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Thanks VENT for getting us this far… The ECLS team can take it from here…



Objectives

• Convince you that there is a role for  ECLS in ARDS 
• Review the ‘traumas’ of ventilator injury
• What is ECLS and why it works
• Data
• Niche



ARDS:  

• Syndrome
• Berlin (2012)
• Timing
• Imaging
• Origin
• Oxygenation

JAMA. 2012;307(23):2526–2533



ARDS Severity: Lung Injury Score

Score 0 1 2 3 4

PaO2/FiO2 
(FiO2 1.0 x 20min)

>300 225-299 175-224 100-174 <100

CXR consolidation
(quadrants)

0 1 2 3 4

PEEP <5 6-8 9-11 12-14 >15

Compliance
[Vt/(Ppl-PEEP)]

>80 60-79 40-59 20-39 <19

American Review of Respiratory Disease, 138(3), pp. 720–723

LIS =   sum of all components
#components

Severe



ARDS: 

• What do we do…….
• Put them on a ventilator





Barotrauma

Oxy -trauma

Biotrauma
Volutrauma

Atelectrauma
The ‘TRAUMAS’

Mechanical 
Power

Crit Care. 2014 Jan 21;18(1):203



• Mechanical power
• Summarizes ventilator related causes of lung injury 

• Affected by (variables)
• Resp rate
• PEEP
• Drive Pressure
• Elastance or diseased lungs (Ppl-PEEP)/Vt
• Raw: (PPk – Ppl) / flow

Intensive Care Med (2016) 42:1567–1575



ARDS:  Management

• Protect the ‘baby’



• RCT, 861 pt
•ARDS, P/F < 300, < 36h MV
• 6cc/kg PBW w/ Ppl < 30 vs Traditional Vt

N Engl J Med 2000;342:1301
NEJM 2000. 342(18), pp.1301-1308.

ARDSNet (ARMA ) 
Decrease Mortality
(31% vs 39.8%)

NNT 11



LPV:  Is there a safe Ppl?

Am J Respir Crit Care Med Vol 172. pp 1241–1245, 2005 

Secondary analysis:
ARDSNET Database

Stratified by quartiles

Mortality lowest
Low Vt
Lowest Ppl



Other harms…..

• Sedation +/- NMB
• PICS
• Delirium
• Vent

• RV dysfunction
• Acidosis
• Hypercapnia

• Shock
• Acidosis
• PEEP
• Sedation

• Myocardial depression
• RVF
• LVF



ARDS:

• Supporting best we can, tolerating all the ‘traumas’……now what?

Look – up in the sky, it’s a bird, it’s a plane…..it’s



ECLS-man!



ECLS: Heart and Lung

LUNGHEART



ECLS: 

Cleveland Clinic Journal of Medicine May 2016, 83 (5) 373-384

Rest
Heal

Recover



ECLS: How it helps in ARDS



VenoVenous ECLS:  DIRECT effects

Lung REST

• Hypoxia – Increases paO2, SaO2
• Hypercapnia/Acidosis - Decreased pCO2, decrease rate
• Lung stress/strain – Decrease Vt, Ppl, RR, DrPr
• Lung injury (VILI) – Decrease ‘traumas’ 



VenoVenous ECLS: INDIRECT effects

Pre ECLS Post ECLS
PVR Increased Decreased
Pleural Pressure Increased Decreased
Venous return Decreased Increased 

(by decr vent settings)
Perfusion Decreased Increased
SVR Increased Decreased (less shock)
CO Decreased Increased
Perfusion Decreased Increased (tissue)
Vasopressors Increased Decreased requirements



ECLS:  Always a balance



Evolution of ECLS

1970s 1980s 1990s 2000s 2010s 2020s

1st 
successful
ECLS

RCT RCT CESAR EOLIA

ECLS DOES NOT 
WORK FOR ADULTS

MODERN ECLS 
Survival 56-72%

H1N1
Mostly observational
Registry
Prospective cohort

?

Technology – heparin coated circuits/centrifugal pumps/PMP oxygenators



CESAR 2009
3rd RCT, 180pts
• Severe but reversible respiratory failure
• Murray LIS > 3 (despite opt Tx) and/or
• Uncompensated hypercapnia with pH < 7.2  

• Randomized
• ‘Usual care’ vs Transfer to ECLS Center

Peek et al, LANCET 2009



CESAR: Conclusions

Survival to 6mo without disability (RR 0.69, p=0.03)
• ECLS group – 63%
• Conventional management - 47%

Time from randomization to death, favored ECLS

Peek et al, LANCET 2009



CESAR: Criticisms

•NOT Mechanical Ventilation vs ECLS
•Control
• Conventional ventilation not standardized 
• (70% LPV, 42% prone)

• ECLS group (transfer to ECLS Center)
• 75% received ECLS
• Protocolized ARDS Tx 
• (93% LPV, 4% proned)

• Advanced therapies

Peek et al, LANCET 2009



CESAR:  Lessons

•Be ARDS Center of Excellence
• If you cannot, transfer to a place that is
•Have ECLS available as part of ARDS treatment

•Created…



What we’ve been doing for the past 5 years at Mercy...

ECMO ECNO



EOLIA 2018
ECLS to Rescue Lung Injury in severe ARDS

• RCT (4th), Prospective MC, 249pt*
• Immediate VV ECLS vs Conventional LPV
• Very severe ARDS
• Endpoints
• PRIMARY:  60d Mortality
• Secondary:

• Key –Tx failure at 60d (death in ECLS or crossover/death in CONTROL)
• Other – Alive and free 60d of ICU/organ failure

• Safety
NEJM. 378.21 (2018): 1965-1975.



EOLIA: Inclusions

• Very Severe ARDS
• P/F < 50mmHg for > 3h
• P/F < 80mmHg for > 6h
• pH < 7.25 with pCO2 > 60mmHg for > 6h

• Bc of Ppl < 32

• Rescue ECLS for controls
• Refractory hypoxemia (SaO2 < 80% for > 6h)

• Despite Prone + RM + iNO/Flolan  AND
• If physician felt reversible MOD and ECLS might change outcome

NEJM. 378.21 (2018): 1965-1975.



EOLIA: Trial procedures

ECLS
• Venovenous
• MV
• Volume AC
• PEEP>10
• Vt for Ppl < 25
• FiO2 0.3-0.6
• APRV

• Low anticoagulation
• (0.2-0.3 AntiXa)

Control
• MV
• Vt 6cc/kg
• PEEP to get Ppl 28-30cmH2O
• EXPRESS/High Recruitment

• Rec Prone/NMB
• Tx refractory hypoxemia
• RM
• iNO/Flolan

NEJM. 378.21 (2018): 1965-1975.



EOLIA: Results

• Intent to treat
• Crossover: 28% (35/125) controls
• Not Treated: 3 in ECLS (2 died prior) 

• Baseline characteristics: No difference 
• P/F 73
• Prone:  56% ECLS, 62% Control ( final 66% vs 90%)
• NMB:  ~100% both
• Median time to randomization: 34h

• Stopped early
• Investigators predicted 20% difference in survival unlikely

NEJM. 378.21 (2018): 1965-1975.



EOLIA: Primary Endpoint (60d mortality)

NEJM. 378.21 (2018): 1965-1975.

ECLS led to 11% reduction in 60d death – NOT statistically significant



EOLIA: KEY Secondary endpoint (Tx failure)

NEJM. 378.21 (2018): 1965-1975.

Treatment failure identified as
ECLS group à DEATH
CONTROL group à DEATH OR crossover to ECLS

Significantly LESS treatment failure in ECLS group



EOLIA: Secondary Endpoints

NEJM. 378.21 (2018): 1965-1975.

All significantly better in ECLS group



EOLIA:  ECLS Death vs Crossover Death

NEJM. 378.21 (2018): 1965-1975.

D6
0 

Tx
 F

ai
lu

re

35% vs 57%

43% survived that physician felt would have died



EOLIA: Adverse events

NEJM. 378.21 (2018): 1965-1975.

ECLS
Lower strokes 
Less Hemorrhagic strokes



EOLIA: Things to consider
• 11% reduction in mortality
• Clinically important, even if not statistically significant

• Early ECLS may be better than later ECLS 
• D60 mortality 35% vs 57%

• ECLS improves physiologic endpoints lung resuscitation
• Immediate 
• 34h median time to randomization
• Prone at time of randomization (56%)

• ECLS Cessation
• ECLS terminated when felt recovery not possible
• EOLIA: average run 16 +/- 14d 

• We all know long recovery time possible



ECLS…now what.

àEOLIA aftermath
• Editorials
• He said, she said
• Editorials
• Pro/Con debates
• Metanalsyses
• …..then



• Post hoc Bayesian analysis of EOLIA
• Through the Bayesian analysis

JAMA, 320(21), pp.2251-2259.



Posterior Probability
that true RR < 1

Strongly SkepticalStrongly Enthusiastic

R < 1  88%

RR 1 that ECLS has any mortality benefit

R < 1  99%

JAMA, 320(21), pp.2251-2259.

Even the most skeptical
See mortality benefit of early ECLS in EOLIA 



• Whether ‘Enthusiastic or Skeptic’
• The posterior probability of mortality benefit with early ECLS was 88-99%
• Would the most ‘ECNO of the ECNO-est’ say to their patient, 

JAMA, 320(21), pp.2251-2259.

“I’m sorry, not going to offer ECLS, 
there is only 88% chance of mortality benefit”?



ECLS Meta-Analysis and Systematic Reviews
Author Year No. Trials No. 

patients
Outcome Conclusion

Munshi 2019 5 trials
3 obs, 2 RCT

773 Primary:  60d mortality
RCT
30d mortality - All

ECLS decrease mortality 
34% vs 47% (RR 0.73[95% CI 0.58-0.92])
ECLS decrease mortality
(RR 0.69[95% CI 0.5-0.95])

Arethra 2019 10 trials 1497 Hospital Mortality
2RCT -2 quasi RCT

ECLS decrease mortality
OR=0.51, 95% CI=0.37–0.70) 

Wang 2020 18 trials 2399 1y mortality

60d mortality

ECLS decreased mortality
(OR 0.48, 95% CI, 0.27-0.83
ECLS decreased mortality
(95% CI, 0.37-0.86

Combes 2020 2 trials
Individual pt

429 90d Mortality ECLS decreased mortality
ECLS 36% vs Control 48% 
[RR 0.75 (95% CI 0.6-0.94)]

The Lancet Respiratory Medicine 2019, 7(2), pp.163-172.
Intensive care medicine 2020, pp.1-10.
Heart, Lung and Circulation 2021, 30(5), pp.631-641.
BioMed research international, 2019.



• Network Meta-Analysis of RCTs
• 34 trials
• 9085pt – mod-severe ARDS
• Median P/F 118
• ARDS therapy combinations

• Vt (high and low)
• High PEEP
• Prone
• VV ECLS

• Results
• Low Vt + Prone 

• Best strategy
• RR 0.74 w high certainty

• VV ECLS
• Rated among the best
• RR 0.78 vs low Vt (95% CI 0.58-1.05)
• Low certainty since restricted to very 

severe ARDS (P/F < 75)

AJRCCM 2021, 203(11):1366-1377.



ELSO:  Centers by year

https://www.elso.org/Registry/Statistics.aspx

ARMA à same vent à did a better job

Focus should be on ‘better ECLS’, 
Not should we do it or not



ELSO:  VV ECLS (US 2015-2020)

https://www.elso.org/Registry/Statistics.aspx

Survival to DC – 57%



Mercy Hospital

• Established 2016
• Low to moderate volume center



Mercy Hospital ELSO Registry Report - July-19

Survival
Mercy- 70%
ELSO 49.3%



Mercy Hospital ELSO Registry Report 10-21

Survival
Mercy- 63.5%
ELSO 49.5%

COVID



ECLS:  Are there risks?
• Heck yes
• Complications
• Patient (Neurologic*/Pulmonary/Cardiac/Renal/Infection/Hematologic)
• Mechanical (Cannulation/Circuit)

• Management risks
• Novice vs Experienced programs 
• Center

• Low vs High volume
• Simulation?

NEJM. 378.21 (2018): 1965-1975.
JAMA. 2019;322(6):557-568



ECLS: When to cannulate
ELSO CESAR EOLIA

Risk of mortality 80%
P/F < 100 on FiO2 > 0.9

and/or 

LIS 3-4
AOI > 80 
APPS 8

Despite optimal care x 
6hr

CO2 retention on MV 
despite Ppl > 30 cmH2O

LIS > 3 
(despite opt Tx) 

and/or

Uncompensated 
hypercapnia with 
pH < 7.2  

P/F<50 on FiO2>0.8 x >3h
P/F<80 on FiO2 >0.8 x >6h 

pH < 7.25 with 
pCO2 > 60mmHg x 6h
bc of Ppl < 32

ELSO Guidelines for ECLS V1.1 2017
Lancet 2009:1351-63.
NEJM 2018;378:1965-1975

Center specific

If you believe 
EOLIA to hold true



Proposed Algorithm

The Lancet Respiratory Medicine, 2019;7(2), pp.108-110

Center specific
What defines a ‘trial’–
-RM, inh pulmonary vasodilator
Center specific criteria
Depends on capacity
Depends on gestalt 

LIS 3-4
AOI>80 
APPS>8

Inability to provide LPV



Who not to use it on

• ELSO guidelines (CI)
• Suspecting no change trajectory:  
• RESP > -2 (hospital mortality 67%) 
• PRESERVE >5 (6mo mortality >50%) 
• PRESET > 6 (ICU mortality >50%)

• Family not ‘on board’
• COVID
• ? 

AJRCCM. 2014 Jun 1;189(11):1374-82
Intensive Care Med (2013) 39:1704–1713
Crit Care. 2017 Dec 12;21(1):301



ECLS:  When to move ‘fast’

• Rapidly progressing and trajectory looks like… death
• Rescue (proven therapies not possible)

• Inability for LPV
• TBI
• Pregnancy

• Inability to prone
• CI (trach/C collar/Sternotomy)
• OSH cannot d/t safety
• Inability to transfer

• Salvage:
• Failed LPV/prone
• RVF
• Barotrauma and inability to PEEP



What about the ‘wrong patient’? 

• TBI with ICH, cardiac arrest
• TBI with refractory ICP
• TBI with DAI/card arrest, no neuro exam
• Obese pt with burns on >50% of body

Sometimes you have to take a chance



How we ‘fix’ with ECLS

• Buy time to let lungs ‘rest’
• Advances in technology
• Pumps/biocompatible circuits and catheters

• Improved techniques
• Cannulation – US
• Anticoagulation – less needed
• Smaller set up – more mobile
• Improved lung rest

• Greater experience with time
• Better management



ECLS hits the Mark

• Multidisciplinary selection process
• Right patient 
• Right ARDS treatment pre/post cannulation

• MV + ECLS

• Right timing – don’t wait until death imminent
• Right Center
• Right Management
• Right dose of ECLS

ATS/ESICM/SCCM/BTS
Guidelines



ECLS:  It takes a village

• Medical Directors
• Vinaya Sermadevi MD
• Chakradhar Venkata MD

• ECLS Coordinator
• Robert Longenecker

• CVICU staff of nurses/RTs and ECLS specialists
• Steven Trottier (CCM Chairman)
• CCM dept
• CT surgeons
• Perfusionists
• Labs techs/blood bank/consultants/radiology
• Administration
• Local ECLS Network

ECLS



-ECLS-
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