
ECCO2R: 
What criteria for a future Trial

Luigi Camporota
MD, PhD, FRCP, FFICM, FERS 

Guy’s & St Thomas’ NHS Foundation Trust Hospital – London
Centre of Human and Applied Physiology – KCL



Conflict of Interest

Dräger

Hamilton

Medtronic

Baxter

Fisher Paykel



The 
dilemma



Increase 
MP

Enhance CO2

 Removal 
ECLS/ECOS

Increased 
‘CO2’ Load

Dead Space
Shunt

Barotrauma
Volutrauma
Biotrauma

Maintain 
‘normal/Low’ MP



Effect of Ventilation on PaCO2
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Driving Pressure & Mechanical Power and 3-Year 

Outcomes in ARDS

(n= 7,944)

Parhar, et al Ann Am Thorac Soc Vol 16, No 10, pp 1263–1272, Oct 2019

Mechanical PowerDriving Pressure 



Ultra-Low Ventilation without ECCO2R in 

moderate-severe ARDS
- 4 cmH2O

Richard JC, et al Intensive Care Med 2019, 45(11):1590-1598. 

6% → Acute cor pulmonale
32% → transient severe acidosis pH < 7.15. 



ECCO2R
Does it change outcome?



Effect of ECCO2R on PaCO2
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ECBF and Gas transfer : ECMO vs ECCO2R
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VLTVV

≤ 3 mL/Kg PBW

+ ECCO2R max 7 

days
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• Moderate-Severe AHRF 

9% ARR

90d Mortality

REST

7071

412
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(90 d)
41.5% 39.5%

2%  d

(95%CI -7.6% to 11.5%)

VFD
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McNamee JJ, et al : The REST RCT. JAMA 2021; 326: 1013-1023.



Long Term Outcome : REST Trial

(HR 1.1 (0.8, 1.4);
Log-rank p=0.61 

Boyle AJ, McDowell C, Agus A, et al. Thorax 2023;78:767–774. 



Effect of ECCO2R on physiological variables
McNamee JJ, et al : The REST RCT. JAMA 2021; 326: 1013-1023.

Tidal Volume

ECCO2R

LPV

Plateau Pressure Driving Pressure

pHRR VE

PaCO2

PEEPPaO2/FiO2



Modified from Quintel, Busana, Gattinoni AJRCCM 2019
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Changes in P, VT, Pplat and RR with ECCO2R

Worku E, et al Perfusion 2022:2676591221096225.
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Does ECCO2R reduce mortality in ARDS?
We recommend against the use of ECCO2R
 to reduce mortality in ARDS outside of RCT

Mortality at hospital discharge or day 90 Ventilator-Free days at 28 days



ECCO2R
What Next?
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Costa et al;  AJRCCM 2021

Driving Pressure Respiratory Rate Tidal Volume (PBW)

15 26

Driving Pressure , Respiratory rate, Tidal volume:

Effect on Outcome



Factors influencing the effect of ECCO2R on DP
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Change in Driving Pressure and MP 

E. Goligher et al Intensive Care Med (2019) 45:1219–1230 



SUPERNOVA REST

VT (mL/Kg PBW) 6 4 - 2

RR/min 28

P (cmH2O) 13 9 - 4

VT (mL/Kg PBW) 6

RR/min 24

P (cmH2O) 15

50% < 15 cmH2O



E. Goligher et al AJRCCM, 2017

pARR 6.9%

P – 5 cmH2O

Goligher et al Intensive Care Med (2019) 45:1219–1230

The lung protective effects of CO2 removal depends on 

(changing) lung physiology



Response to tidal volume reduction and ECCO2R
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Approach to reduce rate

Chiumello D, et al. J Crit Care 2022, 71:154092.

140 76VCO2 -p

RR 20 11

MP = 16.9 MP = 7.3

DP 11 11
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ECCO2R in moderate ARDS: SUPERNOVA 
(n=95)

• HemoLung = 33
• iLA ACTIVVE = 34
• CardioHelp ® = 28

• Proportion achieved endpoint 55%
• ECBF = 0.44 L/min
• SGF 10 L/min

• Proportion achieved endpoint 90%
• ECBF = 0.97 L/min
• SGF 8 L/min

• End points:
• Vt < 4 mL/kg PBW
• Increase in PaCO2 < 20%
• pH > 7.3 

Goligher et al Intensive Care Med (2019) 45:1219–1230

Combes et al Intensive Care Med (2019) 45:592–600 

Lower- Extraction ECCO2R Higher- Extraction ECCO2R



Low flow ECCO2R inefficient in patients with high 

alveolar dead space fraction

Goligher et al Intensive Care Med (2019) 45:1219–1230
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ECBF-Gas flow requirements ECCO2R

1.8 m2

1.3 m2

Laumon T et al . Artif Organs 2022.

(Blood Flow x Sweep GF)



Calculated ECCO2R rate required to 

achieve a set PaCO2

PaCO2 46 mmHg

PaCO2 40 mmHg

RR 20/min

RR 26/min
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REST Trial

Leypoldt JK, et Artif Organs 2020, 44(5):488-496. 



• Mechanical power reduction is limited with 'low flow’ systems

• Mid-flow systems or tech advancements might be necessary

• Optimal ventilation for ECCO₂R patients is essential

• Selection of patients based on physiology and thresholds of 

ventilation

Conclusions
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