol in-hospital mortalty and neurological dysfunc-
tion. " The pathophysialogy of Fypaxic-schasmic encephal coathy is
complex.? 4 wilh the nature and exient of the brain injury, &l least in
part, influencad by post-resuscitation managemenlt.”

Bacauss bath hypoxasemia and hyperaxasmia worsen oultomes
in eritically il paents withoul OHCA,™ such & refationship may alsa
eogsd after OHCA. Reseanch Sugpests thal swrival afler OHCA
depends on minimising Secondary brain injury,'® primarily by
oplimising the balance between adequate cerebral axygen delivery
anduse,” and pessibly slse pobartial harm from generation of reactive
cocygen free radicals fircugh the presence of an excessive amount of
coygen.” Clinicians can earetically oplimiss cggen delfivery and
consumglion through largeted lemperstene management (TTM) and
mairtairing arberial axygen ension (Pa0,) al & certain barge range in
patients reguining mechanical ventiation after OHCA.' The scienlific
basis for avoiding excestie amount of oxygen after OHCA i strong,
especially during the first 24-hs afber cardiac armest when repadusion
injury (inciuding newonal death] due to oxidative stress and
mitochondrial producon of resclive caygen species is expecied
However, thare are only Bmiled number of randomised-contrabed-
trials (RCTe)™'® comparing different PeD; tangets dufing Te early
past-resuscitation parod, and resulls from obsenational studies are
confiicting.' 14

Studies investigating the association betwesn Pa0y and oulcams
after OHCA have aither assumed Pa0y has a inear effect on survival
or used arbitranly cut paints to model the efiects of Pa0z. "' " The
linearity asswmplion is problematic because excessive and nade-
quate amounl of caygen dalvery b the brain can both thearstically ba
harmiful.

We hypothesised that Pals has a norrlinear relationship with
sunival and reuralagical aulcome alter OHCA, with bast culcomes
wihen Pals is maintained at an intermadiate beval In this Study, we
mssessed he associations between diffenent levels of Pa0y over the
first 24 -hs of inlensive care it (ICU) admission and sundal o
hospital discharge (STHD), neurslegical cultome ab hospital
discharge, and 12-month survival in adull patients with OHCA of
medical asfalogy.

Methods

Study design and sefting

This: refraspective cohort study recruited OHCA patients atiended by
the St John Western Austraa ememency madical services, and
adritied o the four adult iertany hospitals ' (ses Supplementary Text
1) in metropol itan Peth, Westem Austrakia bebwsen 15t January 2012
and 315t Decamber 201 7. Metrapalitan Pedh had a pepulstion of 2.05
milien i 2017,'° and emergency medical sarvicas advanced He
suppart pravided using the Australian and New Zealand Commities on
Resuscilation guidelnes. '™ ' During the study pefiod, OHCA patienis
wha wene not declarsd dead at the soene wene Iransparied 1o the
nearest emergency deparbment for Slabiisation.’” In this Study,
patients admitied o & tertiary hospital viaan ememgency deparment of
a non-erliany hospital were defined as ndirest ransport patients, as

digtinct 1o thase directly trarslemed to & leary hospital (direct
transport’) o the soene of OHCA.

Parficipants

We induded sdull paents (=18 years) with OHCA of presumed
medical asticlogy.” Patents who did not receive mechanical
venflation on admission o ICU and thoss who did not have any
anerial blood gases (ABG) reconded within the firgl six hours of ICU
admission wen exchdad.

Posi-Rasuscitation care

RAouling pest-resuscilation care included (1) TTM and treatment of
hypemyresia; (2 prolective ventlation lo maintain nemesss and
normocapnia; (3) hasmodynamic management; (4] perculaneous
earanary inlenention folowing ADSC for thase with ST-slevation
ryocardial infarction; and (5) mulmedal neurslogical pragnastication
&L 72 h er laler afer OHCA S

Dats sources

The following datawens extracted from the OHCA registry:”' age, sex,
armest location (homefpublic location), withess sisties (parsmedic
wilnessedbystander winesssdiurwitnessed), bystander cardiopul-
monany resuscikation (CPA), shockable firsl cardiae amsst rhythm,
emargancy madical sendces response time (from emengency call to
arival &l the scens), ime betwesn emergency medcal ssrvices
altendance andisdiany ICU admission, and whether fie palisnts ware
direcily ar indirscily franspored to a terfary hospital

Heurciogical function prior 1o cardiae arrest, primary diagnosis of
ST-segment elevalion myocardial infarcSan, in-hospial clinical
imerventions including percutanecus coronary imMervention, and
TTM in ICU [wihin e fire 24-hs of ICU admission), all ABG resulls
within the first 72-hs of ICU admission, and neurciogical oubcames:
were obtained wsing a siructured approach 1o review the medical
charts by a single data extractior (NM).

Oufcome Measurss

The pimary oubcame was STHD; secondary oulcomes were good
Cersbral Performance Calegary (CPC) score” al hospilal dischange
and 12-manth sundival. Geod CPC at hospital discharge was defined
bry sither ability towark and might have mild neuralogic or peychalogic
deficit (CPC grade 1) ar indapendent daily fving and shle bo warkin &
shefterad emvironmnent (CPC grade 2. Twehe month survival was
detarmined by the death recerds in he =late's dealh registry.

Statiatical analyses

Continuows vanabias are repoied a8 means with standand deviation
(SD) or medans wilh interquartie range (IOR) and calegorcal
vanables as perceniages. Diferences betwesn groups  were
assessed using the shudent’s ©test, Mann—Whilney-U and Krusksl
Wallis best for conbinuous variables, and Fichers exact or chi-
squansd et har categorical variables. Biologically plausiile predictons:
far survival after OHCA wens adjusted for in the multivarn sble snalyss
irmespactive of their p-value in the univariste analyses.
As many physiclogical variables are related b clinical sutcames in
& narHlinear and nan-monetenic faghion,” * the relationship betwesn
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(B2.1%) y 1= 5 Unable to bocate
h l A - mwedieal recond
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n= 5 Mo Pal): value
b I
l b
! ' h :
Patsents included in outcome Dt Transpaort fea Indirect transpart to tetiary
analysis tertiary hospital haspital
= 401 (ot of S02, ¥7.8%) n= 367040 = 124/4%91
74, T [25.3%)
L A . r
r l r !
STHD i CPC=2 gt haspital discharge
=231 (out of 491, 47.0%) = 209 faut of 231, 901,54
e b .

'

Survived o 1 2-months
n=224 [oul ol 231, ¥7%)

Fig. 1 - Flow chart of included and excluded adult OHC A patients [ - 18 years) with OHC A of medical astiology attended

by emergency medical services [EMS) §

dics and tr

*854 patients out of 2812 |33.9%) had ROSC on arrival to the first ED.

Abbreviations indicate as follows: ABG, arterial blood gas; CPC,

ported to a tertiary hospital.

vi ED, emergency

department; EMS, emergency medical services; HITH, hospital in the home; ICU, intensive care unit; MV, mechanical
wentilation; OHCA, out-of-hospital cardiac arrest; PaQ,, arterial oxygen tension; ROSC, return of spontaneous
circulation; STHD, survival to hospital discharge.
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raesan Pall during the first 24-hs in ICU afler OHCA and survival was
analysed uming & four-knol restricted-cubic-spline function ™ W
stssssed the impotarce of mean PaOc relabive to plasble
physiclogical predictars i explaining the vansbilty in cheerved
haspital mandality by each predicier’s chi square conribulion in a
rultivariable logistic regression” (Supplementary Tead 2).

We conducted wo sensilivity analyses examining whether the
raean Pals during te firat 48 and 72-hs in 1L after OHCA remained
important in delemining survival. Al stalistical lests wene twa-laled
and analysed using SPES for Windaws (version 24.0, 1BM, USA) and
S-PLUS [version 8.2, 2010; TIHCP Software Inc., USA); an o-valus
6% was baken as significant.

Ethics approval

The sludy was approved [with waiver of censent) by the human
resmarch ethics commiltees al the Curtin Uriversity, (HA 12:2014)

Royal Perth Hosgilal [13-044), Sir Charles Gairdner Hospital (2012-
1B4), Fremantle Hospital (AR-13-08) and Fona Starley Hospital
(2015-091), and St Jabn Weslem Austraia.

Results
Palient characteristics

Od the B01E OHCA recarded during the study perod (Fig. 1), 491
patiants met the inclusion eriteia and were further analysed, O hess,
231 [47.0%) STHD with 80.5% (200/231) of them wilh a geod
neurslegical sutesme and D75 [2047231) survived ba 12-menlke.
Table 1 describes ®ie differences in patient characierstics
bebaaen fiose whe swrived and didnet survive tehospilal dschangs.
Male [51.0% vs 35%), younger patients (56 vs 63 years-ald),
sheckable inifial arrest fythm (B4.0% vs 4285), havirg bystarder

120



RESUSCITATION 252 {3023)

130 138

CPR (77.9% vs 83.1%), ROSC on arrival 1o the st emargency
department (93.1% vs 76.5%), a dagnoms of acule oorm-y

syndrome (39.68% vs 24.2%), ST-segment y
infarction (27.3% vs 16.9%), p y ir

within 24-hs (35.9% v 22.7%) and TTMin ICU (88.3% vs 75.0%) were
all iated with an i d ch of STHD.

The association between oxygen lension after OHCA and
survival

Atotal of 3764 ABG samples were collected with the first 24 hof ICU
admission from the study patients, with & median of seven ABG per
pasent (IOR 5-10). Supplementary Fig. 1 shows the individual PO,
data within the first 24-hs of ICU admission, stratified by STHD.

When Pa0; was modelied without allowing nonrlinearity, the
mean P20, had no significant association with STHD after adjusting
for known prediciors of survival after OHCA (p = 0.97) (Supplemen-
tary Fig. S2). Conversely, PaD; was strongly associated with both
STHD and 12-month survival (Figs. 2 and 3), with an inverted U-
shaped relationship, ance Pa0; was allowed to change with STHD
in a non-inear fashion using a 4-knol resiricled-cubic-spline
function. This non-linear mulivariable model was well calibrated
(Supplementary Fig. 3).

The non-inear refationship between Pa0; and sunvival (Figs. 2
and 3) sugpests that survival among those with low 1o normal P20,
{<100mmig; n«115), mild to moderately elevated P2O; (100

-1B0mmHg n«336), and highly elevated PaO; (>180mmHg:
n-tO)weredlml.andwrehmdMlheeeﬂegomsas
midly %o y h and )
hyperoxaemic, respectively. WQlwndmaannpsodeolhmmemm
(Pa0; <60mmHg) was uncomman in our cohart and this was more

common among those in the icgroup than g those in
=]
-
g o
3
§ o
2 3
3 9
£
z o
-
g 2 %
e
o
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Nt P, Wit 1o (st 24 Ivxats (reeniig)

Fig. 2 - Mean Pa0; within the first 24-hs of ICU admission
with log odds of STHD using RCS function. Dotted lines
indicate 95% CL

Abbreviations indicate as follows: Cl, confidence inter-
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Fig. 3 - Mean Pa0; within the first 24-hs of ICU admission
with log odds of survival to 12.months using RCS
function. Dotted lines indicate 95 % CL

Abbreviations indicate as follows: Cl, confidence inter-
val; ICU, intensive care unit; PaO;, arterial oxygen
tension; RCS, restricted cubic spline function.

the mild 1o moderate hyperoxaemia and severe hyparoxaemia groups
(4.3% vs 0.6% vs 0.0%, respectively; p=0.011) (Supplementary
Fig. S4).

In univariate by in e midy to moderately
hyperoxaemic group were more likely 1o have a shockable inisal
cardiac arrest rhythm (67.9% vs 53.9% vs 45.0%), ROSC on arrival to
uﬁumgmmm(sn%nunnses%) a
diagnosis of ST-seg 1 my dial ind (25.6% vs
17.4% w2 25%), percutanecus carenary infervention within 24-hs
(32.1% v& 24.3% v& 15.0%) and received TTMin ICU (88.0% vs 73.9%
vs 62.5%) compared to those in the normoxemic and severe

hyp: ic groupe (S y Table S1).
Tlnassocnmubmm mean Pa0, within the first 24-hs of ICU
o { Q9 d the cut points defined above) and STHD

or 12-monlh survival mmmnad unchanged throughout the stepwise
forward logistic regression (Table 2 and Supplementary Table 2).
Comparediothe reference group of those with Pa0z 100 - 180 mmHg,
nomaxemia (adusted odds rasio [a0R] 0.50; 95% confidence interval
[Cl} 0.30-0.84) and severe hyperoxaemis (2OR 0.41; 95% CI 0.18

0.92) were both assocaled with a reduced odd of STHD. Results for
12-month survival and good CPC at hospital discharge were also
similar (Supplementary Fig. S5).

Relative importance of P20, on survival compared to other
known predictors

In the restricted-cubic-splne multivariable model, shockable initsal
rhythm was most importart, and explained 55.2 % of the variabiity in

valj ICU, intensive care unit; PaO;, arterial Yo
tension; RCS, restricted cubic spline function; STHD,
survival to hospital discharge.

STHD, foowed by d arrest(12.0%). Mean PaO; within 24 -hs
was the third most important factor and explained 9.1% of he
variabidity in STHD (Fig. 4).
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Sansilivity analyses

The associations betwesen mean Pal; and STHD or 12-month
suniival remained simiar when the period of coygen exposune was
exiended to the first 48-hs or 72-hs after OHCA (Supplementary
Tables 53 and S4).

Shockaisia i 52.2%]

W wre (1105
Vi Py it 24h 2 Y
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Fig. 4 - Predictors of in-hospital mortality using mean
Pad,; within the first 24-hs of ICU admission.
Abbreviations indicate as follows: CPC, cersbral perfor-
mance category; CPR, cardiopulmonary resuscitation;
EMS, emergency medical services; ICU, intensive care
unit; Pady, arterial oxygen tension; PCI, percutansous
coronary intervention within the first 24-hours; STEMI,
ST.segment elevation myocardial infarction; STHD,
survival to hospital discharge.

Discussion

In this mulicentre relrospective oohorl study, we found that
maintaming mild 1o moderate hyperoxsemia within the fisst 24-hs
after OHCA was associabed with a sigriicantly higher odd of STHD
and 12-menth survival compared b nemoxasmia (<100 mmkg) or
savens hyperoxasmia ( - 180 mmiHg). Our resuls suggest that titrating
Paly for patients alber OHCA may represent @ pobental simple
irlervention we can wse i mprove patienl aulcomes.

The American Heart Association guidelines recommend maniar-
ing ooyhemoglobin saluralion by tiraling the inspired oxygen
cancantralion o sveid use of excessive amourt af inspiralory axypen
after ROSC.™" Thess recarmendaons wens based an chasrvational
studies sugpesting thal hyperoxsemia may increase morality sl
cardiac arest fhrough inducing reachive-oxypen-species with an
Expasns b & high level of axygen in the Bood.

Existing studes assessing the effect of Pa0, on survval after
OHCA have substantial methodological Emilations. Firsl, using a
single Pal; data poinlasa measure of oo gen exposuns i unlicely o
reflect a patient's overall oxygen expesure during the vulnerable
peried of reparfusion injury 1o the brain. The wa of the frsl recarded
PaiD,, "% the highest Pa0, ™' or worst Pa0,'T > within the first
24-hs of ICL admission in hess stedies was primarly driven by the
fact that was the only data they had in heir datsbases. Using a single
highest or lowest value of Pa0; recorded within the firg! 24 -hs after
m-:-mﬁummnmmmmn
af the true extent of axpgen exposure. Palmer el 8. found that a bigh
Pady, in the firet ABG results was uely 1o iigger actions b decrease
inspired eaygen concentrafion 1o nommalse the arerial oxygpen
terssan.”” More recent studies have sought o avercams this problem
by anabysing Pal; beyond a single lime paint. For sxample, Roberts
el &l measured Pa0y; at both one and six hours afler A0SC.™ Even
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50, this study was imited by only studying axypen exposure al bwa ime
poirts within the first six hours.

Secard, arbitrarily calegorising Palp withoul considaring its
poterdial nendinear eflect on patient culcome will ol anly reduce
statmtical power bul i also has the polential o make incarmect
inferences and conclusions, s we have demarstrated fin Supphe-
rentary Fig. 52 cormpared 1o Figs. 2 ard 3). Qur results suggest that
e elfect of Pal, an surival i “dose depandent” with potential harm
aecuring al a Pals level that has been suggested 1o be safe (8.
=180 mmHg bul =300 mmHg"® ¥ and .- 100 mmHg). The strang non-
lintar assocsation betwesn Pal; and survival after OHCA demon-
sirated in our shudy sugpests that adequately-powered randomised-
contralled-triaks are now needed to validate the best Pa0, tanget for
OCHA patients.

Study strengths and limitsons
By including anly OHCA paSents in this study, we could identify and

acfust for & numies afimparant pre-hospital and in-hospital prediclors
af survival after OHCA. Using the mean Pal; valuss derved fram

Hypoxemia {Pa0; <80 mmiHg) was uncomman in our cohar bul we
acknowledge thal cersbral hypoda may stll have accurred, for
example, in pabents with more severs illness as a resell of
cardiogenic shock, hypobension or underdying cerebral vascular
disaass regandless of Pal,. Fnally, we have no infarmatian on the
Pal: levels bedore ICU admission where patients may have
received a higher inspired caygen concentration in the prehospital
penod because the standard St John Westem Australia clinical
management pratacal for OHCA duing the study penod was 1o
administer 100% inspired cxygen in the prehospital setling.

Conclusions

‘When compared 1o an arterial oxygen lension that is considensd low ar
nomal {<100mmHg) or severely hypercaaemic (=180 mmHg), an
axpasure io mild o moderate hyperoxasmia {100 - 180 mmHg) within
the first 24-he of ICU admission afer OHCA was associated with &

significanty Figher chance of survival o haspital discharge and at 12-
ranthe. This ressull his irgortant clinical imphcations requining further

multiple ABG results over the fingt 24-hs i also a mare rep Ll
al the real axygen exposure during the crucial reperusion inpury penod
after OHCA than using data a single time paint. Mare impariantly, we
have allowed the association bebwean this mane accurals maasune af
aaypen expasune and sundval bo be modelled non-Eneary, instaad of
farcing the data to [ inta & near relaBanship which may be non-
physiological ' Our hypethesis and sludy resulls are indead
consstent with the evidence indicaling thal both hypoxaemia and
hyperaxaemia can worsan ouboomes in critically ill patiers without
OHCA,” similar io the noninear sfects of some ather physiclogical
derangaments an paient culcomes, ™=

This study has Emitations. First, owr results can anly imply
association and suggest a need 1o conduct an adequately-powered
ACT 1o validale the aplimal coygenalion largets i mechanically
verilabed OHCA patienis. Aesulls from the EXACT study™, a
mulicenire, single-biind, randomisad, parallsl-graup, camrolled tisl
o dedermineg whether sarly aoygen titration improves STHD in adult
OHCA patients will pravide further avidence on the patential slect of
hyperoxasmia on culcomes. Second, te majonty of owr palients
(T5.0%) were directly bransparbed bo a berliary haspital afer OHCA.
Pasents who had OHCA but wera not fransferred o a terliany
hosgital might have different charsclantics and aur resulbs may nat
be generalizable to OFCA patients who did not reguine leiary cane.
Third, due to the cbserdational nature of the Study, there were
variaians in the iming and hequency of ABG analyses and other
inlervertions betaeean different study cenbres. An important therapy
alter OHCA is TTM which was used in mast study patisnts, alhough
e precise targels did vary (33-37°C).9" Fourlh, @t is unclear
whether clinicians comected the ABG values o the patienl's actual
body temperature (pH-stal) o not  (alpha-stal), which may
potentially induce a small degres of variability in the reported
PaD; data ™ Filth, in highlighting a PO of 100 180 mmiHg s an
aptimal target far patients who require mechanical ventlation atber
OHCA, we acknowledge that this is & target averaged over the first
24-hs, and that real-tima (minule-by-minete) tagets cowld poben-
Bally be broader withoul causing significant ham. Sixh, il &
possible thal cofounding by seveily has influenced owr resulls whean
patients with mone severe llness might have receved a higher
inspired ocaygen concenbration, resulling N poorer oulcomes
because af their saverity of illness instead of axygen exposure,”

confirmation by an adequately-powered RCT.
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7.3 Supplemental Tables (Mckenzie et al. Resuscitation. 2021 Jan;
158:130-138)%°

Table 7.1

(Supplemental Table 1) Demographic and OHCA characteristics of patients with

OHCA of medical aetiology admitted to a tertiary hospital stratified by mean
Pa0; in the first 24-hours of ICU admission.

Normoxaemic Mild to moderate Severe p-
group hyperoxaemic hyperoxaemic values
(<100 mmHg) group group
(100-180 mmHg) (>180 mmHg)
No. (%) of patients 115 (23.4) 336 (68.4) 40 (8.1)
Mean PaO, mmHg 81.2 (11.95) 125.2 (19.6) 280.2 (110.2) <0.001
Median (IQR) Age, 64 (52-73) 59 (47-69) 53 (44-68) 0.01
years
Sex
Male 87 (75.7) 238 (70.8) 26 (65.0) 0.39
Female 28 (24.3) 98 (29.2) 14 (35.0)
Pre-arrest CPC score
CPC1lor2 113 (98.3) 333(99.1) 39 (97.5) 0.38
CPC3 2(1.7) 3(0.9) 1(2.5)
Witnessed arrest
Paramedic 16 (13.9) 24 (7.1) 3(7.5) 0.25
Bystander 53 (46.1) 164 (48.8) 17 (42.5)
Unwitnessed 46 (40.0) 148 (44.0) 20 (50.0)
Bystander CPR 77 (67.0) 237 (70.5) 29 (72.5) 0.72
Initial arrest rhythm
VF/VT 62 (53.9) 228 (67.9) 18 (45.0) 0.001
PEA/Asystole” 53 (46.1) 108 (32.1) 22 (55.0)
Median (IQR) EMS 8 (6-11) 8 (6-10) 8 (5-11) 0.23
response time,
minutes’
Median (IQR) time to 48 (38-56) 46 (38-53) 47 (37-56) 0.42
first ED, minutes*
Median (IQR) time to 250 (196-321) 224 (172-281) 196 (163-253) 0.01
tertiary ICU, minutes?®
Direct transport 224 (186-267) 211 (160-265) 179 (155-222) 0.20
patients (n=367)
Indirect transport 327 (284-366) 274 (242-339) 251 (233-295) 0.21
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Normoxaemic Mild to moderate Severe p-
group hyperoxaemic hyperoxaemic values

(<100 mmHg) group group

(100-180 mmHg) (>180 mmHg)

patients (n=124)

ROSC on arrival to first 86 (74.8) 295 (87.8) 33 (82.5) 0.004
ED

Place of intubation?

Pre-hospital 50 (43.5) 137 (40.8) 15 (37.5) 0.76
ED 64 (55.7) 196 (58.3) 25 (62.5)
Diagnosis of ACS at ED 30(26.1) 115 (34.2) 10 (25.0) 0.18
discharge
Diagnosis of STEMI at 20 (17.4) 86 (25.6) 1(2.5) 0.002

ED discharge

PCI (<24-hours)! 28 (24.3) 108 (32.1) 6 (15.0) 0.04
Duration of ICU stay 2 (1-5) 3 (1-5) 2 (0-5) 0.67
(days)

TTM in ICU 85 (73.9) 289 (86.0) 25 (62.5) <0.001
Inotropes in ICU 102 (88.7) 291 (86.6) 34 (85.0) 0.78

Data are presented as mean (standard deviation), median (interquartile range) or count (percentage)

* Includes 8 patients where ‘Initial arrest rhythm’ is unknown

+ Time interval from EMS call to arrival on scene

¥ Time interval from EMS call to arrival at first ED

§ Time interval from EMS call to arrival at a tertiary hospital ICU

I Time interval from EMS call to arrival in CCL

# Excludes 3 patients intubated in CCL and one patient intubated in OR

Abbreviations indicate as follows: ACS; Acute coronary syndrome, CCL; Cardiac catheterisation
laboratory, CPC; Cerebral Performance Category, CPR; Cardiopulmonary resuscitation, ED; Emergency
department, EMS; Emergency medical services, ICU; Intensive care unit, PCl; Percutaneous coronary
intervention, PEA; Pulseless electrical activity, ROSC; Return of spontaneous circulation, STEMI; ST-
elevation myocardial infarction, STHD; Survival to hospital discharge, TTM; Targeted temperature
management, VF; Ventricular fibrillation, VT; Ventricular tachycardia.
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Table 7.2 (Supplemental Table 2) Logistic regression assessing the associations between
the mean arterial oxygen tension (Pa0,) within the first 24-hours of admission
to the intensive care unit (ICU) — grouped as (a) normoxaemic (<100 mmHg), (b)
mild to moderate hyperoxaemic (100-180 mmHg) and (c) severe hyperoxaemic
(>180 mmHg) after out of hospital cardiac arrest and survival to hospital
discharge or 12-months with stepwise adjustments for potential confounders

(N=491). Mild to moderate hyperoxaemic (100-180 mmHg) was used as the

reference group.

hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

0.44 (0.28-0.70)
0.39 (0.19-0.79)

Confounders used for Mean arterial oxygen tension OR (95%Cl) OR (95%Cl)
adjustment within the first 24-hours after for survival for survival
cardiac arrest in relation to to hospital to 12-months
survival discharge (n=224, 45.6%)
(n=231, 47.0%)
None (a) mild to moderate 1 (reference) 1 (reference)
hyperoxaemic 0.43 (0.28-0.68) 0.40 (0.26-0.63)
(b) normoxaemic 0.42 (0.21-0.84) 0.44 (0.22-0.88)
(c) severe hyperoxaemic
Age (a) mild to moderate 1 1
hyperoxaemic 0.47 (0.30-0.73) 0.43 (0.27-0.68)
(b) normoxaemic 0.38 (0.19-0.77) 0.40 (0.20-0.81)
(c) severe hyperoxaemic
Age & sex (a) mild to moderate 1 1

0.41(0.25-0.64)
0.41(0.20-0.84)

Age, sex, & witnessed arrest

(a) mild to moderate
hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.43 (0.27-0.68)
0.39 (0.19-0.80)

1
0.40 (0.25-0.64)
0.41 (0.20-0.85)

Age, sex, witnessed arrest, &

bystander CPR

(a) mild to moderate
hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.42 (0.26-0.67)
0.37 (0.18-0.76)

1
0.39 (0.24-0.62)
0.39 (0.19-0.80)

Age, sex, witnessed arrest,
bystander CPR &

shockable first rhythm

(a) mild to moderate
hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.47 (0.29-0.78)
0.44 (0.20-0.98)

1
0.43 (0.26-0.72)
0.47 (0.21-1.05)

Age, sex, witnessed arrest,
bystander CPR, shockable first

rhythm, & EMS response time

(a) mild to moderate
hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.48 (0.29-0.80)
0.43 (0.19-0.95)

1
0.44 (0.26-0.73)
0.45 (0.20-1.02)

Age, sex, witnessed arrest,

bystander CPR, shockable first

(a) mild to moderate

hyperoxaemic

1
0.50 (0.30-0.83)

1
0.46 (0.27-0.77)
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Confounders used for

adjustment

Mean arterial oxygen tension
within the first 24-hours after
cardiac arrest in relation to

survival

OR (95%Cl)

for survival
to hospital
discharge

(n=231, 47.0%)

OR (95%Cl)
for survival
to 12-months

(n=224, 45.6%)

rhythm, EMS response time, &
time between EMS
attendance and tertiary ICU

admission

(b) normoxaemic

(c) severe hyperoxaemic

0.41(0.18-0.91)

0.43 (0.19-0.98)

Age, sex, witnessed arrest,
bystander CPR, shockable first
rhythm, EMS response time,
time between EMS
attendance and tertiary ICU
admission, & pre-cardiac

arrest CPC score

(a) mild to moderate
hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.50 (0.30-0.84)
0.41(0.18-0.92)

1
0.46 (0.28-0.78)
0.43 (0.19-0.98)

Age, sex, witnessed arrest,
bystander CPR, shockable first
rhythm, EMS response time,
time between EMS
attendance and tertiary ICU
admission, pre-cardiac arrest

CPC score & STEMI

(a) mild to moderate
hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.51(0.30-0.84)
0.41(0.18-0.93)

1
0.46 (0.28-0.78)
0.44 (0.19-1.00)

*Age, sex, witnessed arrest,
bystander CPR, shockable first
rhythm, EMS response time,
time between EMS
attendance and tertiary ICU
admission, pre-cardiac arrest

CPC score, STEMI & PCI

(a) mild to moderate
hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1#
0.50 (0.30-0.84)
0.41 (0.18-0.92)

1##

0.46 (0.27-0.77)
0.43 (0.19-0.99)

- age

- sex (female)

- witness arrest
(paramedic witnessed vs
unwitnessed)

- bystander CPR

- shockable first rhythm

- EMS response time (per
min increment)

- time between EMS
attendance and tertiary
ICU admission

- category 1 pre-cardiac

arrest CPC score

0.98 (0.96-0.99)
0.62 (0.38-1.02)
5.19 (2.05-13.14)

1.99 (1.14-3.48)
7.01 (4.15-11.83)
0.92 (0.86-0.98)
1.00 (1.00-1.00)

4.47 (0.37-53.62)

1.18 (0.63-2.20)
0.84 (0.47-1.49)

0.98 (0.96-0.99)
0.59 (0.35-0.97)
5.19 (2.01-
13.41)

2.30 (1.30-4.09)
7.61 (4.44-
13.04)
0.91 (0.85-0.97)
1.00 (1.00-1.00)

4.36 (0.34-
55.28)

1.38 (0.73-2.59)
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Confounders used for Mean arterial oxygen tension OR (95%Cl) OR (95%Cl)

adjustment within the first 24-hours after for survival for survival
cardiac arrest in relation to to hospital to 12-months
survival discharge (n=224, 45.6%)

(n=231, 47.0%)

(no disability vs with 0.75(0.42-1.34)
disability)
- STEMI
- PCI

Hosmer-Lemeshow Chi-Square and Nagelkerke R2 for the final fully adjusted model for survival to 12-
months were 7.867 (p=0.45) and 0.370, respectively. #The p-value for PaO2 modelled as a continuous
variable, allowing non-linearity with a 4-knot restricted cubic spline function to predict hospital
survival, was 0.006; the p-value for shockable rhythm, witnessed arrest, age, sex, bystander CPR, EMS
response time, EMS to ICU admission, pre-arrest CPC score, STEMI and PCl were <0.001, <0.001, 0.002,
0.04, 0.01, 0.01, 0.10, 0.10, 0.37, 0.58 and 0.61. ##The p-value for Pa02 modelled as a continuous
variable, allowing non-linearity with a 4-knot restricted cubic spline function to predict survival to 12-
months, was 0.004; the p-value for shockable rhythm, witnessed arrest, age, sex, bystander CPR, EMS
response time, EMS to ICU admission, pre-arrest CPC score, STEMI and PCl were <0.001, 0.001, 0.003,
0.027, 0.004, 0.008, 0.06, 0.46, 0.30 and 0.38

Abbreviations indicate as follows: Cl; Confidence interval, CPC; Cerebral Performance Category, CPR;
Cardiopulmonary resuscitation, EMS; Emergency medical services, ICU; Intensive care unit, OR; Odds
ratio, PCl; Percutaneous coronary intervention within the first 24-hours, STEMI; ST-segment elevation
myocardial infarction.
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Table 7.3

(Supplemental Table 3) Logistic regression assessing the associations between the mean PaO, within the first 48-hours of admission to

the ICU — grouped as (a) normoxaemic (<100 mmHg), (b) mild to moderate hyperoxaemic (100-180 mmHg) and (c) severe hyperoxaemic
(>180 mmHg) after out of hospital cardiac arrest and survival to hospital discharge or 12-months with stepwise adjustments for potential

confounders (N=491). Mild to moderate hyperoxaemic (100-180 mmHg) was used as the reference group.

Confounders used for adjustment

Mean arterial oxygen tension within the first 48-

hours after cardiac arrest in relation to survival

OR (95%Cl)

for survival

to hospital discharge

(n=231, 47.0%)

OR (95%Cl)
for survival
to 12-months
(n=224, 45.6%)

(b) normoxaemic

(c) severe hyperoxaemic

0.52 (0.35-0.60)
0.24 (0.10-0.60)

None (a) mild to moderate hyperoxaemic 1 (reference) 1 (reference)
(b) normoxaemic 0.52 (0.35-0.78) 0.50 (0.34-0.75)
(c) severe hyperoxaemic 0.28 (0.11-0.66) 0.29 (0.12-0.70)
Age (a) mild to moderate hyperoxaemic 1 1
(b) normoxaemic 0.56 (0.37-0.83) 0.53 (0.36-0.80)
(c) severe hyperoxaemic 0.24 (0.10-0.60) 0.26 (0.11-0.63)
Age & sex (a) mild to moderate hyperoxaemic 1 1

0.50 (0.33-0.76)
0.26 (0.11-0.64)

Age, sex, & witnessed arrest (d) mild to moderate hyperoxaemic 1 1
(e) normoxaemic 0.51 (0.33-0.77) 0.49 (0.32-0.75)
() severe hyperoxaemic 0.24 (0.10-0.59) 0.26 (0.10-0.64)
Age, sex, witnessed arrest, & bystander CPR (d) mild to moderate hyperoxaemic 1 1
(e) normoxaemic 0.50 (0.33-0.77) 0.49 (0.32-0.75)
() severe hyperoxaemic 0.25 (0.10-0.61) 0.27 (0.11-0.67)
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Confounders used for adjustment

Mean arterial oxygen tension within the first 48-

hours after cardiac arrest in relation to survival

OR (95%Cl)

for survival

to hospital discharge

(n=231, 47.0%)

OR (95%Cl)
for survival
to 12-months

(n=224, 45.6%)

Age, sex, witnessed arrest, bystander CPR &

shockable first rhythm

1
0.52 (0.33-0.82)
0.27 (0.10-0.77)

1
0.50 (0.31-0.79)
0.30(0.11-0.85)

Age, sex, witnessed arrest, bystander CPR, shockable

first rhythm, & EMS response time

1
0.55 (0.35-0.87)
0.29 (0.11-0.82)

1
0.53 (0.33-0.85)
0.33 (0.12-0.93)

Age, sex, witnessed arrest, bystander CPR, shockable
first rhythm, EMS response time, & time between

EMS attendance and tertiary ICU admission

1
0.56 (0.35-0.88)
0.28 (0.10-0.77)

1
0.54 (0.34-0.87)
0.31(0.11-0.87)

Age, sex, witnessed arrest, bystander CPR, shockable
first rhythm, EMS response time, time between EMS
attendance and tertiary ICU admission, & pre-cardiac

arrest CPC score

1
0.56 (0.35-0.89)
0.28 (0.10-0.78)

1
0.55 (0.34-0.88)
0.31(0.11-0.88)

Age, sex, witnessed arrest, bystander CPR, shockable
first rhythm, EMS response time, time between EMS
attendance and tertiary ICU admission, pre-cardiac

arrest CPC score & STEMI

(d) mild to moderate hyperoxaemic
(e) normoxaemic

(f) severe hyperoxaemic

(d) mild to moderate hyperoxaemic
(e) normoxaemic

() severe hyperoxaemic

(c) mild to moderate hyperoxaemic
(d) normoxaemic

(e) severe hyperoxaemic

(iv) mild to moderate hyperoxaemic
(v) normoxaemic

(vi) severe hyperoxaemic

(a) mild to moderate hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.56 (0.35-0.89)
0.28 (0.10-0.79)

1
0.55 (0.34-0.87)
0.31(0.11-0.88)

*Age, sex, witnessed arrest, bystander CPR, shockable

first rhythm, EMS response time, time between EMS

(a) mild to moderate hyperoxaemic

(b) normoxaemic

1
0.56 (0.35-0.89)

1
0.55 (0.34-0.88)
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Confounders used for adjustment

Mean arterial oxygen tension within the first 48-

hours after cardiac arrest in relation to survival

OR (95%Cl)

for survival

to hospital discharge

(n=231, 47.0%)

OR (95%Cl)
for survival
to 12-months

(n=224, 45.6%)

attendance and tertiary ICU admission, pre-cardiac

arrest CPC score, STEMI & PCI

(c) severe hyperoxaemic

0.28 (0.10-0.79)

0.31(0.11-0.89)

age
sex (female)

witness arrest (paramedic witnessed vs
unwitnessed)

bystander CPR

shockable first rhythm

EMS response time (per min increment)
time between EMS attendance and
tertiary ICU admission

category 1 pre-cardiac arrest CPC score
(no disability vs with disability)

STEMI

PCI

0.98 (0.96-0.99)
0.62 (0.38-1.01)

5.27 (2.08-13.33)

1.87 (1.07-3.27)

7.05 (4.18-11.91)

0.93 (0.87-0.99)
1.00 (0.99-1.00)

4.67 (0.38-58.02)

1.20 (0.63-2.24)
0.93 (0.52-1.65)

0.98 (0.96-0.99)
0.59 (0.35-0.97)
5.22 (2.02-13.44)

2.16 (1.22-3.83)
7.67 (4.48-13.15)
0.92 (0.86-0.98)
0.99 (0.99-1.00)

4.61 (0.35-60.64)

1.39 (0.74-2.62)
0.83 (0.46-1.49)

*The Hosmer-Lemeshow Chi-Square and Nagelkerke R? for the final fully adjusted model for survival to hospital discharge were 6.644 (p=0.58) and 0.348,

respectively. The Hosmer-Lemeshow Chi-Square and Nagelkerke R? for the final fully adjusted model for survival to 12-months were 7.135 (p=0.52) and 0.369,

respectively.

Abbreviations indicate as follows: Cl; Confidence interval, CPC; Cerebral Performance Category, CPR; Cardiopulmonary resuscitation, EMS; Emergency medical

services; OR; Odds ratio, PCl; Percutaneous coronary intervention within the first 24-hours, STEMI; ST-segment elevation myocardial infarction.
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Table 7.4

(Supplemental Table 4) Logistic regression assessing the associations between the mean PaO; within the first 72- hours of admission to

the ICU — grouped as (a) normoxaemic (<100 mmHg), (b) mild to moderate hyperoxaemic (100-180 mmHg) and (c) severe hyperoxaemic
(>180 mmHg) after OHCA and STHD or 12-months with stepwise adjustments for potential confounders (N=491). Mild to moderate
hyperoxaemic (100-180 mmHg) was used as the reference group.

Confounders used for adjustment

Mean arterial oxygen tension within the
first 72-hours after cardiac arrest in

relation to survival

OR (95%ClI)

for survival

to hospital discharge

(n=231, 47.0%)

OR (95%Cl)
for survival
to 12-months
(n=224, 45.6%)

(b) normoxaemic

(c) severe hyperoxaemic

0.62 (0.42-0.93)
0.17 (0.10-0.48)

None (a) mild to moderate hyperoxaemic 1 (reference) 1 (reference)
(b) normoxaemic 0.61 (0.41-0.90) 0.59 (0.40-0.88)
(c) severe hyperoxaemic 0.19 (0.10-0.52) 0.20 (0.10-0.55)
Age (@) mild to moderate hyperoxaemic 1 1
(b) normoxaemic 0.66 (0.44-0.98) 0.64 (0.43-0.95)
(c) severe hyperoxaemic 0.17 (0.10-0.47) 0.18 (0.10-0.50)
Age & sex (@ mild to moderate hyperoxaemic 1 1

0.60 (0.40-0.90)
0.18 (0.10-0.51)

Age, sex, & witnessed arrest

(@) mild to moderate hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.58 (0.39-0.88)
0.17 (0.10-0.46)

1
0.58 (0.38-0.87)
0.18 (0.10-0.50)

Age, sex, witnessed arrest, & bystander CPR

(@) mild to moderate hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.57 (0.38-0.87)
0.17 (0.10-0.48)

1
0.57 (0.37-0.86)
0.19 (0.10-0.53)

Age, sex, witnessed arrest, bystander CPR &

shockable first rhythm

(@ mild to moderate hyperoxaemic

(b) normoxaemic

1
0.61 (0.39-0.95)

1
0.60 (0.38-0.94)
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Confounders used for adjustment

Mean arterial oxygen tension within the
first 72-hours after cardiac arrest in

relation to survival

OR (95%ClI)

for survival

to hospital discharge

(n=231, 47.0%)

OR (95%Cl)
for survival
to 12-months
(n=224, 45.6%)

(c) severe hyperoxaemic

0.20 (0.10-0.65)

0.22 (0.10-0.72)

Age, sex, witnessed arrest, bystander CPR, shockable first

rhythm, & EMS response time

(@) mild to moderate hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.63 (0.40-0.99)
0.21 (0.10-0.99)

1
0.63 (0.40-0.99)
0.24 (0.10-0.77)

Age, sex, witnessed arrest, bystander CPR, shockable first
rhythm, EMS response time, & time between EMS

attendance and tertiary ICU admission

(@) mild to moderate hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.65 (0.41-1.03)
0.19 (0.10-0.63)

1
0.65 (0.41-1.03)
0.21 (0.10-0.70)

Age, sex, witnessed arrest, bystander CPR, shockable first
rhythm, EMS response time, time between EMS
attendance and tertiary ICU admission, & pre-cardiac
arrest CPC score

(@ mild to moderate hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.65 (0.41-1.04)
0.19 (0.10-0.63)

1
0.65 (0.41-1.04)
0.21 (0.10-0.70)

Age, sex, witnessed arrest, bystander CPR, shockable first
rhythm, EMS response time, time between EMS
attendance and tertiary ICU admission, pre-cardiac arrest
CPC score & STEMI

(@) mild to moderate hyperoxaemic
(b) normoxaemic

(c) severe hyperoxaemic

1
0.66 (0.41-1.04)
0.19 (0.10-0.63)

1
0.65 (0.41-1.04)
0.21 (0.10-0.71)

*Age, sex, witnessed arrest, bystander CPR, shockable
first rhythm, EMS response time, time between EMS
attendance and tertiary ICU admission, pre-cardiac arrest
CPC score, STEMI & PCI

(a) mild to moderate hyperoxaemic

(b) normoxaemic (c) severe hyperoxaemic

1#
0.66 (0.42-1.04)
0.19 (0.10-0.64)

1##

0.66 (0.41-1.05)
0.22 (0.10-0.71)

- age

0.98 (0.96-0.99)

0.98 (0.96-0.99)
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Confounders used for adjustment

Mean arterial oxygen tension within the
first 72-hours after cardiac arrest in

relation to survival

OR (95%Cl)
for survival
to hospital discharge
(n=231, 47.0%)

OR (95%Cl)
for survival
to 12-months
(n=224, 45.6%)

- sex (female)

- witness arrest (paramedic witnessed
Vs unwitnessed)

- bystander CPR

- shockable first rhythm

- EMS response time (per min
increment)

- time between EMS attendance and
tertiary ICU admission

- category 1 pre-cardiac arrest CPC
score
(no disability vs with disability)

- STEMI

- PCI

0.63 (0.38-1.03)
5.79 (2.28-14.69)

1.89 (1.01-3.32)

7.04 (4.17-11.88)

0.92 (0.87-0.98)

0.99 (0.99-1.00)

5.02 (0.40-63.40)

1.18 (0.63-2.21)
0.92 (0.52-1.64)

0.60 (0.36-0.99)
5.74 (2.23-14.82)

2.18 (1.23-3.88)

7.69 (4.49-13.15)

0.91 (0.86-0.97)

0.99 (0.99-1.00)

4.93 (0.37-66.73)

1.38 (0.73-2.60)
0.83 (0.46-1.48)

*The Hosmer-Lemeshow Chi-Square and Nagelkerke R? for the final fully adjusted model for survival to hospital discharge were 13.208 (p=0.11) and 0.349,
respectively. The Hosmer-Lemeshow Chi-Square and Nagelkerke R?for the final fully adjusted model for survival to 12-months were 10.408 (p=0.24) and 0.369,

respectively.

Abbreviations indicate as follows: Cl; Confidence interval, CPC; Cerebral Performance Category, CPR; Cardiopulmonary resuscitation, EMS; Emergency medical
services; OR; Odds ratio, PCl; Percutaneous coronary intervention within the first 24-hours, STEMI; ST-segment elevation myocardial infarction.
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7.4 Supplemental Figures (Mckenzie et al. Resuscitation 2021 Jan;
158:130-138)%°

Figure 7.1  (Supplemental Figure 1) All individual PaO; values (mmHg) over the first 24-
hours of ICU admission. Data are shown according to STHD.
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Abbreviations indicate as follows: ICU; Intensive care unit, PaO,; Arterial oxygen tension, STHD;
Survival to hospital discharge.
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Figure 7.2  (Supplemental Figure 2) Mean Pa02 within the first 24-hours of ICU admission
with log odds of STHD adjusting for plausible physiological predictors of survival
(listed in Table 2) without allowing non-linearity with a restricted cubic spline
function for the mean Pa0O2. Dotted lines indicate 95 % confidence intervals.

Odds ratio per mmHg mean Pa0, increment = 1.00 (95%CI: 0.99-1.01, p=0971)
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Abbreviations indicate as follows: PaO,; Arterial oxygen tension, STHD; Survival to hospital discharge.
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Figure 7.3  (Supplemental Figure 3) Calibration of the final multivariable model allowing
non-linearity for the mean PaO; within the first 24-hours of admission after
OHCA after adjusting for the plausible predictors of survival (listed in Table 2).
The ideal calibration line is defined by the black dotted line, the apparent
calibration line of the model is defined by the red dotted line and the bias-
corrected (using bootstrapping sampling with 200 repetitions) is defined by the
green continuous line. The distribution of the predicted chance of survival to
hospital discharge of all patients is defined by the density of data points on the
top of the graph.
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Abbreviations indicate as follows: OHCA; Out-of-hospital cardiac arrest, PaO,; Arterial oxygen

tension.
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Figure 7.4  (Supplemental Figure 4) Percentage of ABG samples and 95% Cl with PaO,
<60mmHg in the first 24-hours of ICU admission.
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Abbreviations indicate as follows: ABG; Arterial blood gas, Cl; Confidence interval, ICU; Intensive care
unit, PaO;; Arterial oxygen tension.
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Figure 7.5 (Supplemental Figure 5) The association between the mean PaO, within the first
24-hours after OHCA and odd of having a good CPC score - independent in
activities of daily living - at hospital discharge. Contribution of each predictor
including the non-linear component of the PaO; in the multivariable model is
listed below the graph.
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Abbreviations indicate as follows: CPC; Cerebral Performance Category, CPR; Cardiopulmonary
resuscitation, EMS; Emergency medical services, ICU; Intensive care unit, STEMI; ST-segment elevation
myocardial infarction, PaO,; Arterial oxygen tension, PCl; Percutaneous coronary intervention within
the first 24-hours.
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7.5 Summary

In this study, | investigated whether PaO; has a non-linear relationship with survival
and neurological outcome in adult OHCA patients admitted to ICU. | assessed the
potential for a non-linear relationship with a 4-knot restricted cubic spline function
and determined that an inverted U-shape relationship exists between Pa0O; and
favourable patient outcomes. Using the shape of the spline curve to identify optimal
PaO, cut-points, | defined normoxaemia as <100 mmHg, mild to moderate
hyperoxaemia as 100 to 180 mmHg and severe hyperoxaemia as >180 mmHg. | then
used stepwise forward logistic regression analysis to generate corresponding odds
ratios. | found that when compared to normoxaemia or severe hyperoxaemia,
exposure to mild to moderate hyperoxaemia within the first 24 hours of ICU
admission was associated with a significantly higher chance of survival to hospital
discharge, good neurological outcome at hospital discharge and survival to 12-
months. | also found that mean PaO; within 24 hours of ICU admission was the third
most important predictor of in-hospital mortality, explaining 9.1% of the variability in

survival to hospital discharge.

These results are consistent with other retrospective studies®®138147.148 and meta-
analysis''? that suggest abnormalities in PaO, are associated with worse patient
outcomes after cardiac arrest. They also highlight an important variability in the
definition of hyperoxaemia and normoxaemia used in other published studies. Many
studies reporting PaO; cut-points after adult cardiac arrest define hyperoxaemia
69,78,79,138,141,143,145-147,149 35 Pa0, of approximately 300 mmHg and normoxaemia as a
PaO; between 60 and 299 mmHg.6°7879,138,141,145,146,148 Ho\wever, evidence to support
the use of these cut-points in humans is lacking.?>° By allowing PaO, to be associated
with patient outcomes in a non-linear and non-monotonic fashion, | demonstrated

that harm from hyperoxaemia may occur at levels lower than 300mmHg.
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A second source of heterogeneity in observational studies investigating the
association between Pa0O; and patient outcomes is the time point used to measure
oxygen exposure. Studies that have used the first,”® worst,”94! or highest®>8514% a0,
during ICU admission are at risk of exposure misclassification as PaO; values may vary
according to clinical interventions and over time, thereby increasing the risk of under
or overestimating abnormalities in Pa0,.1°° By using the mean PaO; in the first 24
hours of ICU admission my results are more representative of real oxygen exposure

in the critical post-ROSC period.

There are few RCTs investigating different levels of PaO; in adult cardiac arrest
patients admitted to ICU and results are inconclusive.”>*>%152 Of these, only one study
found increased survival at 90 days in a sub-group of cardiac arrest patients in whom
hyperoxaemia was aggressively avoided.' It is hoped that results from the EXACT
study, an Australian multicentre, single-blind, randomised, parallel-group, control
trial, will determine whether early oxygen titration improves survival to hospital
discharge in adult OHCA patients.’>3 In the interim period, my study demonstrates a
potential opportunity for improvement in clinical care and suggests that clinicians
should remain judicious in the use of supplemental oxygen therapy in adult OHCA

patients.

The next chapter presents the findings of the fourth and final multicentre
retrospective cohort study included in this thesis. It aims to describe survival and
neurological outcomes after OHCA and to determine the association between
neurological outcome at hospital discharge and 12-month survival. It is titled
‘Neurological outcome in adult out-of-hospital cardiac arrest - Not all doom and

gloom/!’
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Chapter 8 Survival and Neurological Outcome after
OHCA

8.1 Overview

In this chapter, | present the findings of the fourth and final multicentre study
included in this thesis. In this short paper, | aimed to describe neurological and
functional outcomes among OHCA patients who survived to hospital discharge and
to determine the association between neurological outcome at hospital discharge
and 12-month survival.?! This research was based on the observation that although
the main treatment goal for OHCA survivors is a favourable neurological outcome,
relatively little is known about the association between neurological outcome at

hospital discharge and longer-term survival after OHCA.1>4157

Studies assessing the neurological and functional status of OHCA survivors are
important for evaluating the outcomes of resuscitation interventions and post-
resuscitation care.®® As prognostication has become an integral part of post-
resuscitation care,'®® such studies are equally important for informing discussions
with patients and family members and guiding clinical decision making. This includes
decisions around the appropriateness of admission to the ICU,*° the validity of
providing ongoing active treatment®'*° and the withdrawal of life-sustaining
treatment in patients who may otherwise have a chance of achieving a good

neurological recovery.®

The specific objectives of this study were:

1. To undertake a retrospective cohort study of all adult patients with OHCA of any
aetiology, having resuscitation attempted by SJ-WA paramedics and surviving to
hospital discharge at one of eleven hospitals with an ED in Perth, WA, between

1st January 2004 and 31st December 2019 attended by SJ-WA
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2. Todescribe demographic characteristics of OHCA patients stratified by CPC score
and;
3. To use a multivariable logistic regression analysis adjusted for prognostic

variables to identify the association between CPC score and 12-month survival.

This Chapter comprises a manuscript that has been published in a peer-reviewed

journal and is inserted as a PDF in the format published by the journal:

Mckenzie N, Ball S, Bailey P, Finn L, Arendts G, Celenza A, Fatovich D, Jenkins |,
Mukherjee A, Smedley B, Ghedina N, Bray J, Ho KM, Dobb G, Finn J. Neurological
outcome in adult out-of-hospital cardiac arrest - Not all doom and gloom!

Resuscitation. 2021 Oct; 167:227-232.%¢

Supplementary material supporting this article is presented prior to the Chapter

summary.

There are three posters related to the data used in this study.

1. McKenzie N, Cheetham S, Williams TA, Inoue M, Fatovich D, Celenza A, Sprivulis P,

Jenkins I, Tohira H, Ho KM, Bailey P, Finn J. Neurological outcome in adult out-of-

hospital cardiac arrest (OHCA) patients — Not all doom and gloom!

Poster presentation at the 11th International Spark of Life Conference, Adelaide,

South Australia, May 2017 (Thesis Appendix H).

Poster presentation at the Innovation and Research Week Recycle Conference Poster

Display, Faculty of Health Sciences, Curtin University, Perth, Western Australia

October 2017 (Thesis Appendix H)
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2. The Effect of Sex and Age on Survival and Neurological Outcome of Out-Of-Hospital

Cardiac Arrest Patients Admitted to Tertiary Intensive Care Units.

Mckenzie N, Ho KM, Bray J, Bailey P, Celenza A, Fatovich D, Jenkins |, Arendts G, Dobb
G, Ball S, Finn J. The Effect of Sex and Age on Survival and Neurological Outcome of
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Introduction

Survival rates and neurglogical oulcomes after oul-ol-hospital car-
diac arrest (OHCA) vary between overly oplimistic perceptions par-
trayed by media’” and overdy pessimistie predicions by some
clinicians.” Determination of poor prognosis may become sedl-
fullilling # the decision to withdraw lile sustaining ireaiment &
mede. " Studies examining the associalion between sundval and
neurclogical outcome atter OHCA are required to suppon clinical
judgment and miremise prognestic emors in decision making.*

From & patient-centred perspective the best outcome alter OHCA
s survival with a good neurological outcome.”” While global SHCA
registry dala repors variation in sundval between 3.1% and 20.4% in
ditferent healthcare saflings: most surivers 1o hospltel discharge
have good nevrological outcomes.

To ko chinical decision-making, we aimed 1o daseiba neuro-
legical and functional oulcomes in OHCA patients who surdved 1o
hospital discharge and determing the associalion between neurciog-
ical outcome at hospilal discharge and 12-month survival i adull
patients with OHCA of any seticlogy admitted te hospials in Perth,
Weslem Australia (WA

Statistical analyses
Confinuous wariables are reported as means and standard devia-
ton (S0) or medians and interquanile range (10F), and calegon-
cal vanables as counts and percentapes. Differences between
groups were assessed using the Hest or Mann-Whitney-U for
continuous varables, and Chi-square or Fisher's exact 1est for cat-
egorical variables. Adusied muliivarisble logistic regression analy-
g5 was used to ientify the association between CPC score and
12-month survival, adjusted for prognostic varables. Cowvarlates
included in the model were: age, sex, amesl aefiology. wilness
slafus, arres! localon, eafy cerdiopulmonary  resuscitabk
(CPR), indial arest rhythm and cakendar year categorsed into
4 year epochs.

All analyses were two-sided tesis using SPSS lor Windows [wer-
gion 240, IBM, USA). A p = D.05 was considered staistically
significant.

Ethics approval

Ethics approval was granted by the Curlin University Human
Ressarch Ethics Committes (HREC) (HR 192/2014) and the relevant
hospital HRECs.

Methods

Study design and sefting

This multicentre populabionbased retrospective  cohoft  study
ncluded patents with OHCA of any astickogy, having resuscitation
attempled by 51 John Weslem Australia (SJWA) paramedics and
surviving to hospital discharge &t one ol eleven hospitals with an
emergency depatment (ED) in Perth, WA, between 1s! January
2004 and 315t Decembear 20189, SIWA operates & single ber service
of advanced lile support paramedics and receives all WA emergency
calls requiring ambulance attendance * Batween 2004 and 2019, the
Perth metropolilan area population increased from 1.48 1o
2,09 millon. ' Patients (=18 years) weare identified from the SJWA
OHCA Database (descrived elsewnere).'

Exposure and outcome Measures

Meurnlogical and functional status at hoapital dischange, and before
the anast, was delemmined by retrospeciive medical recond review al
each hospital using five-point Cerebral Pedomance Category (CPC)
and Owerall Perdomance Category (OPC) scoqes.' 7 CPC and
OFC scores were independently collected for hospial survivors by
research rurses (MM & LF) wha were blinded to the study hypothe-
sl Cohen's Kappa iner-rater relisbity, calculated rom a random
sample of SO1082 (4.7%) medical reconds was hegh | = 0.82, 96%
Cl 0.66-0.98, p < 0.001)

CPC scores al hospital discharge estimated neurclogical out-
comes as follows: CPCA: full recovery, CPC2: moderate disability;
CPCH: severe disability; CPC4 coma of wegelalive stabe; and
CPCE: disd. OPC scores 8l hospital discharge, ranged from OPCA
(eapable of rormal life) te OPCS (death). Good neurclegical cutcome
was defined a5 a CPC score ol 1 or 2.

The primary oulcome was survival 1o 12-months from the date of
OHCA, ascetaned from the WA Death Registry,'® and was
restricted 10 WA residents only to minimise loss 10 lollow up
{Fig. 1}.

Results

Study population

Owver the study pedod, SOWA attended 23,712 OHCAs. Resuscita-
tion was attempled in 102023712 (43.4%) and TOTE0,289
(BB.73%) patients were transpored 1o ED. 21977076 (31.0 %) sur-
wived ED and 2171/2197 (96.9%:) were admitted 1o & siudy hospital.
10622171 (4B.2%) patenls survived 10 hospital discharge and
fermed the study cahort (Fig. 1).

OHCA characteristics and patient outcomes

Od the 1062 hospiial sundvors, 757 were CPC1 (71.3%; 95% confi-
dence interval [C1) (B3.6-73.0), 227 CPC2 (21.4%; 95% CI 16.7—
26.1), 67 CPC3 (5.3%; 85% CI 0.7-11.3) and 11 CPC4 (1.0%;
B85% Gl 4.8106.9). OPC scones lolowed & similar distribution (Sup-
plementary Table 1). 964 patents had a CPC1-2 at hospital dis-
charge and 038 (03 73%) were allve at 12-months. OF the hespital
survivors with CPC1-2, 35 (3.6%) patients had OPC3-4 (Supplemen-
tary Table 1)

Of the TE/M062 (7.3%) hospital survivors with peor neurological
oulcome (CPC3-4), 14 patients (17.9%) akso had poor neurological
statusg belore the OHCA. Supplementary Figs. 1 and 2 show the pro-
portion and number of hospital survvors with CPC and OPC scores
of 1 or 2 at hospital discharge by ealendar year, respectively. Table 1
surmmarises study cohort charactedstics stratified by CPC scone at
hospilal discharge.

Of the hospital survivors, no= 511062 (4.8%) non-WA residents.
were exchuded leaving n = DEIM011 (92.5%) patients surviving to
12-mentha lor Inclusion in the multivarnable logiste regression anal-
yais (Fig. 1). Multivariable logistic regression analysis showed that
patients with a CPG1-2 had an increasad likelinood of 12-manth sur-
vival comgared o those with a CPC3-4 (jully adjusted oods rabio
[aDIA] 3.28, 95% CI 1.80-6.39). Other lactors associsted with an
increase in 12-monih survival were milkal shockable arrest riythm
ard younger age (Table 2,
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Fig. 1 - Flow chart showing the inclusion and exclusion of adult OHCA patients | -18 years) ol any aeticlogy attended
by paramedics and transported to a study hospital. "™ 2141 patients out of T076 [30.3%) had return of spontaneous
circulation on arrival to the first ED. ™ 1048 hospital survivors out of 1062 (98.7%) had a CPC1-2 prior to OHCA. CPC,
cerebral performance category; ED, emergency department; EMS, emergency medical services; OHCA, out-ol-
hospital cardiac arrest.

148



230 AESUSCITATION 167 (2021) 227-232

Table 1 - Demographic characteristics of patients with OHCA of any aetislogy who survived te hospital discharge
in Perth WA between 2004 and 2019, stratified by Cerebral Performance Category (CPC) score.

Tatal CPC 1-2 CPC 34 Test for differance (p)
No. (%) ol patiens 1062 (100) 984 (92.7) 78 (7.3)
of anes!, presumed cardias BES (B0.5) 890 (93.2) B6 (B4.8) 0.05

Median (I0R) age, years B (48-71) 60 (43-T1}) B0 (45-78) 0.88
Sax

Male B03 (T5.6) T4T [75.8) 56 (71.8) 042

Famalke 253 (24.4) 237 (24.1) 22 (2B.2)
Location of amest, pubc 385 (37.2) 378 (38.5) 16 (20.5) 0.002
‘Witnessed amest

Paramedic 306 (28.7) 292 (29.7) 13 (16.7) 0.0

Bystander 556 [52.4) 514 (52.2) 42 (53.8)

Unwilneszed 201 (18.8) 176 (18.1) 23 (28.5)
Early CPR" 810 (B5.7) 855 (86.9) 55 (TO.5) <000
Initial arrast hythm

VFNT B0A (T6.2) 7EB (78.0) 41 (52.8) <000

PEA/Asystole” 253 (23.6) 216 (22.0) 37 (47.4)
ROSC on amival to first ED o7 (82.1) 910 (32.5) 68 (87.2) 010
Median {IGR) EMS response time, minules® B (B-10) 8 (E-11) 7 {5-9) <000
Survived to 12 months™ £33 (82.3) 879 (89.3) 54 (B8.2) <000
CPR, casdinpulr v Hation; EMS, gency medical serdces; I0A, imerquartie range; PEA, pulseless electrical activity; A0S, return of spon-

iculation; WF, icular fibrllation; VT, ventricular tachycardia,

% inclusdes 't der CPR" and dic CPR’ for dic-wal | arnests.

B Indudes 18 patients whene ‘initial ames1 fythm' is unknawn.
= Using tme imlerval from EMS call to arfval on soene.
? Denominator is 1,011 WA residents who sunived to hospital discharge.

Table 2 - Factors associated with 12-month survival in univariable and multivariable analyses.

Al patients (N = 1011) 12-ranth survival 12-month survival 12-manith survival
Unadusted OR (95 %C1)  Adusted OR (85% CI) (age and sex)  Fully adjusted OR (95% CI)
CPC1-2 at hospital discharge 524 (2.91-9.41) 4 87 (2.63-0.04} 3.28 {1.60-6.39)
Age, years 088 (0.94-0.87) 0.96 (0.95-0.08) 0.95 (0.95-0.88)
Sax, Male 1.48 {0.9-0-2.4) 1.23 (0.73-2.10) 0.B6 (D.4B-1.52)
Astiology of arest, presumed cardiac  1.02 (0.46-2.30) 0.72 (D.26-1.E3)
Location of amest, publc 22 (1.26-3.91) 1.47 (D.77-2.78)
Witnessed amest
Paramedic 1.47 (0.78-2.80) 1.68 (D.74-3.B4)
Bystarder 1.49 (0.84-2 6) 1.02 (0.52-2.01)
Unwilnessed (1.0} (1.0}
Early CPR" 2,68 (1.58-4.51) 1.29 (D.65-2.58)
Initial arrest rhythm, shockable 4,56 (2.84-7.31) 3.96 (2.23-7.03)
Wear of OHCA
2004-2007 (1.0p (1.0}
20082011 0.90 {0.39-2.10) 0.72 {D.20-1.B0)
20M12-2015 0.90 {0.41-2.00) 0.76 (D.32-1.B4)
20152019 1.27 (0.58-2.B0) 1.14 (D.47-2.77)
OHCA, can of hospital casdiac ammest. CPC, concbral pardormance category. CPA, casdiopulmonary resuscitation. OR, odds ratio. Cl, confidence imerdal.
* lindudes ‘by der CPR and f dic CPR’ for dic- i arnests.
Discussion survive 1o 12-months than thoge with & CPC3-4, after adjustment

in mulvadable analysis. This has impodant impscations for the
We found that while overall survival aMer admission for OHCA was  fulune medical management and prognoste discussions with these
low, moat of thosa aurdiving (994/1062, B2 75) hada good neurslng-  PENENts and Meir Tamilies.
ical and functionsl outeome at hoepital discharge. Also, most (93.7%) A recent survey of 16 naticnal and regional OHCA registries
patients sunving to hospilal discharge with & CPC1-2 were alive ar  PEperted between 53.2 and 97.0% of patients surviving 1o hosgital
12 months. Patients with & CPC1-2 were 3.3 fimes more ikely 1o discharge had a good neurslogical cubcome, with six regions clusber-
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ing between 80 and 37%." This is simiar to cur linding that 82.75% of
survivars had & good neurclogical outcome at hospital discharge.
The survival to 12-manths of patients with a CPC1-2 &l hospital dis-
charge is also similar o previous repors.'®'®

During the study, the proparion of survivors with a good neuro-
logical outcome showed itk improvement despite chenges in
post-resuscilation care. This finding was unexpected but we nole
that the actual number of pasents sundving with & CPC1-2 has
increasad over time, pemaps reflecting the increased population,
advancemeants in post resuscilation cane' ™19, or greater prognootc
cerainty on behall of clinicians.™’” Many patents who sundve 10
hospital admission die a3 a result of withdrawal of life suslsning
freatment due to suspected hypoxic ischamic brain injury.” ="

Study strengths and limitations
This study included all of the adult OHCA patients admitted io any of 11
hospitals in Perth over sixtean yean. Loss to 12-month survival follow
up (due o exclusion of inler-state and overseas residents) was low
(511062, 4.B%:). We repor both neurslogical and functional perfor-
mance pre-arrest and at hospital discharge. Also, the pre-hospital var-
ahles included in the multivariable analysis were collected
prospectively (priof o knowing neurological and sundival oulcomeas).
This study is one of few that heve sssessed the relationship between
CPC and long-tenm sundval in 2 lange mulicentre cohaort

The limitations include polential for misclassitication of pre-armest
CPC/OPC scores as the dala was collected retrogpectively. How-
ever, only 14/1062 (1.3%) of hospital survivors had a poor pre-
arrest neurological stalus so thal even a substantal misclassilica-
fion, dor example 50% would have minimal impect upon the study
outeome. We were unable to account for changes in post-
resuscitation care during the study period that may have impacted
on patient cutcome. Therelore, we divided the cohort nbo lour-year
epochs and included this as a covarigle. Thers are akes Emilalions
of using CPCIOPC scores At hospilal dischange as measures of neu-
rolomcal oubcome a8 the patients condition may continue 1o improve
of deteriorale and hence a 12-month neurclogical follow up provides
& better indication of neuralogical and funclional recovery.'™
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8.3 Supplemental Tables (Mckenzie et al. Resuscitation. 2021 Sept; 167:227-32)!
Table 8.1  (Supplemental Table 1) The number, proportion and 95% Confidence Interval for the proportion shown as a percentage for pre-and
post-arrest CPC and OPC scores.
Pre-arrest | No. (%) 95% Cl Post- No. (%) 95% Cl Pre-arrest | No. (%) 95% ClI Post- No. (%) 95% ClI
CPC Score arrest CPC OPC Score arrest
Score OPC Score
CPC1 983 (92.6) | 90.8-94.1 | CPC1 757 (71.3) | 68.5-74.0 | OPC1 861(81.1) | 78.6-83.4 | OPC1 620 (58.4) | 55.4-61.4
CPC2 65 (6.1) 4.8-7.7 CPC2 227 (21.4) | 18.9-24.0 | OPC2 159 (15.0) | 12.9-17.3 | OPC2 329 (31.0) | 28.2-33.9
CPC3 14 (1.3) 0.72-2.2 CPC3 67 (6.3) 4.9-7.9 OPC3 42 (4.0) 2.9-53 OPC3 102 (9.6) 7.9-11.5
CPC4 0 0 CPC4 11 (1.0) 0.52-1.85 | OPC4 0 0 OoPC4 11 (1.0%) | 0.52-1.85
Total N=1062

Abbreviations indicate as follows: CPC; Cerebral Performance Category, OPC; Overall Performance Category, Cl; Confidence interval.
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8.4

Supplemental Figures (Mckenzie et al. Resuscitation. 2021 Sept;
167:227-32)%

Figure 8.1 (Supplemental Figure 1) Proportion of hospital survivors with cerebral

Percentage (%)

performance category (CPC) and overall performance category (OPC) scores of
1 or 2 at hospital discharge by calendar year.
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Figure 8.2 (Supplemental Figure 2): Number of hospital survivors with cerebral
performance category (CPC) and overall performance category (OPC) scores of
1 or 2 at hospital discharge by calendar year.
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8.5 Summary

In this cohort of OHCA survivors, | found that whilst overall survival was low, most
survivors had a good neurological and functional outcome at hospital discharge.
Further, patients with a CPC of 1 or 2 at hospital discharge were significantly more
likely to survive to 12-months than those with a CPC of 3 or 4, after adjustment in
multivariable analysis. These results support the implementation of multimodal
prognostication strategies to inform clinical decision making®® and reduce the risk of
premature withdrawal of life sustaining treatment in patients who may have a chance
of a good neurological recovery.'® Future research should investigate the utility of
the CPC score and other neurological and functional scoring systems in different
subgroups of OHCA patients across different time points. In the final chapter of this
thesis, | summarise the key findings of my doctoral research, discuss the
methodological strengths and limitations and provide recommendations to inform

future research and clinical care.
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Chapter 9  Discussion and Conclusions

9.1 Overview

In this chapter, | summarise the key findings of my doctoral research, in relation to
each research objective and in the context of recent literature and international
guideline recommendations. | then discuss the strengths and limitations of my
research, and outline a set of recommendations to inform policy, practice and
research, as it applies to the local EMS and hospital system. The chapter concludes
with an overarching statement of how my research could strengthen the post-
resuscitation link in the Chain of Survival and improve survival and neurological

outcomes in adult OHCA patients.

9.2 Discussion

This thesis includes five peer reviewed manuscripts published in Resuscitation, the
highest ranked journal in emergency medicine.'®® The primary purpose of my
research was to identify strategies to optimise care in the post-resuscitation link in
the chain of survival by examining the effect of in-hospital factors on survival and
neurological outcome after OHCA. The following section provides a summary of my
research in relation to each of the five research objectives included in this thesis.
These findings are presented in the context of other comparable studies published in

peer-reviewed journals.
9.2.1 Summary of Key Findings

The key findings of each study are summarised in Table 9.1, before they are

discussed further below.
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Table 9.1 Summary of Key Findings

Research Objective/ Key Finding

Chapter

One Direct EMS transport to a PCl-capable hospital for post

Chapter Four resuscitation care is associated with a survival advantage for
adults with OHCA of medical aetiology.’

Two PaCO; has an important inverted U-shape (non-linear)

Chapter Five association with survival and patient outcomes after cardiac
arrest, consistent with international guideline
recommendations that normocarbia be targeted during post-
resuscitation care.*

Three Maintaining normocapnia (PaCO; 35-45 mmHg) within the

Chapter Six first 24-hours of ICU admission is associated with improved
survival when compared to patients with hypocapnia (<35
mmHg) or hypercapnia (>45 mmHg). The relationship
between PaCO, and survival is non-linear (inverted U-shape).®

Four Maintaining mild to moderate hyperoxaemia (PaO, 100-180

Chapter Seven mmHg) within the first 24-hours of ICU admission is
associated with improved survival when compared to patients
with normoxaemia (<100 mmHg) or hyperoxaemia (>180
mmHg). The relationship between PaO; and survival is non-
linear (inverted U-shape).?°

Five Whilst overall survival is low, most survivors of OHCA have a

Chapter Eight good neurological outcome at hospital discharge and are alive
at 12-months.*

Research Objective One: The Association between EMS Transport Destination and
Survival after OHCA

My first research objective was to compare survival outcomes of adults with OHCA
of medical aetiology directly transported by EMS to a PCl-capable hospital (direct
transport) with patients transferred to a PCl-capable hospital via another hospital
without PCl services available (indirect transport). | used PCl-capability as a surrogate
measure for a higher level of post-resuscitation care as that delivered in a cardiac
arrest centre. To achieve this objective, | conducted a retrospective cohort study of
509 adults (218 years) with OHCA of medical aetiology, attended by SJ-WA
paramedics between 2012 and 2015 (4 years), who were transported to one of five

PCl-capable hospitals in Perth, WA.1” The majority of these patients (n=404, 79.4%)
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were directly transported to a PCl-capable hospital, and after adjusting for known
confounders, these patients were twice as likely to survive to hospital discharge (aOR
1.97,95% Cl 1.13-3.43) when compared to those transferred to a PCl-capable hospital
from another hospital.’ Transport to a PCl-capable hospital also showed a survival
benefit in three predefined patient subgroups for: (a) all patients requiring
mechanical ventilation (aOR 2.33, 95% Cl 1.26-4.28), (b) all patients who had
coronary angiography (aOR 2.54, 95% Cl 1.20 — 5.40) and (c) all patients who had PClI
(aOR 4.37, 95% ClI 1.49-12.79). Further, the adjusted hazard ratio for possible
increased risk of death up to 12-months was 1.36 (95% Cl 1.00 — 1.84), for indirect

transport patients.’

My study showed significant variability between direct and indirect transport to a PCI
capable hospital in the rate of survival to hospital discharge after OHCA.'” One
possible contributing factor is the standard of post resuscitation care available at
each site. Addressing clinical variation through the use of standardised evidence-
based guidelines and protocols is critical to the delivery of high quality patient care.'6?
This is likely to be best achieved through a multi-disciplinary approach in a tertiary
hospital. While there is no universal definition of what constitutes the minimum
requirements for post resuscitation care in a tertiary hospital,®* a recent expert
consensus paper recommended that a cardiac arrest centre should provide access to
an ED, ICU, 24/7 coronary angiography and medical imaging.'®® Despite growing
evidence to suggest that post-resuscitation care at a cardiac arrest centre is
associated with improved patient outcomes at hospital discharge,®® post-ROSC
patients in Australia are not routinely admitted to a hospital capable of providing the

highest level of post- resuscitation care.??3

Post-resuscitation care is time critical, complex, and requires rapid and decisive
decision making to maximise survival and neurological recovery. There are
precedents for direct transport to a tertiary hospital for other critically ill patient
groups including those with STEMI.*?2 SJ-WA Clinical Practice Guidelines require
patients with ST elevation on initial field ECG be directly transported to a PCl-capable

hospital with transmission of the ECG to the treating medical team prior to patient
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arrival.’® Studies have also shown improved outcomes for patients with major
trauma transported directly to level 1 trauma centres,’®*'> supporting the
regionalisation of care into trauma centres and EMS hospital bypass protocols that
ensure trauma patients are directly transported to an appropriate trauma facility

rather than to the closest hospital.'®®

The central distribution of tertiary hospitals in the Perth metropolitan area means
that paramedics may need to bypass secondary hospitals so that OHCA patients can
be directly admitted to a hospital capable of providing a full range of post-
resuscitation care interventions. This will mean an increase in transport time for
some patients. However, a systematic review and meta-analysis investigating the
prognostic impact of transport time in adult OHCA patients found that transport time
was not associated with hospital survival or neurological outcome at hospital
discharge.®” This would support a policy of direct transport of OHCA patients to

cardiac arrest centres even if the initial transport time is increased.

Previous literature has also shown a survival benefit for adult OHCA patients
admitted to hospitals with PCl-capabilities. A 2017 United Kingdom pilot trial
randomising 40 OHCA patients without ST-elevation to an intervention arm to receive
expedited transfer to a cardiac arrest centre or a control arm with delivery to the
geographically closest hospital, found that transport of OHCA patients to a cardiac
arrest centre led to significantly higher one-month survival rates with favourable
neurological outcome.®® The authors recommended the conduct of a large RCT
comparing the delivery of OHCA patients without ST-elevation to a dedicated cardiac
arrest centre for post-resuscitation care, compared with standard care based on the
safety and feasibility of their pilot study.!®® Whether this treatment effect would

remain in other EMS settings is unknown.

Observational studies have also reported increased survival rates with direct
transport to a cardiac arrest centre. Two Australian studies found that care at a
cardiac arrest centre is associated with survival to hospital discharge®® and long term

survival post hospital discharge'®® in multivariable analyses. These findings are
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consistent with six American studies that report care at cardiac arrest centres after
OHCA was also associated with increased hospital survival,*>17%172 good neurological
outcome at hospital discharge?®'79172173 and long term survival in adjusted
analysis.’* A more recent study comparing patient characteristics and outcomes
between adults with OHCA of presumed cardiac aetiology transported to hospitals
with or without PCl-capability in New Zealand, found that survival to 30-days was
significantly increased in patients conveyed directly to a hospital with PCI-
capability.*® However, not all studies report a survival benefit associated with direct
transport to a cardiac arrest centre'’>7¢ and the reasons for these conflicting findings

warrants further investigation.

Research Objective Two: To Conduct a Systematic Review and Meta-Analysis

The second research objective of my thesis was to assess the effect of a low or high
PaCO;on patient outcomes after cardiac arrest (both in-hospital cardiac arrest [IHCA]
and OHCA) by systematically reviewing the literature and by combining results from
similar studies in meta-analyses.'® | searched across five electronic databases and
article reference lists using predetermined inclusion criteria to retrieve comparative
studies investigating the association of PaCO; and hospital survival or in-hospital
mortality after cardiac arrest.’® Of the 93 studies identified, nine studies®4586973-
76117177 \were considered eligible for the systematic review and eight studies provided
sufficient quantitative data for meta-analysis.®® In a meta-analysis of six
studies®¥73-76177 reporting hospital survival data, | found that normocarbia (35-45
mmHg) was associated with increased hospital survival (OR 1.30, 95% Cl 1.23-1.28)
when compared to hypo-or hypercarbia.'® In a meta-analysis of four studies®®7376,117
reporting CPC scores, | found that normocarbia was also associated with a good
neurological outcome (CPC 1 or 2) when compared to hypercarbia (OR 1.69, 95% Cl
1.13-2.51).18 My finding that PaCO, has an inverted U-shaped association with
hospital survival is in line with the most recent international guidelines? that

normocarbia be targeted during post resuscitation care.

This systematic review and meta-analysis highlighted a gap in the literature with

respect to the optimal PaCO, targets after OHCA.*® A literature search failed to
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identify any previous similar English language systematic reviews. As such, this meta-
analysis was an original piece of research that contributed to the evidence base for
post-resuscitation care. | used the PRISMA Checklist'3! to ensure that all essential
items for the systematic review were reported (Thesis Appendix D) and registered
the protocol in PROSPERO'3? an international prospective register of systematic
reviews (Thesis Appendix E). | undertook two sensitivity analyses to determine if the
choice of studies included in the meta-analysis resulted in major alterations to the
conclusions.'® The results of these did not have a major impact on the overall

conclusions of the study.®

The limitations of meta-analyses mean that their conclusions may be superseded by
larger multicentre high quality RCTs that are considered the second highest level of
evidence (after systematic reviews of RCTs) for evaluation of the effect of clinical
interventions.’® Furthermore, there are many examples of differences in the
outcomes estimated in meta-analyses and subsequent large RCTs.?”® Such a RCT,
TAME Cardiac Arrest (NCT03114033) is currently underway comparing normocapnia
(35-45 mmHg) with mild hypercapnia (50-55 mmHg) during the first 24 hours of ICU

admission after cardiac arrest with a recruitment target of 1700 patients.3°

A recent systematic review and meta-analysis of oxygenation and ventilation targets
after cardiac arrest was published in Resuscitation in 2020.1'2 This study included
seven trials and 36 observational studies comparing oxygenation or ventilation
targets.'*? The authors followed the PRISMSA guidelines and registered the meta-
analysis on PROSPERO but did not report any sensitivity analyses.''? A total of 203
patients were included in the meta-analysis of clinical trials but the total number of
patients in the meta-analysis of observational studies was not reported.!'? The
included studies largely overlapped with those included in my meta-analysis,'® with
the exception of two studies published after the conduct of my systematic review and
meta-analysis.”%14® With respect to PaCO,, the authors concluded point estimates of
112

individual studies generally favoured normocapnia over hypo- or hypercapnia

which aligns with the findings of my meta-analysis.*®
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Research Objective Three: The Association of PaCO; and Survival after OHCA

The third research objective of my thesis was to assess the association between
different levels of PaCO, over the first 24 hours of ICU admission and survival to
hospital discharge, neurological outcome at hospital discharge and 12-month survival
in adult patients with OHCA of non-traumatic aetiology. To achieve this objective, |
conducted a retrospective cohort study!® of adults (218 years) with OHCA of non-
traumatic aetiology, attended by SJ-WA paramedics between 2012 and 2017 (6
years), who were transported to one of four tertiary ICUs in Perth, WA and who
received mechanical ventilation on arrival. | used a four knot restricted cubic spline
function to model the relationship between PaCO; and patient outcomes.® | then
inspected the shape of the spline curve to identify optimal PaCO; cut-points, before
performing multivariable logistic regression analysis to generate corresponding odds
ratios.’® After analysing a total of 3769 ABG samples collected during the first
24 hours of ICU admission from 493 patients, | found that the relationship between
mean PaCO; over the first 24 hours and hospital survival was non-linear (inverted U-
shape) and the best PaCO; cut-points to differentiate survival for the hypocapnic,
normocapnic and hypercapnic groups was <35 mmHg, 35 to 45 mmHg and >45 mmHg
respectively.'® The highest survival occurred in the normocapnic group with a mean
PaCO; between 35 to 45 mmHg (reference category), compared to those with a mean
PaCO; of <35 mmHg (aOR 0.45, 95% Cl 0.24-0.83) or >45 mmHg (aOR 0.45, 95% ClI
0.24-0.84).'° Mean PaCO; in the first 24 hours of ICU admission was the third most
important predictor, explaining 11.7% of the variability in survival to hospital

discharge.”

Most OHCA patients admitted to ICU for post-resuscitation care are comatose and
require mechanical ventilation.®> As mechanical ventilation affects PaCO, and
cerebral blood flow is in part regulated by PaC0,,'%% it is important to characterise
the relationship between cerebral blood flow and changes in PaCO,. In cardiac
arrest, cerebral blood flow is partially restored with the onset of CPR.'8 However, it
remains well below the approximately 50% of normal flow needed to avoid ischaemic

181

injury and maintain neuronal integrity. If ROSC occurs, cerebral blood flow is

restored but this can trigger a reperfusion injury leading to secondary brain injury.8!

162



The cellular components of reperfusion injury are complex as is the activation of
immunological responses and subsequent tissue inflammation.’®* A low PaCO,
decreases cerebral blood flow owing to cerebral vasoconstriction.'8? This potentially
worsens hypoxic ischaemic brain injury.’®2 Conversely, a high PaCO, increases
cerebral blood flow by causing vasodilation, which in turn increases the volume of
intracranial blood, increasing intracranial pressure and therefore reducing cerebral

perfusion pressure (systemic mean arterial pressure minus intracranial pressure).'8?

PaCO; is determined by metabolic rate and is inversely proportional to minute
alveolar ventilation, thus for example, halving alveolar ventilation will double the
PaC0,.'* Manipulation of PaCO; is relatively easy in mechanically ventilated ICU
patients by adjusting tidal volume and respiratory rate.? PaCO; is also affected by
changes in metabolic rate and body temperature.'? Lowering body temperature will
reduce CO; production but shivering as a possible side effect of the cooling phase of
TTM may significantly increase metabolic rate and therefore increase PaC0,.1% It
follows, that careful monitoring of PaCO; in the post-resuscitation phase is of critical
importance. My finding that mean PaCO; in the first 24 hours of ICU admission is the
third most important predictor (after initial shockable rhythm and witnessed arrest)
of the variation in survival,’® highlights the importance of monitoring PaCO, and

adjusting ventilation to maintain PaCO;in the normal range.

In addition to the TAME Cardiac Arrest trial which remains in the recruitment
phase,’3% two smaller multicentre RCTs have evaluated the benefits of mild
hypercapnia after OHCA.%%72 The COMACARE trial (NCT02698917) was designed to
assess the feasibility and effect on brain injury markers of targeting low-normal (34-
35 mmHg) or high normal (44-45 mmHg) PaCO; during the first 36 hours after ROSC
in comatose mechanically ventilated patients. The authors’ primary endpoint was
neuron-specific enolase (NSE) concentration which is a widely used biomarker (but
not in WA ICUs) for prognostication of neurological outcome after cardiac arrest.83
This small phase Il trial found no significant difference in NSE concentration between
the two groups.”? In the Carbon Control and Cardiac Arrest (CCC;

ACTRN12612000690853) trial, patients were randomised to target normocapnia
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(PaC0O3 35-45 mmHg) or mild hypercapnia (PaCO; 50-55 mmHg) for the first 24 hours
after randomisation into the trial.®¢ The primary outcome was NSE and S100b protein
concentrations during the first 72 hours in the first 50 patients surviving to day
three.®® Mild hypercapnia was associated with significantly less increase in NSE
during the 72 hours of follow-up but S100b protein concentrations did not differ

significantly between the groups.®®

The systematic review and meta-analysis investigating oxygenation and ventilation
targets after cardiac arrest!!? identified 15 observational studies comparing the
impact of different PaCO; exposures on patient outcomes published since
2010’64,68,69,71,76,77,117,138,142,144,146,184-187 bUt only Six StUdie368’71’77’117’138’146 were
assessed as having less than a critical risk of bias; and only six studies were confined
to patients with OHCA 686971,138,146,185 Other studies included patients with both IHCA
and OHCA and one study did not report the location of the cardiac arrest.%
Considerable heterogeneity also existed in the timing and duration of ABG analysis
and study endpoints with the most common being the short term end point of in-
hospital mortality.546%76.138187 Normocapnia was most commonly defined as a PaCO,
of 35 to 45 mmHg, however slight variations to this range were reported. Roberts et
al,!1”18 Wang et al.*3® and Von Auenmueller!*® and colleagues defined normocapnia
as a PaCO; of 30 to 50 mmHg. Two other studies’*** report normocapnia as between
4.5 to 6 kPa equating to 34 to 45 mmHg. Irrespective of their definition for
normocapnia, most researchers applied linear models to investigate the relationship

between PaCO; and patient outcome after cardiac arrest.

Two studies used non-linear modelling to investigate the association between PaCO;
in-hospital mortality®® and neurological function at hospital discharge in cardiac
arrest patients.”” In the first of these, Helmerhorst et al.®® used the PaCO, value
associated with the ABG with the lowest PaO,/FiO; ratio. That is, the ABG with the
“worst” oxygenation during the first 24 hours of ICU admission collected for the
purposes of illness severity scoring.®® The authors found that PaCO, had an
independent U-shaped relationship with hospital mortality. After adjustment for

confounders, hypocapnia was a significant predictor of hospital mortality (OR 1.37,
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95% Cl 1.17-1.61).%° In the second study, Hope Kilgannon et al.”” did not define
normocapnia but applied a quadratic function to model the association between
mean PaCO; within six hours after ROSC and estimated the optimal PaCO; for a mRS
<3 at hospital discharge as a mean PaCO; of 68 mmHg.”” Their modelling showed an
inverted U-shaped relationship between mean PaCO; and neurological outcome at
hospital discharge.”” The optimal PaCO; of 68 mmHg is notably higher than suggested
by other observational studies but the authors do note an interaction with metabolic
acidosis, such that the optimal PaCO; for a good neurological outcome decreased in

patients with metabolic acidosis.”’

My study, addressing the association of PaCO; and survival after OHCA, also used
non-linear modelling, namely a four-knot restricted cubic spline function.!® This did
not force the data into a preconceived relationship between mean PaCO; and patient
outcome and allowed the use of data driven PaCO; cut-points. A further point of
differentiation from other studies is the inclusion of multiple PaCO; values up to 72
hours after ICU admission, thereby overcoming the limitations associated with single
or selected ABG analysis. This is more representative of the PaCO;, exposure during
mechanical ventilation in ICU. The fact that this study only included patients with
OHCA of non-traumatic aetiology provided a more homogeneous population than
studies that include both IHCA and OHCA. The study provides robust evidence, albeit
still observational, to support targeting PaCO, between 35 to 45 mmHg in
mechanically ventilated OHCA patients. Until evidence from adequately-powered
RCTs is available, high quality observational studies, such as the one included in this
thesis®, provide an underlying basis for guidelines on post resuscitation care

ventilation strategies.

Research Objective Four: The Association of PaO; and Survival after OHCA

The fourth research objective of my thesis was to assess the association between
different levels of PaO; over the first 24 hours of ICU admission with survival to
hospital discharge in adult OHCA patients. | conducted a retrospective cohort study?°
of adult (218 years) patients with OHCA of presumed medical aetiology, attended by
SJ-WA paramedics between 2012 and 2017 (6 years) and admitted to one of four ICUs
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in Perth WA, with mechanical ventilation. The potential non-linear relationship
between PaO; and survival was assessed by a four-knot restricted cubic spline
function and Pa0; cut points were chosen.?° | then performed multivariate logistic
regression analysis to assess the association between the mean PaO; within the first
24 hours of ICU admission after OHCA and survival to hospital discharge with
adjustments for potential confounders.?® After analysing a total of 3,764 ABG samples
collected within the first 24 hours of ICU admission for 491 patients, | found that the
relationship between mean PaO; and hospital survival was non-linear (inverted U-
shape) and the best PaO; cut-points to differentiate survival for the normoxaemic,
mild to moderate hyperoxaemic and the severe hyperoxaemic groups was <100
mmHg, 100 to 180 mmHg and >180 mmHg respectively.?’ When compared to mild to
moderate hyperoxaemia, normoxaemia (aOR 0.50, 95% Cl 0.30-0.84) and severe
hyperoxaemia (aOR 0.41, 95% Cl 0.18-0.92) were associated with a decreased odds
of survival to hospital discharge.?® Mean PaO, within 24 hours of ICU admission was
the third most important predictor (after initial shockable rhythm and witnessed
arrest) and explained 9.1% of the variability in survival to hospital discharge.? (Note:
Both PaCO; and PaO; were the third most important predictors of survival to hospital
discharge in the studies assessing the association between PaC0,*° and Pa0,?° and
survival after OHCA respectively. PaO, was the fifth most important predictor of
survival explaining 5.2% of the variation in survival in the PaCO2 study.!® PaCO; was
not included as a confounder for adjustment in the PaO; study, because at the time

the study was designed the outcomes from the PaCO; study were unknown).?°

After ROSC, both cerebral oxygen consumption and the cerebral oxygen extraction
fraction are decreased for 24 to 72 hours, implying that the physiological coupling
between cerebral blood flow and cerebral requirement is maintained.18818°
However, brain tissue hypoxia, defined as a brain tissue oxygen tension <20 mmHg,
has been observed in about half of all comatose patients after ROSC during the period
of 13 to 40 hours after cardiac arrest.!9%191 These studies used an intra-parenchymal
micro catheter to measure parenchymal brain tissue oxygen tension.1%%19
Furthermore, the patients with brain tissue hypoxia had increased release of

biomarkers of neuronal injury in jugular venous blood,**! thus there is evidence that
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hypoxaemia is detrimental after ROSC. Conversely, hyperoxaemia can cause harm
through the increased production of free oxygen radicals which have been shown to
worsen neurological injury in experimental studies.’®? In other experimental models,
ventilation with 100% oxygen after cardiac arrest resulted in both worse neurological

deficit scores and greater histological evidence of neurological damage.'®?

A recent systematic review and meta-analysis by Holmberg et al.}'?2 on behalf of
ILCOR, identified seven trials and 30 observational studies related to oxygenation and
ventilation targets after adult cardiac arrest. The seven trials 66151193196 pyplished
between 2006 and 2019 involved between 17 and 166 subjects.!? Six trials’%1°1:193-
196 compared oxygen targets only but only three of these were after admission to the
ICU,”2%511%6 with three being in the pre-hospital setting;!%3%°> one study spanned
both settings.'! The meta-analysis for the comparison of low oxygen to high oxygen

targets in the prehospital setting, included two RCTs**>*** and found a risk ratio of

0.97 (95% Cl 0.68-1.37), which is a non-significant finding.

Each of the three RCTs’%%°11% that included the ICU stay had less than 100 survivors
in both arms.1*2 Of the two trials’?1°® investigating oxygen strategies in the ICU only,
one of the trials comparing normoxaemia to moderate hyperoxaemia found no
difference in hospital survival (Relative Risk [RR] 1.07, 95% Cl 0.84-1.36) or hospital
survival with a favourable neurological outcome at six months (RR 1.13, 95% Cl 0.87-
1.47).”2 Another small trial with only 17 subjects also found no benefit from lower
oxygen concentrations on survival (RR 1.13, 95% Cl 0.41-3.08) or discharge home (RR
0.56, 95% ClI 0.14-2.29), albeit with wide confidence limits.*>! A third investigation
was a subgroup analysis of 164 patients from a larger cardiac arrest trial'®® that
reported increased survival at 90 days in patients where hyperoxaemia was
aggressively avoided (RR 1.39, 95% Cl 1.01-1.92) but there was no benefit in terms of
survival to 6 months with a favourable neurological outcome (RR 1.4, 95% Cl 0.93-

2.13).19

The observational studies included in the Homberg et al.}'2 systematic review

examining the association between PaO; and patient outcomes after cardiac arrest
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are generally of poor quality; with only ten studies being assessed as having less
than a critical risk of bias, and in all of these studies the risk was assessed as ‘serious’.
The results from ten observational studies®®86138142-148 (rated as having less than a
critical risk of bias) were inconsistent in terms of the relationship between
hyperoxaemia and patient outcome after cardiac arrest. In four studies,
hyperoxaemia was associated with lower survival to hospital discharge and/or less
favourable neurological outcome.86138147.148 |n the other six studies there was no
association between hyperoxaemia and patient outcomes.?®142-146 One study also

found an association between hypoxaemia and worse patient outcomes.!32

Overall, eleven of the observational studies defined the upper limit of normoxaemia
as approximately 300 mmHg,5%7879,138,141,143,145-147,149,197. \whjch is well above the 180
mmHg identified in my study as being the PaO, above which patient outcomes
deteriorated.?? Other studies used a wide variety of upper limits for PaO, or oxygen
saturation to define hyperoxaemia.'*? Ten studies defined hypoxia as a PaO of <60
mmHg, 6979,85138,141,143-146,148 \yhich is well below the PaO, cut-point of 100 mmHg

associated with worse patient outcomes in my study.?°

Most observational studies included in the Holmberg et al.}'? systematic review
report survival to hospital discharge, in-hospital mortality or mortality at 28 to 30
days, with the exceptions being Javaudin et al.'®® (CPC 3 to 5 at 30 days), Ebner et
al.1¥3 (CPC 1 to 2 at six months), Vaahersalo et al.®® (CPC 1 to 2 at one year), Von
Auenmueller et al. (mortality at 5 days) and Humaloja et al.}** (mortality at one year)
demonstrating significant heterogeneity in reported outcome measures. | reported
survival to hospital discharge, survival to hospital discharge with a good neurological
outcome (CPC 1 or 2 ) and 12-month survival?® providing a mix of short and longer

term outcomes for comparison with other studies.

Other sources of heterogeneity in the observational studies included in this
systematic review!'? include ABG sampling times which ranged from first’®8 to
worst®279141 to selected!® to all ABGs®®138149 within specified time points. My study

included all PaO; measurements within the first 72 hours of ICU admission, providing
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alonger time frame for the mean PaO; to which patients were exposed. Only Nelskyla

149 ysed PaCO; values from the first 72 hours of ICU admission, finding

and colleagues
there were no statistically significant difference in the number of patients discharged
from the hospital and thirty day survival between patients exposed to hyperoxaemia
(>300 mmHg) and those not exposed. This study used a linear model, as have all
others with the exception of Helmerhorst and collegues,®® to assess the relationship
between Pa0; and patient outcomes after cardiac arrest. While | also found no
significant relationship between mean PaO; and patient outcomes using a linear
model in my study, when the data was analysed using a 4 knot restricted cubic spline
function, there was an inverted U-shaped relationship between PaO; and patient
outcomes.?® This is similar to the findings of Helmerhorst et al.®® who reported a U-
shaped relationship between PaO; and in-hospital mortality. In this study, after
adjustment for confounders, hypoxia (Pa0O; <60 mmHg) was a significant predictor of
hospital mortality after OHCA (OR 1.34, 95% Cl 1.08-1.66).5° However, this study

used only a single PaO; measurement, namely that associated with the lowest

Pa0,/FiO, ratio within the first 24 hours of ICU admission.®®

My study, was confined to adults with OHCA of presumed medical aetiology, included
all PaO; results over the first 72 hours of ICU admission, reported both short and long
term patient outcomes and used non-linear modelling instead of forcing the data to
fit into a linear relationship which may be non-physiological.?® While other
publications have featured one or two of these characteristics, this is the only OHCA

publication to date to feature them all.

Research Objective Five: Neurological Outcome at Hospital Discharge and Survival to
12-months

My final research objective was to describe neurological and functional outcomes
among OHCA patients who survived to hospital discharge and to determine the
association between neurological outcome at hospital discharge and 12-month
survival. To achieve this objective, | conducted a multicentre retrospective cohort
study of adult OHCA patients (218 years) attended by SJ-WA paramedics in

metropolitan Perth who survived to hospital discharge between 1%t January 2004 and
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31%t December 2019 (16 years).?! Neurological and functional status at hospital
discharge (and before the arrest) was determined by CPC and OPC scores, through
medical record review.?! Using multivariable logistic regression analysis to estimate
the adjusted association between CPC score at hospital discharge and 12-month
survival, | found that while overall survival after OHCA remains low, most of those
surviving had a good neurological outcome (CPC 1 or 2) at hospital discharge.?! Of
the hospital survivors, the scores were: CPC1 n=757/1062 (71.3%), CPC2 n=227/1062
(21.4%), CPC3 n=67/1062 (6.3%) and CPC4 n=11/1062 (1.0%).?! OPC scores followed
a similar distribution.?* Of the patients with a CPC 1 or 2 at hospital discharge, 938
(93.7%) were alive at 12-months.?* A good CPC score at hospital discharge (CPC1-2)
was significantly associated with 12-month survival (aOR 3.28, 95% Cl 1.69-6.39).%*

Analysis of data from large OHCA registries and clinical trials show that approximately
80% of patients who survive to hospital discharge do so with a good neurological
recovery as defined by a CPC score of 1 or 2.2615519 This compares with 92.7% of
survivors to hospital discharge with a CPC of 1 or 2 in my study described above.?!
The high proportion of survivors with good neurological outcome may reflect
Australian medical practice in withdrawal of life sustaining treatment in ICU patients
who do not show signs of neurological recovery after OHCA.?% It has been stated that
achieving an adequate quality of life is the ultimate goal of resuscitation.'®® However,
clinician reported measures of neurological and functional outcome do not
necessarily correlate with self-perceived quality of life.18 Patients with CPC score of
1, generally have similar health related quality of life to comparable health
populations,?®! but patients with a CPC score of 2 may be significantly impaired when
assessed by health related quality of life measures.?®? The Health Utilities Index
(version 1ll), the Short-Form 36-Item Health Survey and the EuroQol EQ-5D_5L are
recommended to assess quality of life after cardiac arrest.®* Individual patient follow-
up to complete one or more of these questionnaires is time consuming and prone to

203

loss to follow-up®®® and did not form part of the methods for this thesis. The

challenges of longer term follow-up of ICU patients has been reported elsewhere.?%

| therefore restricted this study to the ascertainment of CPC and OPC at hospital
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discharge (through medical record review) and 12-month survival as determined by

death registry data, with minimal loss to follow-up.

9.3 Research Findings in the Context of International Resuscitation
Guidelines

The results of my research are consistent with international guideline
recommendations,'? with the exception of optimal oxygenation targets as discussed
below. The European Resuscitation Council (ERC) and European Society of Intensive
Care Medicine (ESICM) algorithm for post-resuscitation care has recently been
updated to incorporate resuscitation science that has been published since 2015.%2
The ERC-ESICM guidelines on adult post-resuscitation care are based on ILCOR’s
Consensus on Science Treatment Recommendations (CoSTR).}2 Of the
recommendations included in this document, those most relevant to my research
relate to the transport of OHCA patients to a cardiac arrest centre, control of
oxygenation and ventilation through measurement of PCO, and PaO,, and the

reporting of short and long-term outcomes. These are discussed further below.

Cardiac Arrest Centres

ERC—ESICM guidelines recommend transport of adult OHCA patients with presumed
non-traumatic aetiology to a cardiac arrest centre in accordance with local transport
protocols.'? Cardiac arrest centres are hospitals capable of providing a high level of
post resuscitation care including emergency interventional cardiology, protocolised
cardiorespiratory support, targeted management of body temperature and
prognostication.'? This recommendation is based on very-low-certainty evidence
from a meta-analysis of 17 observational studies that found patients cared for at
cardiac arrest centres had improved survival to hospital discharge with a favourable
neurological outcome (OR 2.22, 95% Cl 1.74-2.84) and improved survival to hospital
discharge (OR 1.85, 95% Cl 1.46-2.34).5! This recommendation is consistent with the
results of my study investigating the association between EMS transport destination
and survival after OHCA, which found higher adjusted hospital survival for patients

directly transported to a PCl-capable hospital when compared to patients indirectly
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transferred to a PCl-capable hospital via another hospital.}” My study was included in

the meta-analysis used to inform this guideline recommendation.”!

Control of Ventilation

ERC—ESICM guidelines recommend that patients requiring mechanical ventilation
after ROSC, receive lung protective ventilation with a tidal volume of 6-8 mL/kg of
ideal body weight.'? Ventilation should be adjusted to achieve a target PaCO; of 35
to 45 mmHg, monitored via end tidal CO; values and ABG analysis. Patients receiving
TTM to achieve a lower body temperature should have PaCO; measured frequently
due to the increased risk of hypocarbia.'? This recommendation is based on an ILCOR
systematic review and meta-analysis that found point estimates of individual studies
favoured normocapnia compared to hypo or hypercapnia in the critical post-ROSC
phase.'*2 My findings that normocapnia within the first 24 hours of ICU admission
after OHCA is associated with improved survival compared to patients with

hypocapnia or hypercapnia is consistent with these guideline recommendations.*®

Control of Oxygenation

ERC—ESICM guidelines recommend that post-ROSC, patients receive 100% inspired
oxygen (or maximum available) until the arterial oxygen saturation or the PaO; can
be measured.?? When arterial oxygen saturation or ABG measurements are available,
FiO2 should be titrated to achieve a PaO; of 75 to 100 mmHg. Hypoxaemia (PaO, <60
mmHg) and hyperoxaemia (>100mmHg) should be avoided.!?> The upper boundary
for PaO, recommended by the ERC-ESICM guidelines!? and the lower boundary
identified by the cut-point in my study assessing the association of PaO; and survival
after OHCA coincide at 100 mmHg.2° Complying with these guidelines would suggest
that the range of 100 to 180 mmHg that | identified as cut-points for optimal patient
outcomes should be avoided. Visual inspection of Figure 2 (Mean PaO; within the first
24 hours of ICU admission and log odds of survival to hospital discharge) in my study
assessing the association of PaO; and survival after OHCA,?° would suggest that a
Pa0; <100 mmHg is associated with a significant decrease in hospital survival as the

mean Pa0; approaches the 75 mmHg lower limit recommended by the ERC-ESICM
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guidelines.’> A number of reasons may explain the discrepancy between my finding

and the international guideline recommendations. These are discussed below.

The ERC-ESICM guidelines oxygenation targets were informed by the Holmberg et
al.1’? 2020 systematic review and meta-analysis of oxygenation and ventilation
targets after cardiac arrest. Only four RCTs without a high risk of bias were included
in the systematic review and two in the meta-analysis. The two RCTs included in the
meta-analysis had a total of 89 patients and reported survival to hospital
discharge.1®3%* The authors compared 100% oxygen to a lesser FiO, titrated using a
pulse oximeter in the prehospital setting with there being no significant association
between low oxygen therapy and survival to hospital discharge (RR 0.97, 95% CI 0.68—
1.37).112

Of the two small RCTs included in the systematic review®%'*> but not the meta-
analysis, the first targeted an oxygen saturation of 90-94% in the intervention group
in both the prehospital setting and during the first 72 hours of ICU admission or
extubation if this occurred first.1>* The authors concluded that targeting an oxygen
saturation of 90 to 94% in the pre-hospital setting was not feasible and may
potentially expose patients to inadvertent hypoxaemia.'®! The primary outcome of
discharge to home did not significantly differ between the intervention and control
groups (RR 0.56, 95% CI 0.14-2.29). The second study*®> was a cluster randomised
feasibility study that enrolled only 35 patients. Control patients received 100%
oxygen and in the intervention group an oxygen saturation of 94 to 98% was targeted
for one hour after ROSC.**> While the authors report a higher chance of survival in
patients receiving low oxygen therapy (RR 3.15, 95% ClI 1.04-9.52) with a very wide
confidence interval, they also acknowledge the limitations of the study including that
it was un-blinded and that the paramedics enrolled for the intervention arm were
subject to selection bias.'® Thus, the evidence from existing small RCTs to support
the current ERC-ESICM guidelines is weak and does not exclude the possibility that
optimal patient outcomes are associated with a PaO, of 100 to 180 mmHg during the

first 24 to 72 hours of admission to an ICU after OHCA.
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The second reason that may explain the discrepancy between my findings and the
international guideline recommendations is that a low PaO, may have been a
surrogate marker of illness severity.?° This is an inevitable limitation of observational
studies in which the finding of association should not imply causality. This is
acknowledged as an important limitation in my study assessing the association

between Pa0, and Survival after OHCA.%°

The third reason is that the oxygenation targets in the current ERC-ESICM guidelines
were not updated in 2015%°> and have not been updated since 2010.2°¢ The ILCOR
systematic review and meta-analysis concluded that a large number of studies
related to oxygenation targets did not reach statistical significance and were limited
by an excessive risk of bias.'*?> While point estimates of individual studies generally
favoured normoxemia as variously defined by the authors, the overall level of

evidence is low.112

Outcome measures

ERC—ESICM guidelines recommend that assessments of physical and non-physical
capability are performed before hospital discharge in order to identify any
requirement for patient rehabilitation.’> Other recommendations are to organise
three month follow-up of hospital survivors to screen for cognitive and emotional
problems and fatigue and to provide information and support to patients and family
members.12 These guidelines refer to suggested follow up at 3, 6 and 12 months and
to limitations in usual activities at 12-months.'> However, they do not refer
specifically to OPC scores as a functional outcome measure at hospital discharge or

longer.t?

The most common summary measure of neurological and functional outcome after
OHCA is the CPC score.'%%3 While ILCOR recommends the use of mRS rather than CPC
scores, as the mRS is better at discriminating between mild and moderate
disability®®?%” and has substantial interrater reliability,?°® it is acknowledged that
most studies on neurological outcome after cardiac arrest use CPC scores.'? | used

CPC scores to define neurological outcome at hospital discharge in each of the four
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observational studies included in this thesis.}’*%2! | also used OPC scores at hospital
discharge to differentiate between neurological and functional outcome in my fifth
paper assessing the association between neurological outcome at hospital discharge
and survival to 12-months.?! | preferentially selected CPC and OPC scores as this
information has been routinely collected for the SJ-WA OHCA Database since 2004.
This database is one of four data sources used to inform the research included in this

thesis.

The current ERC—ESICM guidelines note that in countries where the withdrawal of life
sustaining treatment is uncommon, the longer term prognosis for patients who are
still comatose one month after cardiac arrest is poor.*? In high income countries such
as Australia, where withdrawal of life sustaining treatment in ICU is relatively
common?® (after prognostication and discussion with family), the majority of
survivors are defined as having a ‘good’ neurological outcome based on global
outcome measures such as the mRS and CPC.*? In my study assessing neurological
outcome at hospital discharge and survival to 12-months, | found that 92.7% of
hospital survivors had a CPC score of 1 or 2 at hospital discharge and this was
significantly associated with longer term 12-month survival.?! Revisions of the ERC—
ESICM guidelines could usefully include additional preferred outcome measures in
order to promote standardised reporting of neurological and functional outcomes

and long term survival after cardiac arrest.

9.4 Strengths and Limitations

Strengths

There are seven main strengths to my research. First, | conducted four multicentre
population-based retrospective cohort studies investigating in-hospital prognostic
determinants after OHCA. These studies were informed by pre-hospital and in-
hospital factors that have previously been found to affect patient outcomes in this
subpopulation of critically ill adults. In Australia, there are few multicentre
population-based studies that describe the prehospital and in-hospital management
of OHCA patients; and that assess the association between post-resuscitation care

factors, neurological outcome at hospital discharge and 12-month survival.
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Second, each retrospective cohort study was conducted using high quality
prospectively collected data from the SJ-WA OHCA Database as well as three other
reliable data sources; the WA Registry of Births, Deaths and Marriages, PathWest
Laboratory Medicine WA and medical chart review. The SJ-WA OHCA Database
operates under rigorous data collection and reconciliation processes that are closely
monitored and include manual checking of each case. Hospital survival and
neurological outcomes at hospital discharge were determined by myself, through a
detailed review of emergency department and inpatient medical records.
Assessment of inter-rate reliability was conducted on a regular basis to determine
the level of agreement between myself and another experienced research nurse data
collector. A defined database was developed a priori to record pre-determined data
points. Long term patient survival outcomes were ascertained by checking against

death records from the WA State Registry of Births, Deaths and Marriages.

Third, important methodological limitations identified in previous studies were
addressed through the use of rigorous analytical and statistical techniques. For
example, | used a restricted cubic spline function in two studies’®?° to test the
hypothesis that the relationship between PaCO; and PaO; is non-linear, before
modelling the data in a regression model. | did not force the data to fit a linear
regression model when testing suggested the relationship between the exposure and

patient outcome was non-linear (inverted U-shaped).1%?°

Fourth, In the same two studies'®?°, my extensive dataset of consecutive ABG values
(up to 72 hours of ICU admission), enabled me to overcome issues associated with
ABG sampling times and increased the likelihood that my results were more
representative of the true exposure to PaCO; and PaO; during the critical post-ROSC

period.
Fifth, my study investigating the association between neurological outcome at
hospital discharge and survival to 12-months,?! is one of few that have assessed the

relationship between CPC score at hospital discharge and survival in a large
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multicentre cohort. This study was also informed by a large comprehensive data set
with neurological and functional outcomes at hospital discharge measured over 16

years.

Sixth, the long-term patient outcomes (survival to 12-months) included in each study
are arguably more patient-centred than survival to hospital discharge or 30-days after
OHCA. It is probable that most patients will view a reasonable life expectancy as an

appropriate trade-off for the burden of intensive care treatment.

Finally, | received patient PaCO, and outcome data from four authors®® 737576 whose
studies were included in my systematic review'® and meta-analysis and who only
reported aggregate data in their respective reviews. This meant that the results of
my meta-analyses were informed by individual patient level data from seven out of
eight included studies. This allowed me to better assess the non-linear relationship

between PaCO; and patient outcomes and pool these results in meta-analyses.

Limitations

| acknowledge that my research has potential limitations. These are discussed below.

First, in addition to the fact that causality cannot be definitively established through a
cohort study, the findings of each study may have been confounded by the severity of
patient illness, resulting in a biased estimate of the effect of the exposure on patient
outcome. In the study investigating the association between PaCO; and patient
outcomes,*® patients with abnormal PaCO; levels may have had a greater severity of
illness leading to the association with increased in-hospital mortality. Similarly, in the
study investigating the association between PaO, and patient outcomes,?° patients
with more severe illness may have received a higher FiO; resulting in worse outcomes
because of their illness severity and not their exposure to oxygen. In both of these
studies, outcomes were adjusted for use of inotropic medications as a surrogate
marker for illness severity. Itis possible that the use of a recognised measure of iliness
severity in intensive care patients such as the Acute Physiology and Chronic Health

Evaluation (APACHE 11) score?®® may have provided a more robust adjustment for
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illness severity, but this was not assessed. However, in the absence of results from
large RCTs, well controlled observational studies such as those included in this thesis,
provide the best available indication of a possible causal relationship between an

exposure and patient outcome.

Second, owing to the non-randomised study design of the included studies, | cannot
exclude the possibility that my results might be confounded by other unmeasured
factors. For example, in the study investigating the association between EMS
transport destination and survival after OHCA,'” paramedics may have been biased
in their choice of initial destination hospital. It is also possible that clinicians at the
initial destination hospital were biased in their decision to transfer a patient to a PCI-
capable hospital. To examine clinical decision making as a possible source of bias in
this study, | compared demographic and OHCA characteristics of all patients admitted
to a PCl-capable hospital by transport group and identified significant differences. |

then adjusted for these variables in multivariable logistic regression analysis.

Third, the extent to which the research findings and conclusions of each cohort study
included in this thesis are applicable to other settings is unknown. As the inclusion
criteria for each study was restricted to adult patients who had an OHCA in the Perth
metropolitan area, these results may not be generalisable to non-metropolitan areas
of WA. This is because the medical services available outside the metropolitan area
(perhaps with the exception of Bunbury) are limited as a result of highly dispersed
population over 2.5 million square kilometres. The findings may also not be
generalisable to other Australian capital cities. However, the ICUs involved in the
studies included in this thesis have been submitting their patient data to the ANZICS
Centre for Outcome and Resource Evaluation (ANZICS CORE Registries)?!° regularly
and the patient characteristics, outcomes and the standardised mortality ratios are
found to be similar to ICUs in other parts of Australia as well as in New Zealand.?1°
While my findings may not be generalisable to other countries due to differences in
EMS systems and hospital and health services, most are consistent with international

(ERC—ESICM) guideline recommendations.
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Fourth, in my final study investigating the association between neurological outcome
at hospital discharge and 12-month survival,?! | included adult OHCA patients
admitted to any of 11/11 (100%) Perth hospitals with an ED accepting adult OHCA
patients in Perth over 16 years. Given the number of admitting hospitals and the
extended data period, | was unable to fully account for changes in post-resuscitation
care that may have impacted upon patient outcomes. | addressed this issue by
dividing the cohort into four year epochs and including these as a covariate in

multivariable logistic regression analysis.

Finally, with respect to my systematic review and meta-analysis,'® | could not draw
definitive conclusions on the optimal PaCO; level that clinicians should target after
cardiac arrest. All studies included in the meta-analysis were observational in nature
and subject to the fundamental limitations inherent in the study design resulting in
an inability to attribute causation. The majority of the patients included in the review
were from a single study®® and this may have influenced my findings that patients
with normocarbia are more likely to survive to hospital discharge as compared to
patients with hypercarbia. Further, significant heterogeneity existed within and
between the included studies, including country of origin, location of cardiac arrest
(IHCA versus OHCA), the use of TTM and the timing, frequency and selection of ABG

results.

Acknowledging the limitations of the studies included in my thesis, | have translated
the main findings of my research into a set of final recommendations for policy,

practice and research. These are outlined below.

9.5 Recommendations for Policy, Practice and Research

The following policy, practice and research recommendations are provided on the

basis of my doctoral research.

Policy and Practice
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For adult patients with OHCA of presumed medical aetiology, local EMS
should consider direct transport of the patient to a PCl-capable hospital,
bypassing closer EDs, when safe to do so.

WA Department of Health consider regionalisation of care into cardiac arrest
centres with clinical services that include targeted management of body
temperature (fever avoidance), oxygenation and ventilation management
strategies, a 24/7 percutaneous coronary intervention service and a
multimodal neuro-prognostication diagnostic service.

For adult OHCA patients admitted to ICU with mechanical ventilation, PaCO;
should be maintained at 35 to 45 mmHg for at least the first 72 hours of ICU
admission.

For adult OHCA patients admitted to ICU with mechanical ventilation, PaO;
should be maintained at 100 to 180 mmHg for at least the first 72 hours of
ICU admission.

Clinicians should be aware that the neurological and functional outcomes of
adult OHCA patients who survive to hospital discharge are good. Further, a
good neurological outcome at hospital discharge is significantly associated
with survival to 12-months. This information should help inform clinical
decision making.

Longer-term survival and neurological outcomes (such as 30 days and 12-

months) should be incorporated into routine reporting by OHCA registries.

Research

Investigate the implementation of a post-resuscitation bundle of care for
OHCA patients who cannot access a PCl-capable hospital in a timely way (e.g.
rural patients) and determine the effect on patient outcomes.

A large prospective study with pre-determined ABG sampling times over the
first 72 hours would provide additional and stronger evidence (by reducing
heterogeneity in sampling times) to support the non-linear association

between ABG tensions (PaCO; and Pa0;) and patient outcomes.
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e In the absence of data from large RCTs, conduct a prospective observational
study that assumes a non-linear relationship between ABG tensions (PaCO;
and Pa0;) and survival and neurological outcome after OHCA.

e Undertake RCTs of different PaCO; and PaO; targets within the normal range
with end-points that include patient-centred outcomes such as quality of life
and functional outcomes 12-months after OHCA.

e Conduct a prospective observational study investigating the relationship
between neurological function and quality of life measures at predetermined
points after hospital discharge following OHCA, for example 3, 6 and 12-

months.

9.6 Concluding Remarks

The evidence is clear, strengthening each link in the OHCA Chain of Survival improves
patient outcomes and saves lives. The overall aim of this thesis was to strengthen the
evidence for elements of the post-resuscitation care link in the chain of survival by
exploring the effect of in-hospital factors on patient survival and neurological
outcome after OHCA. | found that the initial destination hospital and oxygenation and
ventilation targets are potentially modifiable post-resuscitation care factors that
were associated with survival and neurological outcomes after OHCA. | also found
that most hospital survivors have a good neurological outcome at hospital discharge
and are alive at 12-months, supporting the need for careful prognostic decision
making after OHCA. My findings support treatment recommendations in
international guidelines and have important clinical implications. They will also help
to inform future clinical trials. RCTs are now needed to provide higher level evidence
of the effect of in-hospital factors on patient outcomes. These include RCTs
investigating different PaO, and PaCO; targets within the normal range with end-
points that include patient-centred outcomes. Population-based studies that
describe neurological and functional outcomes after OHCA and that examine the
association between survival and neurological outcome are required to minimise

errors in prognostic decision-making. This program of research has highlighted the
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importance of post-resuscitation care on patient outcomes and extends current

understanding. Given the high rates of OHCA and low survival, small gains are large.
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Personnel must disclose any actual or potential conflicts of interest, including any financial or other interest or affiliation, that bears on this
project
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220



and governance requirements
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Yours sincerely
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Catherine Gangell
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in-hospital prognostic determinants’ will examine post-resuscitation management of OHCA patients in
Perth, Western Australia,

In addition to the data already collected for study HR199/2014, researchars will be collecting data on
post-resuscitation management. This will include routinely collected laboratory data from Path West
including blood gas data,

Please ensure thaf all dgia are stored in accordance with WAUSDA and Curtin University Policy.
Yours sincerely, |

Professor Petar ry
Chair, Human Research Ethics Committee
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MEMORANDUM % Curtin University

To: | Professor Judith Finn Office of Ressarch and

Development

Nursing & Midwifery Human Research Ethics Office

cc: TELEPHOME 9266 2784
B - . s i . FACSIMILE 9266 3793
From | Professor Peter O'Leary, Chair HREC EMAIL  hrec@eurtin edu.au

Subject | Amendment approval
Approval number: HR199/2014

Date | 16-Jun-15

Thank you for submitting an amendment to the Human Research Ethics Office for the project:

HR19%/2014 Functional status of survivors of out-of-hospital cardiac arrest in Perth, Western
Australia.

The Human Research Ethics Office approves the amendment to the project.
Amendmeant number: HR123/2014/AR1
Approval date: 16-Jun-15

The following amendments were approved:

1) In adult patients admitted to an intensive care unit (ICU) following an out-of-hospital cardiac arrest,
does the arterial oxygen concentration in the first 24 hours following cardiac arrest (in the range §0mmHg
to 200mmHg vs. cutside this range) affect the length of ICU stay, ICU survival, survival to hospital
discharge, neurclogical outcome on survival (CPC) and 30-day survival?

2) In adult patients admitted to an intensive care unit (ICU) following an out-of hospital cardiac arrest,
does the arterial carbon dioxide concertation in the first 24 hours following cardiac armrest (in the range
25mmHg to 50mmHg vs outside this range) affect the length of ICU stay, ICU survival, survival to hospital
discharge, neurclogical outcome on survival (CPC) and 30-day survival?

3) In adult patients admitted to an intensive care unit {ICU) following an out-of-hospital cardiac arrest,
does targeted temperature management in the first 24 hours following cardiac amest (in the range <36
degrees Celsius vs > 36 degrees Celsius) affect the length of ICU stay, ICU survival, survival, survival to
hospital discharge, neurological outcome on survival (CPC) and 30-day survival?

4) In adult patients admitted to an intensive care unit (ICU) after an out-of-hospital cardiac arrest, does
the serum lactate level up to 6 hours after cardiac arrest affect the length of ICU stay, ICU survival,
survival to hospital discharge, neurological outcome on survival (CPC) and 30-day survival?

£). The data already collected for our study HR1558/2014 we will be collected data on posi-resuscitation
management. This will include routinely collected laboratory data from Path West including blood gas
data, i.e. pH, PO2, PCO2, base excess, lactate and chioride.

Flease ensurg

all data are stored in accordance with WALUSDA and Curtin University Policy.
Yours sinc

Frofessor Ae

Chair, Human Research Ethics Committee
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Curtin Universi

GPO Box U1987
Penih Weslem Ausiralia 8845

Telephone +61 8 8266 4447
Emal judith SnEeuriinedu_aw
Waeb hitp:ifprecruorg.au

07 Oct 2015 hitp:ourtin adu. au

Mr Brett Cawley

PathWest

J Black, QEI Medical Centre
Hospital Avenue, Nedlands WA 6003

Dear Brett,

The Prehospital, Resuscitation and Emergency Care Research Unit (PRECRU), based in the School of Nursing,
Midwifery and Paramedicine in the Faculty of Health Sciences at Curtin University is conducting a study entitled the
Functional status of survivors of out-of-hospital cardiac arrest In Perth Western Australia. This study aims to
determine the functional/neurological outcome of out-of-hospital cardiac arrest [OHCA) survivors discharged from
hospital in Perth, Western Australia and to estimate the prevalence of post-resuscitation practices in Perth
hospitals, This study has been approved by the Human Research Ethics Committees (HREC) at Curtin University (HR
199/2014), Joondalup Health Campus [HREC 1225), Sir Charles Gairdner Hospital (HREC 2012-184), Royal Perth
Hospital (EC Reg 13-044) Fremantle Hospital (AR/13/96) and Princess Margaret Hospital (2013 014EP).

This PhD candidate sub-study entitled Past resuscitation care following out-of-hospital cardioc arrest —
identification of in-hospital prognostic determinants, aims to test the hypothesis that there is no relationship
between the in-hospital post-resuscitation care, and in-hospital mortality and neurological outcomes in OHCA
patients admitted to an intensive care unit (ICU). In order to answer the specific research questions, the data
pertaining to the in-hospital clinical management of these patients will be collected from the patients' medical
record. We also require primary data from Path\West, specifically results from arterial blood gas (ABG) analysis.
Curtin University granted HREC approval for this amendment on the 14" July 2015 (HR 199/2014 AR2).

Please find attached the ammendment for the ethics application, the PathWest Laboratory Medicine Data Extraction
Request Form as well as a one page summary of the PhD candidate sub-study.

Please do not hesitate to contact me if you require further information / clarification.

Kind regards

¢ Clonnn

Professor Judith Finn

PhO, MEdSt, GradDipPH, Bie, DipAppse, RN, RM, ICCert, FACN, FAHA

Director: Prehospital, Resuscitation & Emergency Care Research Unit (PRECRL)
School of Mursing, Midwifery & Paramedicine

Faculty of Health Sciences

Adjunct Research Professor; 5t John Ambulance Western Australia
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g ‘L-'I\.III t‘ % t Laboratory Medicime Diata Extraction

EFequest Form

REQUEST FOR LABORATORY DATA EXTRACT

Requestor Information Request Date:  10/09/2013
Name: Professor Judith Finn Signature:
Department: Prehospital Resuscitation and Emergency Care

Fesearch Ut (PEECRU), School of Nursing,

Midwifery & Paramedicine, Curtin University
Contact Phone: 9266 4447 Mobile: 0417 189 241
Information: email: judith.finn@curtin.edu.au
Supervisor Name: | Professor Judith Finn Signature:
Deepartment: Prehospital Resuscitation and Emergency Care

Fesearch Uit
Contact Phone: 9266 4447 Mobile: (417 189 241
Information: email: judith finn@curtin edu_au

Extract Information

Purpose of the Extract / Use of the information:

We are conducting a study “Functional status of swvivors of out-af-hespital cardiac arrest in Perth
Western Australia”. This study aims to (1) determine functional’nevrological cutcome of out-of-
hospital cardiac arrest (OHCA) survivors discharged from hospital in Perth, Western Australia; and
(2} estimate the prevalence of post-resuscitation practices in Perth hospitals such as targeted
temperature management (TTM) and coronary reperfusion.

In a sub-study entitled “Post resuscitarion carve following owt-of-hospital cardiac arrest —
identification of im-hospital progrostic deferminants” we aim to test the hypothesis that a
relationship existz between in-hospital prognostic determinants, in-hospital mortality and
neurological cutcome at hospital discharge as measured by the Cerebral Performance Category
(CPC) =cale by (1) describing the in-hospital post resuseitaion management of OHCA; and (2)
identifying the in-hospital prognostic determinants of OHCA.

The zpecific research questions will include:

In adult patients (aged = 18 vears) admitted to an intensive care wait (ICU) following an OHCA
does;

(1) arterial cxygen concentration in the first 24 hours of ICU admission (in the range 60mmHg to
200mmHg vs. outside this range);

(2} arterial carbon dioxide concentration in the first 24 howrs of ICT admizsion (in the range
25mimHg to 30mmHg vz, outside this range);

(3) targeted temperature management (in the range << 36 degrees Celsius ve. = 36 degrees Celsine);
in the first 24 and 72 hours of ICU admission; and

{4} zerum lactate level up to & hours of ICU admission;

affect the length of ICT stay, ICU survival, survival to hospital discharge, neurological outcome on
survival (CPC) and 30-day survival?

Documsent]
Amthor: Administrator Paze 1 of 3
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g West

Laboratory Medieme Data Extraction
Fequest Form

To azsist in answering these questions we request patients’ arterial blood gas (ABG) results that
contain the date, time and location the specimen was taken, body temperature if recorded at time of
collection, F102, pH, PO2, PCOz, bicarbonate, oxygen saturation, whole blood chloride, base excess

and whole blood lactate.

Yez | No

Ethics Approval Obtained

' O | Ifapproved please attach details

Patient identifiers required 4 O | Ifso, coded O or full v
Data Retention Period 25 years
Frequency of extract Yearly

Delivery method/location

Hand delivery to PathWest, J Block, QEII Medical Centre,
Hosgpital Avenue, Nedlands WA 6009

Describe your secure storage of
the mformation.

Data security iz of paramount importance to the Prehospital
Eesuscitation and Emergency Care Research Unit (PRECRTT)
and robust data security measures are put in place fo minimise
risk to the individual and orgamsation. PREECRU researchers are
required to comply with the Australian Code for the Responsible
Conduct of Research. Data iz stored on PRECEU s secure °T°
drive at Curtin University. Data is encrypted using ToueCrvpt
v7.1.2 and the Advanced Encryption Standard (AES-236)
zoftware for data privacy. The encrypted data is password
protected and only accessible to authorised study team members.
An automatic screen locking syvstem iz inftiated with the screen
zaver after a 5 minute period of inactivity. Access to the network
vzed by PRECEU 18 securely controlled and protected by
tneasures including firewalls and anti-vire software. Potential
patient identifiers (i.e. name, address, date of birth) are removed
frotn the databaze after data cleaning iz completed and before
data analysiz i3 commenced. Only de-identified data will be vsad
in aty report or publication. Data i3 stored in compliance with
Curtin University’s policy on data storage.

Presentation Format
(eg C8V, Excel Spreadsheet,
efc)

Microsoft Excel 2010 spreadshest

Data Selection Criteria:

PRECEL will supply a list of patients who suffered an OHCA transported to the Emergency
Departmment at Royal Perth Hospital, Sir Charles Gairdner Hospital, Fremantle Hospital or Fiona
Stanley Hospital by St John Ambulance-WA between 2012 and 20135 and who survived to hospital

admizzion.

Diocument]
Anthor: Admimistrator

Pzzelof3
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S West

Laboratory Medicme Diata Extrachion
Request Form

Data Items Required Data Manipulation (Examples follow this table)

Surname Truncated to the first six characters

Given Name Truncated to the first six characters

Middle Name Initial Only

UMEN Alphanumeric, 8 characters

Date of birth dd/mmyiny

Arterial blood gas resunlts

Filx Numeric to 2 decimal places

Body temperature (° C) Numeric to 1 decimal place

pH Numeric to two decimal places

POz {mm Hg) 3 nusmeric characters

PCOz(mm Hg) 3 numeric characters

Bicarbonate (mmol/L) 3 numeric characters

Oxygen Saturation Percentage as 3 numeric characters

Base Excess Numeric to 1 decimal place

Whole blood lactate (mmolT) MNumeric to 2 decimal places

Whele blood chloride (mmolL) Numeric to 2 decimal places

Location EDICUHCCU other ward

Approvals

Name/Signed Date

Anatomical

Pathology

Biochemistry

Haematology

Immunology

Microbiology

Data Custodian Brett Cawley

IMU Completed

MU Data Delivered

Document] Version: L0

Aunthor: Administrator Paze Jof3 Dater 200272004
Printedt 30072004
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Appendix B SJ-WA Problem/Dispatch Codes

DISPATCH/PROBLEM CODES (reviewed June 2014)

01 TRAUMA 26 INFECTION 35 ENVIRONMENT TRANSMISSION
010 Other 261 Significant risk to AO 351 Hypothermia CODES
011 Domestic 262 Septicaemia 352 Hyperthermia 62 Ambulance Not
012 MVA 263 Localised Infection 353 Barotrauma/DCS 73 On an Errand
013 Sporting/Recreational 264 Pyrexia Unknown Origin 354 Near Drowning 79 Arrive at Scene
014 Industrial 27 GERIATRIC/ DEBILITY 355 Electric Shock 80 Mobile
015 Assault 271 Generalised Debility 356 Burns 81 Arrived Destination
016 Hanging 273 Vertigo/Dizziness 357 Bites & Stings 82 Cleared
017 Sexual Assault 274 GP Hospital Referral 358 Dehydration 83 At Station
018 Shooting 275 Mobility Assistance only 36 MALIGNANCY 84 Police
019 Stabbing 28 ILLNESS 361 Malignancy 85 Petrol
20 ABDOMINAL 281 Unspecified (text explanation) 37 PSYCHO/SOCIAL 86 Spare
201 Pain 282 Flulike Iliness 371 Psychiatric Illness 87 Workshops
202 Hematemesis 29 ENDOCRINE/METABOLIC | 372 On Forms 88 Belmont HQ
203 Melena 291 Ketoacidosis 373 Social Problem 89 Return to Station
204 Aneurysm 292 Hypoglycaemia 41 CARDIAC 90 Patient Deceased
205 GIT Bleed 293 Hyperglycaemia 410 APO (Cardiac) 99 Meal Break
206 Vomiting +/- Diarrhoea 30 MUSCULO/SKELETAL 411 Chest Pain/ ACS AMBULANCE NOT
21 OBST/GYNY 301 Pain/Inflammatory 412 Angina Diagnosed REQUIRED
211 Vaginal Bleed 302 Quad/Para 413 AMI diagnosed The codes for non
212 Pre-Eclampsia 303 Amputee 414 CCF transport are as follows:
213 Ectopic Pregnancy 31 NEUROLOGICAL 415 Cardio Shock 1 No Emergency care
214 Miscarriage 310 Convulsions Other 416 Pacemaker Fail 2 Patient refused
215 Normal Labour 311 Altered Conscious State 417 Cardiac Dysrhythmia 3 Patient assessed — no
216 Comp. Labour 312 CVA/Stroke 418 Cardiac Arrest Problem found
217 Baby Born 313 Headaches 419 Post Cardiac Arrest 4 Patient assessed —
218 Neonatal Resus 314 Convulsions - Febrile 44 NEO NATAL Seek further treatment
219 Other 315 Convulsions - Epileptic 440 Neo Natal 5 Transported by another
22 ALLERGY 316 Status Epilepticus 50 PR VISIT Ambulance
221 Anaphylaxis 317 Syncope 500 PR Visit 6 Transported by another
222 Localised 318 Unconscious Unknown 59 STANDBY Means
223 Medication Reaction 319 TIA (Recovered) 5§91 Wait for other amb 7 Doctor in attendance
24 RESPIRATORY 32 POISONING 592 Major Incident 8 Call Cancelled
240 Pulmonary Embolism 321 Ingested 593 Dangerous Incident 9 Stood down
241 Asthma 322 Absorbed 594 Disaster Exercise 10 Patient not ready — to
242 APO (Non Cardiac) 323 Gaseous 60 SPORTING STAND BY Rebooked

243 CAL/COAD

33 DRUG/ALCOHOL INDUCED

602 Sporting Fixture

11 Clinic appointment

244 Pneumothorax 331 Drug Induced Mental Iliness 80 TRANSFERS 12 Unable to locate scene
245 Respiratory Tract Infection | 332 O/dose intent harm 801 Trauma 13 Patient absconded
246 Aspiration/Regurgitation. 333 Alcohol Intoxication 802 Abdominal/Renal 14 Hoax
247 Obstruction Upper Airway | 334 Overdose (Unintentional) 803 Obstetrics/Gynaecology 15 Care given. Transport
248 Resp Arrest 335 Narcotic OD 804 Respiratory Declined
249 Other 34 UROLOGY 805 Endocrine/Environmental 16 Patient Deceased
25 EAR/NOSE/THROAT 341 Haematuria 806 Drug/Alcohol
250 ENT 342 Retention 807 Psychological
251 Epistaxis 343 Renal Colic 808 Cardiac
344 Incontinence 809 Other
345 Renal Failure (Renal Dialysis)
346 Urinary Tract Infection
Problem Urgency
Australasian Triage Scale | Treatment Acuity I Numeric Code | Example of Diagnosis
Resuscitation Immediate 1 Shock, Cardiac Arrest, Unconscious
Emergency Within 10 Minutes 2 Chest Pain, Severe Dyspnoea
Urgent ‘Within 30 Minutes 3 Moderate Trauma- Ankle Wrist Fracture
Semi Urgent Within 60 Minutes 4 Acute Abdominal Pain, Sprained Ankle
Non Urgent ‘Within 120 Minutes 5 Chronic Disorder, Rash, Back Pain
Non-ATS case | Not Applicable | 6 | Transfer to NH, Transport Home, Clinic Run
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Appendix C EMS Transport Destination Poster

Direct Transport To A Tertiary Hospital Improves Survival From
Out-of-hospital Cardiac Arrest In Adults With Acute Coronary Syndrome

Nicole MCKENZIE,* * Teresa A WILLIAMS,* > % Hideo TOHIRA,* * Kwok M. HO,* ? Judith FINN* % *5

! Prehespital ResuscRation and Emerguncy Care Ressarch Unit (PRECRU), School of Nursing, Midw ifery and Pars med icine, Curtin Uniwersity, Bentiey, WA

? 2 John Ambulance Wansters Acstral, Belmont, WA
' Royel Parth Hospral, Purth, WA

* School of Public Health and Prevestive Medicios, Monush Un ity Mulbourns, VIC
' Division of Emengency Medicine, University of Western Austra b, Crowley , WA

Introduction

International resuscitation guidelines recommend direct
transport of out-of-hospital cardiac arrest (OHCA) patients to
a specialist cardiac arrest centre.’ Whether this
recommendation i fully supported by existing evidence
remains uncertain and additional studies are required

Objective

To determine if adult OMCA patients with acute coronary
syndrome (ACS) benefit from direct transport to a tertiary
hospital

Methods

This retrospective cohort study used the St John Ambulance
Western Australia OHCA Database and medical record review.
We indluded adults (218 years) admitted to the intensive care
units {(ICU) of five tertiary hospitals in Perth, with mechanical
ventilation and a hospital discharge diagnosis of ACS between
January 2012 and December 2015.

We compared survival to hospital discharge (STHD) and 12-
month survival between patients directly transported to a
tertiary hospital and patients transferred to a tertiary hospital
and its ICU from another hospital using multivariate logistic
regression and Cox proportional hazards regression model
adjusted for Utstein variables and other known confounders.

Results

Of the 146 patients included in the analysis, 104 patients
{71%) were directly transported to a tertiary hospital and 42
{29%) were transferred from another hospital A total of 76
patients survived to hospital discharge.

Patients admitted directly to a tertiary hospital were 3.3 times
{adjusted odds ratio 3.3, 95% confidence interval [CI) 1.5,
7.3) more likely to survive to hospital discharge and 1.9 times
{hazard ratio 1.9, 95% C11.2, 3.1) more likely to survive for 12
moanths than those transferred from another hospital despite
adjustment for important confounders
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Table 1. Cohort characteristics stratified by transport type
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Direct transport to a tertiary hospital for intervention and
intensive care may confer a significant survival advantage for
adult OHCA patients with acute coronary syndrome. This has
implications for the development of efficient and streamlined
cardiac arrest centres in Western Australia
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Appendix D PRISMA 2009 Checklist*

. . e Reported
Section/topic # Checklistitem e #
TITLE
Title | 1 ‘ Identify the repert as a sy ic review, met lysis. or both. 116
ABSTRACT
Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | 116
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. 116-117

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | 116-117
outcomes, and study design (PICOS).

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 18
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 117
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g.. databases with dates of coverage, contact with study authors to identify "7
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be 117
repeated.

Study selection 9 | State the process for selecting studies (i.e_, screening, eligibility, included in systematic review, and, if applicable, 117
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 117
for ebtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g.. PICOS, funding sources) and any assumptions and 117
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 117

studies done at the study or outcome level), and how this information is to be used in any data synthesis

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). "7

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency 117-118

(e.g., Aifor each meta-analysis

Risk of bias across studies

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g.. publication bias, selective
reporting within studies)

‘27

systematic review.

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating | 117
which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at | 118
each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g.. study size, PICOS, follow-up period) and | 118
provide the citations.

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). 118

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 118
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency 118

Risk of bias across studies 22 | Present resulis of any assessment of risk of bias across studies (see ltem 15). 119

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see ltem 16]) 120

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 122
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 123
identified research. reporting bias)

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research 124

FUNDING

Funding Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the | 125

*Page numbers refer to those included in the publication in Chapter Six of this thesis.
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Appendix E PROSPERO Registration

NIHR | Nationalnstitute PROSPERG
for Health Research International prospective register of systematic reviews

Citation

Nicole Mckenzie, Teresa Williams, Hideo Tohira, Kwok Ho, Judith Finn. A systematic review and meta-
analysis of the association between arterial carbon dioxide tension and outcomes after cardiac arresl.
PROSPERO 2015 CRD42015024907 Available from:

https:/iwww.crd.york ac.uk/prospero/display_record.php?ID=CRD42015024907

Review question
Is the partial pressure of carbon dioxide in arterial blood (PaCO2) following cardiac arrest associated with
survival to hospital discharge and survival to hospital discharge with good neurological outcome?

Searches

Ovid MEDLINE(R) 1946 -

Ovid MEDLINE (R) in process and other non-indexed citations 1996 —

EMBASE (via Ovid) 1974 -

CINAHL Plus with Full Text (EBSCO)

Cochrane Central Register of Controlled Trials (CENTRAL)

No language restriction. Review articles, editorials and selected citation lists in Scopus will be used to find
other relevant articles. Reference lists will be checked to identify additional papers not found with literature
search strategy.

Search terms:

First group -

Heart arrest (MeSH heading),

Cardiac arrest,

In-hospital cardiac arrest,

Out-of-hospital cardiac arrest,

Cardiorespiratory arrest,

Cardiopulmonary resuscitation.

Second group -

Carbon dioxide (MeSH heading),

Hypercarbia,

Hypocarbia,

Normocarbia,

Dyscarbia,

Hypercapnia,

Normocapnia,

Hypocapnia.

Third group -

Outcomes assessment (MeSH heading),

Survival

Neurological outcome,

Prognosis,

Cerebral Performance Category.

These three groups will be combined using Boolean operators. The "OR" operator will be used to link terms
within the groups. The "AND" operator will be used to link terms between the groups.

Types of study to be included
Randomised control trials Cohort StudyCross sectional studyCase Control studyAny other type of
comparative study

Condition or domain being studied

Cardiac arrest (CA) is an often fatal event resulting from the sudden loss of heart function. Patients who
respond to resuscitation with return of spontaneous circulation (ROSC) may develop post-CA abnormalities
in the partial pressure of arterial carbon dioxide (PaCOz2). High arterial carbon dioxide may result in
vasodilation of cerebral blood vessels with a subsequent rise in intracranial pressure (ICP). Low arterial

Page: 1/4
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NIHR | National insttute PROSPERQ
for Health Research International prospective register of systematic reviews

carbon dicxide levels can polentiate cerabral vasoconstriction and exacerbate post-CA brain injury.

Little has been published on the lopic and there are no dala lo support ventilation to a specific PaC02 goal
after ROSC. The aim of this syslematc review is to investigate the association between arterial carbon
dioxide and survival o hespilal discharge and neurological oulcome fallowing CA.

Participants/population

Inclusion criteria - Studies which evaluate the association between the partial pressure of anterial carbon
dicxide and survival and neuralegical outcome at hospital discharge, in-haspital or eut-ol-hespital cardiac
arrest, human studies of CA thal include arterial blood gas (ABG) results, ROSC at ime of ABG
measurement.

Exclusion criteria - Children (as defined by the authors), animal studies case reports, reviews, aditorials,
lettars and commentary.

Intervention(s), exposure(s)
Exposure to abnormal level of carbon dioxide (hypercapnia and hypocapnia) as measured by ABG analysis.

Comparator(s)ycontral
Exposure to different levels of carbon dioxide from exposure group as measured by ABG analysis.

Context

CA of any aetiology will be included

Belh in-hospital and oul-ol-hospital cardiac arrest will be included

Patiants may be sub-grouped by aetiology (depending on patient numbers)

Main outcome(s)
Survival to hospital discharge after CA

Additional outcome(s)

Neurological status at haspital discharge as defined by a validated scoring system
Survival to 30 days or later if reported

Any other reported study oulcomes

Data extraction (selection and coding)

Tilles and absiracts will be reviewed by NM and TW to identily potentially relevant studies Full lext articles
will b reviewad by NM and TW o ensure the eligibility criteria is mel using pre-determined forms (study
design, population characteristics, exposure to carbon dioxide, outcome measures, results). Results will be
discussed al leam meeting with NM, TW, HT and JF. Differences will be resclved by consansus.

Risk of bias (quality) assessment

The Newcastie-Oftawa Scale (NOS) will be used 1o assess the quality of nonrandomised studies in mela-
analyses.

The GRADE systemn will be used lo assess bias in RCT's

Strategy for data synthesis
l-squared statistic will be used 1o assess heterogeneity between studies.
Group consensus will determine clinical heterogeneity (MM, TW, HT, JF).

Analysis of subgroups or subsets

Sub group analysis will be performed for the following groups
In-haspital cardiac arest { out-of-hospital cardiac arrest

Adults | paedialrics

Initiad rhvythm

Astialagy

Targeted temperature management [ no temperalure managemeant

Contact details for further information
Ms Mckenzie
nicole.mckenzie@curtin.edu.au

Page: 274
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NIHR | Jationlinsitte PROSPERO
for Health Research International prospective register of systematic reviews

Organisational affiliation of the review

Australian Resuscitation Outcomes Consortium (Aus-ROC), Prehospital Resuscitation and Emergency Care
Research Unit (PRECRU) - Curtin University

https:/iwww.ausroc.org.aw/, hitps://healthsciences.curtin.edu.au/research/precru/index.cfm

Review team members and their organisational affiliations

Ms Nicole Mckenzie. Curtin University

Dr Teresa Wiliams. Curtin University, St John Ambulance WA

Dr Hideo Tohira. Curtin University

Dr Kwok Ho. Royal Perth Hospital, Curtin University

Professor Judith Finn. Curtin University, Monash University, St John Ambulance WA

Anticipated or actual start date
01 August 2015

Anlticipated completion date
31 March 2016

Funding sources/sponsors
PhD schofarship (NM) funded by the Australian Resuscitation Outcomes Consortium (Aus-ROC) - A
NHMRC Centre of Research Excellence

Conflicts of interest
None known

Language
English

Country
Australia
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Appendix F  Systematic Review and Meta-
Analysis Poster

A systematic review and meta-analysis of the association between arterial carbon
dioxide tension and outcomes after cardiac arrest
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Arterial carbon dioxide (PaCO,) elimination is impaired during cardiac arrest (CA)
due to inadequate perfusion of the lungs. Both high and low PaCO, after return of
spontaneous circulation from CA are common due to accumulation of CO, during CA
and i h 1 ilati P ly. % Mai ing a normal PaCo, is
recommended as a therapeutic target after CA. *5 Whether this recommendation is
fully supported by existing evidence remains uncertain, and is assessed in this
systematic review and meta-analysis.

Introduction

Obijective

To conduct a systematic review and meta-analysis to examine the association
between arterial carbon dioxide tension and outcomes after CA.

Methods

Databases: MEDLINE(R), Ovid MEDLINE(R) in process and other non-indexed
citations, Ovid EMBASE, CINAHL Plus with Full Text (EBSCO) and Cochrane Central
Register of Controlled Trials (CENTRAL)

Key words: Heart Arrest, Carbon Dioxide, Outcomes Assessment

Inclusion criteria:

1 G ive studies published between inception and August 2015

2. Investigating the association of PaCO, and survival

3. In adult patients who suffered either in-hospital CA (IHCA) or out-of-hospital CA
(OHCA)

4. Of any aetiology

5. Who had their exposure to PaCO, measured by arterial blood gas (ABG) analysis

Outcome measures:

1. Survival to hospital discharge (hospital survival) after CA

2. Neurological status at the end of each study’s follow-up period as defined by
validated scoring system

Two ind T and a third reviewer if no consensus

Study
Risk of bias (quality) assessment: The Newcastle-Ottawa Scale (NOS)

Comparator(s): Exposure to different levels of PaCO, from exposure group as
measured by ABG analysis

Summary measure: Odds ratio (OR)
Strategy for data synthesis: Meta-analysis only if I? statistic < 50%

Synthesis of results: Peto OR fixed effect model (RevMan Version 5.3, Cochrane
Collaboration)

Protocol and registration: PROSPERO 2015: CRD42015024907

Results

Nine relevant studies out of 93 citations

No study excluded due to methodological quality

Eight studies provided sufficient quantitative data for meta-analysis
No randomised control trials comparing PaCO, targets after CA found

ity, Melbourne, VIC, Australia

SORIOEE)

Recognition Act Defibrillation ALS Defini Care

Results

A total of 23,434 patients with CA (range 44 to 16,542)

A total of 16,542 patients from a single large Australian & New Zealand study
Cut-points used to define low and high PaC0, varied between 35 and 45 mmHg
and between 45 and 50 mmHg respectively, in the included studies

Other major sources of heterogeneity included country of origin of the study,
location of CA (IHCA vs. OHCA vs. IHCA/OHCA) and PaCQ, sampling times

The association of PaCO, groups on hospital survival

ow Pac, el P, Pe O
Subgrosp _Evem Touwl Ewes o
v =]

Conclusion

* From the limited data, it appears PaCO, has an important U-shape association
with survival and outcomes after CA, consistent with international resuscitation
guidelines that normocarbia be targeted during post-resuscitation care.

= Significant clinical heterogeneity limited our ability to draw a definitive
conclusion on the optimal PaCQ, level that clinicians should target.

* RCT’s are needed to define the best PaCO, target during the post resuscitation
period after CA.
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Editorial

Optimal arterial carbon dioxide tension following cardiac arrest: Let

Goldilocks decide?

(L

Despite initially successful cardiopulmonary resuscitation, a
substantial proportion of patients who survive cardiac arrest die
prior to hospital discharge and those that survive often have severe
neurologic injury.” Following arrest, the initial hours and days are
defined by the post-cardiac arrest syndrome,” with a significant
inflamrmatory response, organ bioenergetic failure,” and ligh risk of
mrbidity and mortality. This period of time requires vigilant mon-
iroring and intervention, and is the subject of intense investigation
to identify markers of ongoing newralogic injury and therapeutic
development.

In cardiac arrest patients who achieve return of spontaneous
circulation, 45-60% have hypocarbia or hypercarbia in the sub-
sequent hours.'” Hypocarbia may be present soon after cardiac
arrest due 0 inadvertent overventilation or due o a decreased
merabolic rare precipitated by therapeutic hypothermia and other
interventions.>-7 Altermatively, ypercarbia immediately following
cardise arrest is often secondary o concomitant lung disease or
asphyxia, of a5 a marker of limited pulmonary perfusion due to
lowe cardiac output

Given the effects of PaCD; on the cerebral circulation and the
burden of severe anoxic injury following cardiac arrest, recent
interest has been placed on the prognostic capabilivies of PaCO
in patients wha are resuscitated from cardiae arvesp 51914 g
the present issue of Resuscitation, McKenzie et al. summarize the
prognostic valee of PFaC0y in their systematic review and meta-
analysis. The authors identify nine prospective and retrospective
cohort studses of out-of-hospital or in-hospital cardiac arrest for
inclusion. Eight stsdies, with cver 23,000 patients, are included in
the meta-analysis. Despite being lmited in conducting some anal-
yies by excessive statistical heterogeneity between studies, the
authors report improved hospital survival and improved newro-
logic outcomes with normocarbia as cornpared to hypercarbia; and
improved rates of discharge home with normocarbia as compared
ti by pocarbia.

MeKenzie e al. should be commended for this sophisticated
mela-analysis. As the authors scknowledge, the analysis has some
lirnitations. First, the authors reasonably define normocarbia as a
PaCOy of 35-45 mmHg, with values bebow and above this range
being defined as hypocarbia and hypercarbd, respectively.’” How-
ever, these definitions were not consistent across all studies
included in the meta-analysis. In fact, the authors excluded one
study!0 that differed from the set definitions of hypocarbia and

hop: | dsdalong) 1001016 resuscitatkn 2016 1 1016
300-9572(0 3016 Elsevier breland Lad. All rights ressrved.

hypercarbia as defined above, and this resulted in the boss of statis-
tical significance in one analysis.

Additionally, the riming of blood gas scquisition varies from
study to study. Whereas immediate post-resuscitation PaCly i
indicarive of the pre-arrest and intra-arrest state, PaCO; values
measured later in the post-arrest period likely reflect post-arrest
pathophysiology and interventions. Knowledge of the relationship
of these values to outcome is undoubtedly valuable, but the vari-
ability in when these values are obtained and what they represent
Tienit how clinicians can of should employ this information in prac-
tice.

Another concern is that the majority of patients inchsded in
this review are from the Schneider et al study, which includes
16,542 patients, approximately 7 1% of the patients included in the
meta-analysis.® This stedy is the pricany factor influencing the con-
clusion that patients with normocarbia are more likely to survive
i haspital dischasge a5 compared to patients with hypercarbia '
Interestingly, in Schieiders original study, there was no differ-
ence between these groups in the adjusted analysis. Additionally,
Schneider et al. found that hypercarbic patients were more likely
o e discharged home than the normocarbic cobors.? This Anding
provided rhe rationale for a randomized controlled trial between
controlled normocarbia and rmild hypercarbia, ' wirha Plase 1 fea-
sibility study demonsirating promising results for the potentially
protective effects of therapeutic mild hypercarbia 5

Hypocarbia has the potential to decrease cerebral blood flow
by altering cerebral vascular resistance following cardiac arrest.
Thius, current guidelines for the care of patients following success-
ful resuscitation endorse the avoidance of hypocarbia except as a
temporizing measure 0o inhibit intracranial hypertension. These
guidelines also acknowledge an unclear link between hypercar-
bia and clinical outcorme, but suggest a normocarbic goal “unless
patient factors prompt more individualized treatment™'™ Intu-
irively, having agoal of maintaining normocarbia seems reasonabile.
The question still remains, are derangements in arterial carbon
dioxide tension merely reflective of post-arrest pathophysiology
or are they actually independent promotors of secondary injury.
Likely, both are rrue.

With a large proportion of patients who survive their initial
resuscitation suffering newrologic injury that results in death or
permanent disability, resuscitation centers should be focused on
the development of mutli-modal neuromonitoring plafforms o
Assess ongoing injury and initiate early intervention. Armed with
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real-time data related to cerebral blood flow, cerebral oxygenation,
and cerebral metabolism'’-'¥ clinicians should be able to tailor
therapies to the individual patient rather than to simply
cate across a population. Measurement and manipulation of arterial
carbon dioxide is one piece of the complex management for post-
cardiac arrest syndrome that deserves continued study.
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Appendix H Neurological Outcomes Poster

Neurological outcome in adult out-of-hospital cardiac arrest patients
- not all doom and gloom!
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Introduction

The alm of past resusdtation care in OHCA patients is %o masdmise
aunvival and neurclogical cutcomes. Howeves, little & doaumented about
the reality of neurclogical cutcomes of adult out-afhaspital cardiac
arrest (OHCA} In Australia,

Objective
To describe neurclogical cutcomes in adult OHCA patients wha survived
to haspital discharge (STHD).

Methods

* Ratraspective cohort study of all OHCA patients {216 years) attended
by St John Ambulance YA In tha Perth metropolitan area and admitted
to hospital, betwesn tanuary 2004 and Decermber 2015 {12 years).
Neurclogical status at hospital dsdharge (and prioe to the arest) vas
detenmined by medical record review using the five paink ‘Cercbeal
Performance Categary {CRC)' to assess neurological recaverny.

Adjusted multhanable logistic regression analysls waes used toidentify
patient and/or prehaspital factors asscdated with 2 good newrclogical
outcome as defined by a CPCscoreof 1 or 2.

Covartates inchuded In the anahsks included age, gender, aeticlogy of
armest, location of amest, bystander cardiopuimanary resuscitation,
Initial aevest riwthm and witness stabus.

Results and discussion

*  Over the study period SIAWA attended 16,360 adult OHCA's.

* Resuscitation was attempted in 6,822/16,160 [42%) cases, with
1,341/6822 (20%| patients admitted to hospital and 680,/6.822 (10%)
STHO.

Of thase patients who STHD with CPC data aval lable {n=645/680; 5%,
the scores were: CPC 1 n=465 {723%); CPC 2 n=133 {21%}; CPC 3 n=d0
(556}, CPC 4 na7 (1% [Figure 1)

There were 31/680 {5%) cases with missing CPC scores. The majonty of
these cases were transferred to one of five nontertiary hospitals
whare ethics approval for medical record review had not previcusly
been sought.

Of thase patients wath poor newrologlcal cutcoma (CPC= 3.4 or 5|
n=5/47 (13%) also had poor neurclogical status price to the amest
(Table 1)

Patients who asrrested at public locations were 2.6 times more |ikely to
hawve a good neurdliogical outcome at hospital discharge compared to
thase wha amested at other locations.

Patients whose amest was witnessed by paramecdics were 7.8 times
more [kely to have a good newrclogical cutcome at hespital dscharge
compared ta thase with arrest not witnessed by paramedics,

There was a significant difference in location of amest but no difference
In age and witness status between those with [n«643} and without
(r=31) CPC scores avallable.

Umitations of the study induded the patential for selection blas, as we
cannot esdude the pasdbility that neuralogical outcomes might differ
In patients with and without CPC scores.

Access CPR Defitinllation

Soarie Tabe saear) Aueang www Latehe ol

Results and discussion

W WA FTeeoe0
N 36160 (100w
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Advened 12 howts
nel Al 20N
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Figare 1. Flow chart of Included ond excfuded poticnts
Toble 1. Cohort choracteristics strotified by nevologlcal outcome
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Condlusions

It ks impertant for clinddans to recognise that whilst overall surival & low,
maost hospital survivors of OHCA have a good neuralogical outcome.
Nevertheless, the patential for clinidan pessimism about prognosis in
DHCA generates questions about the approach to assessment and
treatment of DHCA In patients who sundve long enough to be admitted to
hospital
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Appendix |  Effect of Sex and Age Poster One

The effect of sex and age on survival and neurological
outcome In patients admitted to tertiary intensive care
units after out-of-hospital cardiac arrest.

Nicole MCKENZIEY 2, Kwok M. HO' 2, Janet BRAY?, Paul BAILEY %45, Antonio CELENZAS7,
Daniel FATOVICH%8, lan JENKINS®, Geoffrey DOBB%1?, Stephen BALLY4, Judith FINN- 3:4.6

[1] Prehospital and Emergency Care Research Unit (PRECRU), Curtin University, WA, [2] Intensive Care Unit, Royal Perth Hospital, WA, [3] School of Public
Health and Preventive Medicine, Monash University, VIC, [4] St John Ambulance Western Australia, WA, [5] St John of God Hospital, Murdoch, WA, [6]
Division of Emergency Medicine, University of Western Australia, Crawley, WA, [7] Sir Charles Gairdner Hospital, WA, [8] Emergency Medicine, Royal Perth
Hospital, WA, [9] Fremantle Hospital, WA, [10] Faculty of Medicine, University of Western Australia, WA

Introduction 8016

EMS attended

OHCA cases 3997
Resuscitations

Attempted

| Methods o
ED survivors

Retrospective medical chart review of 237/502 (47.2%) 658
OHCA patients with medical aetiology >18 Hospital survivors Tertiary hospital
year_s attended by St_Johp WA |r_1 Perth and 215/237 (90_7%)
admitted to four tertiary intensive care

units, 2012 to 2017 (6 years). cpC ;_3 aht hospital 502
ischarge

Studies report varying effects of sex and age
on survival and neurological outcome in
patients admitted to hospital following OHCA.

admissions

ICU admissions
Adjusted multivariable logistic

regression analysis identified patient and

pre-hospital factors associated with

survival or good neurological outcome
(Cerebral Performance Category Scale Conclusion

[CPC]<3) at hospital discharge. Age but not Sex

Covariates included age, sex, arrest is associated with

location, bystander CPR, initial arrest H H
rhythm, witness status and prehospital hospltal survival

ROSC. after out-of-hospital

Outcome differences between sexes were Nelthe.r ImpaCted

not statistically significant after neu rologlcal outcome.
multivariable adjustment (survival to hospital

discharge p=0.46; CPC<3 p=0.06).

Compared with patients 18-44 years, only
those >65 years had significantly lower
survival (odds ratio 0.32; 95% confidence
interval 0.17-0.57); however CPC<3 was not
significantly different between age groups.

nicole.mckenzie@curtin.edu.au

Www.precuru.org.au
=5 Curtin University
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THE EFFECT OF SEX AND AGE ON SURVIVAL AND NEUROLOGICAL
OUTCOME IN PATIENTS ADMITTED TO TERTIARY INTENSIVE CARE
UNITS AFTER OUT-OF-HOSPITAL CARDIAC ARREST

Nicole MCKENZIE" 2, Kwok M. HO* 2, Janet BRAY*?3, Paul BAILEY 45, Antonio CELENZAS?,
Daniel FATOVICH 4, lan JENKINS®, Geoffrey DOBB21°, Stephen BALL#, Judith FINN* 346

[1] Prehospital Resuscitation and Emergency Care Research Unit (PRECRU), Curtin University, WA [2] Intensive
Care Unit, Royal Perth Hospital, WA [3] School of Public Health and Preventive Medicine, Monash University, VIC
[4] St John Ambulance Western Australia, WA [5] St John of God Hospital, Murdoch, WA [6] Division of Emergency
Medicine, University of Western Australia, WA [7] Sir Charles Gairdner Hospital, WA [8] Emergency Medicine,
Royal Perth Hospital, WA [9] Fremantle Hospital, WA [10] School of Medicine, University of Western Australia, WA

INTRODUCTION

Studies report varying effects of sex and age on survival
and neurological outcome in patients admitted to
hospital following OHCA.

METHOD :

* Retrospective medical chart review of OHCA
patients with medical aetiology >18 years attended
by St John WA in Perth and admitted to four tertiary
intensive care units, 2012 to 2017 (6 years).
Adjusted multivariable logistic regression analysis

identified patient and pre-hospital factors associated X
* Outcome differences between sexes were not

statistically significant after multivariable
adjustment (survival to hospital discharge p=0.46;
CPC<3 p=0.06).

* Compared with patients 18-44 years, only those >65
years had significantly lower survival (odds ratio

with survival or good neurological outcome
(Cerebral Performance Category Scale [CPC]<3) at
hospital discharge.
Covariates included age, sex, arrest location,
bystander CPR, initial arrest rhythm, witness status
and prehospital ROSC.
0.32; 95% confidence interval 0.17-0.57); however
RESULTS CPC<3 was not significantly different between age
8016 groups.

EMS attended
OHCA cases

3997
Resuscitation
attermpled

884
o CONCLUSION

o 658
2371502 (47%) Tertiary hospital Age but not Sex is associated with hospital

Hospital survivors admissions

215/237 (91%) §Couz survival after out-of-hospital cardiac arrest.

CPC <3 at hospital admissions Neither impacted neurological outcome.
discharge 237

Hospital

i i A Aus-ROC T nicole.mckenzie@curtin.edu.au
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