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Course 
Outcomes

Identify the main components of the ECMO 
circuitIdentify

Identify appropriate candidates for VV ECMOIdentify

Describe oxygen content, O2 delivery, 
consumption, and shuntingDescribe

Learn the latest research and guidelines for VV 
ECMO patient managementLearn



Case Study -
Asthma

38-year-old male with history of mild intermittent asthma and active 
tobacco use

• Found on floor with empty albuterol container and unresponsive

• Initial ABG at OSH 6.8/120 - intubated

• Transferred to UVMMC

• Care escalated to include: 

• methylprednisolone 60 mg every 6 hours

• Continuous albuterol nebulizer at 20 mg/hr
• Propofol and vecuronium

• Magnesium infusion

• Anesthesia ventilator brought to bedside for use of isoflurane 
• Sodium bicarbonate infusion as patient had become 

hemodynamically unstable due to PcO2 > 100

• Norepinephrine 20 mcg/min

• What else can we offer him?????





What is ECMO?

Extracorporeal Membrane 
Oxygenation (ECMO) is an advanced 
form of life support that functionally 
involves a blood pump and a 
membrane lung/oxygenator to 
support the heart and/or lungs.









Blood flow through the 
ECMO circuit

A ECMO circuit provides support by draining blood from the 
patient, using a pump to move blood through the circuit 
where it is artificially ventilated and oxygenated then 
returned to the patient.

Components (listed in order of blood flow) of the circuit that 
will be covered:

Access (drainage) cannula

Blood pump

Pre-oxygenator pressure monitor

Oxygenator

Sweep gas and FiO2

Heat exchanger

Post-oxygenator pressure monitor

Blood flow monitor

Return cannula



VV ECMO Cannulation Strategies

Avalon Dual site



Cannulation 
Options for VV 
ECMO

RA to PA cannula.  Can be used for 
VV ECMO and as a temporary right 
ventricular assist device.



Centrifugal Pump

Preload dependent and after load 
sensitive

• Chatter  - caused by insufficient blood 
flow to the pump. Causes range from 
hypovolemia, drainage cannula 
displacement, circuit tubing 
obstructed.

• Sensitive to resistance at the pump 
outlet which can be caused by HTN, 
clots distal to the pump.  These will 
decrease flow regardless of pump 
RPMs.

• Non-occlusive - ALWAYS clamp lines 
when the pump is off.



Sweep Gas and FiO2

• Dual flowmeter

• FiO2 is set through the mixer.  
Responsible for oxygenating blood.

• The rate at which the gas flows 
through the oxygenator is set in 
liters/min (sweep gas).  Responsible 
for CO2 removal of blood.



Oxygenator

Oxygen transfer capacity depends on

Properties of the oxygenator

FdO2 set on blender

Time that blood is in contact with the 
membrane.

Carbon dioxide transfer is determined by 
rate of gas flow through oxygenator (sweep 
gas)

Oxygenator complications

Clots

Membranes “wet” from condensation 
making membrane less permeable to 
CO2.  Membranes dried by using 
sharply increasing sweep gas for several 
seconds (sighing)



Membrane Lung Failure Algorithm
(Zakhary et al. Crit Care 2020) 



Heat exchanger

• Integrated with the oxygenator via 2 couplings at 
bottom of oxygenator

• Help to keep patient normothermic

• Can be used for therapeutic cooling

• Ensure that it is connected and turned-on during 
circuit checks



Blood flow monitor

• Based on ultrasound technology

• Located on the return cannula

• Measures the actual rate of blood flow 
through circuit in liters/min

• On some consoles, also can detect air 
bubbles in the return circuit tubing



Pressure Monitoring and more!

Picture from Jennifer Vieira, Michael Frakes, Jason Cohen, Susan Wilcox, Extracorporeal Membrane Oxygenation in Transport Part 1: 
Extracorporeal Membrane Oxygenation Configurations and Physiology, Air Medical Journal, Volume 39, Issue 1, 2020, Pages 56-63



Back to our Asthma Case Study on HD # 3 – VV ECMO 
Initiated

• ABG pre-initiation:

• 7.22/128/124/>50 on PC/AC 100% RR 14 PC 35

• Lactic acid 3.3



A word about that ABG you just saw 
7.22/128/124/>50 

• Dr. Farkas had just published an article in PulmCrit- Extracorporeal CO2 removal: Putting 
the cart ahead of the horse?

• The premise was:  So, we can remove CO2, but the question is: should we?  ARDS patients 
don’t need to have a pH of 7.40.  We won’t earn any gold stars for 
achieving euboxia.  Ultra-protective ventilation could be achieved in a cheaper and easier 
fashion by accepting a lower pH target and slipping the patient a bit of bicarbonate.  A less 
invasive strategy to ultra-protective ventilation would also be more accessible to 
thousands of hospitals which lack the technology to remove CO2 extracorporeally.

• This patient received A LOT of sodium bicarbonate before the decision was made to go on 
ECMO.

https://emcrit.org/pulmcrit/hypercapnia/
https://emcrit.org/pulmcrit/hypercapnia/
https://emcrit.org/pulmcrit/hypercapnia/
https://emcrit.org/pulmcrit/hypercapnia/
https://lifeinthefastlane.com/ccc/euboxia-abnormality/


Case Study - Asthma

• Titrated BFR to 4.8 LPM. Sweep 5.2, FDO2 100%

• Over 12 hours ABG corrected to 7.5/53/199/43

• Patient was transferred to Montefiore Medical 
Center

o Came off ECMO after 3 days

o Extubates after 6 days

o Transferred to the floor after 9 days

• Transferred to acute rehab after 14 days

• Discharge home after 18 days







Case Study – ARDS 

• 35-year-old female presented to OSH after “feeling ill” for 5 days.  Room air oxygen 
saturation was in the 40’s.  She was placed on Bipap initially and then intubated and sent 
to UVMMC MICU.

• Past Medical History:

• Psoriatic arthritis – treated with Methotrexate and Infliximab

• Chronic pain

• HTN

• Asthma

• Idiopathic Intracranial Hypertension – s/p VP shunt

• Depression

• Current smoker – trying to quit using vaping



• Hospital day 0 at UVMMC

• Patient neutropenic

• Initial vent settings  FiO2 100%  PEEP 18  RR 15  TV 307

• Inhaled flolan

• Switched to APRV – Flolan weaned to off,  FiO2 weaned to 50%

• Patient weight 118 kg

• Positive for Pneumococcal pneumonia – antibiotics changed to 
Zithromax and Ceftriaxone

• Hospital day 3 at UVMMC

• Patient had decompensated overnight

• Chest tube for right pneumothorax HD 1

• Developed large right sided bronchopulmonary fistula

• Started on muscle relaxants

• Transitioned to PCV

• Restarted Flolan

• CXR with progression of R sided infiltrates

• Due to her asymmetric lung disease and right sided apical pigtail, 
proning the patient was not a viable option

• CT surgery consulted for ECMO



Prone Positioning

• Guerin et al published the PROSEVA RCT in 
2013 showing that early, prolonged prone 
positioning (16 hours/day) in patients with 
severe ARDS significantly reduces 28-day 
mortality, 16% prone vs. 32.8% supine.

• Question:  Prone positioning may improve 
the outcome of patients with severe acute 
respiratory distress syndrome, but is prone 
position superior to supine position among 
patients receiving VV ECMO for severe 
ARDS? 





15 minutes after 
ECMO initiated:

Ventilator settings reduced to
 FiO2 50%  PEEP 10  RR 10

ECMO settings:  
FDO2 100% SGF 3.5 BFR 4.6

Pre-oxygenator gas:
  PaO2 36  PCO2 85

Post-oxygenator gas:
  PaO2 398  PCO2 52



ECMO Hour 4 Patient’s SpO2 80-88%

ABG 7.36/51/43 SaO2 77% from radial arterial line

Ventilator FiO2 increased to 80%

No color change noted in flow lines

Delta p stable at 24

Concern for ECMO cannula positioning – echo 
repeated

Why is this happening if she is on VV ECMO??



ELSO says……   

• In the absence of lung function, VV access can supply all metabolic 
oxygen requirements.  

• The arterial saturation is usually 80-85%, but may be 75-80%  (PaO2 
45-55).  This is ample oxyhemoglobin saturation for normal oxygen 
delivery if the cardiac output and hemoglobin concentration are 
adequate to maintain DO2 three times VO2.  

• However, the ICU staff may be uncomfortable with arterial saturation 
under 90, and education regarding oxygen delivery is important.  
Avoid the temptation to turn up the ventilator settings or FiO2 above 
rest settings during VV support.





What is 
Recirculation?

Proportion of oxygenated blood 
returning to the ECMO circuit 
immediately after being infused to the 
patient from the ECMO circuit​

Does not share in patient oxygenation​

All patients on VV ECMO have some 
element of recirculation​

• Decreased patient arterial SpO2 and 
PaO2​

• Increasing pre membrane SvO2​

• No color difference between drainage 
and return lines



VV ECMO Considerations

Oxygen 
Consumption (VO2)

• VO2 = (SpO2 - SvO2) x Hgb x 1.36 x CO x 10 

• Normal VO2 = 180-280 mL/min (adults) 

Shunt fraction

• QECMO (ECMO BFR)/QCO (patient’s CO) = shunt fraction

• Goal is to maintain shunt fraction > 60%

• In hypoxemic patients with adequate QECMO but increased QCO, the shunt 
fraction will fall resulting in inadequate oxygen delivery



Non-Circuit Interventions for shunt fraction 
less than 60%

Consider insufficient analgesia or shivering

Induce mild hypothermia using ECMO heat exchanger

Lessen inotropy

PEEP – can decrease QCO and help to prevent further atelectasis or help to 
recruit alveoli.





By the time she left for Montefiore, 
her SpO2 was 88%.

She was removed from ECMO on 
ECMO Day 8.

She was trached and a PEG was 
placed due to MRSA cavitary 
pneumonia.

Transferred back to UVMMC MICU 
after 36 days at Montefiore.

She was then discharged to acute 
rehab 58 days after being placed on 
ECMO.

Discharged home 69 days after being 
placed on ECMO.





• Dr. Phillip Mason  (September 2025).  VV ECMO to De-Sedate and Mobilize in 
Hypoxic Respiratory Failure.  ELSO 2025 Annual Meeting, Oxon Hill, MD,



Eddy Fan Beyond EOLIA:  New populations 
and personalized ventilation for VV ECMO







Targeting 
Patients with 
PF ratios 80-
150







What if you completely removed someone’s 
lungs?

Doctors save Ontario woman’s life by removing her lungs | 
Globalnews.ca

https://globalnews.ca/news/3204018/doctors-save-ontario-womans-life-by-removing-her-lungs/
https://globalnews.ca/news/3204018/doctors-save-ontario-womans-life-by-removing-her-lungs/
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