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Objectives

• Describe criteria to initiate ECMO in acute respiratory failure

• Recognize common contraindications for ECMO

• Review evidence supporting the use of ECMO in ARDS

• Describe ventilator management on ECMO for ARDS

• Identify common complications that can occur during VV-ECMO
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Pump
• Centrifugal

• Generate flow by a spinning rotor which 
applies suction to the blood inlet and 
then propels blood outward from the 
pump housing by generating a positive 
pressure 

• 0 – 4500 RPM

• Preload and afterload sensitive



Oxygenator

• Large thin membrane made of a 
polymer which allows gas exchange to 
occur by diffusion 

• Oxygenates the patient's blood, and 
removes carbon dioxide.

• Blood from drainage side is pumped 
in on one side, gas from the blender 
is pumped into the other side.



N Engl J Med. 2011 Nov 17;365(20):1905-14



Cannulae

• Drainage 
• Multi-stage

• 19 Fr – 27 Fr

• Return 
• 15 Fr – 21 Fr



Gas Blender / Flowmeter

• O2 source

• Usually start at 100%, can 
change the fraction of O2 during 
weaning

• Flow of the gas

• Called “sweep”
• How fast the gas flows

Blender

Flowmeter



Heat Exchanger

• Maintain body temperature
• Heat loss for many reasons during ECMO

• Gas flow is cold
• Blood flow exposed to room air

• Can cool patients as well if clinically 
indicated



Console



Parameters that can be set

Sweep FDO2

RPM



VV ECMO

• Only lung support

Clin Chest Med 2015; 36:373–384



VV ECMO

• Only lung support

Clin Chest Med 2015; 36:373–384



VA ECMO

• Heart AND lung support

Clin Chest Med 2015; 36:373–384



Which respiratory failure patients can benefit 
from ECMO?



Patient Selection

• Severe respiratory failure that is potentially reversible, not improving 
despite optimal medical management, AND without major 
contraindications. 



Bridge to …

• Recovery

• Transplant

• Decision



ASAIO J. 2021 Jun 1;67(6):601-610.



“Currently, the only absolute contraindication for the start of ECMO is 
anticipated nonrecovery without a plan for viable decannulation”

ASAIO J. 2021 Jun 1;67(6):601-610.



Chest. 2020 Sep;158(3):1036-1045.



ASAIO J. 2022 Feb 1;68(2):171-177



What is the evidence?
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ECMO Registry of the Extracorporeal Life Support Organization (ELSO), Ann Arbor, Michigan, 4/2022.
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Studies –RCT’s

• CESAR - 2009

• EOLIA - 2018



Inclusion

• 18–65 years with severe but potentially 
reversible respiratory failure

• Murray score ≥ 3
• PaO2/FiO2 ratio
• Positive end-expiratory pressure
• Lung compliance
• Chest radiograph

• Uncompensated hypercapnia with a pH < 7.2 
despite optimum conventional treatment

Exclusion
• PIP > 30 cm H20 or FIO2 > 80% for 7 days

• Signs of intracranial bleeding

• Any other contraindication to limited 
heparinisation 

• Any contraindication to continuation of active 
treatment

Lancet 2009; 374: 1351–63



CESAR - Results

43/68 (63%) survived that actually went on ECMO 

Lancet 2009; 374: 1351–63



Inclusion

• Pao2:Fio2 of < 50 mm Hg for > 3 hours 

• Pao2:Fio2 of < 80 mm Hg for > 6 hours

• pH of < 7.25 with Paco2 of ≥ 60 mm Hg for >6 
hours 

• with the respiratory rate increased to 35 breaths 
per minute on protective mechanical-ventilation 
settings

Exclusion
• < 18 yr

• Mechanical ventilation for > 7 
days 

• Pregnancy

• BMI > 45

• Chronic respiratory insufficiency

• Cardiac failure resulting in VA-
ECMO

• Hx of HITT

• Cancer with a life expectancy of 
< 5 years

• A moribund condition or a 
Simplified Acute Physiology 
Score (SAPS-II) value of more 
than 90 

• Current non–drug-induced 
coma after cardiac arrest

• Irreversible neurologic injury

• Decision to withhold or 
withdraw life-sustaining 
therapies;

• Expected difficulty in 
obtaining vascular access

N Engl J Med 2018;378(21):1965-1975



EOLIA – Results

N Engl J Med 2018;378(21):1965-1975



Intensive Care Med (2020) 46:2048–2057



Meta-analysis - Results

Intensive Care Med (2020) 46:2048–2057



Meta-analysis - Results

Intensive Care Med (2020) 46:2048–2057



How does VV-ECMO help in ARDS??

• Maintain oxygen delivery

• Remove CO2

• Rest lungs
• Allows reductions in the mechanical forces contributing to ventilator-

induced lung injury

• Ultra-lung-protective ventilation



Supplementary data from EOLIA



Supplementary data from EOLIA



Am J Respir Crit Care Med Vol 201, Iss 5, pp 514–525



Recommendations from International ECMO 
Network

Am J Respir Crit Care Med Vol 201, Iss 5, pp 514–525



ASAIO J. 2021 Jun 1;67(6):601-610.



Management of ARDS patient while on VV-
ECMO
• Good general ARDS management

• Sedation/analgesia
• Allow for non-injurious 

breathing/ventilation 

• Conservative fluid management
• Negative fluid balance 

• Close attention to hemodynamics 
• Specifically watching for RV 

dysfunction

• Close monitoring for ECMO 
complications



Sedation/Analgesia
• The guiding principle during VV-ECMO management 

is minimizing iatrogenic lung injury. 

• First 24 hours patient usually heavily sedated and 
paralyzed as a remnant of prior strategy pre-ECMO 
cannulation

• Next 24 – 48 hours discontinue paralytics, and allow 
patient to awaken

• Goal is to have patient on minimal sedation that 
allows patient to tolerate ECMO and rest ventilator 
settings, until recovery

• If patient is uncomfortable and having significant 
ventilator dyssynchrony then need to heavily sedate 
and or even paralyze

• Harmful breathing pattern will further injure the lung

• Can also interfere with ECMO flow, chugging, etc.



Volume management

• Minimize volume

• “Dry lungs are happy lungs”

• Despite external appearance patients can have 
excessive intravascular lung water

• Fluid creep is real …
• Leads to delayed recovery -> non-recovery

• Leads to RV failure



Hypotension

• Hypovolemia -> Bleeding

• Distributive -> Sepsis, SIRS, 
medication

• Cardiogenic -> RV failure

• Obstructive -> tamponade, PTX



RV Failure

• 30 – 40% of ARDS patients have RV dysfunction
• COVID-19 ARDS even higher

• Management
• Preserve RV perfusion (MAP)

• Vasopressin
• Norepinephrine

• Increase RV contractility 
• Epinephrine 
• Dobutamine

• Unload the RV (PVR)
• Inhaled epoprostenol (Flolan or Veletri)
• Inhaled nitric oxide

• Diuresis/ volume management -> CRRT
• Avoid lethal triad (CO2, O2, pH)

• Consider VAV-ECMO



Bleeding

• Ok to hold anticoagulation on VV-ECMO

• Ok to tolerate lower PTT goal



Sit back and relax ….

• Monitor for complications

• Await lung recovery



Mechanical: Oxygenator failure 8.3%

Mechanical: Cannula problems 5.5%

Mechanical: Circuit change 10.6%

Mechanical: Clots and Air Emboli 0.1%

Mechanical: Thrombosis/Clots: circuit component 6.6%
Hemorrhagic: GI hemorrhage 5.6%

Hemorrhagic: Cannulation site bleeding 2.4%

Hemorrhagic: Surgical site bleeding 6.2%

Hemorrhagic: Hemolysis (hgb > 50 mg/dl) 2.3%

Hemorrhagic: Disseminated intravascular 

coagulation (DIC) 

0.6%

Hemorrhagic: Peripheral cannulation site bleeding 2.9%

Neurologic: Brain death 1.2%

Neurologic: Seizures: 0.7%

Neurologic: CNS Infarction 1.4%

Neurologic: CNS hemorrhage 1.7%

Neurologic: Intraventricular CNS hemorrhage 0.7%

Neurologic: CNS diffuse ischemia (CT/MRI) 0.4%

Neurologic: Neurosurgical intervention performed 0.1%

Renal: Renal Replacement Therapy 

Required 

26.9%

Cardiovascular: Inotropes on ECLS 6.9%
Cardiovascular: CPR required 4.7%
Cardiovascular: Cardiac arrhythmia 8.5%
Cardiovascular: Tamponade (blood) 218 1% 

98 45%

1%

Pulmonary: Pneumothorax requiring 

treatment 

7%

Pulmonary: Pulmonary hemorrhage 3.4%
Infectious: Culture proven infection 3.3%
Metabolic: Hyperbilirubinemia 5.2%
Metabolic: Moderate hemolysis 1.9%
Metabolic: Severe hemolysis 1.2%
Limb: Ischemia 1.1%

Adult Respiratory Complications from 2016 to 2020



Duration



Duration of ECMO therapy for ARDS (pre-
COVID)
• CESAR trial – median 9 [6 – 16 ] days

• EOLIA trial – mean 15 ± 13 days

• ELSO 2019 Registry data – mean 12 days

• BWH data – median 12 [6-20] days



Duration of ECMO during COVID

• Median duration of ECMO 
support was 

• First wave
• 14.1 days (IQR 7.9−24.1)

• Second wave
• 20 days (9.7−35.1)

• Our BWH experience:

• Median duration 24 (IQR 11 – 
39) days 

• Longest run with recovery:142 
days 

Lancet 2021; 398: 1230–38



Day 44 6 months later



Day 34 Day 56



Day 39 Day 52



When to consider lung transplantation?



• Length of ECLS support at the time of listing, days 49 (38–80)



• 10 patients with ECMO duration > 30 days
• Median duration of ECMO support 85 [42 – 201] days

• 6 patients survived 
• Median duration of ECMO support 61 days

• 3 patients died

• 1 patient received lung transplant



BWH COVID ECMO Patients that received a 
lung transplant consultation
• Patient 1 – Recovered day # 36

• Patient 2 – Recovered day # 46

• Patient 3 – Died day #156

• Patient 4 – Died day # 29

• Patient 5 – Died day # 76

• Patient 6 – Recovered day # 142



• Consider VV-ECMO for patients with severe respiratory failure of a potentially 
reversible etiology that has failed optimal medical management and are 
without significant comorbidities/contraindications
• Severe hypoxemia -> p:f < 80 
• Severe hypercapnia -> pH < 7.25 with elevated pCO2
• Inability to maintain lung protective ventilation 

• Greatest body of evidence supporting VV-ECMO is for ARDS
• VV-ECMO as a bridge to recovery for ARDS:

• Supports patient oxygenation/ventilation
• Allows for ultra-protective ventilation thereby decreasing on-going ventilator induced 

lung injury



Question
A 45-year woman with ARDS is cannulated for ECMO due to severe 
hypoxemia despite optimized PEEP, neuromuscular blockade, inhaled veletri, 
and proning. 
Pre-cannulation ventilator settings: ACVC: Vt: 340 (6 cc/kg/IBW), RR: 28 PEEP 
18 cm H20, FIO2 100%. Pplat: 30 cm H20
Post cannulation O2 saturation is 98%

Which of the following are appropriate post-ECMO cannulation ventilator 
settings?
a) ACPC: PC 10, PEEP 10, RR 10, FIO2 21%

b) ACVC: Vt: 230 (4 cc/kg/IBW), RR: 10, PEEP 16 cm H20, FIO2 30%. Pplat: 24 cm H20

c) CPAP: 15 cm H20, FIO2 30%

d) APRV: Phigh 20 Plow 5, Thigh 5.5 s, Tlow 0.5 s, FIO2 40%

e) All of the above



Answer

• E is correct.  The goal after initiating VV-ECMO for ARDS is to rest the 
lungs.  There are no randomized control trials demonstrating the best 
post-ECMO ventilator settings.  Expert opinion and guidelines 
recommend “ultra-lung protection.”  These are ventilator settings that 
are thought to be more protective than standard lung protective 
settings for ARDS.  The mode can vary, but basic goals are to achieve 
the following: low tidal volumes - Vt (target 4 cc/kg/IBW ), low plateau 
pressures - Pplat (target < 25 cm H20), low FIO2 – lowest possible 
possible (ideally < 60%), low respiratory rate < 10, low driving 
pressure < 15 cm H20.  All of the above answers achieve these goals.
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