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Disclosures
• American College of Cardiology Clinical Trials Research Grant: Mild hypothermia versus a fever 

avoidance strategy in cardiac arrest patient rescued with extracorporeal cardiopulmonary 
resuscitation

• R01 HL160973: Left ventricular physiological effects of veno-arterial ECMO support during 
cardiogenic shock



Outline

• ECPR definition
• Local Epidemiology of Cardiac Arrest
• Patient Selection
• Building a Protocol

– Prehospital Care
– Cannulation
– Admission
– ICU cares
– Post Arrest Clinic

• Maintenance
• Growth



Extracorporeal Life Support Organization (ELSO) 
definition of ECPR

Extracorporeal cardiopulmonary resuscitation (ECPR): the application of 
rapid-deployment venoarterial extracorporeal membrane oxygenation, 

VA ECMO, to provide circulatory support in patients in whom 
conventional cardiopulmonary resuscitation (CPR) is unsuccessful 
in achieving sustained return of spontaneous circulation (sustained 

ROSC). Sustained ROSC is deemed to have occurred when chest 
compressions are not required for 20 consecutive minutes and signs 

of circulation persist (Jacobs et al, Cardiac arrest and CPR outcome 
reports: Utstein templates from ILCOR. Circulation. 2004;110(21):3385-

972004). 



Within 15 minutes of 
CPR 80% of all patients 
achieving ROSC have 
been captured.

Within 30 minutes of 
CPR 95% of all 
patients achieving 
ROSC have been 
captured.

80%

95%

Grunau et al., Resuscitation, 2016

Duration of CPR and Likelihood of ROSC in VT/VF 
patients

Refractory Cardiac Arrest
• Lack of ROSC after 30 minutes of 

appropriate CPR 
• No hypothermia
• ≥ 3 shocks if appropriate (VT/VF)
Shanmagasundaram et al. Cur Cardiology Reviews, 2018
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Veno-Arterial Extracorporeal Membranous Oxygenation
(VA ECMO):

• Peripherally cannulated veno-
arterial ECMO

• Provides oxygenation and CO2 
removal 

• Immediately 3-5L/min blood 
flow

• Independent of LV and RV 
function and rhythm



2011-2015 Minnesota OHCA ages 18-75

Yannopoulos et al., Circulation, 2019
CARES Data Minnesota

Know Your Data: Local Epidemiology of CA
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Patient Selection: Balancing Act

Strict Lenient
Age ≤ 60 yrs

Shockable presenting rhythm
Witnessed arrest

Bystander CPR
Automated CPR in transport

Total CPR time < 60min

Age ≤ 75 yrs
Any presenting rhythm

Any CPR
No limit to CPR durationSurvival (%)

Case Volume

Total Survivors

Procedural Experience

Revenue

Resource Utilization

Signs of Life:
• Gasping
• Pupillary light response 
• Level of consciousness

Physiologic Criteria:
• ETCO2 > 10
• PaO2 ≥ 50
• Lactic Acid ≤ 18

Additional 
Criteria

Bartos, Resuscitation, 2023



Field Criteria

Inclusion:
• Ages 18-75
• VT/VF as the presenting 

rhythm
• Refractory cardiac arrest 

with VT/VF after ≥ 3 EMS-
delivered shocks and 300mg 
of amiodarone or refractory 
PEA/asystole

• LUCAS CPR
• Estimated transfer time from 

scene to CCL < 30 min

Exclusion: 
• DNR/DNI status or known 

terminal illness
• Nursing home residents
• Clear non-cardiac etiology

Patient (age 18-75) with on-going CPR with refractory VF/VT
• Field activation occurs and CCL staff ready the lab
• LUCAS underway

1. Arterial and venous access under ultrasound during CPR
2. Collect arterial blood gas with lactate

ECLS initiation: Place VA ECMO 
• 25Fr venous 
• 15-17Fr arterial 
• Coronary angiogram for all and PCI as indicated
• Antegrade flow cannula for all
• Consider IABP/impella/pigtail catheter for LV venting
• Right radial arterial line
• Thermogard for therapeutic hypothermia

CCL Cannulation Criteria (≥2 required for cannulation)
1. ETCO2 at arrival ≥ 10mm Hg
2. PaO2 ≥ 50 mmHg or O2 Sat ≥ 85%
3. Lactate ≤ 18 mmol/L

NoYes

Declare death

No organized rhythm after 
90 min = Declare death

Organized rhythm = 
admission to CICUYannopoulos, JAHA, 2016

Yannopoulos et al. The Lancet. 2020; 396: 1807-1816



Building a Protocol: System of Care

• Building a Protocol
– Prehospital Care 
– Cannulation
– Admission
– ICU cares
– Post Arrest Clinic



Prehospital Care
• Equipping with first responders

• Knowledge of regional EMS structure

• Patient identification
– Eligibility and Contraindications

• Transport considerations
– When to activate and when to move
– Airway 
– CPR quality and ACLS (ex LUCAS 30:2, 

ITD, limit total epinephrine)
– Any prehospital medications/study
– Others protocols (ex remove clothes)

Continuous outreach



Cannulation : Safe, Effective, and Fast

• Cannulation anatomic location(s)

• Standard Supplies, available and monitoring for 
expiration

• Roles of support staff during cannulation

• Temperature Management

• Minimize bleeding and limb ischemia

• Ultrasound and/or fluoroscopic guidance
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UMN: Cannulation Strategy
• Prefer right groin

• Goal needle to ECMO time 4-5 min

• Ultrasound-guided access with 
fluoro confirmation

• Cannulas:
-15-17Fr arterial
-25Fr venous

• Venous cannula: SVC/ R atrium

• Arterial Cannula: as close to Ao as 
possible

• Temperature Control Device(s)

• 10K units  heparin on cannulation 
and ACT goal 180-200 after

8F DRC
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Significant Coronary Disease (≥ 70%)

Yes 84%

No 16%

Extent of Coronary Artery Disease

Two Vessel
26%

Three Vessel
44% Single Vessel

30%

Adapted from Yannopoulos et al, JACC, 2017

UMN strategy: Cath Lab Evaluation 
for Underlying Etiologies

• Coronary 
angiogram and 
PCI

• Pulmonary 
angiogram and 
intervention



Admission and ICU Cares

Brain Injury Myocardial 
Dysfunction

Systemic Ischemia/ 
Reperfusion Response

Persistent Precipitating 
Pathology

Acute Kidney Injury Acute Liver Injury

Respiratory Failure

Trauma/Infections

24/7 Multi-Disciplinary Care

• Admission order sets

• Competent and 
available staff: nursing, 
perfusion, respiratory 
therapy, physicians etc

• Consulting services 
familiarity Neurocritical
care, surgical teams, 
Palliative/Hospice, 
Renal, Transplant etc

• Care protocols TTM, 
transfusion goals, limb 
ischemia monitoring, 
etc

• Assessment for and 
decannulation protocols



Post Arrest Clinic

• Protocolized follow up

• Gap Management
– Neuropsych evaluation
– Psychiatric support of pt and family
– Evaluation of cannulation site
– Additional staged PCI assessment
– Incidental findings follow up
– Medication Reconciliation
– GDMT and ICD evaluation 
– Survivor network, support groups
– Addressing neuropathic pain, PT/OT and speech needs



Maintenance

• Data Collection
– Quality improvement
– Program management
– Research

• Order set revision

• Team training

• Team Morale
– Marathon not a sprint 
– 40% live 60% don’t
– Address burnout for providers

Survivor Clinic



Beginning Small and focused

Bartos et al, EClinicalMedicine, 2020
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Grow: Timeline of ECPR in the Twin Cities
12/2015 UMMC ECPR 12/2019 Mobile ECMO at Southdale and Regions

Cath lab 
Cannulation

ER 
cannulation



Growth: Expanding Our Reach

Bartos et al, EClinicalMedicine, 2020
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Grow: Timeline of ECPR in the Twin Cities
12/2015 UMMC ECPR 12/2019 Mobile ECMO at select hospitals within the system

4/2020 – 5/2022 
Intermittent COVID 
Closures

5/2022 
Reopen Mobile ECMO 

at Southdale and 
Regions

7/2022 Mobile ECMO Truck

Cath lab 
Cannulation

ER 
cannulation



Bringing the ECMO to 
the Patient can take 

many forms

Paris, France
Minneapolis, MN

Netherlands



Building and Maintaining an ECPR program: 
Summary

• Patient selection is key, time sensitive and dynamic

• ECPR is a system of care: all aspects of the system must be preplanned

• Program evaluation and re-evaluation is imperative

• Maintenance of a program is laborious and multifaceted (from stocking 
supplies to managing burnout)

• Start ‘small’ (build and refine a program) then expand



Thank You
.

elliotta@umn.edu

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj5it_Z56_SAhVpxYMKHdZcBocQjRwIBw&url=https://www.mhealth.org/childrens/&psig=AFQjCNH75i50dujFf1SDBcidUkzwOB2QnA&ust=1488268864383943


Recovery from ECPR

377/478 (79%) Patients Received Full CCL 
Treatment:

359/478 (75%) Patients Admitted to CICU

18/478 (4%) Declared Dead 
with Failure to Achieve 

Sustained Organized Cardiac 
Rhythm after 90 Minutes

Survival to Discharge with CPC 1-2
Patients Receiving Full Tx 141/377 (37%)

Patients Admitted to 
CICU

141/359 (39%)

101/478 (21%) Excluded Not 
Meeting Resuscitation Criteria

478 Patients Transported by EMS 

Bartos, unpublished data



Cardiac Arrest: Epidemiology

• 600,000 cardiac arrests in the US each year; 
400,000 are OHCA

• 3rd leading cause of death in the US

• 80% of all survivors present with VT/VF

• Of all ACLS therapies, only early CPR and 
early defibrillation improve survival

Unadjusted Survival of EMS-Treated Patients with Out-of-
Hospital Cardiac Arrest

Adapted from Daya et al, Resuscitation, 2015
Zive et al, Resuscitation, 2018

0
5

10
15
20
25
30
35
40

2006 2007 2008 2009 2010 2011 2012 2013 2014

Su
rv

iv
al

 (%
)

Overall VT/VF PEA Asystole

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj5it_Z56_SAhVpxYMKHdZcBocQjRwIBw&url=https://www.mhealth.org/childrens/&psig=AFQjCNH75i50dujFf1SDBcidUkzwOB2QnA&ust=1488268864383943


Bartos et al, Circulation, 2020

Pre-hospital Optimization: Time is Critical



Neurologic Outcomes Drive Mortality 
(Not the Heart) 

Bartos et al, Resuscitation, 2018

Causes of Death (N=75) N (%)

Recurrent VF Cardiac Arrest 8 (11%)

Brain Death 31 (41%)

Anoxic Brain Injury 21 (28%)

Acute Hemorrhagic Shock Due to Intra-Abdominal Bleeding 2 (2.7%)

Refractory Shock 6 (8%)

Bowel Infarction 3 (4%)

Chronic Aspiration and Severe Pneumonia 1 (1.3%) 

Goals of Care 3 (4%)



Time to ECMO Decannulation, days
Survivors 4.2 ± 1.5
Non-survivors --

Time to Extubation, days
Survivors 10.2 ± 7.5
Non-survivors --

ICU Length of Stay, days
Survivors 15.1 ± 8.1
Non-survivors 7.0 ± 13

Hospital Length of Stay, days
Survivors 18.9 ± 8.6
Non-survivors 7.0 ± 13

Mobile ECMO Recovery Characteristics
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