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ECMO
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Evangelia Akoumianaki; Annals of Intensive Care 2021

幫浦

氧合器

氣體混和器 加熱加濕器



ECMO mode
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Anil K. Pillai; Cardiovascular Diagnosis and Therapy 2018

Veno-arterial ECMO
支持心臟；低血壓

Veno-venous ECMO
支持肺臟；低血氧



Double lumen bicaval cannula

• Minimal recirculation/shunt of oxygenated blood

• Avoids additional femoral cannulation
• Allows the use of prone positioning

• Early mobilization

5
Carlo Banfi; Journal of Thoracic Disease 2016

Vanessa Marie Bazan; Indian Journal of Thoracic and Cardiovascular Surgery 2021

Avalon Elite bicaval dual lumen cannula



Double lumen bicaval cannula
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43-year-old female
CTD-ILD
On waiting list of lung transplant



Hybrid ECMO
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Aakash Shah; JTCVS Techniques 2021

• Providing hemodynamic support
• Ensuring oxygenated blood

• reaches the pulmonary circulation and left ventricle

• Need for higher venous drainage 
• (double venous cannula)



Parallel ECMO

• Flow limitations of a single ECMO circuit 
• Insufficient for adequate support

• Unusually high cardiac output state

• Obesity

• Septic shock with heart failure

• Refractory hypoxemia

8
Aakash Shah; JTCVS Techniques 2021

Eun Seok Ka; J Chest Surg 2024
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History

• First successfully deployed in ARDS (1971)
• 24-year-old male; blunt trauma

• venoarterial perfusion

• Bramson-membrane heart-lung machine

• First randomized prospective study (1979)

10
J. Donald Hill; NEJM 1972

Warren M. Zapol; JAMA 1979

venoarterial bypass



CESAR trial
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Giles J Peek; Lancet 2009

Severe (Murray score >3.0 or pH <7.20) but potentially reversible respiratory failure

⚫referral to consideration for treatment by ECMO

⚫continued conventional management

p=0.027

68 (75%) patients actually received ECMO

Control group: 70% received low TV

We recommend transferring of adult patients to 
a centre with an ECMO-based management protocol



EOLIA trial
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A. Combes; NEJM 2018

Treatment failure:
•ECMO group: death
•Control group : 

• Crossover to ECMO: 35 
• Death

P/F<50 mmHg for 3 hours
P/F<80 mmHg for 6 hours
pH<7.25 and PaCO2>60 for 6 hours

Mortality at 60 days
• 57% (20/35) among patients in the control group who crossed over to ECMO
• 41% (37/90) among the other patients in the control group



Meta-analysis

13

60-day mortality

30-day mortality

Jonathan A. Silversides; ICM 2017



ECMO vs. prone positioning
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Taiwan Severe Influenza Research Consortium
• Eight referral hospitals in Taiwan
• October 1, 2015, and March 31, 2016

Ko-Wei Chang; Journal of the Formosan Medical Association 2021



Network meta-analysis
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Sachin Sud; ICM 2024

• Both VV-ECMO and prone ventilation improve mortality relative  
• The impact of VV-ECMO versus prone ventilation remains uncertain
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Indication
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Guideline from the Extracorporeal Life Support Organization (ELSO)

JOSEPH E. TONNA; ASAIO Journal 2021



Indication
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Darryl Abrams; Lancet Respir Med 2019



ECMO：資源分配問題
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Influenza in 2016



Contraindication

20
Daniel Brodie; JAMA 2019

Alain Combes; ICM 2020

The only absolute contraindication 
• an irreversible underlying process 
• when the patient is not a candidate for lung transplantation
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Goals of ECMO

• In the past

• Patients with severe hypoxemia 
• Dying from tissue hypoxia
• ECMO: Maintain adequate oxygenation

• Achieve adequate PaO2
• Adjust circuit blood flow
• 0.06 - 0.08 L/kg/min

• Achieve a desired PaCO2
• Adjust sweep gas flow
• 2 - 8  L/min

22
Daniel Brodie; JAMA 2019

R. Noori; BJA Education 2026



Ventilator-induced lung injury 
(VILI)
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Arthur S. Slutsky; NEJM 2013



Ultra-lung-protective ventilation 
strategies
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Li-Chung Chiu; J. Clin. Med. 2021



Mechanical power

• MP (J/min) = 0.098 × VT × RR × (Ppeak−1/2 × ΔP)

• May 2006 and October 2015

• 152 patients

25

Li-Chung Chiu, CC 2021
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Complication

• Directly 
• a result of the device

• its insertion

• Indirectly
• the use of anticoagulation

• effects on distal organs

27

Daniel Brodie; JAMA 2019



Complication
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Daniel Brodie; JAMA 2019



EOLIA trial

29

A. Combes; NEJM 2018



Anti-coagulant
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Ginga Suzuki; CCM 2026

J-CARVE is a multicenter retrospective registry
Between January 1, 2012, and December 31, 2022

The higher transfusion volumes in the no-anticoagulation group 
• the need to correct pre-existing bleeding
• consumptive coagulopathy at VV-ECMO initiation



Anti-coagulant
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Benjamin Seeliger; CC 2020

Low-dose heparinization strategy: aPTT between 35 and 40 s (n = 101)
High-dose heparinization strategy: an ACT between 140 and 180 s (n = 117)

High vs. Low
• Severe bleeding events: 19.7% vs. 13.9% (P=0.256) 
• Thromboembolic events: 6.8% vs. 19% (P=0.007)
• Mortality at 30 days: 33.3% vs. 30.7% (P=0.11)

Oxygenator change



Plasma Leakage

32

Membrane loses water-repelling property
Lower blood surface tension 
Wet the membrane

• Surfactants
• high lipid levels (hyperlipidemia)
• certain medications (like propofol)

Montoya JP; ASAIO Journal 1992



Antibiotics usage
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https://adsp.nm.org/uploads/1/4/3/0/143064172/nm_antimicrobial_ecmo_dosing.pdf

Northwestern Medicine Antimicrobial ECMO Dosing Guidance



Sedatives and Analgesics
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Vesa Cheng; J Thorac Dis 2018
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Weaning

36

Alain Combes; ICM 2020



Weaning

37

Ko-Wei Chang; IDcases 2021 

68-year-old female
COVID-19-induced ARDS
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Hypoxemia during ECMO

• Mixture of blood from ECMO and venous blood

• Recirculation

• Intrapulmonary Shunt

• Flow exceeding oxygenator performances
• Rarity with the current technology

39

Andrea Montisci; ASAIO Journal 2015



Mixture of blood

• ELSO guidelines

• Setting a blood flow of 60–80 ml/kg
• Guarantees an oxygen delivery of 3 ml/kg/min

• Pump flow: deoxygenated arterial blood = 3:1

• Septic patient
• Cardiac output (CO) is usually elevated

• VV ECMO flow/patient's CO ≥ 60%
• associated with SaO2 > 90% and arterial PaO2 > 60mmHg

40
Andrea  Montisci; ASAIO Journal 2015

Schmidt M; ICM 2013



Recirculation

• The fraction of oxygenated blood 
• Aspirated back into the venous line of the ECMO circuit

• Pump speed

• Blood flow rates

• Intrathoracic, intracardiac, intra-abdominal pressure

• Cannula type, size, and position

• Direction of extracorporeal blood flow
41 Andrea Montisci; ASAIO Journal 2015

Abrams D; ASAIO Journal 2014
Go Woon Kim; Tuberc Respir Dis 2012



Recirculation

• R = (SO2 preoxy−SvO2)/(SO2 postoxy−SvO2)
• SO2 preoxy: blood in the venous cannula

• SO2 postoxy: blood in the arterial cannula

• SvO2: mixed venous saturation

• Exclude meaningful recirculation
• PaO2 of drained blood is in the normal range (42 mmHg)

• PaO2 of drained blood < 10% of the infusion cannula

• blood oxygen saturation in the drainage cannula < 75%

42
Andrea  Montisci; ASAIO Journal 2015

Extracorporeal Life Support Organization (ELSO) General Guidelines



Intrapulmonary shunt

• Alveolus is perfused but not ventilated

• Qs/Qt = 100 × (CcO2–CaO2)/(CcO2–CvO2)
• c: pulmonary end-capillary blood

• a: arterial blood; v: mixed venous blood

• Vascular pressures

• Vasoactive substances

• The degree of lung inflation

• Cardiac output
43

Andrea  Montisci; ASAIO Journal 2015



Strategies: Improve Oxygenation

• Increase the blood’s oxygen content
• Increase ECMO flow
• Increase blood oxygen-carrying capacity

• Strategies to reduce recirculation

• Strategies to reduce oxygen consumption
• Sedation and neuromuscular blockade
• Therapeutic hypothermia

• Manipulation of CO and intrapulmonary shunt
• β-blockers infusion
• Prone positioning

• Switch to venoarterial or a hybrid configuration
44

Andrea  Montisci; ASAIO Journal 2015



Increase ECMO flow

• Determined by 
• Vascular access

• Drainage tubing resistance

• Pump properties

• Risk
• augmented recirculation fraction

• hemolysis

45

Andrea  Montisci; ASAIO Journal 2015



Increase oxygen-carrying capacity

• DO₂ = 1.34 × CO × Hb × SaO₂

• ELSO guideline before 2021
• Maintain hemoglobin level of 12–14 g/dl 

• Maintain normal hematocrit

• PROTECMO study
• Prospective, cohort study; 41 ECMO centers in Europe

46
Andrea  Montisci; ASAIO Journal 2015

Gennaro Martucci; Lancet Respir Med 2023



Neuromuscular blockade
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Retrospective cohort analysis
Cleveland Clinic 
January 2022 to December 2023
329 patients

Benjamin Hohlfelder; ASAIO Journal 2026



Therapeutic hypothermia

48

HYPO-ECMO Trial
Randomized clinical trial
334 patients; VA ECMO
Early moderate hypothermia for 24 hours
• 33-34 °C

Bruno Levy; JAMA 2022
Christopher J. Joyc; ASAIO journal 2023

In Silico study
VV ECMO

Cooling to 33oC 
• Improve oxygenation in refractory hypoxemia 



Prone positioning (1)
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Andrea  Montisci; ASAIO Journal 2015



Prone positioning (2)

50

PRONECMO Randomized Clinical Trial
14 sites in France
At least 4 prone position sessions of 16 hours were performed during the first 4 days

Matthieu Schmidt; JAMA 2023



Prone positioning (3)

51

Hongjie Ton; J Thorac Dis 2024

Prospective multicenter randomized controlled study
June 2021 to July 2023 
Three tertiary hospitals in China

PRONECMO Trial
• >95% underwent PP before ECMO initiation
• included predominantly COVID-19 patients (> 90%)
Ton et al.
• <15% received PP before ECMO
• COVID-19: approximately half of patients



Prone positioning (4)

52

Po-Huang Chen; Journal of Clinical Anesthesia 2025

The 30-day survival benefit was more pronounced in non-COVID than in COVID patients



Beta-blocker (1)

53

Retrospective analysis
Two ECMO centers (Netherlands and Belgium)
January 2012 and December 2017
N = 33

Jeroen J.H. Bunge; Journal of Critical Care 2019

n (%) 
Metoprolol oral, 11 (33)
Metoprolol iv,     16 (45)
Esmolol iv,             5 (15)
Labetalol iv,           1 (3)



Beta-blocker (2)

54

Paul Masi; Cardiovascular Drugs and Therapy 2025

Retrospective analysis 
France
March 2020 and May 2022

9 with ivabradine
8 with beta-blockers (landiolol or esmolol)

ECMO flow/CO

DO2

SaO2

Lactate



Switching to VA ECMO

55

• Refractory hypoxemia
• When all the strategies listed above have failed
• But the cardiac function is normal

• Cardiac dysfunction supervenes in terms of 
• septic myocardial dysfunction  
• right ventricular dysfunction (acute cor pulmonale)

Andrea  Montisci; ASAIO Journal 2015
Maria Elena De Piero, CCM 2026

Harlequin syndrome



Take home message

• Indication
• P/F<50 mmHg for 3 hours
• P/F<80 mmHg for 6 hours
• pH<7.25 and PaCO2>60 for 6 hours

• Ultra-lung-protective ventilation
• TV ≦ 4 mL/kg PBW
• RR ≦ 10 /minutes

• Strategies to improve oxygenation
• NMB (only retrospective study)

• Prone positioning (for non-COVID-19)
• Beta-blocker (only retrospective study)

• Switch to VA or VAV
56



Thanks for Your Attention
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林口長庚醫院 呼吸胸腔科

張克威 醫師
B9302072@cgmh.org.tw
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