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60 ans. Tabagisme 40 PA + éthylisme chronique +/- Cirrhose 
Pneumonie aiguë communautaire-> urgences

O2, ATB par claforan
H12: Dégradation respiratoire puis hémodynamique

IOT/VM, ATBthérapie par Tazocilline+ Rovamycine
Optimisation volémie, noradrénaline , HSHC+Fludro.
HFVVC
Dobutamine FeVG 30%, ITvssAo 12 cm

H24: Dobu 10 µg/kg/min+ Noradrénaline 32 mg/h (6,2 µg/kg/min)
Fc 116/min. PA 77/60/48
FiO2 80% PEP +10 cm H2O Pplat 28 , P/F 146
pH 7,03 HCO3 18 mmol/L Lactatémie 9,5 mmol/L
ASAT 9694 U/L ALAT 1737 U/L TP 15%



60 ans. Tabagisme 40 PA + éthylisme chronique +/- Cirrhose 
Pneumonie aiguë communautaire-> urgences

O2, ATB par claforan
H12: Dégradation respiratoire puis hémodynamique

IOT/VM, ATBthérapie par Tazocilline+ Rovamycine
Optimisation volémie, noradrénaline , HSHC
HFVVC
Dobutamine FeVG 30%, ITvssAo 12 cm

H24: Dobu 10 µg/kg/min+ Noradrénaline 32 mg/h (6,2 µg/kg/min)
Fc 116/min. PA 77/60/48
FiO2 80% PEP +10 cm H2O Pplat 28 , P/F 146
pH 7,03 HCO3 18 mmol/L Lactatémie 9,5 mmol/L
ASAT 9694 U/L ALAT 1737 U/L TP 15%

Quel traitement supplémentaire instaurez-vous?
- Aucun

- Vasopressine

- Angiotensine-II

- Bleu de méthylène

- ECMO veino-artérielle



Septic Shock…Refractory?

106 patients, retrospective

Auchet, AOIC 2017
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2,2 µg/kg/min? 
3,8 µg/kg/min?



Septic Shock…Refractory?

Dumas, Crit Care 2019

259 Patients, H6





Vasopressin

Russel, NEJM 2008

RDZ, multicenter, double-blind
>5 µg/min norepinephrine-> Vasopressin 0.01-0.03 U/min vs. norepinephrine

Norepi
<15 µg/min



Angiotensin II

Khanna, NEJM 2017

RDZ, multicenter, blinded
344 Patients

>0.2 µg/kg/min norepinephrine-> Angiotensin-II 20-200 ng/kg/min vs. Placebo

Response to Angiotensin II: 78% norepineprine< 0.5 µg/kg/min
50% norepinephrine > 0.5 µg/kg/min, p<0.0001



Wieruszewski, Critical Care 2023

Angiotensin II

Post-hoc analysis of ATHOS-3



Methylene Blue

Ibarra-Estrada, Crit Care 2023

91 pts. 100 mg/J sur 6h, 3 doses



Huang, BMJ Open 2024

Methylene Blue



Huang. JTCVS 2012

Survival 15%

Refractory septic shock: VA-ECMO



Ro. JTCVS 2018

71 patients



Chvojka. Shock 2020

VA-ECMO during severe vasoplegia

Peritonitis Septic shock

Vasopressor > 1 μg/kg/min
VA-ECMO

Control

T0 12h 24h

Survival Native Cardiac Output Norepinephrine



Parker MM, Ann Intern Med 1984

Reversible myocardial dysfunction during sepsis

20 pts



Refractory myocardial dysfunction during sepsis

“Half of the nonsurvivors developed a
decreasing cardiac index, with no change in
heart rate or ejection fraction, (..) and become
those nonsurvivors who die of a cardiogenic
shock-like state.”

Parker MM, J Crit Care 1989

54 pts, 21->death

Causes?

Incidence?

Impact?



Bréchot. Crit Care Med 2013

Longterm Survivors
10/14 (71%) 
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SF-36 à 13 months

ECMO supported patients
for refractory septic shock
Controls
Myocardial Infarction
Hemodialysis

Good physical 
and 

social functioning





Sepsis-induced
cardiogenic shock

130/990 (13%)

Sepsis-induced cardiogenic shock

CI ≤ 3L/min/m2 or LVEF≤ 35%
Inotrope score >75 µg/kg/min

Lactatemia>4 mmol/L



SURVIVAL at 90 days
33/130 (25.4%)

Parameters
(%; mean (SD)

Non-ECMO
(n=130)

Age 66 (16)
Charlson score 1.6 (1.2)
Immunodeficiency 26 %
Source of infection: lung 50 (38)
Delay shock-inclusion, d 0.7 (1.0)
Pre-inclusion cardiac index, 
L/min/m2 2.21 (0.59)

LVEF (%) 28 (6)
Inotrope score, µg/kg/min

=Dobu+100*(Epi+Norepi) 145 (128)

pH 7.23 (0.16)
Blood lactate 6 (4)
Fluids before inclusion 1654 (1952)
SOFA 13 (4)
SAPS II 68 (19)
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82 VA-ECMO for refractory septic shock
with

CI ≤ 3L/min/m2 or LVEF≤ 35%



Parameters
(%; mean (SD)

Non-ECMO
(n=130)

ECMO
(n=82)

Age 66 (16) 48 (15)

Charlson score 1.6 (1.2) 1.1 (1.3)

Immunodeficiency 26 % 16 %

Source of infection: lung 50 (38) 64 (78)

Delay shock-inclusion, d 0.7 (1.0) 1.1 (0.9)

Pre-inclusion cardiac index, 

L/min/m2
2.21 (0.59) 1.5 (0.5)

LVEF (%) 28 (6) 17 (7) 

Inotrope score, µg/kg/min

=Dobu+100*(Epi+Norepi)
145 (128) 279 (247)

pH 7.23 (0.16) 7.13 (0.15)

Blood lactate 6 (4) 9 (4)

Fluids before inclusion 1654 (1952) 4925 (2886)

SOFA 13 (4) 17 (3)

SAPS II 68 (19) 78 (16)
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SURVIVAL at 90 days
49/82 (60%)

p<0.001 vs. Non ECMO



Day 90 Relative risk of Mortality 
(ECMO vs. non ECMO)

0.47 (95% CI [0.34 – 0.67]; p<0.0001)



Mrs U.

• 52 years, no medical condition
• Septic shock due to E.Coli pyelonephritis
• Ureteral drainage
• Refractory septic shock with profound 

myocardial dysfunction and MOF 
– Epinephrine 5mg/h, MV
– LVEF 20%, CI 1.5 l/min/m2
– ABP 70/61/57 HR 130/min
– pH 7.15 Blood Lactate 8 mmol/L
– Anuric, CRRT
– PT 29%
– SAPS II 92

PVA ECMO at Day 1



D0

Mrs U.



D4

Mrs U.



D6

Mrs U.



CRESCENDO multicenter RDZ Trial
Veno-arterial extra-Corporeal membrane oxygenation to RESCuE sepsis-iNDuced cardiogenic shOck

N = 116*

Sepsis-induced CS:
Sepsis

+ CI<2.5 L/min/m2
+ LVEF<35%

+ Dobu>10 µg/kg/min
+ IS>75µg/kg/min

+ Lactatemia>4 mmol/L

12 Units

Primary endpoint:

All cause Mortality

D60

Secondary Endpoints: 

Mortality at 2, 7, 30, 60 days and 1 year

Evolution of hemodynamic parameters from D1 to D7

Catecholamine-free days at D30 

Daily SOFA score from D1 to D7 

Catecholamine, Mechanical ventilation  & RRT free 

days at D30 

Quality of life at 1 year

Adverse events

Std treatment alone

Std treatment + VA-ECMO

* î 70% to 50% 
ECMO group

RDZ
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o Définition? Dose ponctuelle de vasopresseurs peu informative

o Pas de traitement de sauvetage ayant fait la preuve de son efficacité au cours 

des vasoplégies réfractaires à la noradrénaline

o Intérêt potentiel d’une ‘décatécholaminisation’ (vasopressine, angiotensine II, 

bleu de méthylène?)

o L’ ECMO-VA semble reverser l’évolution du choc cardiogénique induit par le 

sepsis -> Intérêt majeur de la réévaluation du profil hémodynamique

Choc septique “réfractaire”
Conclusions

nicolas.brechot@aphp.fr


