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Abstract  

 

Out-of-hospital cardiac arrest (OHCA) is a common lethal health problem.  Despite significant 

advances in the diagnosis and treatment of cardiovascular disease, OHCA continues to be a 

major challenge with unacceptably high mortality and morbidity.  

 

Although most research into OHCA has focused on improving rates of return of circulation, 

many patients die in the post resuscitative period from a unique set of physiological insults, 

collectively termed the post cardiac arrest syndrome. Over the last decade several clinical trials 

have highlighted the importance of post-resuscitative care in optimizing survival and 

neurological recovery. Recently, there have been significant advances in management including 

recommendations related to regional systems of care, application of therapeutic hypothermia 

and the utilization of investigative procedures including emergent coronary angiography, cardiac 

support devices and other tools which provide prognostic information. Despite these advances 

there has been poor uptake of post-resuscitative care guidelines with significant differences in 

clinical outcomes between regions and institutions. This thesis focuses on post-resuscitative 

management in Australia, whilst also exploring new systems and models for OHCA patients in 

an effort to improve clinical outcomes.  
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Synopsis 

 

Heart disease is the leading cause of death both in Australia and around the world. Sudden out-

of-hospital cardiac arrest (OHCA) accounts for over one half of fatal cardiac events1, 2. Cardiac 

arrest represents the loss of effective cardiac mechanical activity and despite advances in 

resuscitation techniques, the outcomes of patients with OHCA remain poor. A recent large 

systematic review reported an average survival of only 7.6%3 . In many patients OHCA 

represents the end state of chronic conditions including congestive heart failure, ischemic heart 

disease and pulmonary disease. Unfortunately however, in a significant number of patients, 

their first cardiac symptom is their ‘last’ symptom with development of sudden cardiac arrest. 

Comparing outcomes in this heterogonous group of patients is difficult, but despite over 50 

years of resuscitation guidelines most patients do not survive this sudden cardiac emergency.  

 

The chain of survival for many years comprised four key elements important to the management 

of all cardiac arrests4. Firstly recognition and calling for help, followed by early cardiopulmonary 

resuscitation (CPR), prompt defibrillation if appropriate and advanced resuscitative care. There 

has been increasing awareness however, regarding the physiological consequences of 

prolonged whole body ischemia during cardiac arrest and the subsequent reperfusion injury 

following return of spontaneous circulation (ROSC) culminating in a complex array of 

pathophysiology, termed the post cardiac arrest syndrome5, 6. Recently a ‘fifth link’ in the chain 

of survival has been proposed, which specifically targets this syndrome collectively described as 

post-resuscitative care7.  

 

In this thesis I aim to explore the post cardiac arrest syndrome, with a specific focus on 

epidemiology, treatment pathways and their influence on outcomes, whilst also exploring the 

use of more novel resuscitation techniques. As an interventional cardiologist, the theme of the 

thesis steers towards an in-depth analysis of the role of cardiac intervention and support in 

patients with OHCA. This is fitting considering the high prevalence of coronary disease in 

patients with OHCA. Despite the fundamental role interventional cardiology plays in the 

management of these patients, there is at times reluctance by interventional cardiologists to 

participate in the acute care of survivors of OHCA. The lack of large randomized trials in this 

difficult cohort of patients is often used as a shield against early involvement in their care. It is 

incumbent upon the interventional cardiology community to be active contributors in the 
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optimization of these complex patients. This thesis will highlight the potential role for 

interventional cardiologists in managing patients with OHCA. I will examine aspects relating to 

systems of care, explore the use of coronary angiography and cardiac support, and raise the 

difficult to characterize early ‘tone’ of management, encompassing avoiding early 

prognostication, stringent application of therapeutic hypothermia and goal directed therapies.   

 

In Chapter 1, I provide a clinical overview of OHCA, with a focus on the post cardiac arrest 

syndrome; exploring both pathophysiology and treatment strategies. In line with international 

guidelines, I discuss the development of specialist cardiac arrest centres that offer goal directed 

therapies including therapeutic hypothermia, early coronary angiography and optimization of 

other critical care measures such as oxygenation, blood pressure and glucose.  

 

Chapter 2 is a further introductory chapter, focusing on therapeutic hypothermia (TH). A review 

of therapeutic hypothermia geared towards the interventional cardiology community is provided. 

An analysis of the use of TH in the management of anoxic brain injury is performed, exploring 

the history, early pre-clinical studies and later seminal clinical trials that have guided current 

guidelines. I also explore the more novel use of TH in the reduction of myocardial reperfusion 

injury for both cardiac arrest patients as well as those with coronary occlusion in the absence of 

cardiac arrest. The review highlights how cardiologists should be familiar with the principles and 

practice of therapeutic hypothermia and be comfortable with its application in the catheterization 

laboratory.  

 

In chapter 3, I explore the effects of developing a standardized post-resuscitative care treatment 

protocol on patient survival and neurological recovery. This single centre study compares 

outcomes in a historical control group to contemporary post-resuscitation practice. The study’s 

focus is on the two major post-resuscitative measures of therapeutic hypothermia and early 

coronary intervention, whilst indicating the potential benefits to a more aggressive, systematic 

approach to patient management. 

 

A multicentre-study of percutaneous coronary intervention (PCI) in survivors of OHCA is 

performed in chapter 4, utilizing The Melbourne Interventional Group (MIG) Registry. The MIG 

registry is collaboration between 7 Australian tertiary referral hospitals, designed to record data 

pertaining to all PCI procedures, including follow up at 30 days and 12 months8. The registry is 

coordinated by the Centre of Cardiovascular Research and Education in Therapeutics, a 



14 

 

research body within the Department of Epidemiology and Preventive Medicine (Monash 

University, Melbourne, Australia).  In this chapter short and medium term outcomes of patients 

with acute myocardial infarction (AMI) and OHCA are explored, highlighting excellent one year 

outcomes amongst survivors to discharge of OHCA, whilst also indicating the extremely high 

risk group of OHCA with concurrent cardiogenic shock. 

 

There is increasing international evidence towards the benefit of a regional system of care for 

managing patients with OHCA. At present in Australia patients with OHCA and subsequent 

ROSC are transported to the nearest hospital. Chapter 5 explores whether or not hospital 

characteristics are associated with outcomes in these patients. The analysis is performed using 

the Victorian Ambulance Cardiac Arrest Registry (VACAR). The VACAR is managed by 

Ambulance Victoria and captures all OHCA attended by the emergency medical services (EMS) 

in the state. The VACAR collects Utstein elements9 including demographics, arrest features, 

resuscitation care and hospital outcome data. The study of over 2,706 patients who were 

transported to hospital with return of a spontaneous circulation finds that survival to hospital 

discharge is significantly increased in patients transported to hospitals with 24 hour 

interventional cardiology facilities, with the best survival occurring in major trauma-level 

hospitals. 

 

Chapter 6 is an opinion/review article highlighting international and local evidence towards the 

potential benefits of adopting a system of care approach towards management of patients with 

OHCA. It highlights the benefits that other local systems of care have had in critical illnesses, 

such as the improvements in clinical outcomes seen following the adoption of a system of care 

for the management of complex trauma and patients with AMI. The paper summarizes much of 

chapters 1-5, in calling for urgent further research into the implications of an Australian based 

cardiac arrest system of care.    

 

In chapter 7, the focus changes from care of patients with OHCA following ROSC, to examining 

the significant proportion of patients with refractory cardiac arrest. In over 50% of patients with 

an initial rhythm of ventricular fibrillation (VF), resuscitation efforts fail to restore a heart beat 

despite defibrillation and advanced cardiac life support treatments such as intubation and 

intravenous adrenaline. In Victoria these patients are declared deceased by paramedics in the 

field and not transported to hospital. There is growing interest, however, in treatment strategies 
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in the setting of refractory cardiac arrest. One particular promising model of care is the use of 

extracorporeal membrane oxygenation facilitated CPR (ECPR).  

 

In Chapter 7, I examine the efficacy of ECPR in restoring circulation compared to conventional 

resuscitation, in a sheep model of coronary occlusion and subsequent VF arrest. The pre-

clinical study explores the hemodynamic differences between the two resuscitation techniques, 

whilst also providing a platform for the development of clinical skills in the use of ECPR. The 

second part of the chapter discusses the establishment and early findings of Australia’s first pilot 

study into ECPR; The Refractory Out-Of-Hospital Cardiac Arrest Treated With Mechanical CPR, 

Hypothermia, ECMO And Early Reperfusion (CHEER) study. 

 

In chapter 8 an integrative discussion and summary of the data is performed. My conclusions 

also highlight the urgent need for further local research on aspects of post-resuscitative care, 

including transport of the patient with persistent cardiac arrest. Many of these future projects 

have commenced already, as the beginnings of my post doctorate research and hopefully 

continuing career in cardiology and resuscitative medicine.   
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Chapter 1: The Post Cardiac Arrest Syndrome: A Review 
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Introduction to the Post Cardiac Arrest Syndrome  

 

Out of hospital cardiac arrest (OHCA) is a common initial presentation of cardiovascular 

disease. Whilst there is significant variation in the rates of survival after OHCA, it remains a 

devastating condition with significant morbidity and mortality. In a recent meta-analysis of over 

140,000 patients, the pooled rate of survival to hospital admission after resuscitation from 

OHCA was 23.8% and survival to hospital discharge was 7.6%3. Despite advances in other 

areas of cardiovascular medicine, there has been little significant change in the rates of survival 

over the last 30 years.  Much of the research into OHCA has focused on improving rates of 

return of circulation (ROSC) and there are international recommendations on the provision of 

optimal basic and advanced life support techniques prior to hospital arrival6, 10.  

 

The importance of early defibrillation and cardiopulmonary resuscitation, is in part explained by 

the well described three phase model of physiological effects following ventricular fibrillation 

cardiac arrest11. The first phase lasting from collapse through 4 minutes of resuscitation efforts 

is the electrical phase; considered the time when defibrillation will be most successful. 

Observational series have highlighted significant benefits in patients defibrillated between 2-3 

minutes following VF arrest, compared to patients receiving defibrillation later in resuscitation12, 

13.      

 

Following the electrical phase is the circulatory phase, in which the importance of high quality 

CPR is evident14. Pre-clinical models have highlighted that VF frequency and amplitude are 

important predictors of successful cardioversion15, 16. In both animal17 and patients18 receiving 

CPR prior to defibrillation, VF waveform parameters have been improved.  

 

Prolonged whole body ischemia is responsible for the metabolic stage, commencing 

approximately 10 minutes after onset of cardiac arrest. This metabolic phase is the least 

understood of the three phases and is likely related to multifactorial insults including, an array of 

inflammatory mediators, cytokines and reperfusion injury19.    

 

Patients who initially achieve ROSC after this metabolic phase have significant rates of 

morbidity and mortality, which is largely due to cerebral and cardiac dysfunction that 

accompanies prolonged whole body ischemia. This syndrome has been called the post cardiac 

arrest syndrome and comprises anoxic brain injury, post cardiac arrest myocardial dysfunction, 
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systemic ischemia/reperfusion response, and persistent precipitating pathology5. The 

contribution of each of these components in an individual patient depends on various factors 

including pre-arrest co-morbidities, duration of the ischemic insult and the aetiology of the 

cardiac arrest. An understanding of each of these components of the post cardiac arrest 

syndrome is important in optimizing treatment strategies and clinical outcomes. 

 

Post cardiac arrest anoxic brain injury is a major cause of morbidity and mortality in the post 

cardiac arrest period and is responsible for approximately two thirds of the deaths in patients 

who initially survive to admission to the intensive care unit20. The brain is highly sensitive to 

ischemic insult and reperfusion injury. Cardiac arrest causes injury to neurons via multiple 

mechanisms, including disrupted calcium homeostasis, free radical formation, and activation of 

cell-death signaling pathways. After ROSC and cerebral reperfusion the microcirculation may 

also be disrupted by an ongoing no-reflow phenomenon21. In addition to these insults, 

secondary neurological injury may be caused by pyrexia, hyperglycemia, hyperoxygenation and 

seizure activity22. 

 

Even in the absence of acute coronary occlusion or underlying cardiomyopathy, prolonged 

cardiac arrest causes on-going myocardial dysfunction that contributes significantly to post 

resuscitation syndrome and is associated with a third of in-hospital mortality20. Laboratory and 

clinical studies indicate that myocardial dysfunction begins within minutes of ROSC and is 

clinically seen as early instability in heart rate and blood pressure. This myocardial dysfunction 

is maximal at approximately 8 hours post ROSC and may show significant improvement by 24-

48 hours23. Post cardiac arrest myocardial dysfunction appears to be a stunning phenomenon 

reflected by elevated left ventricular end diastolic pressure, reduced cardiac index and 

preserved coronary blood flow24. The use of catecholamines to maintain blood pressure and 

cerebral perfusion may potentiate post cardiac arrest myocardial dysfunction, although 

responsiveness of the myocardium to inotropic drugs is maintained25.  

 

Circulatory arrest leads to tissue hypoperfusion even with effective cardiopulmonary 

resuscitation (CPR).  Following ROSC, a global reperfusion injury occurs leading to endothelial 

activation, systemic inflammation and activation of coagulation cascades26. Clinical features of 

this vasodilatory type state include hypotension, intravascular volume depletion, impaired 

vasoregulation, reduced oxygen utilization, and increased susceptibility to infection. 
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The final component of the post arrest syndrome is the initial pathological event that caused the 

cardiac arrest. A common cause of OHCA is coronary artery disease which may be either acute 

coronary occlusion due to plaque rupture and thrombus formation or ventricular arrhythmia due 

to previous scar formation. Together, these account for 40%-80% of cases27, 28. Rarer causes of 

cardiac related arrhythmias are dilated and hypertrophic cardiomyopathies, genetic ion-channel 

abnormalities and pulmonary embolism (PE). In one study, the latter was shown to account for 

11% of cardiac arrests29. 

 

There are three major aspects in the management of the post-cardiac arrest patient. First, 

consideration must be given to triage to appropriate treatment centres30. Second, in-hospital 

treatment focuses on each component of the post-arrest syndrome. Finally, there are issues 

relating to prognostication and, in patients with good prognosis, consideration of placement of 

an automatic internal cardiac defibrillator (AICD). The following review article focuses on 

therapeutic strategies in the management of the post cardiac arrest syndrome patient and 

serves as a major introduction to my thesis.    
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Clinical Overview of the Post Cardiac Arrest Syndrome  
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Introduction  

Out-of-hospital cardiac arrest (OHCA) is a common presentation of cardiovascular disease. 

Owing to the high incidence of acute coronary ischemia in this clinical scenario, consideration of 

emergent coronary angiography is currently recommended for all patients whose initial rhythm 

after OHCA is ventricular fibrillation (VF). Therapeutic hypothermia (TH) has been shown in 

randomized clinical trials to improve outcomes for comatose survivors of OHCA and, as such, 

interventional cardiologists and cardiac catheterization laboratory staff need to be familiar with 

the important role that TH has in managing these patients. In addition to the beneficial effects of 

TH on neurological reperfusion injury, there is accumulating evidence that TH may reduce 

myocardial reperfusion injury following percutaneous coronary intervention (PCI). Thus, there 

may also be a role for TH in alert patients with ST-segment elevation myocardial infarction 

(STEMI) without cardiac arrest. In this review, the current indications, physiological effects, and 

techniques for the induction and maintenance of TH in the catheterization laboratory are 

summarized.  

 

TH in comatose survivors of cardiac arrest 

Anoxic brain injury is a major cause of morbidity and mortality after initial resuscitation from 

OHCA, and is responsible for approximately two-thirds of the subsequent deaths seen in 

hospital20. One recent advance in the care of patients who are initially comatose after the return 

of spontaneous circulation following OHCA is the use of TH for the treatment of neurological 

injury. There has been interest in TH for this indication for many years. Although there were 

supportive anecdotal reports of the use of TH for neurological injury after in-hospital cardiac 

arrest in the 1950s31, TH was largely abandoned until laboratory models of anoxic brain injury in 

the 1990s demonstrated improved outcomes with TH that was induced shortly after 

resuscitation32. Further laboratory studies in a range of animal models confirmed the potential 

efficacy of TH in the treatment of anoxic neurological injury after prolonged cardiac arrest33, 34. 

Preliminary clinical trials demonstrated the safety and feasibility of TH in patients with OHCA35-

38. Subsequently, two randomized controlled trials confirmed the benefit of TH after cardiac 

arrest (Table 1) 39, 40. Both trials investigated TH in comatose adult patients after OHCA when 

the initial cardiac rhythm was VF or ventricular tachycardia (VT).  

 

A total of 275 patients were enrolled in the European, multicenter trial conducted by the 

Hypothermia After Cardiac Arrest (HACA) study group39. At 6 months, 55% of the cooled 
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patients had a good outcome compared with 39% of normothermic controls. In the second 

study, 77 patients who were resuscitated from OHCA with an initial cardiac rhythm of VF or VT 

were enrolled40. At hospital discharge, 49% of patients who were cooled to 33°C for 12 h had a 

favorable neurological outcome compared with 26% of the control group. A subsequent meta-

analysis of individual patient data indicated that the number of patients needed to treat to 

provide a good neurological recovery was six41. As a result of these trials, the most recent 

American Heart Association (AHA) guidelines recommend that TH should be induced as soon 

as possible and maintained for 12–24 h in the management of anoxic neurological injury after 

cardiac arrest when the initial cardiac rhythm is VF or VT5, 42.  

 

 

However, there is uncertainty with regard to the applicability of TH to patients with OHCA in 

whom the initial cardiac rhythm is asystole or pulseless electrical activity43, 44. These patients 

have significantly poorer outcomes compared with patients with an initial cardiac rhythm of VF 

or VT3. To date, there has been no large randomized trial to compare the outcomes of TH with 

those of normothermia in these patients. Small trials and anecdotal reports have yielded 

conflicting results41, 45. Therefore, the most recent AHA guidelines suggest consideration of the 

use of TH after resuscitation from OHCA in patients whose initial cardiac rhythm is asystole or 

pulseless electrical activity5, 42. 
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Urgent coronary angiography in survivors of OHCA 

In addition to the induction of TH, early coronary angiography should be considered in patients 

who are successfully resuscitated from OHCA and in whom it appears that there was a cardiac 

cause for the arrest. However, the role of early PCI in this group of patients is uncertain. As a 

result of the inability to obtain informed consent, unconscious patients were not included in the 

large randomized trials of early PCI that demonstrated its efficacy in patients with STEMI. 

 

There has been no prospective randomized trial in comatose patients after OHCA that has 

compared the outcomes of early transfer to the catheterization laboratory with either later or no 

cardiac catheterization. However, there is considerable observational evidence that supports 

early transfer of unconscious post-OHCA patients with STEMI to the catheterization laboratory. 

These data indicate high procedural success rates and in-hospital survival rates of 60–78% 

following early coronary angiography (and PCI where appropriate) for patients with STEMI 

following OHCA46-49.  

 

The role of primary PCI in patients who have been resuscitated from OHCA and who do not 

have evidence of STEMI on 12-lead electrocardiography (ECG) is more uncertain. On one 

hand, PCI is expensive and would not be justified if the neurological prognosis was poor50. On 

the other hand, unstable coronary plaques that are suitable for treatment with PCI may go 

untreated if the decision is based on 12-lead ECG criteria alone51, 52. In a recent study of OHCA 

patients who underwent coronary angiography, significant coronary lesions were found to occur 

in up to 66% of patients who did not have ST-segment elevation53. In the largest series of 

coronary interventions in the setting of OHCA, the authors found that PCI was an independent 

predictor of survival irrespective of the initial ECG findings (odds ratio 2.06; p=0.013)52.  

 

Given the relatively good prognosis of patients who receive TH following OHCA and who have 

an initial cardiac rhythm of VF or VT, the difficulties of accurate early prognostication, and the 

lack of sensitivity and specificity of the initial 12-lead ECG, it seems reasonable that all patients 

with coma following OHCA and an initial cardiac rhythm of VF or VT should undergo both 

immediate TH and early coronary angiography54. Table 2 highlights recent observational studies 

in which TH and coronary angiography were used as part of a routine care protocol for patients 

following OHCA52, 55-60. The results of these non-randomized trials have demonstrated the 

combination of TH and PCI to be safe, feasible, and possibly more efficacious in comatose 

survivors of OHCA than either of the two therapies alone61.  
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TH in Myocardial Infarction 

Laboratory studies of TH in myocardial infarction  

There is evidence from laboratory studies that TH reduces myocardial reperfusion injury and 

thus limits the size of myocardial infarction (MI). For example, Abendschien et al. examined 

whether TH affected infarct size in anesthetized dogs that underwent a 5-h left anterior 

descending (LAD) coronary artery occlusion without subsequent reperfusion62. They observed 

that the average infarct size in the dogs that received TH (core temperature 26°C for 3 h) was 

reduced by 35% compared with normothermic controls (p=0.03). In another early study, 

Haendchen et al. measured the effect of TH on experimental infarct size and survival rate in a 

canine model that included both ischemia and reperfusion63. The LAD coronary arteries of the 

dogs were occluded and, 30 min after occlusion, cooled arterial blood (20°C) was retroperfused 

into the coronary sinus. After 3 h, forward reperfusion was commenced for a duration of 7 days, 

after which the outcomes were measured. Both mortality rate (17% vs. 31%; p<0.02) and infarct 

size (2% vs. 4.2%; p<0.02) were significantly improved in the dogs that were treated with TH 

compared with normothermic controls. 

 

Further animal studies indicate that TH initiated before coronary artery occlusion has a powerful 

myocardial protective effect, substantially reducing infarct size64. However, for TH to be used in 

the clinical setting, its protective effects need to persist when the procedure is initiated after the 

onset of ischemia or after reperfusion. When TH is started after ischemia but before reperfusion, 
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there is a time-dependent benefit. In rabbit and pig models, cooling initiated 10–20 min after 

coronary artery occlusion resulted in a reduction in infarct size, with the tissue-sparing effects of 

TH decreasing over time65-68.  

 

Conversely, preclinical models have revealed little to no reduction in infarct size when TH is 

initiated after reperfusion. For example, Maeng et al. inflated an angioplasty balloon in the LAD 

coronary arteries of pigs for 45 min, followed by 3 h of reperfusion69. The investigators found 

that systemic TH that was induced immediately before reperfusion did not significantly reduce 

infarct size. 

 

The potential benefits of TH on the myocardium may extend beyond a reduction in infarct size. 

In a pig model, Gotberg and colleagues found that post-reperfusion TH reduced the degree of 

microvascular obstruction, even though the overall infarct size was similar to that in 

normothermia-treated hearts70. Other experimental studies have also indicated that TH is 

effective at reducing the “no reflow” phenomenon of microvasculature obstruction, an important 

clinical outcome measure71, while also potentiating the effects of ischemic preconditioning in 

reducing reperfusion injury 72, 73.  

 

TH may also have a positive effect on the myocardium by reducing heart rate without reducing 

left ventricular function74. TH has been shown to increase cardiac output and left ventricular wall 

motion in both healthy hearts and ischemic experimental models75, 76, and also has potential 

benefits in ventricular remodeling following MI 77. 

 

Clinical trials of therapeutic hypothermia in myocardial infarction  

Primary PCI to facilitate reperfusion is the cornerstone of treatment for patients with STEMI. 

Despite the presence of strong experimental evidence of the benefit of TH in reducing 

reperfusion injury, the procedure has rarely been adopted in the clinical setting. Several small 

pilot trials have demonstrated that TH is feasible and safe to use in the catheterization 

laboratory to treat patients with STEMI (Table 3). Dixon et al. performed the first randomized 

trial of TH in patients with STEMI78. In this multicenter study of 42 patients, endovascular 

cooling was used to lower core temperature to 32–33°C in patients with STEMI of <6 h duration. 

The mean core temperature at the first balloon inflation was 34.7°C, and the mean duration of 

TH was 241 min. The primary endpoint of the study was the incidence of major adverse cardiac 

events at 30 days follow-up. No significant difference in this endpoint was found between 
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treated and non-treated patients (0% vs. 10%; p=non-significant). The secondary endpoint of 

infarct size (determined by single-photon emission computed tomography [SPECT]) at 30 days 

follow-up was also only marginally smaller in the cooled patients compared with normothermic 

controls (2% vs. 8%, p=non-significant). The results of other small trials of TH in alert patients 

with STEMI have indicated that both intravascular and surface cooling are feasible and are not 

associated with a higher rate of cardiovascular adverse events or a reduction in reperfusion 

times 79, 80. 

 

 

Based on the results of these smaller trials, a number of larger clinical trials were initiated to 

investigate the effect of TH with endovascular cooling on infarct size in patients with STEMI. In 

the COOL-MI (Cooling as an Adjunctive Therapy to Percutaneous Intervention in Patients with 

Acute MI) trial, O’Neill et al. reported the outcomes of cooling as an adjunct to PCI in patients 

with acute MI81. A total of 395 patients with MI of <6 h duration were randomized to either 

normothermia or TH with an endovascular cooling device (the Reprieve Temperature Therapy 

System; Radiant Medical, Redwood City, CA, USA). The mean core temperature reduction at 

the time of reperfusion was only 1°C, with the target temperature of 33°C being reached 75 min 

after initiation of TH and continuing for 3 h. There was no difference in the primary endpoint of 

infarct size at 30 days follow-up (as measured by SPECT) between the TH and normothermic 

treatment groups (14.1% vs. 13.8%; p=non-significant). A prespecified secondary analysis 
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revealed that patients with anterior infarcts who received effective TH (i.e. core temperature 

<35°C at reperfusion) had smaller infarcts than patients with core temperatures >35°C at 

reperfusion (5.0% vs. 16.5%; p=0.07) or normothermic controls (5.0% vs. 15.0%; p=0.03). The 

occurrence of major adverse cardiac events did not significantly differ between the two groups. 

However, there was a longer average door-to-balloon time in the TH group compared with 

controls (110 min vs. 92 min; p<0.01), which may have adversely affected infarct size. 

 

In the ICE-IT (Cooling Adjunctive to Primary Coronary Intervention) trial, 228 patients were 

randomized to either normothermia or TH using an endovascular cooling device (Celsius 

Control System; Innercool, San Diego, CA, USA)82. Detailed results on temperature 

management were not made available, but the target core temperature was 33°C for 6 h. As in 

the COOL-MI trial, there was no difference in the primary endpoint of infarct size between the 

two groups (10% in the TH group vs. 13% in controls; p=non-significant), and there was a 

similar trend towards significance in the subgroup analysis comparing infarct sizes between 

patients with anterior infarction who were <35°C at time of reperfusion and those who had a 

higher temperature (13% vs. 23%; p=0.09). 

 

The results of these clinical trials indicate that TH may be most effective in patients with larger 

infarcts who are able to be adequately cooled prior to reperfusion. With this in mind, in their 

recent small trial, Gotberg et al. examined the feasibility of combining 1–2 L of 4°C saline with 

intravascular cooling (Celsius Control System; Innercool), initiated prior to reperfusion and 

continuing for 3 h, in patients with anterior or inferior infarcts of <6 h duration83. The clinical 

endpoints differed from those of previous studies, in that infarct size was normalized to area at 

risk (myocardial salvage) utilizing cardiac magnetic resonance imaging, and traditional 

biomarkers were also investigated. In the patients who were treated with TH, a mean core body 

temperature of 34.7°C prior to reperfusion was achieved without causing significant increases in 

door-to-balloon or procedure times compared with controls. Despite similar durations of 

ischemia in the two groups, infarct size normalized to area at risk was significantly improved in 

the TH group (29.8% vs. 48.0%; p=0.04). This was accompanied by a significant reduction in 

both peak and cumulative troponin T concentrations. The authors assert that no complications 

were observed with the combination of cold fluid and endovascular cooling, but that larger trials, 

such as the currently recruiting CHILL-MI (Efficacy of Endovascular Catheter Cooling Combined 

with Cold Saline for the Treatment of Acute MI) study (clinicaltrials.gov identifier NCT01379261) 
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and the ongoing CAMARO (Hypothermia with Automated Peritoneal Lavage Following Cardiac 

Arrest of Acute STEMI) trial, are needed to confirm its efficacy. 

 

Physiological effects of TH 

The main goal of TH is to reduce the reperfusion injury, particularly to the injured brain, after 

resuscitation from OHCA, while also reducing the myocardial reperfusion injury that may occur 

when flow is restored to an occluded coronary artery during PCI. The mechanism by which TH 

reduces reperfusion injury is multifactorial. TH reduces metabolism by 8% per 1°C reduction in 

temperature, and therefore reduces tissue oxygen demand 84, 85. In addition, TH attenuates 

tissue edema and intracellular acidosis86. Laboratory models of ischemia reperfusion reveal that 

hypothermia reduces the production of reactive oxygen species, as well as directly inhibiting cell 

apoptosis87, 88. TH may also improve tissue reperfusion by altering coagulation pathways and 

inflammatory responses89. Finally, TH alters gene expression, with a complex interplay between 

upregulation of anti-apoptotic proteins such as brain-derived neurotrophic factor, and down 

regulation of pro-apoptotic proteins such as matrix metalloproteinase-990.  

 

Specific cardiac physiological effects of TH include a reduction in heart rate, with common ECG 

changes of QT interval prolongation and the appearance of Osbourne (J) waves91. Interestingly, 

there is evidence from the laboratory that TH increases the success rate of defibrillation in 

patients with a VF or VT rhythm92. It also has effects on coagulation, such as a mild increase in 

clotting times and a reduction in platelet function. TH may lead to a reduction in potassium 

levels owing to an intracellular shift. The effects of TH on the immune system usually occur over 

days, and are probably not relevant to short-term use of TH in the catheterization laboratory93.  

 

Techniques for inducing TH  

TH can be induced by a variety of different methods, including surface cooling, ice-cold 

infusions, transnasal evaporative cooling, and endovascular cooling catheters78, 94, 95. Although 

there have been studies to examine cooling efficacy and time to target temperature for these 

methods, none is available in which the different cooling devices were compared with each 

other in terms of the key clinical endpoints of mortality and morbidity. One challenge for 

physicians is to make sure that the technique of TH induction does not delay the patient’s 

surgery. 
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Surface cooling  

In the original clinical trials of TH in OHCA survivors, simple ice packs and general anesthesia 

were used to reduce core temperature. Since that time, specialized technology has become 

available that incorporates electronic temperature feedback in order to control core temperature 

more accurately. Current surface cooling techniques use pads, jackets, and helmets that are 

applied closely to the skin. These contain circulating water which cool or warm the patient 

depending on the temperature setting. These machines improve temperature control compared 

with simple cooling blankets96. 

 

The use of this specialized surface cooling is applicable to anesthetized patients in the 

catheterization laboratory. The jackets are radio-opaque and allow coronary angiography to 

proceed without removal of the jacket. However, cooling using these devices is relatively slow. 

Furthermore, conscious patients do not tolerate surface cooling, and alternative core-cooling 

techniques are required in this patient group. 

 

Intravascular cooling  

Intravascular cooling involves the insertion of a large catheter into the inferior vena cava via the 

femoral vein that allows heat exchange by circulating saline through a balloon. This technology 

has been used for fever control in the intensive care unit (ICU)97, for the induction of TH after 

OHCA98, and to treat MI78, 81. Interestingly, core cooling appears not to generate shivering in 

conscious patients to the extent that surface cooling does. Therefore, this technology has been 

used in clinical trials of TH in conscious patients in the catheterization laboratory and patients 

with stroke99. Although intravascular cooling allows accurate temperature control and shorter 

times to target temperatures than surface cooling, intravascular cooling is still relatively slow, 

with mean times to target temperature of 3–4 h. In addition, the catheter is relatively expensive.  

 

Large-volume, ice-cold infusion 

There have now been a number of reports on the use of a rapid infusion of large-volume, ice-

cold, crystalloid fluid to induce TH in prehospital settings 100, 101, emergency departments102, 103, 

and ICUs104 [77]. To date, there have been two randomized, controlled trials of the 

administration by paramedics of large-volume (30 mL/kg), ice-cold, intravenous fluids (LVICF) in 

order to induce TH 100, 101. The results of these have indicated that this is a safe and effective 

means of TH induction. The combination of ice-cold saline and intravascular cooling in 

conscious patients, in order to facilitate cooling prior to reperfusion, has also been reported 83.  
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One concern with the use of a rapid infusion of LVICF is the risk of developing pulmonary 

edema, particularly in patients with poor left ventricular function. However, in ventilated patients, 

the development of pulmonary edema is very rare, and LVICF has been shown not to reduce 

lung function any further in ventilated patients105. The use of LVICF in non-intubated patients to 

induce TH requires further research; nonetheless, in preliminary reports it has been found to be 

safe and cause no ill effects83.  

 

Peritoneal Lavage  

One novel approach to the rapid induction of TH is the insertion of a catheter into the abdominal 

cavity under local anesthesia and the instillation of 3–4 L of ice-cold saline. This approach has 

been shown to rapidly reduce core temperature to 33°C in approximately 10 min106. However, 

there is a risk of perforation of the bowel, and the widespread use of this technique will require 

clear indication that early TH is associated with significant improvement in neurological and 

myocardial outcomes. 

 

Intranasal cooling  

Another potentially rapid, but minimally invasive, means of inducing TH in intubated patients is 

nasopharyngeal cooling using evaporation of a perfluorocarbon via high-flow nasal prongs. In a 

recent pilot trial, intra-arrest nasal cooling in the prehospital setting was compared with hospital-

initiated surface cooling in 200 patients95. The primary endpoint of time to the target tympanic 

temperature of 34°C was significantly shorter in the transnasal cooling group than the surface 

cooling group (102 min vs. 282 min; p=0.03). Intranasal cooling is not applicable in conscious 

patients, and requires subsequent surface or intravascular temperature control for the 

maintenance and reversal of TH.  

 

Suppression of shivering  

In conscious patients, the induction of TH may lead to shivering, particularly when core 

temperatures reach 34–35°C, and this may markedly increase metabolic rate and myocardial 

oxygen demand. However, suppression of shivering in conscious patients undergoing TH is 

problematic. There are several strategies that have been found to be effective. Firstly, core 

cooling techniques appear to be better tolerated than surface cooling techniques. Secondly, 

warming of the hands with heated gloves or warm blankets covering the chest and legs 

(“counter-warming”) during core cooling has been found to be effective. Finally, pharmacological 

approaches such as the use of meperidine and buspirinone have some effect. Comatose 
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patients who have been resuscitated from OHCA are generally intubated, and general 

anesthesia including the use of muscle relaxants will effectively suppress shivering.  

 

Duration of TH  

The optimal duration of TH for the treatment of neurological injury after OHCA is unknown. In 

patients resuscitated from OHCA, Bernard et al. used TH for 12 h40, and the HACA study group 

used it for 24 h 39. Currently, it is unknown whether shorter or longer durations of treatment are 

indicated. Ongoing clinical trials investigating different durations of TH and different target 

temperatures will provide much needed information on this issue (clinicaltrials.gov identifiers 

NCT00878644 and NCT01155622). 

 

In conscious patients who underwent TH for myocardial reperfusion, the duration of TH in 

previous trials was 3–6 h78,83, 107. However, recent animal data indicate that combination TH (1 L 

4°C saline plus endovascular cooling) for only 30 min may be as effective as longer periods of 

TH at reducing myocardial reperfusion injury108. Based on these data, the CHILL-MI 

investigators will be maintaining TH for only 1 h, allowing for completion of TH in the 

catheterization laboratory, and possibly improving patient comfort and reducing the incidence of 

complications. 

 

Rewarming from TH 

The rewarming phase of TH can be regulated with the external or internal devices that were 

initially used for cooling, or with other heating systems. The current recommendation is to 

rewarm relatively slowly (0.25–0.5°C per h)109. Care should be taken during the induction and 

rewarming phases to carefully monitor the patient for the development of shivering as well as 

hemodynamic and electrolyte changes.  

 

Conclusions  

TH is an important intervention following resuscitation from OHCA when the patient’s initial 

cardiac rhythm is VF or pulseless VT. Increasingly, such patients are being transferred to the 

cardiac catheterization laboratory to undergo coronary angiography. There is also growing 

interest in the role of TH in conscious patients undergoing PCI in order to limit myocardial 

reperfusion injury. Interventional cardiologists should be familiar with the physiology of TH and 

the current techniques for induction and maintenance of this treatment that are applicable in the 

cardiac catheterization laboratory. 
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Introduction to Cooling and Coronary Angiography in OHCA 

This year marks the 10th anniversary of the two seminal trials into therapeutic hypothermia in the 

management of comatose survivors from OHCA. Since then there has been a significant 

increase in our understanding of the post cardiac arrest syndrome and more importantly how 

the early systematic management of these patients can significantly improve outcomes42. 

Hospital treatments that are thought to improve survival after OHCA resuscitation include 

therapeutic hypothermia39, 40, early reperfusion of blocked coronary arteries51, 52 and possibly 

optimization of hemodynamic parameters such as blood pressure and glucose55, 60.   

 

These interventions require a multi-disciplinary team with experience and expertise in the 

management of these patients. Despite the evidence supporting the use of hypothermia and 

other post resuscitative measures, the uptake of these interventions has been poor110, 111. In a 

recent small Australian single centre study examining rates of therapeutic hypothermia use in a 

tertiary trauma level 1 ICU, less than half of comatose survivors of OHCA received appropriate 

TH and only 12% of patients were at target temperature within 2 hours112. 

 

Major changes to cardiopulmonary resuscitation and post cardiac arrest care guidelines 

occurred in 2005113. In a recent study utilizing Ambulance Victoria registry data, comparing 

outcomes in patients with OHCA before and after these guideline changes, an increase in rates 

of spontaneous circulation and survival to hospital admission was observed, with no 

improvement in survival to hospital discharge114. 

 

As with all cardiac arrest data, there are a number of possible explanations to these findings, 

whilst also recognizing the limitations of an observational registry based conclusion. One 

worrying possibility, however, is that whilst pre-hospital acute care may be improving in line with 

guideline changes, post resuscitation care remains inadequate, and despite improving EMS 

treatments, a lack of coordinated use of measures such as TH and PCI are adversely impacting 

on patient outcomes. 

 

 

 

 

 



50 

 

There is very little Australian data on the adoption of updated post resuscitation care guidelines 

and more importantly how these may impact on neurological recovery. In Chapter 3, I examine 

one quaternary referral institution with significant expertise in managing critically ill patients, 

including those with OHCA, major trauma and advanced cardiac failure and transplant therapy. 

This single centre study comparing outcomes in a historical control group to contemporary post-

resuscitation practice indicates what can be achieved, with a systematic approach to patient 

management in the post resuscitative period59. 
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Usefulness of Cooling and Coronary Catheterization to Improve Survival in Out-of 

Hospital Cardiac Arrest  
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CHAPTER 4: Survival in Patients with Myocardial Infarction Complicated by 

Out-Of-Hospital Cardiac Arrest Undergoing Emergency Percutaneous 

Coronary Intervention 
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Exploring Outcomes Following Percutaneous Coronary Intervention in Patients with Out-

Of-Hospital Cardiac Arrest 

 
 

In adult patients, coronary artery disease (CAD) is the major cause of OHCA, responsible for 

50-80% of all sudden cardiac deaths27, 28. Unfortunately in up to 10% of patients OHCA may be 

the first manifestation of CAD and is a major contributor to overall mortality from cardiovascular 

disease in the United States and other developed countries2.  

 

Coronary artery disease causes OHCA via two major mechanisms; acute plaque rupture with 

thrombus formation causing myocardial infarction and subsequent cardiac arrest, and secondly 

in patients with a history of CAD, chronic scar formation may establish a substrate for ventricular 

arrhythmias leading to OHCA. In autopsy derived studies of patients succumbing to OHCA, 

acute plaque rupture and thrombus formation is the cause of death in more than 60%-75% of 

cases115. Other studies highlight chronic scar formation as a significant cause of mortality in 

approximately 35% of cases27. Interestingly, even in patients whose death was attributed to 

chronic ischemic scar leading to a fatal arrhythmia, some post mortem studies have identified 

active coronary lesions in 46% of these patients2.  

 

These anatomical studies have been supported by observational series of routine coronary 

angiography in patients with OHCA surviving to hospital admission. Two large French series 

have identified culprit CAD in the majority of patients51, 52. Despite the evidence for CAD being 

the major cause of OHCA, there are no randomised trials exploring the role of coronary 

angiography and PCI in the treatment of survivors of OHCA116. 

 

As discussed in previous chapters, the lack of randomised data combined with historically poor 

outcomes in comatose survivors of OHCA prior to the adoption of therapeutic hypothermia, has 

led to some interventional cardiologists being reluctant to adopt a routine early invasive strategy 

in comatose survivors of OHCA. There is however, considerable observational evidence that 

supports early transfer of unconscious post-OHCA patients with STEMI to the catheterization 

laboratory46-49.  

 

The role of primary PCI in patients who have been resuscitated from OHCA and who do not 

have evidence of STEMI on 12-lead ECG is less certain. On one hand, PCI is expensive and 

would not be justified if the neurological prognosis was poor50. On the other hand, unstable 
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coronary plaques that are suitable for treatment with PCI may go untreated if the decision is 

based on 12-lead ECG criteria alone51, 52. There is also a significant body of observational 

evidence, including evidence from chapter 3, to suggest that routine angiography combined with 

other post resuscitative measures such as TH, even in the absence of STEMI, will improve 

outcomes in comatose survivors of OHCA52, 55-60, 117. As with all observational trials, the data is 

limited by the limitations of study design. There are fewer observational trials questioning the 

efficacy of a routine early invasive approach118. Until quality randomized trials are performed in 

this population, much like cardiologists have done in other high risk cohorts such as cardiogenic 

shock119, there will remain lingering doubt to the efficacy of a routine invasive approach for all 

survivors of OHCA.  

 

On the balance of evidence, however, combined with overwhelming pathophysiologic data 

highlighting the high incidence of CAD in patients with OHCA, the current guidelines suggest 

that it is reasonable to consider all survivors of OHCA of suspected cardiac aetiology for primary 

coronary angiography and PCI where appropriate54.    

 

The Melbourne Interventional Group Registry 

This chapter builds on the international observational data in patients with AMI and OHCA 

undergoing PCI. This is a multicentre-study of PCI in survivors of OHCA utilizing The Melbourne 

Interventional Group (MIG) Registry. The MIG registry is a collaborative venture of interventional 

cardiologists practicing at 7 Australian tertiary referral hospitals, designed to record data 

pertaining to all PCI procedures and to perform follow up at 30 days and periodically thereafter. 

Demographic, clinical and procedural characteristics of consecutive patients undergoing PCI are 

prospectively recorded on case report forms using standardized definitions for all fields120. The 

registry is coordinated by the Centre of Cardiovascular Research and Education in 

Therapeutics, a research body within the Department of Epidemiology and Preventive Medicine 

(Monash University, Melbourne, Australia). An audit of 15 verifiable fields from 5% of randomly 

selected procedures at each institution is performed periodically by an investigator not affiliated 

with the institution; data accuracy is consistently about 97%, which compares favorably with 

other large registries121.  
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The MIG registry has been approved by the ethics committee in each participating hospital. 

“Opt-out” informed consent was obtained in all patients, as previously described8, 120, 122. Among 

other clinical variables, the indication for the PCI was recorded, and included stable angina, 

unstable angina (with no rise in blood biomarkers), NSTEMI and STEMI. The interventional 

strategy, stent selection, and antithrombotic therapy are left to the discretion of the operator in 

all procedures. 

 

In this chapter short and medium term outcomes of patients with AMI and OHCA are explored, 

highlighting excellent one year outcomes amongst survivors to discharge of OHCA, whilst also 

indicating the extremely high risk group of OHCA with concurrent cardiogenic shock. 
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Survival in Patients with Myocardial Infarction Complicated by Out-Of-Hospital Cardiac 

Arrest Undergoing Emergency Percutaneous Coronary Intervention 
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CHAPTER 5: Hospital Characteristics Are Associated With Patient 

Outcomes Following Out-Of-Hospital Cardiac Arrest 
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Introduction to Systems of Care in Out-Of-Hospital Cardiac Arrest 

 

“Where we cannot invent, we may at least improve.” 

       Charles Caleb Colton 

 

It has long been recognized in both Australia123 and overseas124 that there is a significant 

regional variation in out-of-hospital cardiac arrest outcomes. For many years this variation in 

survival was thought to be largely driven by pre-hospital factors such as rates of bystander 

resuscitation, early defibrillation125 and to a lesser extent advanced life support measures126. 

Accordingly significant efforts have been made to improve community awareness and training 

coupled with rigorous EMS protocols. Despite these efforts, survival to hospital discharge with 

good neurological recovery has remained poor3. 

 

Much of this thesis has highlighted the developments and recognition of the importance of post 

resuscitative hospital care in maximizing neurological recovery. Previous chapters have 

emphasized treatments that are thought to improve outcome after OHCA resuscitation including 

therapeutic hypothermia39, 40, early reperfusion of blocked coronary arteries51, 52 and possibly 

optimization of hemodynamic parameters such as blood pressure and glucose55, 60.   

 

These interventions require a multi-disciplinary team with experience and expertise in the 

management of these patients. Despite the evidence supporting the use of hypothermia and 

other post resuscitative measures, the uptake of these interventions has been poor110, 111. In a 

recent small Australia single centre study examining rates of therapeutic hypothermia use in a 

tertiary trauma level 1 ICU less than half of comatose survivors of OHCA received appropriate 

TH and only 12% of patients were at target temperature within 2 hours112. 

 

There is increasing evidence that differences in the delivery of post resuscitative measures may 

be partly responsible for the significant regional variations observed in cardiac arrest outcomes. 

Implicit assumptions of these reports are that care provided for patients with OHCA is better at 

some hospitals that receive such patients than others and that resuscitated patients should be 

preferentially transported to higher-performing hospitals. Recent international guidelines have 

called for the introduction of robust systems of care maximizing both pre-hospital and in-hospital 

management into the treatment of patients with OHCA30. In, Australia however, patients with 

OHCA are transported to the nearest hospital. We have the interesting situation where a patient 
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in a rural community who suffers a major trauma will be airlifted to a world class trauma facility 

in the city127. Whereas in the same community a patient suffering an OHCA will be transported 

to an often small local hospital, with significant variation in cardiac and intensive care services. 

 

Previous data utilizing the Victorian Ambulance Cardiac arrest registry has indicated 

significantly worse outcomes in patients suffering OHCA in rural compared to metropolitan 

areas123. Chapter 5 aims to further characterize regional variation in OHCA outcomes in 

Australia, but at an institutional level; investigating hospital factors that may influence survival 

and neurologic recovery in OHCA. 

 

Ambulance Victoria and the Victorian Ambulance Cardiac Arrest Registry 

 

Ambulance Victoria 

Ambulance Victoria (AV) was formed in 2008, combining the metropolitan ambulance service, 

rural ambulance service and Alexandra district ambulance service.  AV is now the primary 

provider of the state’s Emergency Medical Services, covering 227,000 square kilometres and 

providing a response to more than 5.5 million people.  

 

Paramedics in Victoria have a base qualification of a three year bachelor degree in health 

sciences. Mobile Intensive Care Ambulance (MICA) paramedics are more experienced and 

undergo a post graduate diploma in Intensive Care paramedical practice. Ambulance 

paramedics have some advanced life support skills (laryngeal mask, intravenous adrenaline), 

and MICA paramedics are able to administer a wider range of cardiac drugs and perform 

endotracheal intubation.   

 

Emergency call taking is performed using the Medical Priority Dispatch System (MPDS), with 

advanced life support and MICA paramedics dispatched to all suspected cardiac arrests. Basic 

life support trained fire-fighters, equipped with automatic defibrillators, co-respond to cardiac 

arrest calls across parts of Melbourne128. Paramedics operate under Ambulance Victoria Clinical 

Practice Guidelines, which for resuscitation follow the Australian Resuscitation Council 

Guidelines129, 130. Paramedics may withhold or cease resuscitation under specific 

circumstances, including clear evidence of prolonged arrest (e.g. rigor mortis, decomposition). 

Patients who achieve ROSC are transported to the nearest facility.  
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Victorian Ambulance Cardiac Arrest Registry 

The Victorian Ambulance Cardiac Arrest Registry (VACAR) is a database of all cases of OHCA 

attended by AV, metropolitan fire brigade, the country fire authority and the community 

emergency response teams. The VACAR is funded by the Department of Health and 

commenced in 1999 as a quality initiative. The registry is maintained within the department of 

research and evaluation at AV, and is the largest and most comprehensive cardiac arrest data 

bank in Australia. The VACAR collects Utstein elements9 including demographics, arrest 

features, resuscitation care and hospital outcome data. The etiology of cases is considered 

presumed cardiac when no other cause is apparent (e.g. excludes trauma, hanging, drowning, 

exsanguination and other obvious non-cardiac causes). 
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Hospital Characteristics Are Associated With Patient Outcomes Following Out-Of-

Hospital Cardiac Arrest  
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CHAPTER 6: Do We Need Cardiac Arrest Centres in Australia? 

 



84 

 

Monash University 

Declaration for Thesis Chapter 6 

 

Stub D, Bernard S, Smith K, Bray JE, Cameron P, Duffy SJ, Kaye DM. Do We Need Cardiac 

Arrest Centres in Australia? Intern Med J 2012;42:1173-117 

 

Declaration by candidate 

 

In the case of Chapter 6 the nature and extent of my contribution to the work was the following: 

Name Nature of contribution Extent of contribution 

(%)  

 

Stub D 

Principle Author, responsible for overall study 

concept, literature review, analysis, interpretation of 

results and development and writing of manuscript. 

Responsible author who effects  overall 

responsibility of publication 

 

70% 

 

 

 

 

 

Candidate’s 

Signature 

 

Date 

1/11/2012 

 

 

 

 

 

 

 

 

 

 

 



85 

 

The following co-authors contributed to the work. Co-authors who are students at Monash 

University must also indicate the extent of their contribution in percentage terms: 

Name Nature of contribution 

Bernard S  Analysis of results and manuscript development and editing 

Smith K Analysis of results and manuscript development and editing 

Bray J Analysis of results and manuscript development and editing 

Cameron P Analysis of results and manuscript development and editing 

Duffy S Analysis of results and manuscript development and editing 

Kaye D Analysis of results and manuscript development and editing 

 

Declaration by co-authors 

 

The undersigned hereby certify that: 

 the above declaration correctly reflects the nature and extent of the candidate’s contribution 

to this work, and the nature of the contribution of each of the co-authors. 

 they meet the criteria for authorship in that they have participated in the conception, 

execution, or interpretation, of at least that part of the publication in their field of expertise; 

 they take public responsibility for their part of the publication, except for the responsible 

author who accepts overall responsibility for the publication; 

 there are no other authors of the publication according to these criteria; 

 potential conflicts of interest have been disclosed to (a) granting bodies, (b) the editor or 

publisher of journals or other publications, and (c) the head of the responsible academic 

unit; and 

 the original data are stored at the following location(s) and will be held for at least five years 

from the date indicated below: 

 

 

Location(s) Alfred Hospital Heart Centre, Intensive Care Unit, Baker IDI Heart and 

Diabetes Institute, Monash University Faculty of Medicine Nursing and Health 

Sciences, Monash University Department of Epidemiology and Preventative 

Medicine, Ambulance Victoria 

 

 



86 

 

 

Signature 1 

 

 

Date 

9/11/2012 

 

Signature 2  

Date 

15/11/2012 

 

Signature 3 
 

Date 

14/11/2012 

 

Signature 4 

Date  

15/11/2012 

 

Signature 5 

 

 
Date  

9/11/2012 

 

Signature 6 

 

 

Date  

9/11/2012 

 

 



87 

 

Do We Need Cardiac Arrest Centres in Australia? 
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CHAPTER 7: Extracorporeal Membrane Oxygenation to Support 

Cardiopulmonary Resuscitation 
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Introduction to Extracorporeal Membrane Oxygenation to Support Cardiopulmonary 

Resuscitation  

 

Cardiac Arrest with failure of ROSC  

Thus far the focus of my thesis has been on highlighting aspects of post-resuscitative care in 

optimising outcomes of patients with OHCA who achieve ROSC and are admitted to hospital. 

As we have previously discussed however, data from the Victorian Ambulance Cardiac Arrest 

Register indicates that only 50% of OHCA patients with an initial cardiac rhythm of VF, respond 

to paramedic resuscitation and achieve ROSC in the field131. 

 

It is clear therefore, that despite our best efforts at improving all links in the chain of survival, a 

significant proportion of patients with OHCA will not achieve ROSC.  Traditionally outcomes in 

patients with OHCA who do not achieve ROSC have been dismal3. Accordingly rules for when 

to terminate resuscitative efforts have been developed in the attempt to avoid transporting 

patients to hospital with no hope of survival132-134. Most of these rules include factors such as 

unwitnessed cardiac arrest, the patient having a non-shockable rhythm and inability to achieve 

ROSC. Similarly the clinical practice guidelines of Ambulance Victoria indicate that resuscitation 

efforts in the field may be ceased after 30 minutes if ROSC has not been achieved, the patient 

remains in a non-shockable rhythm, without signs of life such as gasping or pupil reactions135.  

 

Where however does this leave the significant number of patients with OHCA and an initial 

cardiac rhythm of VF? The above paradigm, however, does not provide clear guidance for the 

significant number of patients with OHCA and a persistent, albeit potentially ‘shockable’ cardiac 

rhythm of VF. At a pragmatic level more than 55% of these patients are greater than 65 years of 

age136, who inevitably descend into a non-shockable rhythm during resuscitation efforts, which 

are ultimately ceased in the field. This still leaves a significant proportion of younger patients, 

with refractory VF who never achieve ROSC. Failure to respond to timely resuscitation may be 

due to the complete blockage of a coronary artery and inability to restore any myocardial 

oxygen delivery, or less commonly large pulmonary embolism, congenital cardiomyopathy or 

cardiac channelopathy. In Victoria, patients are transported to hospital with ongoing CPR in less 

than 1% of cases137, with at present no established system of care for patients with otherwise 

positive pre-hospital prognostic markers such as younger age, bystander CPR, and an initial 

rhythm of VF but failure of ROSC.    
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Most patients with refractory cardiac arrest in Victoria are not transported to hospital for two 

reasons. Firstly, transport to hospital would require on-going external chest compressions in the 

back of a fast-moving ambulance and this would be unsafe for the crew. Secondly, given that 

advanced life support measures have been provided at the scene by paramedics, there have 

traditionally been no additional treatment options in the emergency department.  

 

Resuscitation strategies in setting of prolonged OHCA 

Recently, a number of new resuscitation strategies have become available that may be 

applicable to this group of patients who would otherwise die. Firstly portable automated CPR 

devices are now available that deliver quality mechanical chest compressions, whilst potentially 

facilitating safe transport of a patient with CPR in progress138, 139. Of these two devices, the 

Autopulse machine has been trialled by Ambulance Victoria in rural settings without any 

adverse events. It is a battery powered board that incorporates a wide chest strap that contracts 

and provides at least equal quality chest compressions compared with human chest 

compressions. Importantly, it allows CPR to be safely and effectively undertaken during transfer 

to hospital140. The machine is approved by the Therapeutic Goods Administration Australia. 

 

Secondly, as I have extensively discussed in earlier chapters, protection of the brain following 

prolonged CPR is now possible using therapeutic hypothermia39, 40. More recently, the induction 

of therapeutic hypothermia in the pre-hospital setting using a rapid intravenous infusion of 2 

litres of ice-cold saline has been tested in clinical trials and found to be an effective induction 

strategy100, 101. Preliminary studies of hypothermia during CPR in laboratory studies suggest a 

powerful neuroprotective effect32, 141 and clinical trials testing this approach are currently 

underway142.  

 

With these relatively novel aggressive pre-hospital strategies it may be possible to preserve 

neurological function whilst continuing chest compressions for extended periods of time 

enabling transport to hospital of patients with refractory cardiac arrest and failure of ROSC. 

Given many of these patients have cardiac arrest due to coronary occlusion and myocardial 

infarction; there are reports of performing PCI with ongoing automated chest compressions 

enabling subsequent ROSC and patient recovery143, 144. This strategy of performing CPR during 

PCI is limited however, by a number of issues including; technical difficulties, the lack of 

subsequent cardiac support for possible hemodynamic instability, whilst not addressing 

treatment of other possible aetiologies. Ongoing CPR whilst in the catheterization laboratory, 
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facilitating PCI, is  therefore not routinely recommended by most cardiologists who specialise in 

the management of OHCA145.  

 

ECMO facilitated CPR (ECPR) 

Another treatment option for refractory cardiac arrest that is gaining international prominence is 

the use of extracorporeal membrane oxygenation to augment CPR (ECPR). The concept of 

establishing rapid total cardiopulmonary support in the form of ECMO for refractory cardiac 

arrest was described over 30 years ago146. In the paediatric population, ECPR in the 

management of prolonged in-hospital cardiac arrest is considered a standard of care at tertiary 

paediatric centres147. Its use in adult refractory cardiac arrest has been a little slower in 

becoming part of clinical practice. The use of ECPR in the management of adult cardiac arrest 

is gradually gaining prominence148. The Extracorporeal Life Support Organization (ELSO) 

registry has recently reported on 297 adult patients (11% of 2,633 adult ECMO uses) who 

underwent ECMO to support CPR.  Median age was 52 years and 75% of patients had cardiac 

disease. Survival to hospital discharge in this registry was 27%149. Mirroring its use in paediatric 

patients, in tertiary centres with ECMO capabilities, the use of ECPR for inpatients with 

prolonged cardiac arrest has been shown to be safe and possibly more efficacious than 

standard resuscitation measures150, 151. It is only more recently however, in particular when 

combined with other therapeutic strategies such as hypothermia and automated CPR, which 

help overcome issues of prolonged CPR in transport, that the use of ECPR for adult patients 

with OHCA and failure of ROSC has been increasingly described.  

 

The largest international experience in the development of a system of care involving ECPR to 

treat patients with refractory OHCA has been in Japan152. One of the first reports of ECPR, 

hypothermia and PCI in patients with OHCA was described by Nagao and colleagues, in a 

single centre experience from Tokyo38. In this prospective study of 50 patients with prolonged 

OHCA, 32 patients had failure of ROSC on arrival to hospital and were initiated on ECMO. 

Therapeutic hypothermia was induced and maintained for 48 hours in those patients with 

systolic blood pressures >90mmHg and coronary angiography was performed after being 

established on ECMO support. This pioneering ECPR protocol achieved ROSC in 46/50 (92%) 

of patients and survival to discharge with good neurological recovery in 12/50 (24%). Since the 

use of ECPR in Japan has expanded widely. A recent Japanese Systematic review of 1282 

cases of OHCA managed with ECPR at over 30 centres, indicated a similar survival rate of 

26%152. 
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Increasing international experience with ECPR highlights the significant possibilities of 

combining ECPR with other resuscitative strategies in the management of refractory OHCA153-

158. There are relatively few basic mechanistic studies into the effectiveness of ECPR, but these 

studies highlight improvements in tissue oxygenation, calcium handling and a possible 

attenuation of reperfusion injury159, increases in coronary perfusion during resuscitation160 and 

improvements in ventricular waveform parameters during ECPR161. At a clinical level ECPR may 

effectively be established on immediate arrival to hospital by a variety of health care 

providers158, enable a much needed window of time for further appropriate investigations155, 

whilst providing a more stable scenario than continued CPR for potentially critical interventions, 

such as PCI to facilitate ROSC153.  

 

Tempering these relatively positive international reports of ECPR in the management of patients 

with prolonged OHCA is the recent study from Paris by Le Guen162. This single centre study 

evaluated the outcomes of 51 patients with refractory OHCA treated with ECPR established on 

admission to hospital. Only 2 patients (4%) were alive at 28 days with good neurological 

recovery. 90% of patients had died within 48 hours of multi-organ failure (47%), brain death 

(20%) and hemorrhagic shock (14%). Crucially the median time from collapse to establishment 

of ECMO support was 120 minutes (IQR 102-149 minutes), significantly longer than other 

studies.  

 

The observational series of adult patients undergoing ECPR in both in-hospital cardiac arrest 

and OHCA indicate that survival and neurological recovery dramatically deteriorates if ECMO 

support is not established within 60 minutes after patient collapse155, 163. Thus any system of 

care designed for patients with refractory OHCA must consider the time spent at the scene, 

factors regarding patient transport, and cannulation requirements, in ensuring suitable patients 

are established on support within one hour of initial cardiac arrest. Although there have been 

case reports of ECPR inserted in the field, this is unlikely at the present to be applicable to most 

EMS systems164.  

 

The use of ECMO has increased significantly in Australia over the last 10 years165, 166. Whilst its 

regular application in patients with severe cardiac or respiratory failure is predominantly 

occurring in large tertiary centres166, an increasing number of regional centres are developing 

expertise in the initial cannulation and establishment of ECMO support, with later transfer of the 
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patient to a suitable centre with expertise in ongoing ECMO support. At present, however, there 

are no reports, of Australian centres offering ECPR in the management of patients with OHCA. 

 

In Victoria the Alfred Hospital is the state referral centre for ECMO cases, managing more than 

50 cases per year167. It is a quaternary level hospital with a large ICU catering to mixed 

medical/surgical/trauma cases whilst also serving as the state’s heart and lung transplant 

centre. The hospital has significant expertise in managing critically ill patients and patients post 

OHCA59. 

 

Given the increasing international data and experience of ECPR as a possible strategy for 

certain patients with refractory OHCA, we aimed to develop the first Australian feasibility study 

into developing a treatment paradigm for refractory OHCA. As an adjunct to this endeavour, 

whilst also providing much needed mechanistic data into the benefits of ECPR during prolonged 

resuscitation, we performed a pre-clinical study exploring the hemodynamic effects of ECPR. 
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Extracorporeal Membrane Oxygenation to Support Cardiopulmonary Resuscitation in a 

Sheep Model of Refractory Ischemic Cardiac Arrest 
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Refractory Out-Of-Hospital Cardiac Arrest Treated With Mechanical CPR, Hypothermia, 

ECMO and Early Reperfusion (CHEER) Study 

 

Informed by the international experiences described above and our pre-clinical data we have 

developed a single centre pilot study of ECPR for the treatment of OHCA. With the aim of 

determining whether mechanical CPR, therapeutic hypothermia, emergency ECMO and transfer 

to the cardiac catheter laboratory for coronary reperfusion results in a return of a spontaneous 

circulation and neurological recovery in patients with refractory out-of-hospital cardiac arrest 

(Clinicaltrials.gov NCT01186614). 

 

CHEER Study Methodology  

The Refractory Out-Of-Hospital Cardiac Arrest Treated with Mechanical CPR, Hypothermia, 

ECMO and Early Reperfusion (CHEER) Study is a pilot, non-randomised clinical trial. Selected 

Ambulance Victoria paramedic units in The Alfred Hospital catchment area have been trained 

and equipped to use the Autopulse automated CPR device.  

 

Inclusion Criteria: 

 Adults 18-60 years 

 Out of hospital cardiac arrest due to presumed cardiac cause 

 Chest compressions are commenced within 10 minutes by bystanders or emergency 

medical services 

 Initial cardiac arrest rhythm of ventricular fibrillation 

 Remains in cardiac arrest at 30 minutes post collapse 

 Autopulse machine is available 

 Within 10 minutes ambulance transport time to the Alfred Hospital 

 During normal working hours (9am-5pm, Monday to Friday) 

 ECMO commences within 60 minutes of the initial collapse 
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Exclusions 

 Presumed non-cardiac cause of cardiac arrest such as trauma, hanging, drowning, 

intracranial bleeding 

 Any pre-existing significant neurological disability 

 Significant non-cardiac co-morbidities that cause limitations in activities of daily living 

such as COPD, cirrhosis of the liver, renal failure on dialysis, terminal illness due to 

malignancy  

 

Treatment Protocol: 

Patients who meet the above inclusion criteria and who do not have exclusion criteria will be 

eligible for the study. 

 

Step 1: 

The patient remains in cardiac arrest at 30 minutes post collapse will be evaluated for 

inclusion/exclusion criteria 

 

Step 2: 

The patient will be placed on the Autopulse machine and chest compressions will be 

mechanically commenced. Mechanical ventilation and intravenous adrenaline (1mg every 5 

minutes) will be continued.   

 

Step 3:  

The patient will be loaded into the ambulance and transported Code 1 to the Alfred Hospital. 

The Alfred Emergency Department will be notified of the expected time of arrival of the patient. 

A rapid infusion of 2L ice-cold saline will be commenced en-route to hospital (if not already 

administered during CPR). 

 

Step 4:  

The ED will page the ICU team.  

Two Intensivists trained in cannulation will attend the ED and prepare to cannulate the patient. 

The equipment to be brought from ICU to the ED will be  

- ECMO 15F and 17F cannulae (x2 each) 

- A primed ECMO circuit 
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Step 5: 

The ED will receive the patient and transfer to the hospital stretcher with Autopulse 

compressions continuing. A further 2L of ice cold saline will be infused rapidly for a target 

temperature of 33°C.  

 

Step 6: 

The Intensivists will  

 Cannulate the right femoral artery and vein (using ultrasound if needed) 

 Administer 5000U heparin IV 

 Connect to the ECMO circuit 

 Commence blood flows at 3L/min with oxygen gas flow 3L/min 

 

Other physiological targets will include maintenance of cerebral normoxia (pO2 90mmHg, pCO2 

40mmHg) and perfusion pressure (MAP=90mmHg) with inotropic/vasoconstrictor agents. An 

adrenaline infusion as the vasoconstrictor of first choice will be commenced if needed.   

 

Step 7: 

Once placed on VA ECMO and cooled to 33°C, the patient will be transported to the cardiac 

catheterization laboratory for a coronary angiogram and stenting of any blocked coronary artery.  

 

Step 8: 

The patient will be transported from the cardiac catheterization laboratory to the ICU. The 

temperature will be maintained at 33°C for 24 hours. If an arterial pulse in the leg with the 

arterial cannula does not return within 4 hours and the distal leg is ischaemic, an arterial 

backflow cannula will be inserted.  If the patient is taken off ECMO, continued therapeutic 

hypothermia will be undertaken using surface cooling as per current ICU guidelines.  Sedation 

will be commenced if the patient starts shivering or has some early recovery of neurological 

function and appears to be awakening. 
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Subsequent management: 

At 24 hours, the patient will be rewarmed slowly (0.25°C per hour). Sedation will be ceased at 

36 hours. If there is adequate cardiac function, the ECMO will be weaned and discontinued, with 

vascular repair of the femoral artery if needed. In the event of neurological recovery but 

inadequate cardiac recovery, VA ECMO will be continued and consideration given to longer 

term cardiac support (i.e. a left ventricular assist device).   

 

Patients who remain unconscious at 96 hours will be assessed by an Intensive Care Physician 

and a Neurologist. Based on the clinical indicators that are strongly associated with a poor 

prognosis; deep coma, presence of myoclonic jerks, fixed pupils and/or absent somatosensory 

responses, consideration will be given to the withdrawal of active treatment and palliative care 

instituted. These neurological assessments are part of current routine ICU practice.  

 

Ethical considerations 

Since all patients in the study are unconscious and the study must commence immediately 

during patient resuscitation, it is not possible to obtain informed consent prior to enrolment from 

the patient or next-of-kin.   

 

Under Section 42A of the Medical Treatment Act, a registered practitioner may carry out, or 

supervise the carrying out of, a medical research procedure on a patient without consent or 

authorisation (under section 42T) if the practitioner believes on reasonable grounds that the 

treatment is necessary, as a matter of urgency—(a) to save the patient's life; or (b) to prevent 

serious damage to the patient's health. 

 

This research meets the intent of this section of the Medical Treatment Act. A medical 

practitioner is supervising the carrying out of these possibly life saving procedures. The 

treatment is a matter of urgency and has the intention of saving life and preventing serious 

neurological injury 

  

There is a possibility that some patients would make some neurological recovery but be left with 

severe disability. However, our previous study of paramedic cooling in patients with out-of-

hospital cardiac arrest showed that only 2 patients of 396 enrolled were discharged with 

significant disability to a nursing home. The current approach in critical care medicine is that 
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palliative care is considered in the event that the patient remains comatose after 96 hours. This 

approach has meant that very few patients are left in a state of severe disability. 

 

The restriction of age to <60 years is justified for several reasons. Firstly, younger patients 

better tolerate anoxic neurological injury compared with older patients. Secondly, this “proof of 

concept” study should not include patients with only a remote chance of return to complete 

recovery.  

 

Finally, it is possible that there will be neurological recovery but inadequate cardiac recovery. 

The current approach in such patients at The Alfred is consideration of left ventricular assist 

device as a bridge to cardiac transplantation. Such a treatment is not generally available to 

patients aged >65 years due to the poorer clinical outcomes in that age group.  

 

Sample Size Estimation  

As this is a feasibility trial, a sample size of 24 patients will determine whether the treatment is a 

reasonable therapeutic option. Based on Ambulance Victoria results there was a 10% survival 

of patients with VF/VT who were transported with continuing CPR to hospital. Therefore utilising 

an estimated survival with the novel treatment plan of 30% the calculated sample size for one-

sample comparison is as follows: 

 Test Ho: p = 0.1000, where p is the proportion in the population 

 Assumptions: 

 alpha =   0.0500  (two-sided) 

 power =   0.8000 

 alternative p =   0.3000 

Estimated required sample size: 

 n =       24 

An interim analysis into safety and feasibility to study will be performed after 10 patients.  
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CHEER Study Progress and Results  

The study received Ethics Approval in February 2011. Significant time was then spent in 

paramedic training and familiarisation with the study protocol and ‘autopulse’ device. Concurrent 

development of an ECPR protocol for the hospital was also established ensuring a primed 

ECMO circuit was ready for immediate use and a roster of suitable intensive care physicians, 

capable of emergent ECMO, cannulation was established.    

 

An ECPR cart was created, with the necessary equipment for urgent ECPR including (See 

Figure 1): 

 Primed ECMO Circuit and pump 

 Arterial and venous Cannulae  

 Autopulse CPR device 

 Ice Cold intravenous saline  

 

Figure 1: Alfred Hospital ECPR Cart  
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An ECPR clinical roster and response team was also created. This includes 

 2 ECMO Cannulators  

 1 Doctor/Technologist to manage vascular and cardiac ultrasound.  

 Doctor to manage hypothermia therapy  

 ECMO Nurse for circuit commencement 

 Doctor or Nurse managing Autopulse  

 ED team for conventional ACLS care 

 

Baseline characteristics 

As of 31st December 2012, 5 patients with refractory OHCA meeting inclusion criteria had been 

enrolled in the study protocol. The patients had a median age of 56 years (IQR 45-59 years). 

Four of the patients (80%) were male. In all 5 patients OHCA represented their first cardiac 

symptom, with no patients having a significant history of cardiovascular disease. All patients did 

however, have at least one major cardiovascular risk factor (Table 1).    

 

Pre-Hospital Care  

Given requirements of the inclusion criteria, as expected all patients had an initial rhythm of VF 

with witnessed collapse and very short periods to initiation of first CPR (range 0-2minues). 

Patient 4 had an EMS witnessed VF arrest during transport to hospital in the setting of an AMI 

and therefore, had a very short collapse to arrival to ED time of only 7 minutes. The other 4 

patients had an average pre-hospital time of 68 +/- 21 minutes (Table 1).  

 

Survival and Neurological Recovery  

Return of spontaneous circulation was achieved in 4/5 (80%) of patients with survival to hospital 

discharge in 3/5 (60%) patients.  All survivors made a complete neurological recovery with 

cerebral performance scores of 1 at hospital discharge. Both patients, who did not survive, died 

in the first 36 hours. One patient died due to persistent hemodynamic collapse in the setting of 

an initially unrecognised Type A Aortic Dissection as the cause of his OHCA. The other non-

survivor was successfully established on ECMO achieving ROSC but died at 34 hours post 

admission due to multi-organ failure and severe coagulopathy.  
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Issues with ECPR  

Two of the study patients achieved ROSC in the setting of prolonged automated CPR, without 

the need for ECMO support in the emergency department. Both of these patients made full 

neurological recoveries. Of the three patients established on ECPR, the first patient had both 

femoral arteries initially cannulated, which was then corrected. The use of real time vascular 

ultrasound during cannulation in the two subsequent patients ensured that both were promptly 

established on ECMO support without incident, after arrival to hospital. The time from collapse 

until establishment of ECMO support on these 3 patients were 100 minutes, 117 minutes and 50 

minutes respectively. Only the patient receiving establishment of ECMO prior to 60 minutes 

survived to hospital discharge.  

 

Aetiology of cardiac arrest  

All 5 patients underwent early coronary angiography, following stabilisation in the emergency 

department. Significant coronary stenoses were present in 3/5 patients (60%). In the two 

remaining cases, coronary angiogram highlighted an unrecognised type A dissection in one 

patient, with no significant coronary disease in the other patient. Cardiac MRI performed on day 

4 indicated arrhythmogenic right ventricular cardiomyopathy (ARVC).  

 

Progress in Hospital  

Survivors had a relatively short ICU stay with an average time of 105 +/- 17 hours (Table 2). 

There were no major issues with neurological prognostication and they were all awake by day 4. 

Hospital length of stay ranged between 9-17 days. Patient 3 had insertion of an automated 

internal cardiac defibrillator prior to discharge given her diagnosis of ARVC whilst the other two 

survivors underwent coronary revascularisation with good cardiac recovery and did therefore 

not receive defibrillators.  

 

Patient 2 died of hemodynamic collapse in the setting of a type A aortic dissection and never 

achieved ROSC in hospital. Patient 3, however had a prolonged resuscitative effort in the field, 

and was ultimately established on ECMO support at 117 minutes post collapse (table 1). He 

remained in VF post ECMO deployment, with PCI to his LAD being performed in constant VF. 

Interestingly post establishing flow to his LAD, significant coarsening of his VF waveform 

occurred, with one further 150J DCR then required to achieve ROSC (table 2). He deteriorated 

rapidly in ICU post procedure with progressive multi-organ failure and haemorrhage.  
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Table 1: Baseline and Arrest Characteristics  

 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 

Age 56 years 60 years 62 years 39 years 38 years 

Gender Male Male Male Male Female 

Location of 

OHCA 
Public Place Work Home Ambulance Public place 

Witnessed 
Yes – but no 

Bystander CPR 

Yes 

Bystander CPR 

Yes 

Bystander CPR 

Yes 

EMS witnessed 

Yes 

Bystander 

CPR 

Cardiac risk 

factors 

Hypertension, 

Dyslipidaemia 

Hypertension, 

Dyslipidaemia 
Hypertension 

Smoker, 

Dyslipidaemia 
Family history 

Collapse to 

CPR 
2 mins 1 min 1 mins 0 mins 1 mins 

Collapse to 

arrival 

hospital 

(minutes) 

45 mins 73 mins 87 mins 7mins 62 mins 

ED to ECMO 

time 
NA 27 mins 30 mins 35mins NA 

Collapse to 

initiation 

ECMO 

NA 100 mins 117 mins 42mins NA 

Collapse to 

ROSC 
80 mins Nil 135 mins 50 mins 66 mins 

 

OHCA - out of hospital cardiac arrest, CPR – cardiopulmonary resuscitation, ED - emergency department, 

ECMO – extracorporeal membrane oxygenation, ROSC – return of spontaneous circulation, mins – 

minutes. NA - Not applicable, ROSC obtained without ECMO support. 
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Table 2: In hospital Care and Outcomes   

 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 

Coronary 

angiography 

Triple Vessel 

RCA culprit 

Type A Aortic 

Dissection 

Double vessel 

LAD Culprit 

Single vessel 

LAD culprit 
Normal 

TIMI flow pre TIMI 0 NA TIMI 0 TIMI 2 TIMI 3 

TIMI flow post TIMI 3 NA TIMI 3 TIMI 3 TIMI 3 

PCI PCI BMS NA PCI BMS PCI BMS No 

Duration of 

ECMO 
NA NA 30 hours 48 hours NA 

RRT No No Yes No No 

Awake Day 4 NA NA Day 3 Day 2 

ICU length stay 122 hours 2 hours 30 hours 106 hrs 88hrs 

Hospital length 

stay 
15 Days 1 day 2 days 9 days 17 days 

ROSC Yes No Yes 
Yes 

Post ECMO 
Yes 

Survival to 

hosp discharge 
Yes No No Yes Yes 

Neurological 

Outcome 
CPC 1 - - CPC 1 CPC 1 

 

TIMI – Thrombolysis in myocardial infarction score, RCA – right coronary artery, left anterior descending 

artery, RRT – renal replacement therapy, ROSC – return of spontaneous circulation,  ECMO - 

extracorporeal membrane oxygenation, CPC – cerebral performance category. NA – not applicable 
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Discussion CHEER study 

The results of these initial five cases offer a preliminary analysis of the feasibility of the CHEER 

study. Given current local OHCA protocols, in all probability without this study protocol these 5 

patients would not have been transported to hospital and ultimately been declared deceased in 

the field. The fact that 4 (80%) patients obtained ROSC and 3 (60%) patients survived to 

hospital discharge with full neurological recovery is extremely encouraging. 

 

Of concern however is the slow rate of recruitment into the trial, questioning its applicability to a 

wider population. The study has been recruiting for over 18 months, albeit with a significant lead 

in training time, and only recruited 5 patients. A number of study design features make 

recruitment challenging; firstly the study includes only one hospital, in which patients are 

recruited in daytime working hours with rigid inclusion criteria. Given recent favourable reports 

of ECPR153, 158 and that that up to 15% of all Victorian VF arrests occur in patients aged 60-65 

years136, the CHEER trial has recently amended its maximum age cut off to 65 years. This 

change, together with further education and EMS encouragement, in light of recent successful 

patient outcomes should lead to increased enrolments moving forward.  

 

The two patients obtaining ROSC with merely ongoing mechanical CPR and standard ACLS, 

without the requirement for ECMO, highlight the possibilities of good outcomes in patients with 

prolonged VF arrest. These patients raise the scenario that termination of resuscitative efforts in 

some patients with ventricular fibrillation may be occurring prematurely. At present we are 

undertaking an in-depth analysis of pre-hospital management of patients with OHCA and VF in 

Victoria in conjunction with the VACAR team, to explore the issue of patients with persistent VF 

and at what time termination of resuscitative efforts are being made. These cases also raise the 

question of whether more patients should be transported to hospital with ongoing CPR, as 

occurs in many other international EMS systems. Further research into persistent VF and an 

examination of the efficacy, clinical outcomes and resource implications of transport to hospital 

with ongoing CPR including more widespread use of automated CPR devices is clearly 

required.  

 

Growing international experience and our own initial cases indicate that ECPR has a potential 

role to play in the management of refractory cardiac arrest. Patient selection is a major issue 

that remains challenging and requires further study and experience. In most cases, however, 

early prognostication at the time of cardiac arrest is inappropriate. Consideration should 
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therefore be given to aggressively treating all patients with basic positive clinical features such 

as younger age, witnessed cardiac arrest,  and VF as initial rhythm without significant known co-

morbidities, as used in the CHEER study and the SAVE-J Japanese experience152.  

 

A major factor in determining outcomes in patients with prolonged cardiac arrest utilising ECPR 

is establishing prompt ECMO support. Recent reports indicate that survival significantly 

deteriorates if ECMO is not established within 60 minutes after patient collapse155, 163. In our 3 

cases of ECPR only one patient with an EMS witnessed OHCA whilst en-route to hospital 

achieved ECMO support in less than 60 minutes of low flow time. This target will clearly be very 

challenging in the CHEER study as paramedics are not considering transport until 30 minutes 

after patient collapse. Significant efforts are being made in educating local MICA paramedics to 

minimise delays in recruited patients. Patient 3 who despite 130 minutes of VF achieved ROSC 

post PCI to his LAD, but then succumbed to multi organ failure and coagulopathy associated 

with severe post cardiac arrest syndrome, is an example of what may be achieved if timing 

issues can be improved. The planned European study by Belohlavek and colleagues of a 

“Hyperinvasive approach to out-of hospital cardiac arrest using mechanical chest compression 

device, pre hospital intraarrest cooling, extracorporeal life support and early invasive 

assessment compared to standard of care168”, will be very informative regarding developing 

systems of care that involve more rapid transfer or patients with OHCA to dedicated ECPR 

capable hospitals. 

    

Conclusions CHEER study 

This study represents a first step in developing a protocol to manage select patients with 

refractory out-of-hospital cardiac arrest. Whilst further research into the efficacy and resource 

implications of ECPR is needed, it is clear that establishing an ECPR program with cooperation 

from local ambulance crews is feasible. These initial results highlight the need for caution in 

terminating resuscitative efforts in patients with persistent VF in the field. When developing a 

system of care for patients with OHCA, consideration should be made to ensure that all ‘cardiac 

arrest centres’ have ECMO capabilities.  
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CHAPTER 8: Conclusions and Recommendations  

 

Out-of-hospital cardiac arrest is a major cause of death and disability affecting over 35,000 

Australians every year. The chain of survival, in which all aspects of cardiac arrest care are 

optimised, is critical in improving patient outcomes. Traditionally the primary focus has been on 

pre-hospital links in the chain, including early recognition, increasing rates of community 

cardiopulmonary resuscitation, prompt defibrillation and advanced life support. Recently the 

importance of post resuscitative care has been emphasised in mitigating the physiological 

consequences of prolonged whole body ischemia resulting in the post cardiac arrest syndrome.  

My thesis encompasses a collection of papers exploring aspects of post resuscitative care, 

founded in the hope of contributing to the rapidly expanding body of literature influencing the 

care of patients with OHCA.  

The main conclusions are: 

 The post cardiac arrest syndrome is a complex physiological process causing neurologic, 

cardiac and systemic dysfunction and is responsible for significant morbidity and mortality. A 

systematic approach to all elements of the pathophysiologic process is required in the care 

of these patients. Treatment strategies focussing on both pre-hospital and post-resuscitative 

elements are vital to improving patient outcomes. Emphasis should be placed on 

implementation of therapeutic hypothermia, early coronary angiography, and temporary 

circulatory support where appropriate, combined with goal directed therapies together with 

comprehensive neurological assessment and care. 

 

 Therapeutic hypothermia is a crucial aspect of post resuscitative care with proven efficacy in 

comatose survivors of out-of hospital VF arrest. In the past there have been concerns 

regarding its use in patients with cardiac instability and hemodynamic compromise. 

Emerging evidence suggests that TH actually aids post cardiac arrest myocardial 

dysfunction by reducing myocardial infarct size, improving cardiac output in the setting of 

cardiogenic shock and reducing cardiac metabolic demand. 
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 Cardiologists need to take a greater role in the post-resuscitative management of patients 

following OHCA. With advances such as pre-hospital induction of therapeutic hypothermia 

and an increased awareness of the dangers of early neurological prognostication, there is 

no longer a role for ‘a wait and see’ attitude in managing these complex patients. Despite 

the lack of large randomised trials, a coordinated approach to post resuscitative care has 

repeatedly been shown to improve clinical outcomes. The cardiologist is an integral part of 

this emerging post resuscitative team. 

 

 Coronary artery disease is the commonest cause of out-of hospital VF arrest in adult 

patients. This thesis confirms international recommendations that routine coronary 

angiography should be performed in survivors of OHCA with STEMI. Whilst the benefits of 

early coronary angiography in OHCA patients without STEMI is less certain, our research 

also confirms large international reports highlighting the poor predictive value of an ECG in 

the post OHCA setting. Particularly when provided as part of a bundle of care with TH, 

routine early coronary angiogram, regardless of initial ECG, is associated with improved 

patient outcomes.  

 

 The procedural success rate of patients with OHCA undergoing percutaneous coronary 

intervention are similar to lower risk patients with acute coronary syndromes without OHCA. 

Similarly hospital survivors of OHCA have comparable rates of major adverse cardiac 

events at 12 months as those patients with ACS without OHCA. 

 

 Post cardiac arrest myocardial dysfunction is common and underappreciated in patients 

following OHCA. Based on our Victorian data, in patients with OHCA and AMI, cardiogenic 

shock occurs in 40% of cases. This combination of OHCA and cardiogenic shock portends a 

significantly worse prognosis than patients without cardiogenic shock. Further research 

regarding the role of TH, PCI and cardiac support devices are urgently needed in this 

particularly high risk cohort of patients. 

 

 There are clear regional and institutional differences in outcomes following OHCA. In data 

exploring the Victorian Ambulance Cardiac arrest registry we have shown that hospital 

characteristics including cardiac intervention capabilities and admitting a patient in working 

hours are independently associated with survival and neurological outcome. Whilst auditing 

pre-hospital cardiac arrest care in the form of large registries is performed well in parts of 
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Australia, there is a distinct lack of systematic reporting of quality and compliance of post-

resuscitative measures. This information will be crucially important in improving quality of 

care to patients moving forward. 

  

 In line with international guidelines and based on local data we would recommend urgent 

consideration of developing a hospital system of care for patients with OHCA. Existing 

frameworks include our state wide trauma system of care and AMI management pathways 

that could serve as a model for a regional approach to patients with OHCA. This would 

ensure that patients are transported to facilities capable of dealing with the complexities of 

the patient with post cardiac arrest syndrome. 

  

 Our pre-clinical model of prolonged cardiac arrest in sheep with associated myocardial 

infarction, confirms other mechanistic studies that ECPR improves coronary perfusion 

pressure and VF waveform parameters during resuscitation, whilst significantly improving 

rates of return of spontaneous circulation. 

     

 Significant proportions of patients with out-of-hospital VF arrest do not achieve ROSC and in 

Victoria are declared deceased in the field without transport to hospital. Our preliminary 

results from the Refractory Out-Of-Hospital Cardiac Arrest Treated With Mechanical CPR, 

Hypothermia, ECMO and Early Reperfusion (CHEER) Study, would suggest that continued 

CPR to hospital may lead to successful outcome in some patients and that the ECPR may 

have a potential role to play in select patients with refractory OHCA.   

There have been significant advances made in the area of post resuscitative care over the last 

decade, with an equal number of unanswered questions and issues to explore. The undertaking 

of my doctorate studies has provided me with a solid platform for a career incorporating clinical 

research, whilst igniting a passion for resuscitative medicine. At the time of thesis preparation 

my post doctorate endeavors have already begun taking shape and hope to address some of 

the unanswered questions highlighted in these chapters.  

It is clear that whilst we have a growing body of observational series in many aspects of post-

arrest care there is still a relative paucity of randomized clinical data in the post arrest setting. 

Moving beyond clinical trials of therapeutic hypothermia to exploring issues of bundles of care, 

oxygenation, PCI, optimum hemodynamic support and ECPR will be a crucial aspect of 
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convincing the medical community of the relative importance of optimized post-resuscitative 

care.  

That said we have significant observational evidence to promote many aspects of post 

resuscitative care, which are not major additions to health care spending or resources, but are 

potential system improvements that may have dramatic impacts on clinical outcomes.  All 

treating centres should strive for rigorous adherence to the established post resuscitative 

measures of TH, avoidance of early prognostication, recognition and management of post arrest 

myocardial dysfunction. Far too many patients, however, miss out on optimized post-

resuscitative measures, and it is more than likely that patient outcomes are suffering as a result 

of these inequities in care delivery.  

To that end addressing quality of current post resuscitative care is a major focus of my early 

post doctorate work, including a planned audit of every out-of-hospital-cardiac arrest case in 

2012 in Victoria. Planned future comparisons of OHCA care delivery between Australia and 

North American will also be performed as part of post doctorate work at the University 

Washington, Seattle USA. 

The other major focus of my early post doctorate work will be on the role of oxygenation in the 

critically ill cardiac patient. As has been alluded earlier in the thesis, there are growing concerns 

regarding hyperoxia in patients with OHCA. Hyperoxia mediated reperfusion injury has also 

been reported in AMI patients without cardiac arrest169. As such, I have been a key contributor 

to the currently enrolling Victorian clinical Air Versus Oxygen in, Myocardial infarction (AVOID) 

trial170. This study as well as planned pilot trials into oxygen delivery in the early post 

resuscitative period in patients with OHCA will be most informative regarding the use of 

supplemental oxygen in patients with myocardial infarction and cardiac arrest.    

Much is changing in the field of resuscitative medicine. In the words of 12th century theologian 

John of Salisbury, "We are like dwarfs sitting on the shoulders of giants. We see more, and 

things that are more distant, than they did, not because our sight is superior or because we are 

taller than they, but because they raise us up, and by their great stature add to ours171.” 

However the fundamentals of patient care are timeless and need to be perpetually reinforced 

through good clinical medicine and research. 
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Addendum  

 

Page 42 Line 9: 

‘radio-opaque’ should be replaced with ‘radio-lucent’ 

 

Page 43 4th paragraph replace with:  

Firstly, core cooling techniques appear to be better tolerated than surface cooling techniques, 

since the skin can be kept relatively warm during induction of hypothermia, which may reduce 

thermoregulatory vasoconstriction1, 2.  
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