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■Components of Extracorporeal membrane oxygenator (ECMO) 

■Reasons for Hypoxemia during VV-ECMO

■Hybrid mode ECMO particularly V-VA ECMO  
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■Brings oxygen into our cells (oxygenation)  

■Remove carbon dioxide 

Purpose of the cardiorespiratory 

system
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ExtraCorporeal Membrane Oxygenator

■CO2 is removed and Oxygen is added

■ thin gas-permeable membrane separating the blood  

and gas flows 

Membranes and Membrane Technologies volume 1, pages201–211(2019)



PMP oxygenator





FdO2 and Sweep Gas Flow 

FdO2
Sweep 

gas flow 
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■Oxygenation: FdO2 and Blood flow 

Factors affecting Oxygenation 

and Decarboxylation 

■Decarboxylation: Sweep gas flow and (Blood flow)

■Blood flow rates of 1–3 L/min may be sufficient to fully remove the entire 

CO2 production of most patients, but insufficient to provide the patient’s full 

O2 consumption



VV vs VA ECMO

Ther Apher Dial, Vol. 18, No. 6, 2014

VV ECMO                                         VA ECMO

■Desaturated blood is drained via venous cannula

■Saturated blood is returned via another vein (VV-ECMO)  or artery (VA-ECMO)



Indications 

■acute severe cardiac or pulmonary failure that is potentially reversible and 

unresponsive to conventional management

*severe neurologic injury, end stage malignancy

■VV ECMO

- ARDS

- Air leak syndrome 

- Severe Asthma Exacerbation 

■VA ECMO

- Cardiogenic shock 

- Cardiac arrest (ECPR)

- Massive Pulmonary Embolism 

- Decompensated pulmonary hypertension

- bridge to either cardiac or lung transplantation



ECMO survival rate 

ASAIO Journal 2017; 63:60–67.



Configurations of VV-ECMO

Femoral-Femoral Femoral-Jugular



■Oxygenator Dysfunction: Plasma Hb, LDH, Post membrane(oxygenator) 

blood gas analysis   

Reason for Hypoxemia during VV-ECMO

■ Insufficient ECMO flow (including Drainage insufficiency) 

■Recirculation 

■ Increased cardiac output and Poor native lung function

■Right Ventricle Failure 



■Fluctuating Flow rate and Limes Chattering (or Kicking or shaking) 

Drainage Insufficiency 

■ Flow increase with lumen diameter and decrease with length 

Poiseuille’s Law



Location of Catheter Tip 

Drain catheter  Drain catheter  

Infusion  catheter  Infusion  catheter  



VV-V configuration 

Drainage insufficiency management 

Crit Care . 2020 Apr 15;24(1):151.



Recirculation in VV ECMO

Korean Circ J. 2019 Aug;49(8):657-677.



Recirculation 

A.J. Bastin, Heart 2011;97:1701-3



Measurement of Recirculation

■A high Recirculation will raise the Pre-oxygenator Oxygen saturation (SpreO2) 

■ Recirculation (%) = [(SpreO2 – SvO2) / (SpostO2 – SvO2)]× 100 



ECMO blood flow and Recirculation

ASAIO J . Mar-Apr 2015;61(2):115-21. 

■Recirculation should also be suspected with a paradoxical decrease in 

systemic saturation with increasing VV ECMO flow

SaO2



Bi-caval dual-lumen single catheter (DLSC) 



Increased Cardiac output with poor lung 

function 

ECMO
flow

cardiac output

Korean Circ J. 2019 Aug;49(8):657-677.



■ECMO flow/cardiac output > 0.6 associated with adequate blood oxygenation

■moderate hypothermia, neuromuscular blockade; pain control and sedation; 

Short-acting beta-blockers

Clinics (Sao Paulo). 2014 Mar;69(3):173-8. 



■Associated with underlying lung disease

Right Ventricle Failure 

■Conversion to V-VA (or V-AV) ECMO



V-VA ECMO flow management

High resistance

Arterial return 
(3L/min)

Low resistance

venous return 
(2L/min)

Drainage
(5L/min)

RV decompression 
and support

Maintain Systemic 
Oxygenation

Partial clamp : increase resistance

Exact blood flow monitoring
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Worsened lung function during VA ECMO

Korean Circ J. 2019 Aug;49(8):657-677.



Harlequin syndrome 

■Conversion to V-AV ECMO
A.J. Bastin, Heart 2011;97:1701-3



Hybrid mode ECMO 

V-AV or V-VA

VV-A

ASAIO Journal: August 3, 2021
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Crit Care, 2019 Feb 8;23(1):36 J Thorac Dis 2018;10(Suppl 5):S707-S715 



Hybrid vs Parallel 

JCTVS Tech. 2021 Feb 24;8:77-85
The Korean Journal of Critical Care Medicine 2014; 29(3): 207-211.



Outcomes of Hybrid mode

JCTVS Tech. 2021 Feb 24;8:77-85



■VV ECMO can support gas exchange in patients with the ARDS. Venous 

blood is drained from a central vein via a cannula, pumped through a 

semipermeable membrane that permits diffusion of oxygen and carbon 

dioxide, and returned via a cannula to a central vein

■Patients with severe combined cardiopulmonary failure may require both 

respiratory and hemodynamic mechanical support. The VAV or VVA  ECMO may 

provide sufficient physiological support when traditional VV or VA configurations 

are inadequate

Summary 



Membranes (Basel) . 2021 Mar 22;11(3):225.

Summary 



Further Readings 


