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Australian Resuscitation Outcomes Consortium 
www.ausroc.org.au

• Centre of Research Excellence (CRE), funded by the 
National Health & Medical Research Council (NHMRC) 
for 5 years (2012-2017).  

• Initially collaborative venture between Investigators 
from three Australian Universities: Monash University 
(Vic); UWA/Curtin University (WA); and Flinders 
University (SA) AND three State Ambulance Services: 
Ambulance Victoria; St John Ambulance Service (WA) 
and the South Australian Ambulance Service.  

• National & International collaborators

http://www.ausroc.org.au/


Aus-ROC specific aims

• undertake large multi-centre clinical trials (initially) across three 
jurisdictions.

• establish an Australia / NZ OHCA ‘epistry’ (epidemiologic registry)  to 
monitor and report on the population-based effects of changes in 
pre-hospital resuscitation policy and practice. 

• examine system-based strategies to improve the efficiency and 
effectiveness of pre-hospital emergency care for OHCA in urban and 
rural environments.

• build capacity in pre-hospital emergency care research across 
Australia through graduate research and post-doctoral training.



Dr Kylie Dyson
Paramedic exposure to cardiac arrest and patient survival:
does practice make perfect?

Dr Susie Cartledge
Targeting high-risk cardiac patients and their family members 
for basic life support training.

Dr Milena Talikowska
The relationship between the quality of cardiopulmonary
resuscitation (CPR) performed by paramedics and survival
outcomes from out-of-hospital cardiac arrest (OHCA)

Ms Nicole McKenzie
Post-resuscitation care following out-of-hospital cardiac 
arrest: identification of in-hospital prognostic determinants.

Dr Amy Seymour-Walsh
Examining resuscitation skill education as a component of 
paramedics' practice development.

Aus-ROC PhD Students
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Aus-ROC Australian and New Zealand OHCA Epistry - 2015

Capture population: 19.5 million

NSW and Tas recently joined 



Beck B et al. Regional variation in the characteristics, incidence and 

outcomes of out-of-hospital cardiac arrest in Australia and New Zealand: 

Results from the Aus-ROC Epistry. Resuscitation. 2018;126:49-57.

Aus-ROC Australian and New Zealand OHCA Epistry - 2015



Aus-ROC Australian and New Zealand OHCA Epistry - 2015

19,722 OHCAs

Incidence of 102.5 per 100,000 pop

Aus = Estimated 24,373 per year

66% male

Median age: 66 years (IQR: 50-80 years)

75% occurred in the home

74% ‘presumed cardiac’ cause



Aus-ROC Australian and New Zealand Epistry OHCA - 2015

48% of cases received attempted 

resuscitation by paramedics (n=9,245)

28% had ROSC on arrival at hospital

12% (Range 9%-17%) survived to discharge / 30 days

(5 Ambulance Services reporting these outcomes)



Aus-ROC Australian and New Zealand Epistry OHCA – 2015

Survival varies in different sub-groups (and across different regions)

“Utstein comparator group”

Bystander-witnessed + Shockable rhythm (VF/VT)

31% (Range 29%-40%) survived to discharge / 30 days
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Aus-ROC specific aims

 undertake large multi-centre clinical trials (initially) across three jurisdictions.

 establish an Australia / NZ OHCA ‘epistry’ (epidemiologic registry)  to monitor 

and report on the population-based effects of changes in pre-hospital 

resuscitation policy and practice. 

 examine system-based strategies to improve the efficiency and effectiveness 

of pre-hospital emergency care for OHCA in urban and rural environments.

 build capacity in pre-hospital emergency care research across Australia 

through graduate research and post-doctoral training.



In adults with OHCA, induction of mild therapeutic 
hypothermia using a rapid infusion of large-volume,
intravenous cold saline during CPR may decrease the 
rate of ROSC in patients with an initial shockable 
rhythm and produced no trend towards improved 
outcomes at hospital discharge. 
Circulation. 2016;134:797–805



AHA OHCA Chain of Survival
1. Recognition of cardiac arrest and activation of the emergency response system
2. Early cardiopulmonary resuscitation (CPR) with an emphasis on chest compressions
3. Rapid defibrillation
4. Basic and advanced emergency medical services (EMS)
5. Advanced life support and post-cardiac arrest care (Hospital)



ILCOR: The Scientific Knowledge Gaps and Clinical 
Research Priorities for CPR and ECC

Kleinman et al, Resuscitation 2018 127:132-146 & Circulation 2018;137:e691–e782



Airways –big year!

GAP: Type and duration of training required for 
performing advanced airway management during CPR

J. Bray slide



AIRWAYS

Bag-mask

Mouth-to-
mouth

Compression-
only CPR

Supraglottic
airway

Tracheal 
intubation

Simple

Complex

Basic Advanced

J. Bray slide
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RCT: BMV vs ETT

 RCT 2043 OHCA patients in 

France and Belgium physician-

based EMS between 2015-2017 

 Assess non-inferiority of Bag-Mask 

Ventilation (BMV) vs ETT  airway 

management strategy 

 Primary outcome: survival with 

neurological function at day 28 

(CPC)

 Secondary outcomes: 

- ROSC

- survival to hospital

- survival at 28 days

- ETI and BMV difficulty or failure

Jabre JAMA 2018;319:779-787
J. Bray slide



Jabre JAMA 2018;319:779-787

Intubated patients

 “Equivalent” good functional outcome: 

4.2% vs 4.3% (NS)

 Survival 28 days:  5.3% vs. 5.4%

 Higher rates of ROSC: 38.9% vs 34.2% 

 Less regurgitation 7.5% vs 15.2%

Limitations: 

• Sample size estimation ?underpowered 
to show noninferioirity

• Inpatient management not collected

J. Bray slide



• Multicenter pragmatic cluster-crossover (3-5 
months);  n= 3,004 OHCA pts

• 27 paramedic EMS agencies (13 clusters) from 
the Resuscitation Outcomes Consortium 2015-
2017

• Strategies of LT and ETI under existing clinical 
protocols and educational practices (no 
additional training or quality improvement 
monitoring)

• Primary outcome was survival at 72 
hours

• Secondary outcome
- ROSC
- survival to hospital discharge
- favourable neurological status at 

hospital discharge (mRS)
- key adverse events

Wang JAMA 2018;320:769-778

RCT: Laryngeal Tube vs ETT

Modified J. Bray slide



Wang JAMA 2018;320(8):769-778

Intubated patients

 Lower survival to 72-hours: 

 15.4% vs 18.3%
 Lower rates of ROSC: 

 24.3% vs 27.9% 
 Lower survival to hospital discharge:

 8.1% vs 10.8%
 Lower good functional outcome: 

 4.9% vs 7.1%
 Lower rates of initial success: 

 51.6% vs 90.3%



Limitations:
• Sample size (funding)
• Inpatient management not collected
• Not blinded 

Modified J. Bray slide



• Cluster (paramedic) RCT 9296 patients 
from 4 UK paramedic EMS in England 
between 2015 and 2017

• Two strategies of advanced airway 
management with a supraglottic
airway device (i-gel) compared with 
tracheal intubation

Primary outcome
• MRS (0-3) at hospital discharge or 

30 days

Secondary outcome
• Ventilation success
• Regurgitation and aspiration

Benger 2018, JAMA;320(8):779-791

RCT: SGA vs ETT
	



Modified Rankin Scale



Benger 2018, JAMA;320(8):779-791

Intubated patients

 Equivalent mRS 0-3: 6.8% vs 6.4%

 Equivalent survival to hospital 

discharge/30d: 8.4% vs 8.0%

 Lower rates of successful placement: 

79.0% vs 87.4% 

Limitations: 

• Crossover between groups

• Inpatient management not collected

J. Bray slide



Editorial: Andersen LW, Granfeldt A. Pragmatic 
Airway Management in Out-of-Hospital Cardiac 
Arrest. JAMA. 2018;320(8):761-3.

- Study design
- Physician-staffed vs Paramedic-staffed EMS
- ETI initial success rate
- ?ETI Exposure 



How many of you 
are thinking this?

“But I am good 
at intubation 
–these results 
don’t apply to 

me.”

• ETI 0.5% of emergency responses

• Average 3 per year (range 1 to 17) 

• Paediatric intubation (0)

Study Initial ETT 
success

Overall 
success

Jaber 2018 87%

Wang 2018 51% 92%

Benger 2018 69%

Dyson 2017 
(EMS)

78% 95%

Kim 2018 (ED) 68% -

Dyson Annals of Emerg Med 2017;70:382-390

Modified J. Bray slide



“Intubation is a time 
consuming, cognitively 

demanding complex skill.”

“One of the risks of 
additional techniques in 

OHCA is that they detract 
from the things that really 

work.”

Jonathan Benger  
(Resus Room Podcast)

Kim (ED) - time to successful ETI: mean 63 sec

Kim Resuscitation 2018;18:30829-3

Modified J. Bray slide



• 145 healthcare providers manually 
ventilate a manikin as a 75 kg adult 
patient in respiratory arrest

Sall BMJ Open Respiratory Research 2018;5:e000261

• All healthcare professionals 

hyperventilated whatever the 

interface used (>70%).

• Minimal improvement when 

ventilating through an ETT 

(13.2% vs 7.5%)



OXYGEN

• Hyperoxia

• O2 titration 

Modified J. Bray slide



On behalf of Karen Smith, Stephen Bernard, Ziad 
Nehme, Michael Stephenson, Janet E. Bray, Peter 
Cameron, Bill Barger, Andris H. Ellims, Andrew J. 
Taylor,  Ian T. Meredith, David M. Kaye for the 
AVOID Investigators. 

AVOID Study
Air Versus Oxygen In ST-elevation 
MyocarDial Infarction

Dr Dion Stub MBBS PhD FRACP

Baker IDI Heart & Diabetes Institute, Melbourne Australia
St Paul’s Hospital Vancouver, Canada



Conclusion

Supplemental oxygen therapy in patients with STEMI but
without hypoxia increased myocardial injury, recurrent
myocardial infarction and major cardiac arrhythmia, and
was associated with larger myocardial infarct size assessed
at six months.

Stub D, et al. Air Versus Oxygen in ST-Segment-Elevation
Myocardial Infarction. Circulation. 2015;131(24):2143-50.



• SR & meta-analysis of intra- and post-arrest hyperoxia

• 40,573 IHCA & OHCA adults 

• Meta-analysis of 10 observational studies (2010 - 2017)

Patel Resuscitation 2018;127:83-88

Intra-arrest hyperoxia associated with lower mortality 

[OR=0.25, 95% CI 0.12–0.53, p < 0.001]

Post-arrest hyperoxia associated with higher mortality

[OR 1.34, 95% CI 1.08–1.67, p=0.008]



• 6 hospitals across the United States

• Adult comatosed non-traumatic cardiac 

arrest after ROSC 2013-2017

• ABG 1±2 and 6±2 hours (Hyperoxia

PaO2 >300mmhg)

• Primary outcome was poor neurological 

function (mRS 4-6) at hospital discharge

• 38% hyperoxic exposure

• Early hyperoxia associated with death & 

poor neurological function at hospital 

discharge (relative risk:1.42:95%CI:1.09-1.87)

• PaO2 >300 mmHg is associated with poor 

neurological functionRoberts 2018, Circulation, 137(20); 2114-24



• Phase 2 RCT (Melbourne & Adelaide) 2015-

2017 – test feasibility of oxygen titration 

prehospital

• Adult, presumed cardiac OHCA with ROSC and 

airway, O2 sat >94%

(O2 flow 10L/min vs 2-4L/min into bag)

• Primary outcome was a SpO2 ≥94% at ED

• Stopped early –mechanical ventilators

Bray Resuscitation 2018;128:211-215

Oxygen titration   



Reduction of Oxygen After Cardiac Arrest: 
The EXACT Study

NHMRC funded multi-centre RCT to test the 
effectiveness of titrated oxygen (90-94%) vs ‘usual 
care’ on survival to hospital discharge after OHCA



Drugs in cardiac arrest?



Adrenaline (aka epinephrine)

Jacobs et al, Resuscitation 2011, 82(9), 1138-43



N Engl J Med. July 18 2018. 





Figure 2. Survival with a Favorable Neurologic Outcome at Hospital Discharge.

Severe neurologic impairment (a score of 4 or 5) was more frequent in the epinephrine 
group than in the placebo group (39 of 126 patients [31.0%] vs. 16 of 90 patients [17.8%])



N Engl J Med. July 18 2018. 

CONCLUSIONS
In adults with OHCA, the use of epinephrine resulted in a significantly 
higher rate of 30-day survival than the use of placebo, but there was no 
significant between-group difference in the rate of a favorable neurologic 
outcome because more survivors had severe neurologic impairment in the 
epinephrine group.



Original Article

Amiodarone, Lidocaine, or Placebo in Out-of-
Hospital Cardiac Arrest

Peter J. Kudenchuk, M.D., Siobhan P. Brown, Ph.D., Mohamud Daya, M.D., Thomas 
Rea, M.D., M.P.H., Graham Nichol, M.D., M.P.H., Laurie J. Morrison, M.D., Brian 

Leroux, Ph.D., Christian Vaillancourt, M.D., Lynn Wittwer, M.D., Clifton W. 
Callaway, M.D., Ph.D., James Christenson, M.D., Debra Egan, M.Sc., M.P.H., 

Joseph P. Ornato, M.D., Myron L. Weisfeldt, M.D., Ian G. Stiell, M.D., Ahamed H. 
Idris, M.D., Tom P. Aufderheide, M.D., James V. Dunford, M.D., M. Riccardo 
Colella, D.O., M.P.H., Gary M. Vilke, M.D., Ashley M. Brienza, B.S., Patrice 

Desvigne-Nickens, M.D., Pamela C. Gray, NREMT-P, Randal Gray, M.Ed., NREMT-
P, Norman Seals, B.S., Ron Straight, M.Ed., Paul Dorian, M.D., for the Resuscitation 

Outcomes Consortium Investigators

N Engl J Med
Volume 374(18):1711-1722

May 5, 2016

• In this trial, patients with out-of-hospital cardiac arrest received amiodarone, lidocaine, or 
placebo for shock-refractory ventricular fibrillation or pulseless ventricular tachycardia.



Outcomes According to Trial Group in the Per-Protocol Population.

Kudenchuk PJ et al. N Engl J Med 2016;374:1711-1722



Outcomes According to Trial Group in the Per-Protocol Population.

Kudenchuk PJ et al. N Engl J Med 2016;374:1711-1722

There were no significant between-group differences in survival to hospital discharge (STHD).



374(18):1711-1722

In the 1,934 patients with 

bystander-witnessed 

arrest, STHD was higher 

with amiodarone (27.7%) 

or lidocaine (27.8%) than 

with placebo (22.7%).

STHD was also higher 

among amiodarone 

recipients (38.6%) than 

placebo recipients (16.7%) 

with EMS-witnessed 

arrest



In Press..ILCOR update 
This summary addresses the role of 

antiarrhythmic drugs in adults and 

children

Treatment Recommendation
“We suggest the use of amiodarone or 
lidocaine in adults with shock refractory
VF/pVT (weak recommendation, low-quality 
evidence).
We suggest against the routine use of 
magnesium in adults with
shock-refractory VF/pVT (weak 
recommendation, very low-quality
evidence).”



Original Article

Targeted Temperature Management at 33°C versus 
36°C after Cardiac Arrest

Niklas Nielsen, M.D., Ph.D., Jørn Wetterslev, M.D., Ph.D., Tobias Cronberg, M.D., 
Ph.D., David Erlinge, M.D., Ph.D., Yvan Gasche, M.D., Christian Hassager, M.D., 

D.M.Sci., Janneke Horn, M.D., Ph.D., Jan Hovdenes, M.D., Ph.D., Jesper 
Kjaergaard, M.D., D.M.Sci., Michael Kuiper, M.D., Ph.D., Tommaso Pellis, M.D., 

Pascal Stammet, M.D., Michael Wanscher, M.D., Ph.D., Matt P. Wise, M.D., D.Phil., 
Anders Åneman, M.D., Ph.D., Nawaf Al-Subaie, M.D., Søren Boesgaard, M.D., 

D.M.Sci., John Bro-Jeppesen, M.D., Iole Brunetti, M.D., Jan Frederik Bugge, M.D., 
Ph.D., Christopher D. Hingston, M.D., Nicole P. Juffermans, M.D., Ph.D., Matty 
Koopmans, R.N., M.Sc., Lars Køber, M.D., D.M.Sci., Jørund Langørgen, M.D., 

Gisela Lilja, O.T., Jacob Eifer Møller, M.D., D.M.Sci., Malin Rundgren, M.D., Ph.D., 
Christian Rylander, M.D., Ph.D., Ondrej Smid, M.D., Christophe Werer, M.D., Per 
Winkel, M.D., D.M.Sci., Hans Friberg, M.D., Ph.D., for the TTM Trial Investigators

N Engl J Med
Volume 369(23):2197-2206

December 5, 2013



Probability of Survival through the End of the Trial

Nielsen N et al. N Engl J Med 2013;369:2197-2206

DESIGN

• In this trial, 950 OHCA 
pts with ROSC were 
randomly assigned to 
targeted temperature 
management at either 
33°C or 36°C.

RESULTS

• There was no significant 
difference between the 
two groups in survival or 
neurologic outcome.

CONCLUSION

In unconscious survivors 

of OHCA of presumed 

cardiac cause, 

hypothermia at a targeted 

temperature of 33°C did 

not confer a benefit as 

compared with a targeted 

temperature of 36°C.



• To evaluate knowledge translation after 
publication of the TTM 33C versus 36C 
after OHCA

• Retrospective cohort study 2005-2016 from 
The Australian and New Zealand Intensive 
Care Society Centre for Outcome and 
Resource Evaluation (ANZICS-CORE) adult 
patient database

• Temporal trends n=11,068 adults from 140 
hospitals admitted to ICU after OHCA:
 pre-TTM n=4,450 
 post-TTM n=5,184 

Primary outcomes
• Lowest temperature in the first 24 

hours in ICU

• Primary clinical outcome variable 
of interest was in-hospital 
mortality

• Secondary outcomes included 
proportion of patients with fever in 
the first 24 hours in ICU

Salter, Crit Care Med, 2018, 46(11): 1722-1730
J. Bray slide



Lowest temp first 24-hours of ICU In-hospital mortality

• Widespread change in practice 
• Survey 80% changed practice ERC 

poster
• Increase in fever in 36C group not 

found in TTM trial
• Mortality trending up! 

Temp Pre-TTM Post-TTm

32-34C 46% 25%

35.5-36.5C 17% 27%

>37C 37% 53%

>38 12.8% 16.5%

Jan 2014-
Dec 2016

Salter, Crit Care Med, 2018, 46(11): 1722-1730 Based on J. Bray slide

Jan 2005-Dec 2013 Jan 2005-Dec 2013 Jan 2014-
Dec 2016



Future trials…

ECMO

O2/CO2

TTM2

Early   
angio
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King County (Seattle) has world's highest survival rate for OHCA

http://www.sca-aware.org/sca-news/king-county-wa-has-worlds-highest-survival-rate-for-cardiac-arrest

Survival to hospital D/C for bystander-witnessed OHCA of presumed cardiac cause in VF/VT: 2002-2013

http://www.sca-aware.org/sca-news/king-county-wa-has-worlds-highest-survival-rate-for-cardiac-arrest


So why does Seattle/King County  have the 
best OHCA survival rates in the world?
“We like to say that it takes a system to save a cardiac arrest 
victim, and it’s proven true again and again with every new 
survivor,” said Dr Mickey Eisenberg, King County Emergency 
Medical Services Medical Director. 

http://www.sca-aware.org/sca-news/king-county-wa-has-worlds-highest-survival-rate-for-cardiac-arrest



53

In adults with OHCA, induction of mild therapeutic hypothermia 
using a rapid infusion of large-volume, intravenous cold saline 

during CPR may decrease the rate of ROSC in patients 
with an initial shockable rhythm and produced no trend 
towards improved outcomes at hospital discharge. Circulation. 
2016;134:797–805

Thank you for your attention

judith.finn@curtin.edu.au

mailto:judith.finn@curtin.edu.au

