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Acute respiratory distress syndrome (ARDS)



Acute respiratory distress syndrome (ARDS)

Ferguson ICM 2012



ARDS Treatment



Characteristics ECMO vs ECCO2R

ECMO

• Large cannulas

• High extracorporeal flow (> 4000 mL/min)

• Large membrane oxygenator

• Full blood oxygenation

• Full blood decarboxylation

• High technicity, ECMO center
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Characteristics ECMO vs ECCO2R

Baxter: Primalung+

ECCO2R (respiratory dialysis)

• Double lumen catheter

• Low-flow, resiratory dialysis (300-1000 mL/min)

• Medium size oxygenator

• No blood oxygenation

• Partial blood decarboxylation

• Regular ICU



Characteristics ECMO vs ECCO2R

Baker, JICS 2012



Ultraprotective ventilation – Extra-corporeal decarboxylation



ARDS and right ventricular dysfunction

Diagnosis of right ventricular dysfunction 
in 20-25% of ARDS

Factors associated with protective 
ventilation

• Vt Vieillard-Baron. J Appl Physiol 1999

• PPlat Jardin. ICM. 2007

• PEEP Mekontso Dessap. ICM. 2007

Rôle of hypercapnia and acidosis

Target: Avoiding acute cor pulmonale
• Poor prognosis



ARDS and right ventricular dysfunction

ARDS

Protective ventilation
Hypoxemia

Decreased RV contractility

RV Dysfunction

Low Vt

Hypercapnic acidosis

PEEP

Increased pulmonary 
vascular resistance



Ultraprotective 
ventilation

PCO2

  VT < 6 ml/kg

PPlat

  driving 
pressure

ARDS and right ventricular dysfunction
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ARDS and right ventricular dysfunction



ECCO2R

ECCO2R-related adverse events n (%)

     Membrane lung clotting , n (%) 5 (28)

     Bleeding

           At cannula insertion, n (%) 0

           Significant, n (%)    1 (6)

     Infectious complication, n (%) 0

     Thrombocytopénia, n (%) 0

Clinical outcomes

     Death in ICU (n, %) 8 (44)

     28-day mortality, n (%) 8 (44)

     Lenght of stay in ICU (days) 15 (11-20)

     Lenght of stay in ICU after inclusion (days) 11 (7-17)

     Duration of mechanical ventilation in ICU survivors (days) 12 (8.3-15.8)

     Duration of mechanical ventilation after inclusion in ICU survivors (days) 7.5 (6-12)

     SOFA score with ECCO2R 8 (5-9)

     Duration of catecholamines (days) 3 (1.3-4)

     Duration of catecholamine after inclusion (days) 2 (0-3)

     Patient requiring RRT after inclusion, n (%) 3 (17)

     RRT at ICU discharge, n (%) 2 (11)

     Creatinine level at ICU discharge (μmol/l) 59 (38-101)

Parameter Baseline ECCO2R

VT 6 mL/kg

(n=18)

VT 6 mL/kg

(n=18)

VT 4 mL/kg

(n=18)

VT 4 mL/kg

(n=16)

VT 6 mL/kg

(n=17)

Day 0 Day 1

Blood flow (mL/min) NA 400 (400-
400)

400 (400-400) 400 (400-
400)

400 (400-
400)

Sweep gas flow (L/min) NA 10 (10-10) 10 (10-10) 10 (10-10) 10 (10-10)

Time of utilization (hours) 34.5 (24.5-49.5)

Heparin bolus at ECCO2R 
starting (IU/kg)

87 (68-97)

Heparin (IU/kg/day) 408 (348-494) 348 (275-400)

AntiXa activity (UI/ml) 0.16 (0.12-
0.19)

0.75 (0.48-1.30) 0.54 (0.45-0.81)



ARDS and right ventricular dysfunction

Lung protective 
approach

Right ventricular 
protective 
approach

ARDS

ECCO2R



Case vignette 1, Mr L.

A previously healthy patient, 54 years old, with obesity (BMI 36 Kg/m2) presents with critical COVID-19

• First line treatment with high flow nasal cannula: Q 50 L/min; FiO2 80% then 100%

• At day 1, hypoxemia increased with SpO2 < 90%. The patient was intubated and treated with 
mechanical ventilation, Vt 6 mL/Kg (PBW), sedation and neuromuscular blockers, prone position

• FiO2 of 1.0 and PEEP 14 cmH2O, RR 30/min
• Pplat = 29 cmH2O
• Driving pressure = 15 cmH2O
• PaO2/FiO2 = 125
• pH is 7.25, PaCO2 = 64 mmHg

• Echocardiography shows right ventricular dysfunction and SPAP 55 mmHg without ACP

• Decision to extracorporeal decarboxylation to get ultraprotective ventilation and controlled PaCO2



Case vignette 1, Mr L.

October 23 November 23





ARDS and driving pressure

Amato et al.



Case vignette 1, Mr L.

Set 1 (72 hours) Set 2 (72 hours) No set Set 3 (56 hours)
H-1 H1 H2 H-1 H2 Transport H-1 H2

Vt (mL/kg) 6 5 4 6 4 6 6 4
RR (/min) 30 30 24 24 24 28 28 22
Pplat 
(cmH20)

29 26 23 28 22 27 27 22

PEEP 
(cmH2O)

14 15 15 15 15 14 15 13

DP (cmH2O) 15 11 8 13 7 13 12 9

Blood gas
pH 7.24 7.34 7.3 7.32 7.29 7.32 7.34 7.36
PaCO2 
(mmHg)

66 47 52 56 48 54 55 48

PaO2 
(mmHg)

94 95 93 88 90 82 84 80

PaO2/FiO2 105 112 116 176 138 136 145 200



Case vignette 1, Mr L.

Outcomes

• ECCO2R  from day 2 to Day 11 = 9 days
• Double lumen dialysis catheter, 13 FR, 14 cm, right internal jugular vein
• 3 sets of Prismalung+ (Qp 400 mL/min; Smemb 0.8 m2)
• 1 filter clotting, probably due to prone position associated with ECCO2R
• No acute bleeding event
• Mean AntiXa activity = 0.54 UI/mL

• SPAP Improvement in echocardiography at day 3 (SPAP below 40 mmHg)

• Alive at Day 28

• One ventilator associated pneumonia with lung abscess (pseudomonas aeruginosa) and 
septic shock

• Favorable outcome despite decreased in lung compliance

• Tracheostomy for weaning from mechanical ventilation …



Case vignette 2, Mr K.

A patient, 62 years old, with hypertension presents with pneumococcal pneumonia-induced ARDS, 
septic shock and AKI KDIGO3

• The patient was intubated and treated with mechanical ventilation, Vt 6 mL/Kg (PBW), sedation and 
neuromuscular blockers, prone position

• FiO2 of 1.0 and PEEP 15 cmH2O, RR 30/min
• Pplat = 30 cmH2O
• Driving pressure = 15 cmH2O
• PaO2/FiO2 = 116
• pH is 7.22, PaCO2 = 59 mmHg
• Serum creatinine = 321 µmol/L and urine output < 0.3 mL/kg/h during 12 hours
• Serum potassium = 6.1 mmol/L

• Decision to start renal replacement therapy

• Decision to extracorporeal decarboxylation to get ultraprotective ventilation and controlled PaCO2

• Combined CVVH-ECCO2R



Case vignette 2, Mr K.
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Case vignette 2, Mr K.

Set 1 (72 hours) Set 2 (49 hours)

H-1 H2 H-1 H2

Vt (mL/kg) 6 4 5 4

RR (/min) 30 24 30 22

Pplat (cmH20) 30 24 27 23

PEEP (cmH2O) 14 15 15 15

DP (cmH2O) 16 9 12 8

Blood gas

pH 7.28 7.32 7.30 7.34

PaCO2 (mmHg) 60 66 55 51

PaO2 (mmHg) 89 95 81 86

PaO2/FiO2 111 105 135 172

Creatinine (µmol/L) 346 265 126 118

Outcomes

• ECCO2R  from day 2 to Day 7 = 5 days
• Double lumen dialysis catheter, 13 FR, 

14 cm, right internal jugular vein
• 2 sets of Prismalung+ (Qp 400 mL/min; 

Smemb 0.8 m2)
• 1 filter clotting
• No acute bleeding event
• Mean AntiXa activity = 0.48 UI/mL

• Renal function improved 8 days after ICU 
admission, with increased daily urine output 
and normalization of serum creatinine. No 
more session of dialysis

• Weaning from mechanical ventilation at day 22

• Alive at Day 28











Vascular access and ECCO2R

Double lumen catheter insertion

• 13 or 14 FR

• Right internal jugular vein preferentially

• Blood flow > 300 mL/min



Conclusion

An evolving paradigm for management of ARDS …

• ARDSnet strategy might not protect lung against tidal hyperinflation and ventilator-induced lung injury
• Pplat 28-30 cmH20 is probably not the graal …

• There is a need to decrease tidal volume to reduce VILI
• From 6 to 4 or less mL/kg PBW (« ultraprotective » ventilation concept)
• With Pplat < 25 cmH2O
• With DeltaP < 15 cmH20
• With high level of PEEP to prevent lung derecruitment
• With reduced RR …

• Ultraprotective ventilation might be obtain 
• With extracorporeal decarboxylation (vv-ECCO2R), moderate ARDS
• With extracorporeal oxygenation and decarboxylation (vv-ECMO), severe ARDS



RCT – ECCO2R

August 2021



Conclusion

Low-flow ECCO2R may help to obtain ultraprotective ventilation, but:

• Need expertise with the device and adequate vascular access
• Double lumen catheter ≥ 13 FR or more, right jugular internal vein

• Need high level of systemic anticoagulation

• Need to take care with pressure regimen in the extracorporeal circuit 
(transmembrane-, in- and out-flow pressure sensor)

• One of the main identified problem is the association of prone position and 
ECCO2R = risk of filter clotting

• Need to take into account the cost …

• Best timing remains unknow

• Need further large randomized trial to test impact on morbi/mortality in moderate-
to-severe ARDS



Conclusion and prospectives

ECCO2R in AE-COPD

• An other potential indication …

• Case-control ECLAIR study 
• 25 cases with AE-COPD and NIV
• Intubation avoided in 56% of patients with NIV
• Adverse events in 36% of patients
• No difference in IMV, MV-free days, LOS in 

ICU and mortality
• Braune et al. ICM 2017

• Impact on morbi/mortality needs to be tested

• Best timing is unknown

• Adverse events …

• Costs …

• Need for further large randomized trial



Thank you for your attention
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