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Learning Objectives

At the conclusion of this lecture participants will 
be able to:

• Identify patients who are potential candidates 
for ECMO

• Understand the difference between VA and VV 
ECMO

• Understand how the physiology behind different 
ECMO approaches

• Evaluate key trials that influence how ECMO 
practice patterns are changing



Take home points

• ECMO is a powerful tool, but there must be 
a destination

• Indications and contra-indications are 
relative

• Call early!!!
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History of ECMO
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• Extracorporeal membrane oxygenation (ECMO) is 
a technique that involves oxygenation of blood 
outside the body, and provides support to 
patients with severe cardiac and/or respiratory 
failure.

• The two major ECMO modalities are veno-arterial
and veno-venous

General Overview ECMO



Before a patient is placed on ECMO

ECMO has to have a destination

Bridge to transplant/surgery

Bridge to recovery

Bridge to decision
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Indications for use/Patient selection criteria:

Acute, reversible cardiac and/or pulmonary failure 
when the risk of dying from the condition is greater 
than the potential risks of ECMO

• Neonates

• Pediatrics

• Adults

Each center develops institutional guidelines for 
ECMO use including indications and 
contraindications (relative and absolute)

Patient Selection
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VA ECMO Patient Selection

Potential Indications Contraindications

• Failure to wean from 
cardiopulmonary bypass 

• Drug overdose with profound 
cardiac depression 

• Myocarditis 
• Early graft failure: post heart 

transplant 
• Idiopathic acute heart failure 

as a bridge to decision 
• Pulmonary embolism 
• Cardiac or major vessel 

trauma 
• Pulmonary hemorrhage 
• Pulmonary trauma 
• Acute anaphylaxis 
• Peri-partum cardiomyopathy 
• Sepsis

Absolute:
‣ Non-recoverable heart function and 

not a candidate for transplant or 
VAD 

‣ Non-recoverable respiratory disease 
and not a candidate for transplant 

‣ Ebola 

Relative:
• Mechanical ventilation at high 

settings for ≥ 7 days

• Prolonged CPR > 45 mins 

• Major pharmacologic 
immunosuppression

• Coagulopathies

• Irreversible MODS (chronic) 

• Advanced age >70 
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VA ECMO Cannulation

Venous Cannula Sites

(Drainage)

• R/L Femoral Vein

• Right IJ

• Right Atrium

Arterial Cannula Sites

(Reinfusion)

• R/L Femoral Artery

• RCCA (neonates)

• Axillary Artery

• Aorta
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Cannulation Techniques

Central Cannulation Peripheral Cannulation
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VA ECMO Complications: Distal Perfusion



VA ECMO Complications: LV Decompression



VA ECMO Complications: LV Decompression

ECMO will never capture 100% of cardiac output

If LV is failing, this can result in LV distention

• Distention results in compression of myocardial capillaries = 
myocardial ischemia.

Occurs in 15-20% of VA ECMO runs

Treatment: LV decompression

• Surgical drain

• Impella

• IABP



• A phenomenon in fem-fem cannulation of VA ECMO with 
recovery of myocardial function with lung dysfunction

• Native cardiac output competes with ECMO blood flow 

• Oxygen rich ECMO blood is shunted to the lower body while 
oxygen-poor blood from the LV & lungs perfuses the upper body

• Can lead to cerebral hypoxia 

• Cyanotic upper extremities, Pink lower

• May transition patient to VV ECMO if sufficient myocardial 
recovery or to a hybrid configuration VVA ECMO  

VA ECMO Complications: North-South
Syndrome 



Hybrid ECMO Configuration: V-AV
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• Drainage of deoxygenated blood from a large vein

• Flows through an extracorporeal circuit where the artificial 
lung oxygenates the blood and removes CO2

• Oxygenated blood returns to the patient to the right atrium

• Does not bypass the heart

Veno-Venous (VV) ECMO



ARDS

Severe pneumonia 

Severe hypoxemia 

Status asthmaticus

Pulmonary Contusion 

Airway Obstruction 

Aspiration Syndromes 

Smoke inhalation 

Severe air leak syndrome 

Alveolar proteinosis

VV ECMO Patient Selection
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VV ECMO Cannulation

Drainage Cannula Sites

• R/L Femoral Vein

• Right IJ

• Right Atrium

Reinfusion Cannula Sites

• R/L Femoral Vein

• Right IJ

• Pulmonary Artery



• The oxygenated perfusate mixes with the venous blood 
in the right atrium, raising the O2 content and lowering 
the CO2 content

• Volume of blood removed = Volume returned – no effect 
on hemodynamics

• VV ECMO does not support perfusion
• Only variable affected is the CO2 , O2 content of blood

• Tissue O2 delivery dependent upon an adequate CO
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Advantages of VA & VV ECMO

VA ECMO VV ECMO 

Rest both heart and 
lungs

Patient is protected 
from cardiac arrest

Potential full support 
100% dependent on 
pump flow (if good 
venous return)

Easier volume 
management

Single cannula

Patients own cardiac 
output with pulsatility

Oxygenated blood to 
the lungs??

Potentially more 
oxygenated blood to 
coronaries
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Disadvantages of VA & VV ECMO

• Potentially less 
pulsatility

• Requires arterial 
cannula – Second 
Cannula

• Obstructed arterial 
blood flow in that 
vessel

• Coronary artery blood 
flow

• Not protective during 
cardiac arrest 

• More volume sensitive 
– Volume 
management

• Does not rest heart

• Mixing – Efficiency of 
oxygenation -
recirculation

VA ECMO VV ECMO 



ECMO Complications
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ELSO Registry July 2015



Increase number of ECMO runs



Increased use of VV ECMO
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ELSO Registry
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High Volume Centers Associated with Improved 
ECMO Outcomes

28



Retrospective review of Extracorporeal life support (ELSO) registry

2009-2013

Adults (>18yrs)

Primary diagnosis of acute respiratory failure (based on ICD-9 
codes) AND required pre-ECMO vasopressor/ionotropic support
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Results – Hemodynamics
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Results
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Results – Multivariate analysis
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Study Conclusions

• In patients requiring pre-ECMO vasopressor or 
inotropic support, the use of VV ECMO is 
associated with improved survival to discharge
• No difference in complications

• 4% conversion of VV to VA ECMO

• VV ECMO, younger age, fewer days of pre-
ECMO mechanical ventilation and pre-ECMO pH 
associated with improved survival.
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ECMO in Trauma

• ARDS develops in 5-10% of trauma admissions

• Up to 20% of patients in shock or requiring 
emergency surgery

• ? Better prognosis

• Younger age

• Underlying healthy lung parenchyma

• Reversible disease process

• ARDS in trauma population carries a mortality of 10-
20%
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ECMO in Trauma

• Limited experience – small case series

• Previous contraindications: ICH, need for additional 
surgeries, non operative solid organ injuries

• Barriers to ECMO in trauma

Anticoagulation

Anticoagulation

Anticoagulation

Prothrombotic state
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Increased Incidence of ECMO in Trauma
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Survival of Trauma Patients on ECMO

ELSO registry review of 279 trauma patients from 1989-2016
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Summary

• ECMO is a powerful tool, but there must be a 
destination

• Indications and contra-indications are relative
• Call early!!!
• ECMO volumes are increasing – especially as 

the indications become more broad
• ECMO improves survival compared with 

mechanical ventilation in ARDS
• High volume ECMO centers are associated with 

improved outcomes
• ECMO can be performed in a variety of patient 

populations, including post operative and 
trauma patients with good outcomes
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Questions?
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