
Education Department, Intensive Care, RNSH June 2007 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Extra Corporeal Life 
Support (Adults)  
Learning Package 

 
 

Intensive Care Services 
John Hunter Hospital 

 
 
 
 

Name: __________________________ 



Developed by Leila Kuzmiuk, Nurse Educator, Intensive Care Services, John Hunter Hospital, January 2012. 

Reviewed February 2013 

 

2 

Document Authorisation  

 

 

Document Title  Extra Corporeal Membrane Oxygenation (Adults) 

Document Applies to Intensive Care Services, John Hunter Hospital 

Primary Authors Leila Kuzmiuk, NE 

Contributions  
Dr Jorge Brieva, ECMO Service at The Alfred 
Hospital, Melbourne 

Reviewed by 
Dr Ken Havill, Kelvin Smith, Marcus Bayly, Ken 
Gall, Joanne West 

Email (primary author) 
Leila.kuzmiuk@hnehealth.nsw.gov.au  
Jorge.Brieva@hnehealth.nsw.gov.au 

Date Created 2012-03-07 

Authorised by Intensive Care Services Executive Team 

Review date 2014-03-07 

Document no. 1 

 

 

mailto:Leila.kuzmiuk@hnehealth.nsw.gov.au
mailto:Jorge.Brieva@hnehealth.nsw.gov.au


Developed by Leila Kuzmiuk, Nurse Educator, Intensive Care Services, John Hunter Hospital, January 2012. 

Reviewed February 2013 

 

3 

 

Table of Contents 

 

Document Authorisation ................................. 2 

Disclaimer ...................................................... 5 

Feedback ....................................................... 5 

Introduction .................................................... 5 

Learning outcome objectives (for Registered Nurses) ........... 5 

Prerequisites ................................................... 6 

Recognition of prior learning .................................... 6 

Assessment process ............................................ 6 

Introduction ............................................. 7 

ECMO .................................................... 9 

ECMO Modes .......................................... 10 

Veno-venous ECMO .......................................... 10 

Veno-arterial ECMO .......................................... 12 

Veno-venous vs Veno-arterial ................................. 12 

ECMO Configurations .................................. 14 

Definition of Terms .................................... 19 

Indications for ECMO .................................. 21 

Severe Refractory Respiratory Failure ......................... 21 

Severe Cardiac Failure ........................................ 22 

Contraindications ...................................... 22 

Cannulation ............................................ 25 

Percutaneous cannulation .................................... 25 

 .............................................................. 26 

Surgical peripheral cannulation ............................... 27 

Surgical central cannulation .................................. 27 

Cannuale ..................................................... 28 

Cannula length ............................................... 30 

Anti-coagulation ....................................... 33 

Heparin ...................................................... 33 

Potential complications ................................ 34 

Potential patient complications ............................... 35 



Developed by Leila Kuzmiuk, Nurse Educator, Intensive Care Services, John Hunter Hospital, January 2012. 

Reviewed February 2013 

 

4 

Bleeding ...................................................... 35 

Intracranial haemorrhage ..................................... 36 

Haemolysis ................................................... 36 

Access insufficiency .......................................... 37 

Limb ischaemia ............................................... 38 

Potential circuit & machine complications ..................... 38 

Pump failure ................................................. 38 

Decannualtion ................................................ 39 

Circuit rupture ................................................ 39 

Circuit air embolism .......................................... 39 

Cardiac arrest ................................................ 40 

Oxygenator failure ............................................ 40 

References & Resources ............................... 49 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 



Developed by Leila Kuzmiuk, Nurse Educator, Intensive Care Services, John Hunter Hospital, January 2012. Reviewed February 

2013 

 

5 

 

Disclaimer  
This learning package has been prepared by health care professionals employed in the 

intensive care unit at the John Hunter Hospital. While all care has been taken to ensure that 

the information is accurate at the time of development, the intensive care unit at the John 

Hunter Hospital recommends that all information is thoroughly checked before use if utilised in 

another unit, context or organisation. 

 

Feedback 
This learning package has been added to the intensive care unit intranet (help library) for all 

to view. We appreciate feedback and encourage you to contact the primary author via e-mail 

(this is located in the authorisation table on the previous page). The primary author may also 

be prepared to provide further information and insights to the topic.  

 

Introduction 
This learning package provides an overview of Extra Corporeal Life Support, its complications, 

troubleshooting and the management of the patient. The learning package will also facilitate 

the Registered Nurse’s and Doctors understanding of the principles of Extra Corporeal Life 

Support. It is to be used in conjunction with the related John Hunter Hospital Extra Corporeal 

Life Support guidelines and procedures. These guidelines and procedures are located and can 

be accessed from the intensive care services intranet.  

 

Learning outcome objectives (for Registered Nurses) 
Completion of this learning package will enable the Registered Nurse to complete the related 

ECMO competencies, and therefore demonstrate an understanding of the following: 

o Understanding of Extra Corporeal Life Support 

o Indications for Extra Corporeal Life Support 

o Describe the different modes of Extra Corporeal Life Support used for the critically ill 

patient  

o Identify potential complications of Extra Corporeal Life Support 
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o Nursing management of patient receiving Extra Corporeal Life Support including 

troubleshooting  

 

Prerequisites 

In order to complete this package the registered nurse must have met the following 

requirement:   

o Successful completion of Step 1 & 2 of the Professional Development Pathway   

o Successful completion of a specialty related tertiary qualification, ICU advanced 

competencies and current advanced life support accreditation as part of Step 3 of 

the Professional Development Pathway for intensive care nurses at John Hunter 

Hospital 

 

Recognition of prior learning 

Relevant postgraduate qualification will be acknowledged e.g. Graduate Certificate in Critical 

Care. RPL will be granted at two levels:  

1. Registered Nurses who have completed relevant post graduate qualifications will not 

have to complete this package 

2. Registered Nurses who have completed relevant post graduate qualifications and can 

provide supporting documentation of ECMO competency assessment or significant 

clinical experience will not have to complete this package  

3. If you feel that you hold relevant qualifications please speak with a member of the ICU 

Education team 

 

Assessment process 
Following completion of this package please give it to an accredited assessor for review. 

Following this review the Registered Nurse and Doctor can commence caring for a patient 

receiving Extra Corporeal Life Support and complete the intensive care ECMO competency with 

an accredited assessor 
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Introduction 

Extracorporeal Life Support (ECMO) is well established as one of the rescue therapy options 

available in the presence of severe cardiac, respiratory or cardio-respiratory failure.  

The number of patients requiring this therapeutic approach has been increasing over the last 

few years.  

ECMO evolved from cardiopulmonary bypass and was first successfully used in an adult patient 

in 1972. During the 2009 influenza pandemic, more than 65 patients needed initiation of 

ECMO in Australia as reported by the Australian and New Zealand Intensive care Society (ANZ 

ECMO, 2009). 

 

ECMO services are provided across the country at several tertiary teaching hospitals within the 

intensive care or cardiac intensive care environment. It has shown to be effective for severe 

respiratory and cardiac failure, both as a destination or bridge therapy (Peek et al, 2009). 

 

In the presence of severe hypoxemic respiratory failure, when protective ventilatory strategies 

and recruitment manoeuvres have failed to achieve adequate oxygenation, rescue therapies 

such as high frequency ventilation (Sud, Sud Friedrich et al, 2010), prone positioning (Sud, 

Sud, Friedrich, Taccone et al, 2010) and continuously inhaled prostacyclin (Afshari, Brok, 

Moller, Wetterslev, 2009) have all demonstrated to improve oxygenation and lung mechanics.  

 

The provision of adequate and expert management of the severe respiratory failure at tertiary 

referral centres, including the provision of ECMO services, have demonstrated to improve 

mortality in patients with Acute Respiratory Distress Syndrome (ARDS) (Peek et al, 2009) 
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Now read the following journal article 

Peek, G.J., Mugford, M., Tiruvoipati, R., Wilson, A. et al (2009). Efficacy and economic 

assessment of conventional ventilatory support versus extracorporeal membrane oxygenation 

for severe adult respiratory failure (CESAR): a multicentre randomised trial. The Lancet, 374, 

1351-1363 

 

After reading the journal article complete the following: 

 

In your own words, describe your understanding of the outcomes of the CESAR trial 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 
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ECMO 

ECMO is indicated for patients with potentially reversible, life threatening respiratory and/or 

cardiac failure refractory to conventional therapy.  

It can both allow the lungs and/or heart to rest and heal whilst adequate systemic oxygenation 

is delivered to organs and tissues.  

The ECMO circuit consists of series of cannulae and tubing that takes deoxygenated blood 

from the patient. The blood passes through a centrifugal pump to achieve flow, then through 

an oxygenator. Oxygen is swept across the membrane as blood passes along one side of this 

membrane, which also provides a blood-gas interface for diffusion of gases (carbon dioxide 

and water excretion). The oxygenated blood is then passed through a heat exchanger and 

returned to the patient.  

 

 

                       

 
 

 
The oxygenator in Venovenous ECMO (Brodie, D. & Bacchetta, M, 2011) 
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ECMO Modes 

The Mode of ECMO is defined by whether the return cannula is arterial or venous. Each Mode 

of ECMO has a number of configurations to best suit patient needs. The Configuration of 

ECMO refers to the cannulae type, tip position and size used in a particular mode. 

 

There are two types of ECMO that are commonly utilised in clinical practice: 
 

 Veno-venous ECMO (V-V) 
 Veno-arterial ECMO (V-A) 
 

 

Veno-venous ECMO  

Venous blood is drained (accessed) from the patient’s large central vein/s, passed through the 

centrifugal pump and oxygenator and returned into the venous system near the right atrium. 

It provides support for respiratory failure only. The circulation is powered entirely by the native 

cardiac function

 

www.maquet-cardiohelp.com 

 

When flow is insufficient to achieve desired oxygenation, high flow ECMO is used, which 

involves a second venous access (usually the internal jugular vein) and allows for 

increased flow of blood to the oxygenator.  
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A: Venovenous ECMO cannulation, B, C, D: Various Venoarterial configurations (Gaffney, A. et al, 2010) 

  

Veno-venous ECMO is more efficient at removing CO2 from the blood than delivering 

oxygen. The amount of CO2 removed depends on the ECMO flow rate relative to the 

patient’s cardiac output and also on the gas flow rate to the oxygenator.  

Increasing gas flow rate decreases the CO2 in the blood leaving the oxygenator 

(analogous to the effect of increasing minute ventilation). 

 

Veno-venous ECMO improves a patient’s oxygenation by adding oxygen to the venous 

blood.  In addition it removes CO2 from the patient’s blood.  

The efficiency of ECMO to oxygenate a patient depends upon numerous factors 

including the pump flow relative to the patient’s cardiac output. The patient’s 

oxygenation should increase with increasing ECMO flow rate; if this does not occur, 

recirculation of blood between the return and access cannulae should be suspected.  

 

www.maquet-cardiohelp.com 
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Veno-arterial ECMO  
Venous blood is drained from the patient’s large central veins, passed through the 

oxygenator and returned to the arterial system, usually the aorta. It provides support 

for both severe cardiac and respiratory failure.  

                            

www.maquet-cardiohelp.com 

 

Veno-venous vs Veno-arterial  

There are several advantages of Veno-venous ECMO compared to Veno-arterial ECMO. 

Veno-venous ECMO avoids the risks of potentially serious arterial injury. Also, the 

consequences of air or clot embolisation from the circuit are less severe. Veno-venous 

ECMO is a low- pressure circuit compared to Veno-arterial, resulting in less stress on 

the circuit tubing and the oxygenator, which may improve longevity. Veno-venous 

ECMO produces less haemodynamic disturbance than Veno-arterial as blood is 

withdrawn from, and returned to the same side of the circulation. For example, 

increasing Veno-venous ECMO flow will not cause any change in the CVP, whereas 

increasing Veno-arterial ECMO flow will acutely reduce it.  

Finally, pulmonary blood flow is higher with Veno-venous ECMO than Veno-arterial, 

which may lead to improved lung healing. The major advantages of Veno-arterial over 

Veno-venous ECMO are that it provides complete haemodynamic and respiratory 

support. It may be indicated for severe cardiac failure following cardiac surgery, either 

as a bridge to recovery or to another destination therapy (heart transplant or another 

implantable support device).  
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The CARDIOHELP HLS system and heater exchange machine will be utilised to deliver 

ECMO within the Intensive Care Services at John Hunter Hospital.  

 

 

 

 

Oxygenator  

Oxygenated 
blood returned 
to the patient 
 

Centrifugal 
pump 
located 
behind 
oxygenator 

Deoxygenated 
blood from the 
patient 

Delivery of 
oxygen 

(‘sweep gas’) 
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ECMO Configurations  

 

Venovenous Configurations 
 
Femero-Femoral 

 The access cannula (single stage or multistage) is inserted via the femoral 

vein with the tip sited within the hepatic IVC. The tip should be separated by 

10-15cm from the return cannula tip (to prevent recirculation). Usual sizes 

include 19-25 French 

 The return cannula (single stage) is inserted via the contra lateral femoral 

vein with the tip sited within the right atrium. If the tip is advance too far it 

will impinge on the inter-atrial septum. Usual sizes include 17-25 French  

 Two long single stage cannulae are used 

 Direction of flow is cavo-atrial to minimise recirculation 

Advantages: Quick and safe to insert, easy to secure cannulae 

Disadvantage: Often requires conversion to a high-flow configuration at a later time 

 

 

Hi-flow 

 Uses the same bi-femoral cannulation as Femero-femoral  

 Additional short access cannula (“arterial”) is inserted via the right internal 

jugular vein with the tip sited in the superior vena-cava. The optimal position 

of the tip is established after commencement of full circuit blood flow. The tip 

is withdrawn sufficiently to prevent recirculation. Usual sizes include 17-19 

French 

 Direction of flow is cavo-atrial to minimise recirculation 

 Advantages and disadvantages allows higher circuit flows and uses two 

access cannulae to draw patient blood from the great veins (SVC & IVC).It is 

required when single access cannula circuit flow is inadequate to maintain 

sufficient levels of gas exchange in more severe cases of respiratory failure. 

Advantages: Can provide maximal oxygen delivery if configured correctly 

Disadvantages: Occupies 3 veins, relatively complex to secure and dress the jugular 

cannula 
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Femero-Jugular  

 Access (drainage) cannula (multi-stage) is inserted via the femoral vein with 

the tip sited just below the inferior cavo-atrial junction. Usual sizes include 

19-25 French  

 Return short cannula (“arterial”) is inserted into the right internal jugular vein 

with the tip sited in the lower superior vena-cava. Blood returning in this 

direction preferentially flows towards the tricuspid valve and right ventricle 

which minimises recirculation. Usual sizes 19-23 French 

 Direction of flow is cavo-atrial to minimise recirculation 

Advantages: Nearly always can provide adequate support (5-7 L/min) without large 

recirculation and only two veins occupied 

Disadvantages: Relatively difficult to secure and dress the jugular vein; requires two 

sterile fields to be established during ECMO initiation. Access insufficiency can be 

more difficult to identify 

 

 

Dual lumen/Two stage single cannula (Avalon) 

 Single cannula with two lumens for access and return inserted via the right 

internal jugular 

 Two access stages (SVC and IVC) 

 Return port is sited at the level of the tricuspid valve 

 Direction of flow is cavo-atrial to minimise recirculation 

Advantage; Single vein occupied, potentially enable patient native ventilation (non 

intubated) able to allow ambulation 

Disadvantage: Care on insertion to avoid right ventricular placement and hepatic 

vein cannulation, large cannula to insert (27F or 31F for adults), difficult to run 

CRRT via the circuit due to high circuit pressures and has potential to migrate in or 

out of IVC if not anchored effectively. 
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Venoarterial Configurations 
 

Standard Femero-Femoral 

 Access cannula (multistage) is inserted via the femoral vein with the tip sited 

within the right atrium provided it is not impinging on the inter-atrial septum. 

Usual size 19-25 French 

 Return cannula is a short arterial cannula inserted via the common femoral 

artery. This cannula is fully inserted to the taper, with the tip lying in the 

common iliac artery or lower aorta. Usual sizes include 17-21 French 

 Additional “back-flow” 8.5 French return cannula is inserted ante grade in the 

superficial femoral artery (below the profunda) and is connected via a side 

port to the main return cannula 

Advantages: Provides full or partial cardiac support and can support CRRT 

connection, potentially enable patient native ventilation (non-intubated) 

Disadvantage; May need conversion to high-flow if native cardiac function improves 

and significant lung shunt exists (Differential Hypoxia) 

 

 

Emergency Femero-Femoral 

 Similar to standard femero-femoral cannulation but uses smaller cannula 

which are quicker to insert in the emergency setting. Usual sizes include 21F 

multistage venous and 15 French arterial return 

 Back-flow cannula is only inserted after full ECMO flow is established 

Advantage: Quick to insert, is used for cardiac arrest patients, potentially enable 

patient native ventilation (non-intubated) 

Disadvantage: High circuit pressures (smaller return cannulae), may not support 

CRRT 
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Hi-Flow  

 Uses the same bi-femoral cannulation as Femero-femoral  

 Additional short access cannula (“arterial”) is inserted via the right internal 

jugular vein with the tip sited in the superior vena-cava. Usual size 17-19 

French 

Advantages: Is used to minimise differential hypoxia which occurs with standard VA 

peripheral ECMO support when native cardiac function returns in the setting of a 

large lung shunt 

 

 

Central: Specialised cannulae  

 Uses specialised surgical cannulae. Access cannula is wire reinforced and 

malleable and is sited within the right atrium via the atrial appendage. 

Cannula is then tunnelled out of the chest and the sternum closed. Usual 

sizes are >30 F 

 Return cannula is Dacron tipped and sewn directly onto the proximal aorta. 

Cannula is then tunnelled out of the chest and the sternum closed. Usual 

sizes are >30 F 

Advantages: Can provide full cardiac and respiratory support and is not associated 

with differential hypoxia in the setting of combined cardiac and respiratory failure. Is 

the optimal support for severe cardiac and respiratory failure in the immediate post 

cardiotomy setting. Allows sternum to be closed and standard patient pressure area 

care to be delivered. Low circuit pressure easily supports CRRT connection. Can 

provide support for up 

Disadvantage: Bleeding, re-sternotomy, respiratory effects of sternotomy 

 

Central: Bypass cannulae  

 Uses existing bypass aortic and venous cannula which emerge via the open 

sternum 

 Is associated with bleeding and an open sternum which prevents standard 

patient pressure area care 

 Cannot support the patient for more than 2-3 days 
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Abdominal x-ray showing a venous access cannula inserted via the left common femoral vein into the right heart & an arterial 

return cannula inserted via the right common femoral artery into the abdominal aorta (Platts et al, 2012) 

 

 

 

Now read the following journal article 

Haneya, A., Philipp,A., Foltan, M et al. (2012). First experience with the new portable 

extracorporeal membrane oxygenation system Cardiohelp for severe respiratory failure 

in adults. Perfusion. 

http://prf.sagepub.com/content/early/2012/01/11/0267659111432330  

 

 

 

http://prf.sagepub.com/content/early/2012/01/11/0267659111432330
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Definition of Terms 
 

Access (Drainage) Cannulae 

Cannulae that drain deoxygenated blood from the venous system into the ECMO circuit. 

Single-stage access cannulae drain blood via a short region near the tip only. Multi-

stage access cannulae drain blood through side holes over a long length of the cannula 

in addition to the tip 

 

ACT 

A laboratory test that measures how many seconds it takes the blood to clot 

 

Arterial pressure (Part)  

On the Cardiphelp ECMO machine is the pressure at the blood outlet 

 

Bioline coating 

A heparin coating which gives the ECMO circuit and system blood contact surfaces 

optimal biocompatibility 

 

Extracorporeal Life Support (ECLS) 

Encompasses all extracorporeal technologies and life support components including 

oxygenation, carbon dioxide removal and haemodynamic support. Renal and liver 

support may also be incorporated 

 

Extracorporeal Membrane Oxygenation (ECMO) 

Older traditional term for extracorporeal life support that omits reference to inherent 

additional life supports such as haemodynamic support and carbon dioxide removal  

 

Double lumen cannulae 

The Avalon Bicaval dual lumen catheter is a single cannula partitioned into two lumens 

with both access blood flow and return blood flow 
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Internal pressure (Pint)  

On the Cardiohelp ECMO machine is the pressure between the pump and the 

oxygenator 

 

Pressure drop (∆p) 

On the Cardiohelp ECMO machine is the calculated pressure drop between the Pint and 

the Part 

 

Return cannulae 

These cannulae deliver (returns) oxygenated blood back to the patient from the ECMO 

circuit 

 

Veno-Venous (V-V) ECMO 

Used to provide gas exchange support for patients with lung failure refractory to 

conventional ventilatory support 

 

Veno-Arterial (V-A) ECMO 

Used to provide both circulatory and gas exchange support for patients with heart 

and/or lung failure refractory to inotropes, intra-aortic balloon counterpulsation and 

ventilation  

 

Venous pressure (Pven) 

On the Cardiohelp ECMO machine is the pressure measured at the blood inlet (the 

access cannula)  
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Indications for ECMO 
ECMO is indicated for life-threatening but potentially reversible causes of respiratory 

failure and/or cardiac failure which are unresponsive to conventional therapy. 

 

The treating Intensive Care Staff Specialist will discuss the indications for the initiation 

of ECMO within the Intensive Care Services with the following interprofessional team 

members: 

 Intensive Care Services ECMO Specialist Team 

 Relevant medical officers involved in the patient’s care 

 The Alfred hospital ECMO service 

 Perfusion service  

 Nurse educator to assess the available resources 

 Team Leader to assess the available resources 

 

Severe Refractory Respiratory Failure 

When respiratory failure is refractory to established treatments including but not limited 

to protective ventilatory strategies, recruitment manoeuvres and high frequency 

ventilation, ECMO should be considered. 

Common processes requiring ECMO as a rescue therapy during the course of the illness 

may include but not limited to: 

 ARDS 

 Severe Pneumonia 

 Severe Pulmonary Contusion 

 Alveolar Proteinosis 

 Smoke Inhalation 

 Aspiration Syndromes 

 

Veno-venous ECMO is used for isolated respiratory failure when adequate cardiac 

function is anticipated for the duration of the ECMO. Pulmonary hypertension associated 

with respiratory failure is expected and not an absolute contraindication for the 

initiation of ECMO.          
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Severe Cardiac Failure 

Veno-Arterial ECMO is used for the short term management of cardio-respiratory failure, 

refractory to inotropic support and intra-aortic balloon pump support. 

Peripheral cannulation is indicated in the presence of cardiac failure when surgery is not 

acutely indicated and there is reasonable lung function. 

Central cannulation is indicated in cases where VA ECMO is required for cardiac support 

in patients with poor lung function (large shunt). This is because the native cardiac 

output will deliver hypoxic blood from the pulmonary veins into the coronary arteries 

and cerebral circulation leading to myocardial ischemia and hypoxemic brain injury. 

Central ECMO is also preferably used in cardiac patients who fail to wean from bypass 

Common processes requiring ECMO as a rescue therapy during the course of the illness 

may include but not limited to: 

 Non-ischemic cardiogenic shock 

 Acute fulminant myocarditis 

 Acutely decompensated dilated cardiomyopathy 

 Ischemic Cardiogenic shock 

 Post cardiac surgery: unable to wean from cardiopulmonary bypass 

 Drug overdose with profound cardiac depression 

 Sepsis with profound cardiac depression 

 Major vessel or cardiac trauma 

 

Contraindications 
Absolute contraindications for ALL forms of ECMO include the following: 

 Progressive and non-recoverable cardiac disease (not suitable for transplant) 

 Progressive and non-recoverable respiratory disease 

 Chronic severe pulmonary hypertension (mean PAP approaching systemic 

pressure) 

 Advanced malignancy 

 Severe brain injury 

 Presence of additional severe chronic organ failures (cirrhosis, COAD, end-

stage renal/hepatic failure) 
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Absolute contraindications for Veno-Arterial ECMO 

 Aortic dissection 

 Severe aortic valve regurgitation 

 

Absolute contraindications for Veno-Venous ECMO 

 Severe cardiac failure (medically unsupportable) 

 Severe pulmonary hypertension and right ventricular failure (mean PAP 

approaching systemic pressure) 

 Cardiac arrest 

 

There are a number of relative contraindications for ECMO. The following may be used 

as a guide in the clinical decision making for each individual patient:   

 Age > 70 

 Multiple trauma with multiple bleeding sites 

 Central nervous system injury 

 Multiple organ failures 

 Body size < 20kg or >120 Kg 

 Unwitnessed cardiac arrest when neurological recovery is expected 

 Advanced HIV defined by secondary malignancy, hepatic or renal failure 

 Recent diagnosis of haematological malignancy 
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Now read the following journal articles 

Lindstrom, S., Pellegrino, V., Butt, W. (2009) Extracorporeal membrane oxygenation. 

MJA 191, (3), 178-182 

 

Brodie, D., Bacchetta, M. (2011) Extracorporeal Membrane Oxygenation for ARDS in 

Adults. New England Journal of Medicine 365, (20), 1905-1914 

 

Gaffney, A., Wildhirt, S., Griffin, M., Annich, G., Radomski, M. (2010) Extracorporeal life 

support. British Medical Journal. 341, c5317 982-986 

 

Allen, S., Holena, D., McCunn, M. et al. (2011). A review of the Fundamental Principles 

and Evidence Base in the Use of Extracorporeal Membrane Oxygenation (ECMO) in 

Critically Ill Adult Patients. Journal of Intensive Care Medicine. 26, (1), 13-26 

 

 

After reading these journal articles complete the following: 

 

How does the ECMO circuit work? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

Who should ECMO be considered for? 

______________________________________________________________

______________________________________________________________

______________________________________________________________
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______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________ 

What are the potential complications of ECMO? 

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________ 

 

Cannulation 
There are three ways of accessing the major vessels for EMCO: 

 Percutaneous cannulation 

 Surgical peripheral cannulation 

 Surgical central cannulation 

 

Percutaneous cannulation 

Percutaneous cannulation is the preferred method of accessing the major vessels. It is 

performed using the Seldinger technique which involves serial dilation of peripheral 

vessels over a guide wire access. It does not involve any cutting of the skin at insertion, 

therefore allowing the skin to form a tight seal around the cannulae. The femoral, 

jugular, carotid and/or axillary vessels can be cannulated. This method of access is also 

utilised for the placement of an arterial back flow cannula for V-A ECMO. 
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Femero-Femoral percutaneous cannulation (The Alfred Hospital, Melbourne, 2011) 

 

 

 

 

 
Bicaval dual lumen Jugular percutaneous cannulation (The Alfred Hospital, Melbourne, 2011) 
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Surgical peripheral cannulation 

This usually involves a Cardiothoracic surgeon accessing a peripheral artery or vein via 

a surgical incision to directly view the vessel for cannulation.  

 

                               
 

Surgical peripheral cannulation (Royal North Shore Hospital, 2004) 

 
 
 

Surgical central cannulation 

This usually involves a Cardiothoracic surgeon attaching the cannuale directly to the 

major vessels (right atrium and aortic root) with sutures. The cannuale then usually 

protrude through the chest wall. There is a greater risk of haemorrhage than peripheral 

cannulation as there are no non-compressible cannulation sites. 
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Surgical central cannulation (The Alfred Hospital, Melbourne, 2011) 

 

 

Cannuale 
It is essential that the appropriately sized cannulae are utilised to achieve adequate 

flow. This is especially important for the access cannula, which is the main factor for 

limiting circuit flow. The larger the diameter the more efficient the blood flow. The 

venous cannulae utilised can be ‘multistage’, incorporating numerous holes along its 

length to provide excellent drainage and achieve higher flow.  

 

 

 

Multistage Catheter (www.maquet.com) 
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www.maquet.com 

 

 

The number of cannulae inserted is physician dependent, whether low flow or high flow 

configurations are required for the patient. 

Double lumen cannulae are also available for use in Veno-Venous ECMO.  

 

 

 

Avalon Bicaval Dual Lumen Catheter (MacLaren, G et al, 2011) 
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Avalon Bicaval Dual Lumen Catheter (Javidfar et al, 2011) 

 

Cannula length 

Long cannulae (55 cm) are labelled by manufactures as “venous” and are generally 

always used for accessing venous blood. 

Short cannulae (15-25cm) are labelled by manufactures as “arterial”. They are used to 

return blood in both VA ECMO and some VV ECMO and to access venous blood via the 

jugular vein in high flow (VV and VA) ECMO configurations. 

 

All cannuale utilised today are impregnated with some form of heparin bonded coating 

to reduce the risk of clot formation and mitigation of the inflammatory response. 
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Now read the following journal articles 

Stulak,J., Dearani, J., Burkhart, H., et al. (2009). ECMO Cannulation Controversies and 

Complications. Seminars in Cardiothoracic and Vascular Anesthesia, 13, (3), 176-182 

 

Javidfar, J., Brodie, D., Wang, D., Ibrahimiye, A. et al (2011). Use of Bicaval Dual-

Lumen Catheter for Adult Venovenous Extracorporeal Membrane Oxygenation. The 

Annals of Thoracic Surgery. 91, (6), 1763-1769  

 

After reading these journal articles complete the following: 

 

In your own words describe the advantages and disadvantages of the following 

methods of cannulation: 

 

Percutaneous peripheral cannulation 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Surgical peripheral cannulation 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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Discuss the advantages and potential complications of single site cannulation (Bicaval 

Dual Lumen catheters)  

Advantages 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Potential complications  

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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Anti-coagulation  

Bleeding and thromboembolic complications remain the most common complications for 

the patient on ECMO. 

Platelets adhere to the surface of the extracorporeal circuit causing platelet activation 

which results in platelet aggregation and the activation of the clotting cascade and 

thrombus formation. This activation of platelets, leucocytes and the clotting and 

fibrinolytic system in the extracorporeal circuit results in the loss of platelets and 

consumption of clotting factors, therefore it is essential that FBC and clotting studies 

are assessed.  

The effects of the activation of platelets and the clotting cascade is not limited to the 

extracorporeal circuit, and may also lead to thrombosis and/or disseminated 

intravascular coagulation (DIC) in the patient.  

The following are utilised to reduce the impact of these interactions: 

 Anti-coagulation 

 Heparin-coated cannulae and circuit 

 Clinical management to identify thrombus formation   

 Modern circuit components and improved technology of the pump heads 

(reduction of turbulence of blood flow) 

 Monitoring and assessment of blood profile and coagulation studies 

 Anti-coagulation practices are based on the patient’s bleeding risk profile 

 

Heparin 

This is the most commonly available and reversible anti-coagulant, and is indicated for 

patients on ECMO. It reduces the activation of the coagulation cascade, inhibits 

thrombus formation within the circuit and combines with anti-thrombin III in the blood 

to inhibit the coagulation cascade in the patient.  

Regardless of how heparin is administered, it carries with it the risk of heparin-induced 

thrombocytopenia and thrombosis (HITT). If HITT’s is suspected, all forms of heparin 

must be discontinued immediately. 

In clinical practice the Australian ECMO centres have found that the HLS system and 

Cardiohelp machine can function for 7 days without adverse effects. 
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Potential complications 
The basis of safe ECMO practice is the prevention of complications. There are a number 

of potential complications that may occur with the patient receiving ECMO or the ECMO 

circuit itself.  

The ECMO service at The Alfred Hospital, Melbourne, Australia (2011), recommends the 

following preventative rules: 

 No procedures performed on ECMO patients without consent of the 

managing intensivist who has considered the risks of bleeding(No teeth 

brushing) 

 No alcohol containing solutions should come in contact with the ECMO 

circuit as they will cause the material to weaken and crack 

 CVC insertions should only be performed when deemed mandatory by 

experienced staff. No preventative line changes whilst on ECMO 

 Intercostal catheters should not be inserted for asymptomatic 

pneumothoraces in patients with severe lung disease due to the very high 

risk of bleeding into the pleural space 

 During patient moves a designated staff member must secure the ECMO 

circuit lines to prevent tension or torsion 

 Patients with surgically placed cannulae via an ‘open sternum’ should 

still be routinely moved via the Jordan frame only with medical staff aware of 

the move 

 ECMO accredited ICU medical staff present for all transports –

whenever possible transports should also involve the perfusion services and 

be arranged “in hours” 

 Access and return line position checked daily on CXR and measured by 

the nurse 

 Bleeding should be treated with Protamine as a last resort due to the risk of 

circuit thrombosis in heparin bonded circuits  

 All percutaneous cannuale must be secured at two points 

 



Developed by Leila Kuzmiuk, Nurse Educator, Intensive Care Services, John Hunter Hospital, January 2012. Reviewed 

February 2013 

 

35 

 

Jordan Frame (The Alfred Hospital, Melbourne, 2011) 

 

Potential patient complications 
 

Bleeding 

Prevention of bleeding is primary objective for all patients on ECMO. Minimise all 

procedures that may cause bleeding. Assess continuously for bleeding during mouth 

care, pressure area care, around invasive devices, suctioning and hygiene cares. 

A current group and cross match with readily available blood products is mandatory. 

 

Consideration must be given for the following 

 Use mouth swabs, soft toothbrushes for mouth care 

 Do not shave with a razor; use an electric razor or clippers 

 Do not dislodge clots on wounds or cannula insertion sites 

 Have a supply of haemostatic dressings for use when required 

 Heparin must be ceased prior to any surgical or invasive procedure  
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Bleeding at Femoral insertion site (The Alfred Hospital, Melbourne, 2011) 

 

Intracranial haemorrhage 

This is a recognised complication of neonatal EMCO with risk factors such as 

prematurity, cardiac arrest, acidosis, and thrombocytopenia, the use of heparin, jugular 

venous cannulation and carotid artery ligation.  

The incidence of intracranial haemorrhage is not well documented in the adult 

population.  

The risk factors may include: 

 thrombocytopenia 

 use of heparin for anticoagulation 

 female gender  

 worsening renal failure with the need for CRRT 

 

Haemolysis 

Haemolysis is diagnosis primarily based on plasma free-haemoglobin concentration. The 

assessment and monitoring of plasma free Hb must be performed daily. The blood 

samples are to be taken preferably from the venous side at the same time as other 

blood sampling. The sample must be hand delivered to the laboratory as any shaking 

may cause falsely elevated results.  Any elevated readings must be repeated 

immediately for confirmation. 
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A (confirmed) plasma free-haemoglobin above 0.15 or any high reading associated with 

clinical evidence of intravascular haemolysis or circuit malfunction (such as access 

insufficiency) demands a rapid response and must be communicated to the ICU staff 

specialist immediately.  

Causes include: 

 Clot within the circuit or near the cannuale 

 High transient negative pressures within the circuit due to inadequate volume 

or obstruction 

 Inappropriate pump speeds  

 

Clinical signs of haemolysis may include: 

 red or dark brown urine 

 high potassium 

 renal failure 

 jaundice (late sign) 

Access insufficiency 

This may occur when the flow into the circuit from the patient is inadequate for the 

pump speed settings. If the venous return is inadequate or the suction from the blood 

pump is too great, transient collapse of the large veins around the access (draining) 

cannnula occurs causing an unstable circuit blood flow 

Causes may include: 

 insufficient venous return (volume loss, vasodilation, sedation bolus), 

increased intrathoracic pressure (coughing/straining, cardiac tamponade) 

 excessive pump speed setting 

 cannula position  

 cannula obstruction 

 

Clinical signs include: 

 pressure swings on the monitor from episodic blood flow 

 ‘kicking’ of access line 
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Limb ischaemia  

With the use of percutaneous arterial canuulae via the femoral approach for V-A ECMO, 

limb ischaemia has become a significant complication.  

It is now mandatory that a wire reinforced CVC cannula is inserted as a blackflow 

cannula. This allows for distal perfusion to the limb to prevent ischaemia. 

Assessment of the flow to the back flow cannula is required hourly when limb perfusion 

assessment are performed. A Doppler flow probe may also be required. 

 

Back flow cannula for Venoarterial ECMO (The Alfred Hospital, Melbourne, 2011) 

 

Potential circuit & machine complications  
 

Pump failure  

Failure of the Cardiohelp ECMO machine may be caused by: 

 Battery failure 

 Electrical motor failure 

 Disengagement of HLS system 

 

Hourly checking and documentation of the following is mandatory: 

 Machine is plugged into AC power 

 Awareness of battery level 

 No tension is on circuit tubing 

 Awareness of RPM and LPM  

 How to manually crank the HLS system 
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Decannualtion  

This may occur to either the access or return cannulae, and may be caused by: 

 Extreme tension on the circuit 

 Inadequate security of cannuale 

 Pressures within the cannula and tubing 

 

 

Bicaval dual lumen cannulae (The Alfred Hospital, Melbourne, 2011) 

 

 

 

Circuit rupture  

Is the disruption to any part of the circuit. Can be caused by fracture and breakdown of 

polycarbonate components after being cleaned with alcohol, broken three way tap, 

accidental cutting or puncturing of the circuit tubing  

 

Circuit air embolism  

Is the introduction of air into the circuit. Small amounts of air will be trapped in the low 

pressure zone of the oxygenator and can be aspirated from the de air port with no 

adverse effect for the patient. A massive air embolus into the pump will de-prime the 

pump and stop it, leading to haemodynamic compromise and hypoxaemia and could 

possibly introduce an air embolus into the patient. 

With the Cardiohelp machine and circuit it is more difficult to introduce air into the 

access side of the circuit as there are no ports or access sites. 
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Some causes may include the following: 

 Introduction of air into the circuit via a peripheral cannulation site  

 Fracture or rupture of the cannulae 

 Fracture on the access side of the circuit  

 

It is essential that the bubble intervention function is OFF at all times on the Cardiohelp 

machine, as this will cause the pump to stop 

 

Cardiac arrest 

A patient on ECMO may still arrest.  

During Veno-Arterial ECMO, there is little haemodynamic effect if circuit flow is 

>4L/min, as their blood flow is being controlled extracorporeally. Possible causes still 

require intervention such as cardiac stunning, hyperkalaemia and arrhythmias. 

During Veno-Venous ECMO the heart may no longer be effective and can be caused by 

the usual causes of cardiac arrest; therefore the management is as per the Advanced 

Life Support algorithm. The patent will require emergency haemodynamic and 

respiratory measures and the Cardiohelp machine flow and revolutions may need to be 

reduced if access insufficiency is present 

 

Oxygenator failure 

Gas transfer failure is a gradual process that is identified through routine blood gas 

analysis. Failure of the oxygenator may be caused by: 

 Heat exchanger rupture 

 Water to blood leak (manufacturer defect) – leads to massive haemolysis and 

sepsis 

 Excessive water pressure in the heat exchanger could be caused by 

equipment that is rolled over or obstructs the heater hoses to the oxygenator 
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Workbook 

You will need to utilise the following resources to assist you with completing this 

workbook: 

 John Hunter Hospital, Intensive Care Services ‘Management of  

extracorporeal membrane oxygenation in the adult intensive care patient’ 

guideline and procedure 

 ECMO power-point presentations 

 Evidence based literature  

 

1. What are the aims of initiating ECMO? 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

 

2. What treatment strategies must be explored and implemented in clinical practice 

prior to initiating ECMO? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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3. Why must we operate the Cardiohelp machine in Revolutions per Minute (RPM) 

mode? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

4. Outline your actions if the Cardiohelp machine failed. Include the roles of both the 

person leading and managing the patient and the circuit/machine 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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5. Outline what factors may influence decreasing oxygenation saturations in Veno-

Venous ECMO 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

6. How often is the following blood samples performed?  

Blood Value Frequency 

Arterial Blood gas  

Electrolytes, Urea, Creatinine  

FBC  

aPTT, PT  

ACT  

Post oxygenator ABG  

Plasma Free Hb  

 

7. Define the following pressure parameters on the Cardiohelp machine 

pVen 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

______________________________________________________________ 

pArt 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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pInt 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 ∆P 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________  

 

8. Outline your actions and the roles of the interprofessional team during cardiac 

arrest for the patient receiving Veno-Arterial ECMO 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________  
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9. When would the extracorporeal circuit require replacement/change out?  

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

10. State all the nursing checks that must be performed each hour for all patients on 

ECMO 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________  
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11. Answer the following regarding pressure area care: 

What methods can be used for pressure area care for the patient on ECMO? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

When is it safe to perform pressure area care? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Outline the roles of the interprofessional team when performing pressure area care 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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12. What alarm limits must be set for the following: 

LPM 

_______________________________________________________________________

_______________________________________________________________________ 

RPM 

_______________________________________________________________________

_______________________________________________________________________ 

Bubble intervention  

_______________________________________________________________________

_______________________________________________________________________ 

pArt 

_______________________________________________________________________

_______________________________________________________________________ 

pVen 

_______________________________________________________________________

_______________________________________________________________________ 

 

13. What methods are used for securing the ECMO cannulae and circuit? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

14. Who can perform post oxygenator blood sampling? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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15. Outline your actions and roles of the interprofessional team if a rupture occurred 

within the ECMO circuit 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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