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State of Cardiac Arrest Survival

• 400,000 OHCAs/year in the US
• Overall, 7% survival rate
• 372,000 deaths/year
• 3rd leading cause of death in the United States
• National cardiac arrest survival rates have remained at ~ 7% for decades

Emerg Med J. 2016 Jul; 33(7): 448–451.
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Objectives

• ECMO-Facilitated Resuscitation of Refractory Out-of-Hospital VF
⎼ First observational case series 
⎼ Discovery of the cause of refractory VF cardiac arrest
⎼ First randomized clinical trial (The ARREST Trial)
⎼ Insights

• New Understanding of the Process of Death
• Vision for the future

Demetris Yannopoulos, MD
Professor of Medicine, Division of Cardiology

The Robert Eddy Endowed Chair in Cardiovascular Resuscitation

Medical Director, Center for Resuscitation Medicine

University of Minnesota
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History
• In 2015, the Minnesota Resuscitation Consortium (MRC) published its first 3-month 

experience
⎼ Years of development with strong, multidisciplinary, community-wide collaboration with input from interventional 

cardiology, emergency medicine, and out-of-hospital EMS providers

• Components
⎼ Early EMS mobilization for VF (3 failed shocks ± amiodarone)
⎼ Simplified ECMO team mobilization with 1 call from EMS dispatch
⎼ Small core group of ECMO cannulators (e.g., high volume, consistency, minimize complications)
⎼ Dedicated ICU team with strong, cross-specialty support and no physician-recommended WLST 

• Entry criteria
⎼ Aged 18-75
⎼ Primary, out-of-hospital VF/VT cardiac arrest only with 3 failed shocks ± amiodarone
⎼ Body habitus fits LUCAS CPR ± ITD
⎼ Estimated transfer time < 30 minutes

• Exclusion criteria
⎼ Nursing home residents; DNR; terminal illness; traumatic cardiac arrest; primary PEA/asystole; bleeding
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Initial MRC Experience*

Conclusions

1. ECMO program was feasible

2. High functionally favorable 
survival rates (50%)

3. No significant ECMO related 
complications 

*J Am Heart Assoc. 2016;5:e003732
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CAD in Patients with Refractory VF OHCA*

*J Am Coll Cardiol 
2017;70(9):1109-17.
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84% Incidence of Coronary Artery Disease
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Patient Characteristics and Time
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Survival Compared with Standard Care (ALPS)

• 28/62 (45%) functionally favorable survival
• 2/62 (3%) discharge with poor neurological function (ALPS = 5.7%)
• No life-threatening ECMO complications

ECMO-facilitated Resuscitation versus Standard ACLS for 

Refractory VF Out-of-Hospital Cardiac Arrest

THE ARREST TRIAL

Demetris Yannopoulos MD, Jason Bartos MD, PhD, Ganesh Raveendran MD, Emily Walser BSN, 

John Connett PhD, Thomas A Murray PhD, Gary Collins MS, Lin Zhang PhD Rajat Kalra MBChB, 

Marinos Kosmopoulos MD, Ranjit John MD, Andrew Shaffer MD, RJ Frascone MD, Keith Wesley 

MD, Marc Conterato MD, Michelle Biros MD, Tom P Aufderheide MD, MS
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Methods
• First prospective, randomized clinical trial of ECMO-facilitated resuscitation versus 

standard ACLS treatment (all prior: case series)
• Phase II, single center, intention-to-treat, safety and efficacy study
• Inclusion criteria
⎼18-75 with VT/VF OHCA, no ROSC after 3 shocks, LUCAS CPR, EMS estimated transfer < 30 

minutes 

• Trial blinded to EMS and outcome assessment; ICU protocolized
• The trial was terminated early by NHLBI after unanimous recommendation by the DSMB 

after first 30 patients were randomized by exceeding the pre-specified stopping criteria. 
(Posterior probability >0.986)
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Outcome
• Survival to Hospital Discharge
⎼ECMO: 6/14 (42.9%)
⎼Standard ACLS: 1/15 (6.7%)

mRS Score CPC Score

Discharge 3 Months 6 Months
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ARREST and Prague Prospective Randomized 
Clinical Trial Pooled Patient Analysis*

*Belohlavek, Yannopoulos, Aufderheide, et al.  
eClinicalMedicine. 2023 May 5;59:101988.
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What Have We Learned?
• These patients are treatable and salvageable .
• Average age of 58 (14% ≤ 39 years old) in the prime of their lives with reasonable expectation for 

continued quality and duration of life
• ECMO/ALPS: FF Survival (43%/7%, p < 0.0001)

• Poor survival: ECMO = 3.0%; Standard care = 5.7%
• Cause: Severe CAD with near total occlusion of all blood flow to the heart.
• As such, continued treatment with standard care is unlikely to significantly improve survival without 

addressing reversal of the underlying cause
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CPR Duration and FF Survival (ECMO vs ALPS)*

*Circulation. 
2020;141:877–886

Event during ECMO Rounds
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A New Understanding of the Process of Death

•Death is not an event; it is a process
•Any process can be successfully interrupted and reversed
•How long is the process of death?
•Most medical professionals/public believe that death is 
inevitable after 3-4 minutes without oxygen

• Is there scientific evidence for this belief system?
• Is it true?
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Proven Findings
• Vascular function was restored and maintained
• Cell death stopped
• Nerves and synapses restored with electrochemical function
• Glial cells preserved
• Inflammatory function restored
• Global cerebral metabolism restored and maintained
• Brains anesthetized and study intentionally stopped prior to 
restoration of consciousness
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Clinical Implications
• Declaration of Death
⎼Brain death (2%)
⎼Clinical declaration of death (98%)

oFunctional definition
oNo signs of life, exhausted all known effective interventions, and have nothing further to offer the 

patient
oReasonable and appropriate
oBut….they are not dead!

⎼New definition of death: Irreversible biological cell death
oWhen irreversible biological death occurs is unknown, but occurs at least > 4 hours (and 

probably much longer than 4 hours) following clinical declaration of death 

• The window of opportunity for future effective resuscitation intervention is 
much longer than previously thought!
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No Physician-Directed WLST Until Definitive Death Has Occurred 

• Patients are salvageable much longer than previously recognized. Functionally 
favorable survival:
⎼Routine 90-99 minutes CPR; no absolute limit identified

• Current ICU neuro-prognostication practice becomes a self-fulfilling prophesy, inserts 
ascertainment bias, and undermines confidence in the validity of current practice
⎼Average time to first neurological awakening: 5.7 ± 0.8 days
⎼Longest time to first neurological awakening with functionally favorable survival: 32 days!

• Resuscitation medicine knows little about the process of cerebral awakening following 
ischemic insult  
⎼Cardiac recovery: ROSC
⎼Cerebral recovery: electrical activity after known duration of coma 
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Thank you!
• ECMO Program Lecture: https://www.youtube.com/watch?v=J2Bz50gXH48
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