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• What is ECMO?

• Why are we using it?

• How does it work?

• How do I assist patients who are on ECMO?
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Mr. J.D.

• 48 yr old ♂, previously healthy

• Admitted to E.R. at the local community hospital with 

respiratory failure → Endotracheal intubation and 

mechanical ventilation → ICU → ARDS related to 

Influenza A

http://www.anesthesia.utoronto.ca/
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Mr. J.D.

• Over the following 24 hours, worsening hypoxemia and 

hemodynamics (antivirals, sedation, NMBAs, high PEEP, 

FiO2 100%, norepinephrine, epinephrine, vasopressin)

• 2D echo shows biventricular failure - ? Viral myocarditis
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• The ICU team consults the ECMO centre, and 

consensus is that extracorporeal life support should 

be instituted

• A retrieval team is deployed, and reaches the referring 

ICU in 1h 

http://www.anesthesia.utoronto.ca/
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Mr. J.D.

• The decision is made to proceed to V-A ECMO 

cannulation

• Due to unfavourable vascular anatomy on ultrasound, the 

plan is to proceed with surgical “cut-down” in the OR

• It’s 1am - The case is booked as an emergency, and you 

are the anesthesiologist on call…

http://www.anesthesia.utoronto.ca/
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Outline

• Definition

• Indications

• Technical Aspects

• Clinical Management

• Conclusions
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Definition

Extracorporeal membrane oxygenation (ECMO) is a 

temporary mechanical support system used to aid 

lung and/or heart function in patients with severe 

respiratory or cardiac failure
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First successful extracorporeal life support patient, treated by J. Donald Hill - 1971
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Technical Aspects

Basic ECMO circuit:

• Vascular cannulas

• Pump

• External membrane oxygenator

• Warmer

http://www.anesthesia.utoronto.ca/


Department of Anesthesia

http://www.anesthesia.utoronto.ca/


Department of Anesthesia

Technical Aspects

Veno-venous (V-V) ECMO:

• 2 venous cannulas (or 1 double stage venous cannula)

• blood is typically drained from the body via an inflow (into the 

pump/oxygenator) cannula in the vena cava

• returned via an outflow cannula in close proximity to the right 

atrium
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Veno-venous (V-V) ECMO:

• dependent on patients’ intrinsic cardiac output (CO) 

and hemodynamics for support!!!

• its application is for isolated respiratory failure

http://www.anesthesia.utoronto.ca/
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Veno-venous extracorporeal membrane oxygenation 
(ECMO) provides:

a) improved oxygenation

b) carbon dioxide removal

c) improved oxygenation and carbon dioxide removal

d) improved oxygenation, carbon dioxide removal and 
hemodynamic support

Question 1

http://www.anesthesia.utoronto.ca/
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Question 2

Veno-venous ECMO can be provided via:

a) two venous cannulas

b) one dual lumen venous cannula

c) a or b

d) none of the above

http://www.anesthesia.utoronto.ca/
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Technical Aspects

Veno-arterial (V-A) ECMO:

• blood is extracted from a venous inflow cannula in the 

vena cava

• returned to the arterial system via an outflow cannula, 

thus bypassing the heart and lungs
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Lawler P et al. Circulation. 2015;131:676-680.
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Veno-arterial (V-A) ECMO:

• is not dependent on native cardiac output

• therefore used in patients with cardiogenic shock

• cannulation can be central or peripheral

http://www.anesthesia.utoronto.ca/
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Clinical management

V-A ECMO – Peripheral Cannulation

• flow from the arterial cannula is required to perfuse 

extracorporeally oxygenated blood retrograde up the 

descending aorta and into the ascending aorta to 

assure delivery to the coronary arteries and cerebral 

great vessels

http://www.anesthesia.utoronto.ca/
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Clinical management

V-A ECMO – Peripheral Cannulation

• if the left ventricular CO is negligible, the required 

extracorporeal flow will be small
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Clinical management

V-A ECMO – Peripheral Cannulation

• as native cardiac function recovers and native cardiac 

ejection increases, anterograde aortic flow will compete with 

retrograde flow from the femoral cannula

• a mixing zone of anterograde deoxygenated (in patients 

with respiratory failure) and retrograde oxygenated blood 

flow will occur

http://www.anesthesia.utoronto.ca/
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Clinical management

V-A ECMO – Peripheral Cannulation

• pulse oxygen saturation from the right upper extremity 

or arterial blood gases from the right radial artery will 

inform whether ECMO is providing adequate cerebral 

(although not necessarily cardiac) oxygenation

http://www.anesthesia.utoronto.ca/
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Lindholm JA. J Thorac Dis 2018;10(Suppl 5):S606-S612
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Question 3

Veno-arterial ECMO provides:

a) respiratory support

b) hemodynamic support

c) a+b

d) none of the above

http://www.anesthesia.utoronto.ca/
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Clinical management

Once VA ECMO support is initiated, clinical targets for 
titration include: 

• arterial oxyhemoglobin saturation of >90%

• venous oxyhemoglobin saturation of >70% to 80%

• adequate tissue perfusion (including monitoring of 
end-organ function and blood lactate levels)

http://www.anesthesia.utoronto.ca/
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Clinical management

As ECMO support is initiated:

• blood volume is drawn from the patient → may 

preventatively administer IV fluids

• unlike CPB, ECMO circuits do not include a 

reservoir nor cardiotomy suction → if bleeding 

occurs, need IV fluid/blood transfusions

http://www.anesthesia.utoronto.ca/


Department of Anesthesia

Anticoagulation

Unfractionated heparin infusion – TARGET:

• activated clotting time (ACT) of 180 to 210 seconds

OR

• plasma partial thromboplastin time (PTT) of ≥1.5 times normal

http://www.anesthesia.utoronto.ca/
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Complications

• Bleeding 
• Thrombosis

• disseminated intravascular coagulation
• shearing hemolysis
• thrombocytopenia

→ coagulation factors and platelet count should be 
closely followed

Gaffney AM et al. BMJ. 2010;341:c5317

http://www.anesthesia.utoronto.ca/


Department of Anesthesia

Complications

• Patients are at elevated risk of embolic, hypoxic, 

and hemorrhagic stroke

• Case series of VA ECMO have reported stroke 

rates of ≈8%

Combes A et al. Crit Care Med. 2008;36:1404–1411.
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Among all the patients who were treated with ECMO 

• the rate of bleeding was 53% 

• the rate of hematoma at the cannula-insertion site was 6% 

• the rate of infection at the cannula-insertion site was 14%

• the rate of intravascular hemolysis was 5%

http://www.anesthesia.utoronto.ca/
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Clinical management

Do not forget to protect the lungs: 

• gas exchange is provided by ECMO

• keep low Vt (6ml/kg, or ?lower), PEEP, low FiO2

→ PC 10 cmH2O, PEEP 10 cmH2O, FiO2 0.21

http://www.anesthesia.utoronto.ca/
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Clinical management

How about pharmacokinetics?
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Mr. J.D.

• V-A ECMO was successfully instituted (RIJ venous 

cannula, Rfem arterial cannula)

• It’s now 2:30am, and the team is ready to leave the 

operating room and transport the patient to the ECMO 

center 

• …when you notice right leg discoloration…
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Clinical management

V-A ECMO – Peripheral Cannulation

• Given the need for large femoral arterial cannulas (size 16 

to 21 Fr), distal leg ischemia can develop

• This risk may be reduced by prophylactic insertion of a 

small (6 Fr) anterograde perfusion cannula into the 

superficial femoral artery, to perfuse the leg distal to the 

primary arterial cannula

http://www.anesthesia.utoronto.ca/
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Geyer M et al. J Artif Organs (2018) 21:8–16.
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• Profuse bleeding at the cannulation site

→ Hold anticoagulation, correct coagulopathy

Fierro MA et al. Anesthesiology 2018; 128:181-201
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• ECMO use is expanding – even if you are not in an ECMO centre, 
you may be exposed to it

• It may provide isolated respiratory (V-V ECMO) or cardio-respiratory 
(V-A ECMO) support 

• Lower anticoagulation targets than CPB – and no anticoagulation is 
acceptable for short periods of time

• Be aware of volume status/bleeding 

Take Home Messages
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Veno-venous extracorporeal membrane oxygenation 
(ECMO) provides:

a) improved oxygenation

b) carbon dioxide removal

c) improved oxygenation and carbon dioxide removal

d) improved oxygenation, carbon dioxide removal and 
hemodynamic support

Question 1
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Question 2

Veno-venous ECMO can be provided via:

a) two venous cannulas

b) one dual lumen venous cannula

c) a or b

d) none of the above
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Question 3

Veno-arterial ECMO provides:

a) respiratory support

b) hemodynamic support

c) a+b

d) none of the above

http://www.anesthesia.utoronto.ca/
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continuous renal replacement therapy

(CRRT) may be added to the circuit.

Makdisi and Wang. J Thorac Dis 2015;7(7):E166-E176
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