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A considérer uniquement en cas de choc septique réfractaire




Definition choc septique réfractaire

Refractory septic shock is a life-threatening condition

that is best defined by a state in which escalation of

vasoactive therapy does not restore adequate tissue per-

fusion. At the bedside, this can be recognized by persis-

tent hypotension and hypoperfusion in the absence of

hypovolemia, while the patient is receiving more than
..0.25 pg/kg min of norepinephrine

1 mg/h
70 kgs

Bakker et al. ICM 2022;48:148-163



Noradrenaline
tartrate

Noradrénaline
base

0,25
pg/kg/min

0,5
pg/kg/min

Leone et al. ICM 2022;48:638-640
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NAD - Stress catecholaminergique

E2=A

lOR=11.9|

10 -

Mortality
| =86.4%

OR=2.62
Mortality
58.3%

Odds ratio

Predicted 28 Day Mortality (%)

>0.75

OR=1.05 2
MO"tah’ty= . Weight-based mean
36% i dose (pg/kg/min)

<10 o = o e <0.75
SOFA

>10

Diinser et al. Crit Care 2009;13(6):R181 Auchet et al.AIC 2017;7(1):43
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Beta-2
adrenergic receptor

AGTR1, AGTR2

Alpha 1
adrenergic
receptor

DA1 DA1
receptors
Vasoconstriction

Beta-2
adrenergic receptor
Vasodilation

Alpha 1

adrenergic

receptor

Russel et al. ICM 2019;45:1503-1517

Norepinephrine
OH

NH,
HO

OH
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"

B-adrenoceptor

L™

Unknown
receptor

0° 0

T TINF-a

Immunosuppressive

/‘y-
‘ , T Bacterial growth

TIL-10
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Sepsis-induced immunoparalysis =
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> Secondary infections /
impaired outcome

Stolk et al. AJRCCM 2016;194:550-8



Quand considerer d’autres vasopresseurs ?

Diagnostics
différentiels ?

- Choc refractaire

PEC fa—cteurs
favorisants

Hypovolémie

Fievre
Sédation

Gradient intraVG

Glycémie
Calcémie

Acidose




Endothelium

Alpha 1
adrenergic
receptor

AGTR1, AGTR2

Vasoconstriction

Vasopresseurs
non-adrénergiques

| Concept de décatécholaminisation

Russel et al. ICM 2019;45:1503-1517



Intensive Care Med (2021) 47:1181-1247
https:/doi.org/10.1007/500134-021-06506-y

Surviving sepsis campaign: international
guidelines for management of sepsis and septic

shock 2021

Use norepinephrine
as first-line
vasopressor

For patients with septic shock

on vasopressor

Target a MAP of
65mm Hg

Consider invasive
monitoring of arterial
blood pressure

Strong recommendations

Autres vasopresseurs?

- If central access is not yet

available

Consider initiating
vasopressors
peripherally*

If MAP is inadequate despite
low-to-moderate-dose

- norepinephrine

Consider adding
vasopressin

Weak recommendations

m)
Vasoactive Agent Management

If cardiac dysfunction with
persistent hypoperfusion is
present despite adequate
volume status and blood
pressure

Consider adding
dobutamine or
switching to
epinephrine

*When using vasopressors peripherally, they should be administered only for a short period of time and in a vein proximal to the

antecubital fossa.




T Cortisol

Tinsulin | qemmm 7

Hypothalamus

Posterior pituitary gland

Vascular smooth cell contraction:
vasoconstriction

Platelet agregation and
@ release of coagulation factors

I

T Blood Pressure

Déficit en vasopressine

T Diuresis

1

Vasoconstriction of renal efferent
arterioles

%ﬁm

AQP 2 recruitement:
water reabsorption

Demiselle et al. AIC 2020;10:9



Vasopressine - RCT

VASST = VANISH Sh=
= A
Essai multicentrique (27 ICUs) Essai multicentrique (18 ICUs)
Vasopressine (max 0,03 Ul) vs. 4" NAD Vasopressine (max 0,06 Ul) vs. NAD
NAD > 5 pyg/mn pdt > 6h Rajout du 2¢me vasopresseur si nécessaire
778 patients 0 | 409 patients
NAD = 0,3 pg/kg/mn a l’inclusion 85% of patlentsr;icdeovsllisgttigsj(%ﬂ% lsgr}cl)(rga/crirr]ir)\alme lors de la
CJP = Mortalite a J28 CJP = % patients sans IRA a J28




Epargne en vasopresseurs
Sevrage plus rapide en vasopresseurs

30 -

VASST study VANISH study
3
g :
£+ ] B Vasopressin
2 . . 0.6
@ Norepinephrine
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S ga B ¢ Norepinephrine
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Russell et al. NEJM 2008;358:877-887 Gordon et al. JAMA 2016;358:877-887



Vasopressine - RCT

;ﬁ !*i VASST %

Essai multicentrique (27 ICUs)

Vasopressine (max 0,03 Ul) vs. &* NAD
NAD > 5 pg/mn pdt > 6h

/78 patients
NAD = 0,3 pg/kg/mn a l’inclusion

CJP = Mortalite a J28

35,4 vs. 39,3%, p=0,26
Signal patients moins séveres

VANISH

Essai multicentrique (18 ICUs)

Vasopressine (max 0,06 Ul) vs. NAD
Rajout du 2¢™me vasopresseur si nécessaire

409 patients

85% of patients recevaient déja de la noradrénaline lors de la
randomisation (0,16 ug/kg/mn)

CJP = % patients sans IRA a J28

57 vs. 59,2% p=0,88
Moins de recours EER



Vasopressine - En pratique

. Oﬂfw 3% Nﬁoi?;”ﬂit
Vasopressine @ |
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PRESS Survey

European Society of
Intensive Care Medicine

Jozwiak et al. Crit Care 2025 (accepted)



Vasopressine - En pratique

SaC

U

PRESS Survey

(7]
(]
(7]
®)
©
©
(V]
)
(%]
=
o m—
©
<
(7]
(]
(7]
®]
©
S
o
Im
X
s
(7]
(]
(7]
®)
©
I
x
=
X X
o o
N <

sjudpuodsau jo uolyiodoad

y of

ean Society of
Intensive Care Medicine

P

Euro

30%

20%

10%

0%



Vasopressine - En pratique

Effets

secondaires
<

Variables

biologiques 279%

33%

RVS 31%

46%

Dose vasopresseur
1ere ligne

7~

T
N

N

88%

PAM

43% Marqueurs
hypoperfusion
329 périphérique
(0]

Diurese

43% des répondants

Apres diminution dose
vasopresseur 1¢ ligne sous

un seuil prédéfini

89% des répondants
Diminution progressive dose

Jozwiak et al. Crit Care 2025 (accepted)
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TInflammation
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RECEPTOR UNAVAILABILITY
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0I5 Placebo
R i, . = (SRS ——.

RCT, Angiotensine Il vs. Placebo
321 patients avec choc septique
NAD > 0,2 pyg/kg/min, >6h

__________________________________________ ATHOS-3 study

~ All-cause mortality at day 7 — no. (%) 47 (29) 551(35) Hazard ratio, 0.78 0.22
(0.53-1.16)
All-cause mortality at day 28 — no. 75 (46) 85 (54) Hazard ratio, 0.78 0.12
(%) (0.57-1.07)
o in Il Placebo
Event 30% (N=158)

Adverse event of any grade
Adverse event leading to discontinuationi:

Non-répondeurs

no. of patients (%)

142 (87.1)
23 (14.1)

145 (91.8)
34 (21.5)

Khanna et al. NEJM 2017;377:419-30




Event

ypotension
Peripheral ischemia
Shock

Deep-vein thrombosis
Distributive shock

Angiotensin Il
(N=163)

no. of patients (%)

Placebo
(N=158)

(91.8)
(21.5)

racrryCarura
Ventricular fibrillation
Supraventricular tachycardia

Bradycardia

5 (3.1) 3 (1.9)

3 (1.8) 3 (1.9)

3 (1.8) 0

1 (0.6) 4 (2.5)
Ty v
2 (1.2) 0
1 (0.6) 4 (2.5)
1 (0.6) 2 (1.3)

Khanna et al. NEJM 2017;377:419-30




E=
Renal effects Cardiovascular effects

Normalizes renal blood flow Restores equilibrium to disturbed RAAS pathway
restores glomerular hemodynamics Increases systemic vascular resistance
[ Increases glomerular filtration rate and [~ Increases blood pressure
diuresis
Immune effects
Increases secretion of cytokines Pulmonary effects
Induces migration of Antigen presentation cells
T Improves gas exchanges
Induces B & T-cells proliferation e
} == Improves oxygenation
Decreases T regulatory cells )
[~ Increases phagocytosis/bacterial clearance
N\
Angiotensin Il

Legrand et al. Crit Care



Survival Probability

1.0 4

0.9 A

0.7+

0. 6 1

0.5+

0. 4 4

0.3

0.2 4

0.1+

0.0 4

Patients at

risk, n

Placebo
Angiotensin Il

L T T T T T
0 1 2 3 4 5 ¢

RCT, Angiotensine Il vs. Placebo
105 patients avec choc septique + EER
NAD > 0,2 ug/kg/min, >6h

..... Placebo Analyse pOSt'hOC

Angiotensin Il
Treatment Proportion Discontinued (95% Cl) ~ Hazard Ratio (95% Cl) p AT H O S = 3 St u d y
Placebo 15.0% (8.1%, 26.8%) 2.902 (1.293, 6.515) .0068
Angiotensin Il 37.8% (25.4%, 53.5%)

Cumulative Incidence of Discontinuing Renal Replacement Therapy

Angiotensin Il 45

Time from Randomization (Days)

59 59
43 39

Tumlin et al. CCM 2018;46(6):949-957
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RCT, Angiotensine Il vs. Placebo
321 patients avec choc septique
NAD > 0,2 pyg/kg/min, >6h

Analyse post-hoc
| ATHOS-3 study

Rénine élevée 091
(déficit Angio Il) o.01

HR 0.56 CI (0.35-0.88) p = 0.01

Survival Frobability
) o
@ »

(N = 73) Placebo e S
(N = 55) Angiotensin Il  s—
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0.0~
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Time from Randomization (days)

16 17 18 19 20 21 22 23 24 28 26 27 28

Bellomo et al. AJRCCM 2020;202(9):1253-61
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Thérapeutique intéressante mais niveau de preuve insuffisant

Phénotype des patients encore a mieux identifier
Posologie optimale et tolérance encore a déterminer




Bleu de méthylene

L-Arginine

IL-1, IL-6, TNFa
* iNOS l cNOS

MB Ca-Calmodulin

<GMP /;hosphorylation

7~ A
Myosin  Kinase Myosin-P < Actin
"/

Desphosphorylation

Puntillo et al. Adv Ther 2020;37:3692-3706



Bleu de méethylene - En pratique

PROS

Bleu de méthylene

CONS

Effectively increases vascular tone and arterial pressure

Easy application with a continuous infusion

Maintains cardiac contractility
Low-cost
Widely available

Different mechanism of action than adrenergic agents (blocks sGC activity)

Enables other vasopressor (norepinephrine) doses to be reduced

Neutral effect or increased mortality in clinical trials
of non-selective NO inhibitors in septic shock

Other agents can also achieve this
Lack of evidence that this is truly a beneficial effect

No clear understanding of dosage and timing
of administration in relation to norepinephrine
administration

Lack of increase in cardiac output and oxygen delivery
Catecholamines are quite cheap too
No clear safety profile

Arias-Ortiz et al. Crit Care 2024; 28:46



,
, . l Diagnostics '
Choc réfractaire différentiels ?

Fonction VG ?

PEC facteurs

favorisants

Pas de .
Dvsfonction VG
dysfonction VG m
. P . ) |
Fievre Ajout Rjout
Sédation Vasopressine Dobutamine

Glycémie

>mi Adrénaline
Calcemie

Quel délai?

Acidose CCMOVA

i

_ame |
e



Dans quel delai ?

NE dose (pg/kg/min) +

tartrate Early vasopressor : Highlight profile of “Refractory” shock, rapid
requirement dose profile : vasopressors requirement | e i-iis s i E e e
: dose, poor outcome

" Need for early Angio-2 ?

“Controlled” shock, steady and
controlled rise of vasopressors,

( " : good outcome

o \ No need for Angio-2 ?

L 4 0 ) >
1 2 3 4 5 6 7 Time from vasopressors

onset (hours)

Gerci et al. Crit Care 2022;



Norepinephrine
pg/kg/min

|

0.45

0.40

0.35

0.30

0.25

0.20

0.15

Time

’.‘ )) ) (hours)

Dose threshold for second
line vasopressor

Garcia et al. Crit Care 2023;27(1):210



- Dansqueldélai?
3

Autres

vasopresseurs

Intérét probable d’une administration précoce
en termes de charge catécholaminergique




D [ Overall

Vasopressin added 0 0.2 0.4 0.6 0.8 1.0

Norepinephrine alone, yig/kg/min Clinician- Reinforcement
EI Clinician-observed administration of vasopressin Potential treatment recommended by reinforcement learning rule ﬂhSEI’\l’Ed actiﬂl"l leal"l"lil'lg rule P va lue
100 7 e 100 Patients with 3186 (31) 8884 (87) <.001
I 2 —— = vasopressin
e = started, No. (96)
2 - - -
80 80 MNorepinephrine 0.37 (0.17-0.69) 0.2(0.08-0.45) <.001
. ;; —; o dose, median
5 . E | — S (IQR), pg/kg/min
5 e  —— " . . .
Tl —————] — 5 Time since shock 5 (1-14) 4 (1-8) <.001
R R . g : onset, median
2 I ——— — 5 £ {lQR), h
£ 40- £
o - o
E - —_— a E
L | —— o
- 3 - Standard error method &
20— et = [ ]sandwich [ Standard &
— = ‘g
o ' E. 27
0 . : ; : , . : : ; ; =
o
0 20 40 60 80 100 120 40 - 60 - 80 100 120 ay
Time since septic shock onset, h Time since septic shock onset, h 8 ke
cE
E] Vasopressin initiation per clinician-observed actions @ Vasopressin initiation per reinforcement learning rule é "é 1 —_
8000+ -g g : »
2=
7000+ =] |
6000 ..§ 0.5 +
o
S 5000 s o i
= =
5 4% 5 03 : : : : : : :
& 3000 & Overall MIMIC-IV elCU-CRD UPMC Serum Norepinephrine MAP
p— lactate dose <65 mm Hg
_ >4 mmol/L >0.7 pg/kg/min 12 h
1000 ‘ w | after shock |
0 10 20 30 40 50 6 70 80 % 100 110 120 Never 0 10 20 30 40 S0 60 70 80 0 100 110 120 Never Vasopressin initiated per the Vasopressin initiated per the
Time block, h added Time block, h added reinforcement learning rule simple clinical rule

Kalimouttou et al. JAMA 2025;333(19):1688-1698



PRESS Survey

Dose of norepinephrine base n( p \- _).l.\. r'1

European Society of

Intensive Care Medicine
13% 48% 25% 8% .2%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
0.15-0.25 pg/kg/min ' 0.25-0.50 pg/kg/min ~ 0.50-1.00 pg/kg/min 1-2 pg/kg/min ®>2 pg/kg/min ~ Not a triggering factor

Duration of norepinephrine administration

15% 26% 6% 5% 48%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
<2h 2-6h 6-12h >12h Not a triggering factor



Vasopressine - En pratique

5% 31%

0% 10% 20%

>0.15 pg/kg/min for 2-6 hours
>2 pug/kg/min for 2-6 hours
>1 pg/kg/min for >6hours

PRESS Survey
]':\/. o
et N csSiTm

European Society of
Intensive Care Medicine

Combination of the dose of norepinephrine base and duration of administration

30% 40%

>0.25 pg/kg/min for 2-6 hours
m >0.15 pg/kg/min for >6 hours
>2 pg/kg/min for >6 hours

22%

50%

6% 3% IIK 3% 4% 2%1% 22%
60% 70% 80% 90% 100%
>0.5 pug/kg/min for 2-6 hours >1 pg/kg/min for 2-6 hours
>0.25 pg/kg/min for >6 hours >0.5 pg/kg/min for >6 hours

Not a triggering factor

Jozwiak et al. Crit Care 2025 (accepted)



Survival Probability

RCT, Angiotensine Il vs. Placebo
321 patients avec choc septique

NAD > 0,2 pg/kg/min, >6h

Analyse post-hoc
ATHOS-3 study

Angio Il quand NAD <0,25 pg/kg/mn vs. >0,25 pg/kg/mn

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Time from Randomization (days)

Wieruszewski et al. Crit Care 2023;27:175
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RECOMMANDER
LES BONNES PRATIQUES

RECOMMANDATION Prise en charge du
sepsis du nouveau-
né, de I'enfant et de
I'adulte :
recommandations
pour un parcours de
soins intégré

Validé par le Collége le 29 janvier 2025

Recommandation 22

Chez un patient avec sepsis, de l'intervention d'un professionnel de médecine d'urgence au terme de
la prise en charge aigué, nous recommandons d
recommandation forte, niv i

Recommandation 27

Chez un patient avec sepS|s de lintervention d’un professionnel de médecine d’'urgence au terme de

,04 Ul/min, en compar

oses de noradrénaline (recommandation forte, faible niveau de preuve).




Low systemic vascular resistances

Severe hypovolemia

Cardiac dysfunction

Arterial stenosis

Capillary leak

Organ & tissues oedema

suoleaipul siossaidosep

Cardiac output

+ Increase venous return

+ Inotropic effects (e.g. Bf agonists,
norepinephrine)

+ Increase coronary perfusion pressure
(diastolic pressure)

= Increase cardiac afterload (excessive
vasoconstriction)

= Increase pulmonary circulation
vascular resistance

= Coronary vasoconstriction

Microcirculatory and organs
perfusion

+ Increase perfusion pressure
+ Increase blood flow

+ Decrease capillary permeability
(i.e. norepinephrine)

= Increase critical closure pressure
(excessive vasoconstriction)

= Decrease regional blood flow
(excessive vasoconstriction,
hypovolemia)

Pulmonary circulation

Arteries

Capillaries

Legrand et al. ICM 2022;48:736-739



Comment faire face?

{ Choc réfractaire ]

{ PEC facteurs J

( Fonction VG ? 1 { Traitements J

favorisants adjuvants
Pas de 1 f f G )
D tion V
dysfonction VG L YSTONEHO )
y
é \ Y . Y é . Y
Fievre Ajout Ajout .
e ] : Corticoides
L Sedation ) Vasopressine | ~ Dobutamine
G[ , . Y é Y
yeemie 55C Adrénaline 55C
Calcemie . . 2021
< Dés que NAD > > < >4h aprés
( , ) 0,25pg/kg/min ( | B initiation NAD
Acidose ECMO-VA
\ y \ y




Vasopressin & Analogues
Bind V, receptor leading
to vasoconstriction

Catecholamines &
Derivatives
Bind o,-adrenergic

Catecholamines & receptors leading to

Derivatives vasoconstriction
Increase the heart Some [,-mediated
vasodilation

rate and myocardial

contractility E .
Angiotensin Il

Bind angiotensin
type | receptors leading

| Perfusion to vasoconstriction

Adrenal gland

1 Perfusion Angiotensin ||
\ Renin _/ \
. Increased aldosterone

synthesis and
vasopressin release

Wieruszewski et Khanna Crit Care 2022;26:76

Noradrénaline

Vasopressine

Angiotensine 2
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