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Objectives
1. Review venous-venous ECMO
2. Summarize current literature supporting VV-ECMO



Non-Ventilatory Strategies for ARDS management

• Neuromuscular blockades
• Inhaled Nitric oxide
• Prone positioning 
• IV Phenylephrine, Avoidance of Systemic Vasodilators
• Other considerations:

o Conservative Fluid management
o Corticosteroids
oNutritional Supplementation

Rozencwajg et al 2016/Schmidt et al 2019

Pooled Mortality in “conventional treatment” 
is 48% in observational studies, 37% in RCTs





VV-ECMO
Venous Venous

No cardiac support

Cannulation from venous back to 
venous

Pulmonary blood flow maintained

Not used with RV failure

Lower PaO2 achieved (avoid O2
toxicity)

Runs in series with the heart and 
lungs

Makdisi G & Wang I. Journal of Thoracic Disease. 
2015, 7(7): E166-E176



Veno-Venous 
ECMO

Pavlushkov E, Berman M, Valchanov K.
Cannulation techniques for extracorporeal life support. 
Annuls of Transitional Medicine. 2017; 5(4): 70 



Patient Population
Indications

• ARDS 
• Bronchopulmonary aspiration
• Bacterial, viral or atypical 

pneumonia 
• interstitial pneumonitis
• OI > 40, Murray Score 3 - 4

Contra-indications

• Advanced, irreversible disease
• uncontrolled sepsis 
• non-pulmonary multi-organ 

failure
• irreversible neurological injury
• terminal illness

“Patients with chronic respiratory failure or ventilator-dependent respiratory failure 
who are not eligible to be bridged to lung transplantation should not be considered 
as candidates for VV-ECMO.” --Banfi, et al. Journal of Thoracic Disease, 2016



Indications

Oxygen index = Mean airway pressure x FiO2/PaO2
Example: MAP (22) x FiO2 (100%)/PaO2 (55)  = OI (40)

OI < 5 = Normal
OI > 10 = Hypoxemia
OI > 20 = Severe hypoxemia
OI > 40 = Consider ECMO



Indications
Murray Score: severity of  lung injury, patient selection 

Example: Consolidation in 3 lung quadrants (3)
PaO2/FiO2 ratio < 100 (4)
PEEP = 10 cmH2O (2)
Lung Compliance = 15 mL/cmH2O (4)
Murray Score = 3.3

Patients with severe ARDS and a Murray score of 3 – 4 should be 
considered.



Benefits

• Survival reported 
between 53 – 63%

• Lung protection 
• mechanical ventilation 

equals inflammation & 
potential lung injury

Mass General, 2009; CESAR Trial, 2009; Schmidt et al, 2014



• Survival benefit in “carefully selected patients with non-neonatal 
respiratory failure.”

• Overall survival 53%
• Highest survival in patients with viral or bacterial pneumonia
• Risk of mortality increased with:

1. Older age, multiple organ failure, 
2. prolonged ventilation prior to ECMO initiation
3. long ECMO runs are associated with decreased survival.



• 180 patients randomized to ECMO or conventional ventilation
• 63% of patients survived without severe disability (6 months)
• ICU LOS (median days): 24 vs. 13 
• Hospital LOS (median days): 35 vs. 17

Conclusion: Recommend transferring adult patients with severe 
but potentially reversible respiratory failure….to a center where 

ECMO-based management is available.



• 140 patients (Three French ICUs)
• Ninety-five percent of patients received VV-ECMO 
• Median time, intubation to ECMO cannulation of 5 days 
• Bacterial pneumonia was the main cause of ARDS (45%) 
• Survival rates:

o Sixty-four percent at ICU discharge 
o Sixty percent at 6-months



• 2355 patients extracted from the international ELSO registry
• ECMO initiated after a median of 57 hours of MV
• 49% of patients receiving neuromuscular blocker agents
• 20% inhaled nitric oxide and 10% HFOV
• Fifty-seven per cent of patients were alive at hospital discharge
• Median of 170 hours on ECMO.

American Journal of Respiratory and Critical Care Medicine, 2014



• Retrospective cohort, 100 patients on ECMO that participated in PT 
• Secondary outcomes: 

1. Duration of ECMO 14.3days+/-10.9
2. 23 patients liberated from mechanical ventilation
3. 14 bridge to recovery patients survived to discharge
4. 9 bridge to transplant patients survived to discharge
5. 57% of survivors discharged to home.



• 249 patients randomized
• ECMO versus MV with prone position and NMBA 
• Inclusion criteria PaO2/FiO2 ratio 50 – 80 mmHg
• 60-day mortality, 35% versus 46% died (P=0.09)
• No significant difference in outcomes

Combes et al, 2018



EOLIA Trial



• 350 patients, 23 ICUs
• Prone position and NMBA
• VT (6.46 vs 3.76 ml/kg), PPLAT (32 vs.24 cmH2O), ∆𝑃 (20 vs.14 cm H2O) 
• Six-month survival 61%

Schmidt et al. Am J Respir Crit Care Med 2019;200(8) pp 1002–1012



Schmidt et al. Am J Respir Crit Care Med 2019;200(8) pp 1002–1012



Goals of Care
• Move, quickly toward recovery AND prevent further damage
• Improve oxygenation 
• Improve lung mechanics
• Supportive Care
• Timing

• potentially reversible causes
• within 7 days of onset
• no significant comorbidities
• < 65 years old
• no contraindications for anticoagulation

Raoof et al. Severe Hypoxemic Respiratory Failure. Chest. 2010; 137(6):1437-1448



“VV-ECMO is the treatment of choice for patients with 
respiratory failure refractory to optimal mechanical 
ventilation and conventional medical treatments.” 

-- Banfi et al. 2016.



https://www.elso.org/Registry/FullCOVID19RegistryDashboard; Accessed 20 October 2020



https://www.elso.org/Registry/FullCOVID19RegistryDashboard; Accessed 20 October 2020
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Should VV ECMO be used as 
the first-line in the 

treatment of ARDS?

VV-ECMO Should 
NOT

Be Considered
a First Line Treatment for Severe ARDS





WHY DO PATIENTS NEED VV-ECMO

• Bridge to Lung 
Transplantation

• Trauma - Emergency 
pneumonectomy

• ARDS  - ?  



STRATEGIES FOR ARDS

• Protect the lung
• Early Mobility
• Prevent VILI
• Prevent S-VILI (NBMA)
• Prone Therapy
• Positional Therapy
• APRV-TCAV

Respiratory 
Therapy Heroes



IN  CASE OF 
ARDS

PANIC



Rescue therapy in increasing hypoxemia severity. 

Francesco Alessandri et al. Respir Care 2018;63:92-101

(c) 2012 by Daedalus Enterprises, Inc.

APRV-TCAV
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Problems with Mechanical Ventilation 

• Potential for Ventilator Associated Lung Injury (VALI) 
ØGajic, et al. Crit Care Med 2004

Ø 24% of patients who did not have acute lung injury (ALI) from the outset and ventilated for >48 hrs
developed ALI

Ø 60-80% of those with ALI go on to develop ARDS

• Ventilator Associated Pneumonia (VAP)
• Patient–ventilator asynchrony

ØIncreased patient discomfort
ØIncreased sedation
ØIncreased length of stay and cost

Need for Mechanical Ventilation 



10Tokics, L. et al. 
J Appl Physiol ,1996

Copyright ©1996 American Physiological Society

Effects of Elimination of 
Spontaneous Breathing

V/Q distribution and correlation to 
atelectasis in anesthetized paralyzed humans







ARDS SURVIVAL RATE

ARDS affects approximately 3 million patients 
annually, accounting for 10% of intensive care 
unit (ICU) admissions, and 24% of patients 
receiving mechanical ventilation in the ICU.

Mortality from ARDS remains high, ranging from 35% to 46%

February 2018





The mean tidal volume for the cohort was 7.4 mL/ 
kg (SD, 1.3 mL/kg) PBW, and 760 patients (26.9%) 
received an average tidal volume during 
mandatory ventilation of ≤6.5 mL/kg PBW. 

The initial set tidal volumes ranged from 6.26 to 
13.45 cc/kg IBW with a mean of 8.92 cc/kg.





.

8 Articles – 1669 patients
Decrease in lung injury, pulmonary infection, and atelectasis by 
using high PEEP with or without recruitment maneuvers.





PROSEVA STUDY

• 6 Multi Center 
prospective  study 

• 466 patients

466 patients

16% 32.8%

237 Prone 229 Supine

MORTALITY RATE



J Trauma Acute Care Surg
Volume 75, Number 4



21

Lung Protection

J Trauma Acute Care Surg. 
2012 Vol. 73 No. 2









• 138 patients with ARDS who received mechanical ventilation for 
<48 h 

• Patients were randomly assigned to receive APRV    (n = 71) or 
LTV (n = 67).

Day 3 of 
enrollment

APRV LTV 

P/F RATIO 280 180
PaCO2 40.8 42.3
PaO2 116.2 84.8



Crit Care Med 2019 



• Mortality rate at 6 months:  63% in ECMO vs. 47% in conventional 
ventilation group

• Ninety patients were randomized to consideration of ECMO and 90 to 
continued conventional treatment

• 24% (n = 22) of patients randomized to ECMO never received this 
treatment
• 82% survival rate On MV



• From the group of 194 mechanically ventilated patients with 
confirmed 2009 influenza A(H1N1) or influenza A not subtyped (not 
all of whom had ARDS), patients treated with ECMO (n = 61) were 
compared with those without (n = 133).

• The patients who were treated with ECMO had longer duration of 
mechanical ventilation  18 [9-27] vs 8 [4-14] days

• ICU stay (22 [13-32] vs 12 [7-18] days;



ECMO STUDIES

• The PRESERVE Study 
• 64% survival rate at discharge = 36% Mortality Rate

• The RESP Score
• 57% survival rate at discharge = 43% Mortality Rate



CONCLUSIONS:

Among patients with very severe ARDS, 60-day mortality was not 
significantly lower with ECMO than with a strategy of conventional 
mechanical ventilation that included ECMO as rescue therapy.



60%



COMPLICATIONS



Crit Care Resusc 2013; 15: 172–178

1763 patients
54% mortality
• 52% renal failure requiring continuous venovenous hemofiltration 
• 33% bacterial pneumonia 
• 33 % bleeding 
• 29%  oxygenator dysfunction requiring replacement 
• sepsis (26%), 18% hemolysis 
• 16% liver dysfunction 
• 10% leg ischemia  
• central nervous system complications (8%), gastrointestinal bleeding



S

Extracorporeal Life Support Organization. Registry report: 
international summary. Ann Arbor: ELSO; July 2012



The percentage of patients who suffered from neurological injury was 7.1%
• intracranial hemorrhage (42.5%) 
• brain death (23.5%)
• ischemic stroke (19.9%) 
• seizures (14.1%)



MECHANICAL COMPLICATIONS

• Air in circuit 

• Clots in circuit

• Cannula problems

• Tubing rupture

• Motor failure
Ann Intensive Care. 2017 Dec;7(1):51.



OTHER COMPLICATIONS

• Bridge to  nowhere

• Long-term complications

• Financial cost and resource utilization

• Prolonged ICU Lengths of Stay



REST SETTINGS?





Protecting the Lung

“ARDS is no longer a syndrome that must be treated, but is a 
syndrome that should be prevented.”

Villar And Slutsky
Is acute ARDS an iatrogenic disease? Crit Care , 2010; 14: 120

“The importance of early lung recruitment and stabilization cannot be 
stressed enough, for this will affect all aspects of ventilatory physiology; 
therefore, we must use an “open lung” approach in all mechanically 
ventilated patients.”

Lachman
Open up the lung and keep the lung open 

Intensive Care Med (1992) 18:319-321 



AARC Connect
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