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2017 47 - 50 Au moins 1 déces sur

millions 11 dans le monde
des cas millions est lié

par an’ de morts® au sepsis’

Le sepsis est la premiére pjys de 50% 40%
ause de décés a I'hdpital* des survivants du sepsis des cas sont
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M LE SEPSIS Le SEPSIS est une urgence

est souvent causé médicale : si vous ou quelqu‘un
des cas de sepsis par une infection présente les signes de sepsis, consultez
interviennent  tejle que la pneumonie  immédiatement un médecin en urgence
en dehors ou maladies ou appelez le numéro d'urgence ! Les
de I'hdpital® diarrhériques™ heures sont comptées I

N Engl J Med. 2017 Aug 3;377(5):414-417
www.worldsepsisday.org



Blood poisoning Sepsis-2 Sepsis-3

anuic (Sepsis)

400B.C. 1870 -1904

Hippocrates uses the term sepsis meaning
the process of decay or decomposition of
organic matter adding “when continuing
fever is present, it is dangerous if the
oUter parts are cold, but the inner parts
are bumning hot.”

Temperature > 38or < 36°C

» 12000, or < 4000/mm?
White blood cell count or 2 10% bands
Heart rate > 90 beats/min

Respiratory rate | » 20 breaths/min or
PaC0: ¢ 32 mm He

SIRS
(Systemic Inflammatory Response Syndrome)

Hime Immunity. 2021 Nov 9;54(11):2450-2464. doi: 10.1016/j.immuni.2021.10.012.



The Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3)

Mervyn Singer, MD, FRCP; Clifford S. Deutschman, MD, MS; Christopher Warren Seymour, MD, MSc; Manu Shankar-Hari, MSc, MD, FFICM;
Djillali Annane, MD, PhD; Michael Bauer, MD; Rinaldo Bellomo, MD; Gordon R. Bernard, MD; Jean-Daniel Chiche, MD, PhD;

Craig M. Coopersmith, MD; Richard S. Hotchkiss, MD; Mitchell M. Levy, MD; John C. Marshall, MD; Greg S. Martin, MD, MSc;

Steven M. Opal, MD; Gordon D. Rubenfeld, MD, MS; Tom van der Poll, MD, PhD; Jean-Louis Vincent, MD, PhD; Derek C. Angus, MD, MPH

* Sepsis is defined as life-threatening organ dysfunction caused by
a dysregulated host response to infection.

 Organ dysfunction can be identified as an acute change in total
SOFA score =2 points consequent to the infection. ; :

Pao,/Fi0,, mm Hg 2400 (53.3) <400 (53.3) <300 (40) <200 (26.7) with <100 (13.3) with
(kPa) respiratory support respiratory support
Coagulation
Platelets, x10%/pL 2150 <150 <100 <50 <20
Liver
Bilirubin, mg/dL <1.2 (20) 1.2-1.9 (20-32) 2.0-5.9 (33-101) 6.0-11.9 (102-204) >12.0 (204)
(pmol/L)
Cardiovascular MAP 270 mm Hg MAP <70 mm Hg Dopamine <5 or Dopamine 5.1-15 Dopamine >15 or
dobutamine (any dose)”  or epinephrine 0.1 epinephrine >0.1

or norepinephrine €0.1°  or norepinephrine >0.1°
Central nervous system

Glasgow Coma Scale 15 13-14 10-12 6-9 <6
score®
Renal
Creatinine, mg/dL <1.2 (110) 1.2-1.9 (110-170) 2.0-3.4 (171-299) 3.5-4.9 (300-440) >5.0 (440)
(pmol/L)
Urine output, mL/d <500 <200

JAMA. 2016;315(8):801-810. doi:10.1001/jama.2016.0287



Score
System 0 1 2 3 4
Respiration
Pao,/Fi0,, mm Hg 2400 (53.3) <400 (53.3) <300 (40) <200 (26.7) with <100 (13.3) with
(kPa) respiratory support respiratory support
Coaqulation
Platelets, x10°/pL 2150 <150 <100 <50 <20
Liver
Bilirubin, mg/dL <1.2 (20) 1.2-1.9 (20-32) 2.0-5.9 (33-101) 6.0-11.9 (102-204) >12.0 (204)
(pmol/L)
Cardiovascular MAP 270 mm Hg MAP <70 mm Hg Dopamine <5 or Dopamine 5.1-15 Dopamine >15 or
dobutamine (any dose)®  or epinephrine <0.1 epinephrine >0.1
or norepinephrine €0.1°  or norepinephrine >0.1"
Central nervous system
Glasgow Coma Scale 15 13-14 10-12 6-9 <6
score®
Renal
Creatinine, mg/dL <1.2(110) 1.2-1.9(110-170) 2.0-3.4(171-299) 3.5-4.9 (300-440) >5.0 (440)
(pmol/L)
Urine output, mL/d <500 <200

JAMA. 2016;315(8):801-810. doi:10.1001/jama.2016.0287



Quick SOFA score Criteria

Respiratory rate =22/min
Altered mentation

Systolic blood pressure =100 mm Hg

JAMA. 2016;315(8):801-810
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Host Tolerance Host Resistance
Mechanisms Mechanisms

Latency? 7z e
olérance o l@ ‘m Résistance
Host Homeostasis

A

Immune
Regulation

Excessive
Inflammation

Clearance

Immune Inflammation
Regulation

Front Immunol . 2019 Jan 29:10:66. doi: 10.3389/fimmu.2019.00066
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Beneficial effects

Deleterious effects

Physiopathologie

Pro-inflammatory immune response

Counter-regulatory immune response

Local activation of
defensins and cytokines

Activation of phagocytosis
and killing of cells

Local endothelial activation for
increased cell recruitment

Regulation and control of inflammation

Increase in tissue repair

Systemic cytokine release with
endothelial activation and hypotension

Systemic activation of complement
Disseminated intravascular coagulation

Organ dysfunction

Too strong inhibition of antimicrobial
mechanisms

Immunosuppression

Opportunistic infections

Nature Immunology, Giamarellos-Bourboulis et al, 2024
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Pro-inflammatory immune response Counter-regulatory immune response

Local activation of
defensins and cytokines Regulation and control of inflammation

Activation of phagocytosis
and killing of cells

Increase in tissue repair

Local endothelial activation for
increased cell recruitment

Beneficial effects

Systemic cytokine release with
endothelial activation and hypotension

Systemic activation of complement

Disseminated intravascular coagulation

Deleterious effects

Organ dysfunction

Nature Immunology, Giamarellos-Bourboulis et al, 2024
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Innate immune system Adaptive immune system

Early response Cellular immune response Humoral immune response

* Release of IL-1, IL-6, IL-8, * Activation of B cells, neutrophils, * Production of Immunoglobulins
IL-12, IL-18, TNF-a, IFN-y myeloid-derived supressor cells (i.e. 1gM, 1gG)

* Activation of complement,
coagulation, phagocytes
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£ Apoptosis of immune cells Recovery
(i.e. lymphocytes, monocytes and antigen-
presenting cells)
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Anti-inflammatory events

Immunoparalysis S
Nosocomial infections
Viral reactivation 2
Endotoxin tolerance| &

Front. Med. 8:628302. doi: 10.3389/fmed.2021.628302
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Inmunosenescence
and Inflammation

Age
Frailty related
changes
e Score de fragilité (index de
Charlson) |
* « Inflammaging » Infection
 Réduction des réserves Sarcopenia and Comorbidities

physiologiques et
métaboliques associée au
vieillissement

sepsis

Institutionalization
Malnutrition and medical
devices

Metabolic
disease

Ann Intensive Care. 2024 Jan 10;14(1):6
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Epidemiology of multimorbidity and implications for health
care, research, and medical education: a cross-sectional study

Karen Barnett, Stewart W Mercer, Michael Norbury, Graham Watt, Sally Wyke, Bruce Guthrie

100

1 odisorders

78 % des patients en 90 O 1disorder
sepsis présentent au o] 8 3 dsorer

moins une comorbidité o 4 orcers

, 707 [ 6 disorders

* 60 % en présentent 3 ou + 60 7 disorders

< Il =8 disorders
* Les patientsde 65a84ans £ so-
présentent 2,6 £ 2,2 .
comorbidités -
e Ceux agés de >85 ans en 20-
présentent 3,6 £ 2,3 10-

[ 1 1 1 1 1
XD D D o D D D P DA D P
Q / 4 / 7 / 4 /! / 7 / / 7 4 4 2
R I L A A S PR S G RS B S

Age group (years)
Lancet . 2012 Jul 7;380(9836):37-43
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REVIEW PLOS . Pathogens

Is “pre-sepsis” the new sepsis? A narrative
review

Rémy Gerard®"?**, Antoine Dewitte??, Fridolin Gross®* Thomas Pradeu*s,
Maél Lemoine?, Julien Goret?¢, Maria Mamani-Matsuda?

& Patient with low Patient with normal
reserve reserve

PP e (L L L e S e Sepsis onset

Host response

High intensity
infectious trigger

Pre-sepsis

Time after
infection onset

| ]| ]
Y '

® ©

La phase de pré-sepsis correspond a la réponse de I'hote immédiatement apres le contact avec un micro-organisme. L'intensité
et la durée de cette réponse varient en fonction de la sensibilité de I'hote et de I'agent pathogéne. Lorsque le point d'équilibre
est dépassé, le sepsis se déclare, caractérisée par une défaillance multiviscérale.
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Exacerbation
Risque d’identifier des patients of comorbidity
présentant un risque de déces :
e secondaire aux comorbidités
(potentiellement non connues)
* ou al'effet direct de l'infection sur
I'organe (plutot qu'a une réponse
dérégulée a l'infection) Di
irect
effects of Dysr::g:tlated
infection
response

BMJ 2023;382:e075585



Définition Physiopathologie

' Activation of complement system ‘

[ Activation of coagulation ‘ {;%gi‘t@g Platelet activation

Apoptosis of endothelial
and epithelial cells

s Q o Neuronal control

Barriers

dysfunction ® Proresolving
® mediators

e Anti-inflammatory

@ cytokines
e Cytokine inhibitors

and antagonists
e miRNA

* Genetic diversity
e Gender

* Age

e Underlying disease
e Microbiota

e Ethnic group EPIGENETIC
e Smoking | Alcohol MODIFICATION

\- Viral reactivation )

reprogramming

Modulation
of metabolism

HYPERGLYCEMIA

LIPOLYSIS
PROTEIN CATABOLISM

EMBO Molecular Medicine 12: e10128 | 2020
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Origin PRR

PAMPs

(Diacyl/triacyl) lipopetides Gram-positive/Gram-negative bacteria TLR1,TLR2,TLR6

LTA Gram-positive bacteria TLR2

Peptidoglycan Gram-positive/Gram-negative bacteria TLR2

dsRNA Double-stranded RNA virus TLR3, RIG-1

LPS Gram-negative bacteria TLR4

Flagellin Gram-positive/Gram-negative bacteria TLRS

ssRNA Singe-stranded RNA virus TLR7, TLR8

CpG DNA Bacteria TLR9

DAMPs

HMGB-1 Nucleus, autophagosome TLR2, TLR4, TLR9, RAGE
Histone Nucleus TLR2, TLR4, NLRP3
dsDNA Cytosol RIG-1, MDAS, STING
S100A8/A9 Cytosol TLR4, RAGE

Heat shock proteins Cytosol, mitochondria, nucleus TLR2, TLR4, CLR LOX-1
Heparan sulfate Extracellular matrix component TLR4

Tenascin-C Extracellular matrix component TLR4

Oxidized LPL Triglycerides TLR4
Abbreviations: CLR: C-type lectin receptors; DAMPs: damage-associated molecular patterns; HMGB1: high-mobility group protein B1; LOX-1: low-density lipoprotein
receptor-1; LTA: lipoteichoic acid; LPL: lipoprotein lipase; LPS: lipopolysaccharide; MDAS: melanoma differentiation-associated protein 5; PAMPs: pathogen-associated
molecular patterns; PRR: pattern-recognition receptor; RIG-I: retinoic acid-inducible gene I; STING: stimulator of interferon genes. Of note, only bacterial PAMPs are listed
and only the primary PRRs of the indicated PAMPs or DAMPs.
Table 1: Examples of key PAMPs and DAMPs in sepsis pathophysiology.
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Prevalence of Antibiotic-Resistant Pathogens in Culture-Proven Sepsis
and Outcomes Associated With Inadequate and Broad-Spectrum Empiric
Antibiotic Use

E coli

Chanu Rhee, MD, MPH; Sameer S. Kadri, MD, MSc; John P. Dekker, MD, PhD; Robert L. Danner, MD; Huai-Chun Chen, PhD; David Fram, BA; Fang Zhang, PhD;
Rui Wang, PhD; Michael Klompas, MD, MPH; for the CDC Prevention Epicenters Program S aureus
Streptococcus
Klebsiella
Enterococcus

, . N , . P aeruginosa
Bactéries a Gram négatif:

*Escherichia coli (pathogene le plus fréquent dans EnteroP;:tcil:
de nombreuses séries) Citrobacter
*Klebsiella SppP. Acinetobacter
*Pseudomonas aeruginosa Serratia

MRSA
Bactéries a Gram positif: CTH-RO
*Staphylococcus aureus (incluant SARM) VRE
*Streptococcus pneumoniae EE:’E

*Streptococcus spp.

. , . Any resistant organism, gram positive
*Staphylocoques a coagulase négative

Any resistant organism, gram negative

Any resistant organism

|

T T T T T T T T T 1

5 10 15 20 25 30 35 40 45 50
Prevalence in patients with community-onset culture-positive sepsis, %

JAMA Network Open. 2020,;3(4):e202899.
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The NEW ENGLAND JOURNAL of MEDICINE

Sepsis and Septic Shock

Nuala J. Meyer, M.D., and Hallie C. Prescott, M.D.

10,000 I .
. , Bacterial infection
Les champignons représentent une o :
_ _ = — Viral infection
proportion croissante des cas de o 8,000+ Funeal infect
. . ;. = — n n n
sepsis (4,6% dans certaines séries), g - ungal fnectio
avec Candida spp. comme troisieme = S 6,000
type de pathogene le plus fréquent % 8°'
, s b
dans les hémocultures aux Etats- §§ 4,000
Unis £ 3
g 2,000
Les virus peuvent également étre -
. . —_—
mis en cause dans un sepsis 0 \I — | | |
0 1-17 18—-44 44—-64 65-84 >85

Age (yr)

N Engl J Med 2024,;391:2133-46.
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Pathogen characteristics are key determinants of distinct host
response phenotypes of sepsis

Rishi Chanderraj, Brian Bartek, Kathleen A. Stringer, Mohamad H. Tiba, Michael W. Sjoding, Ying He, Mark Nuppnau, Kale S. Bongers, Mark D. Adame, Sunny S. Lou, V. Eric
Kerschberger, Matthew M. Churpek, Carolyn S. Calfee, Sandhya Tripathi, Debra M. Foster, John A. Kellum, Robert P. Dickson, Pratik Sinha

S‘ 1.00
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a . L=

= 0.00 Y X Sodi

s Klebsiella _  Other E. coli
spp. Enterobacterales

Gram positive Gram negative

Among 2,108 bacteremic patients with sepsis, the hyperinflammatory subphenotype was strongly
predicted by the identity of the pathogen, specifically gram-negative members of the

Enterobacterales order (E. coli, Klebsiella spp.).

J Clin Invest. 2026;136(6):e197346
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Pathogen characteristics are key determinants of distinct host
response phenotypes of sepsis

Rishi Chanderraj, Brian Bartek, Kathleen A. Stringer, Mohamad H. Tiba, Michael W. Sjoding, Ying He, Mark Nuppnau, Kale S. Bongers, Mark D. Adame, Sunny S. Lou, V. Eric
Kerschberger, Matthew M. Churpek, Carolyn S. Calfee, Sandhya Tripathi, Debra M. Foster, John A. Kellum, Robert P. Dickson, Pratik Sinha

Pathogen: E. coli Pathogen: S. aureus

1.004 P=2.5e-10 = . 8. P <22e-16
(Kruskal-Wallis) ¢ v (Kruskal-Wallis) ®
. -.' A K °
Z‘ . ®le ® o ¥ [
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g 0.754 d ® . * e .' d °
g [0) " ’ °e®
= o o ° ¢
E _a'- = — 0 50 ole
o o 50
8¢ 050 W % . é
E.C i1 40 ® o BOM .
Y o [ Y o e OvY
oL L e%e ®
e} 0o ® e _®
=0 LI e ‘ .
3 0.25. o ® %|% .. < & 0.25+ '
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o %o oo byl ® o o
000- ee®s00 'Y 5 000.
Other Urinary Lungs Abdomen Prosthetic Other Skin/soft tissue  Lungs
Anatomic source —— —— Anatomic source

Among patients with the same species of pathogen (E. coli [n = 161], S. aureus [n = 240]), the
hyperinflammatory subphenotype was strongly predicted by anatomic site of initial infection

J Clin Invest. 2026;136(6):e197346
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Pathogen characteristics are key determinants of distinct host
response phenotypes of sepsis

Rishi Chanderraj, Brian Bartek, Kathleen A. Stringer, Mohamad H. Tiba, Michael W. Sjoding, Ying He, Mark Nuppnau, Kale S. Bongers, Mark D. Adame, Sunny S. Lou, V. Eric
Kerschberger, Matthew M. Churpek, Carolyn S. Calfee, Sandhya Tripathi, Debra M. Foster, John A. Kellum, Robert P. Dickson, Pratik Sinha

Hyperinflammatory:
median 12.9 hours

0.06
Hypoinflammatory:
3 median 23.9 hours
172] v
8 0.04- ;
“— '
5 !
{ o=
=
£
S
s
& 0.02
0.00 . =
T I I I I I
0 10 20 30 40 50

Time to blood culture positivity (hours)

Time to culture positivity, which is inversely correlated with blood bacterial burden, was
shorter among patients in the hyperinflammatory subphenotype (n = 2,108).

J Clin Invest. 2026;136(6):e197346
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Likelihood of infection in patients with ® e
presumed sepsis at the time of intensive
care unit admission: a cohort study

Peter M. C. Klein Klouwenberg'?*", Olaf L. Cremer', Lonneke A. van Vught*, David S. Y. Ong'??, Jos F. Frencken'?,
Marcus J. Schultz’, Marc J. Bonten”* and Tom van der Poll*

100+
. Bl none
90 possible
. . 807 W probabl
Un tiers ou plus des patients o e
diagnostiqués comme sepsis % £0- I
ont en réalité une ou des § 501
défaillances d’organe g 401
d’origine non infectieuse 307
204
0l mm
o -

Overall  Sepsis  Severe Septic
sepsis shock

Klein Klouwenberg et al. Critical Care (2015) 19:319
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receptor

O eC
TN
Interferon

Physiopathologie

Pathogen-associated molecular patterns (PAMP)
Damage-associated molecular patterns (DAMP)

Differential Outcomes and
Heterogeneity in Treatment Effect

Immune
stimulation

Immune
supression

Cytokine
production

October 25, 2022 NEJM Evid 2022; 1 (11) DOI: https://doi.org/10.1056/EVIDra2200118
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Cytokine Storm

David C. Fajgenbaum, M.D., and Carl H. June, M.D.

Mediator

Cytokines and growth
factors
Interleukin-1

Interleukin-2

Interleukin-6
Interleukin-9
Interleukin-10
Interleukin-12
Interleukin-17
Interleukin-18
Interleukin-33
Interferon-y

Tumor necrosis factor]
GM-CSF
VEGF

Main Cell Source

Macrophages, epithelial cells; pyroptotic cells

T cells

Macrophages, T cells, endothelial cells
Tho cells
Regulatory T cells, Th9 cells

Dendritic cells, macrophages

Th17 cells, NK cells, group 3 innate lymphoid

cells

Monocytes, macrophages, dendritic cells

Macrophages, dendritic cells, mast cells,
epithelial cells

Th1 cells, CTLs, group 1 innate lymphoid
cells, and NK cells

Macrophages, T cells, NK cells, mast cells

Th17 cells
Macrophages

Type and Function

Proinflammatory alarmin cytokine; pyrogenic function, macrophage
and Th17 cell activation

Effector T-cell and regulatory T-cell growth factor

Proinflammatory cytokine; pyrogenic function, increased antibody
production, induction of acute-phase reactants

Protection from helminth infections, activation of mast cells,
association with type | interferon in Covid-19%

Antiinflammatory cytokine; inhibition of Th1 cells and cytokine
release

Activation of the Th1 pathway; induction of interferon-y from Th1l
cells, CTLs, and NK cells; acting in synergy with interleukin-18

Promoting neutrophilic inflammation, protection from bacterial and
fungal infections

Proinflammatory alarmin cytokine; activation of Thl pathway, acting
in synergy with interleukin-12

Proinflammatory alarmin cytokine; amplification of Th1 and Th2
cells, activation of NK cells, CTLs, and mast cells

Proinflammatory cytokine; activation of macrophages

Increasing vascular permeability; pyrogenic function
Proinflammatory cytokine

Angiogenesis

Chemokines
Interleukin-8 (CXCL8
MIG (CXCL)

IP-10 (CXCL10)
MCP-1 (CCL2)
MIP-la (CCL3)
MIP-1 (CCL4)

BLC (CXCL13)

Plasma proteins
CRP

Complement

Ferritin

The NEW ENGLAND JOURNAL of MEDICINE

Macrophages, epithelial cells

Monocytes, endothelial cells, keratinocytes
Monocytes, endothelial cells, keratinocytes
Macrophages, dendritic cells, cardiac

myocytes

Monocytes, neutrophils, dendritic cells, NK
cells, mast cells

Macrophages, neutrophils, endothelium

B cells, follicular dendritic cells

Hepatocytes

Hepatocytes, other cells

Ubiquitous

Recruitment of neutrophils

Interferon-inducible chemokine; recruitment of Thl cells, NK cells,
plasmacytoid dendritic cells

Interferon-inducible chemokine; recruitment of macrophages, Thl
cells, NK cells

Recruitment of Th2 cells, monocytes, dendritic cells, basophils

Recruitment of macrophages, Thl cells, NK cells, eosinophils,
dendritic cells; pyrogenic function

Recruitment of macrophages, Thl cells, NK cells,
dendritic cells

Recruitment of B cells, CD4 T cells, dendritic cellsy

Monomeric CRP increases interleukin-8 and MCP-1 secretion;
interleukin-6 increases CRP expression

Complement activation contributes to tissue damage in cytokine
storm; complement inhibition can reduce immunopathologic
effects of cytokine storm

Primary site of iron storage in cells

Meédiateurs solubles dans l'orage cytokinique

N Engl J Med 2020;383:2255-73
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Architecture des réseaux de communication des cellules immunitaires humaines dévoilée

(protéomique quantitative)
Nat Immunol. 2017 May;18(5):583-593
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Immunosuppression induite par le sepsis

Therapies that negatively
influence immune function
Sepsis Anti-inflammatory
phenotype Norepinephrine
AL Reprogramming of /
Rl Proinflammatory Lntirne el Sepsis-induced
and ——— response »1 Transcriptomic changes > Cellular anergy iMMUNOSUDDIEsSIon
DAMPs P Epigenetic modification PP
Metabolic dysfunction
N Imn;:;;\cell Hydrocortisone
Features: Features:
- Metabolic switch from oxidative phosphorylation to aerobic glycolysis - Decreased expression of genes encoding proinflammatory cytokines
(Warburg effect) « Increased expression of genes encoding anti-inflammatory cytokines
- Expression and production of proinflammatory cytokines - Increased expression of inhibitory checkpoint molecules (e.g., PD-1,
+ ROS production PD-L1, CTLA-4)
- Autonomic nervous system activation - Histone 3 lysine 9 dimethylation (H3K9me?2)
« Shift from Th1 to Th2 cells
« Expansion of regulatory T (Treg) lymphocytes
- Defects in all major metabolic pathways: glycolysis, oxidative
phosphorylation, and p-oxidation

Annu. Rev. Physiol. 2022. 84:157-81
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e Etat hyperinflammatoire
Defining trained immunity and its role chronique

in health and disease . .
— , o . e Ou état de tolérance
Mihai G. Netea® >3, Jorge Dominguez-Andrés'-?, Luis B. Barreiro***,

i ic7,8 i i i9,10,11 i 12 1,2 M M
Triantafyllos Chavakis”-8, Maziar Divangahi , Elaine Fuchs'?, Leo A. B. Joosten'-2, I m m u n e c h ro n Iq u e

Jos W. M. van der Meer'-?, Musa M. Mhlanga'3'4, Willem J. M. Mulder'> 1617,
Niels P. Riksen'?, Andreas Schlitzer'®, Joachim L. Schultze’, Christine Stabell Benn'®,
Joseph C. Sun®°2"22, Ramnik J. Xavier?>?% and Eicke Latz?>2627™

Reprogrammation épigénétique et métabolique des cellules immunitaires innées
Trained O\

immunit
y i

Epigenetic Metabolic
modifications || reprogramming

\ A -
Homeostasis

T Altered Long-term
Tolerance responsiveness effects

Strength of innate immune response

T Time f

Primary Secondary
stimulation stimulation Nat Rev Immunol. 2020 Jun;20(6):375-388
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PICS (Persistent Inflammation,

Long-term Host Immune Response Trajectories Among Hospitalized Immunosuppression, and Catabolism
Patients With Sepsis

Sachin Yende, MD, MS; John A. Kellum, MD; Victor B. Talisa, MS; Octavia M. Peck Palmer, PhD; Chung-Chou H. Chang, PhD; Michael R. Filbin, MD, MS;
Nathan I. Shapiro, MD, MPH; Peter C. Hou, MD; Arvind Venkat, MD; Frank LoVecchio, MD; Katrina Hawkins, MD:; Elliott D. Crouser, MD;
Anne B. Newman, MD, MPH; Derek C. Angus, MD, MPH

Syndrome)

[A] hs-CRP [B] IL-6 [c] sPD-L1
20 0.20+
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16 0.16
= 14 | \
) - £ \
S 12+ £ S 0124
E o o
o 10- a . \\
O 84 w el 011010 WA
& = &
i 6 il w)
44 A= 0.04-
2- R
gL o = . ' . 0k . l . . . . oL, | | | | | |
0 30 60 90 120 150 180 0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time Since Sepsis Hospitalization, d Time Since Sepsis Hospitalization, d Time Since Sepsis Hospitalization, d

+ Inflammation persistante: Elévation continue des marqueurs inflammatoires (CRP, IL-6, IL-8)

* Immunosuppression: Lymphopénie, dysfonction des LT, expansion des cellules suppressives myéloides (MDSC),
infections récurrentes

» Catabolisme: Perte musculaire progressive (sarcopénie), cachexie, résistance anabolique malgré le support nutritionnel

JAMA Network Open. 2019;2(8):e198686
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Sepsis-induced immune dysfunction: can immune
therapies reduce mortality?

Matthew |. Delano' and Peter A. Ward?

Long-term deaths

Advanced age
Comorbidity burden
Immune dysfunction

Persistent inflammation

A
Chronic catabolism
Discharge
disposition
> Early deaths Late deaths
g Inadequate Persistent organ injury
§ resuscitation Nosocomial/secondary
Cardiac and infection immune
pulmonary failure dysfunction
0 30 60 90 1 2 3

Days Years

J Clin Invest. 2016;126(1):23-31
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Dysfonction
de
I'endothélium
vasculaire

Physiopathologie

Arterial hypotension

Chronic
hypotension?
Syncope
(if transient)

Signs of tissue hypoperfusion

Present

)

Estimate cardiac
output or Svo,

6
Distributive
(nonseptic)

E Types of shock

629
Distributive (septic)

2%
Obstructive

16%
Cardiogenic Hypovolemic

6%

X v

Normal Low
or high

CvP

High )

(

(o JC
J

L

J L

v

¥

Normal cardiac
chambers and (usually)
preserve actili

lity

Distributive shock

Distributive shock

Echocardiography

Small cardiac
chambers and normal
or high contractility

HypovoIeTnic shock

Large ventricles and
poor contractility

Cardiogenic shock

In tamponade: pericardial
effusion, small right and
left ventricles, dilated
inferior vena cava; in
pulmonary embolism or
pneumothorax: dilated right

Obstructive shock

Vasodilatation

e——— plasma or

Ventricular
failure

Obstruction

Pericardial
tamponade

N Engl ] Med 2013;369:1726-34.
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Personalized Hemodynamic Resuscitation Targeting Capillary Refill Time
in Early Septic Shock

The ANDROMEDA-SHOCK-2 Randomized Clinical Trial

JAMA

QUESTION Does a personalized hemodynamic resuscitation strategy targeting capillary refill time improve outcomes in patients
with early septic shock vs usual care?

CONCLUSION In patients with early septic shock, a personalized hemodynamic resuscitation protocol targeting capillary refill time (CRT-PHR)

was superior to usual care.

POPULATION INTERVENTION FINDINGS
I g:l 1501 Patients randomized Total No. of wins
— 1467 Patients analyzed
(e) ()
Adults 18 years or older CRT-PHR Usual care
with septic shock Underwent PHR targeted Treated according to local 1 3 1 1 3 1 1 1 2 787
at normalizing CRT over protocols or international (48.9%) (42.1%)
Mean age: 66 years a 6-hour period guidelines over a 6-hour period

LOCATIONS PRIMARY OUTCOME CRT-PHR was superior to usual care:
86 Hierarchical composite outcome: all-cause mortality, Win ratio, 1. 16
Sites in

duration of vital support, and length of hospital stay

¢ : (95%Cl, 1.02 to 1.33; P = .04)
at 28 days as an overall win ratio

19 countries

© AMA

The ANDROMEDA-SHOCK-2 Investigators. Personalized hemodynamic resuscitation targeting capillary refill time in early septic shock. JAMA.
Published online October 29, 2025. doi:10.1001/jama.2025.20402

REFILL TIME
1 v v Release the pressure
4
Count the seconds till the
- skin recovers the color

JAMA.2025;334(22):1988-1999.
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Tissue hypoperfusion Loss of barrierfunction

Decreased anticoagulation

Endothelial cell

Monocyte

Vasodilatation

Microcirculation

DySfonCtlon - 1 Blood pressure
: _ p
; . 8 P : %’ o
de ,. g”tq i ° 1 o il UFibrinolysis 1 Red-cell i
I’ doth A { o ®q e deformability Cell shrinkage
enaotnelium Neutrophil - 1 VE cadherin and and cell death
vasculaire B Trombis po

Ap Loss of
barrier function

Release of
mitochondrial
contents

Mitochondrial

Tefueon l Tissue oxygenation

l.

Organ failure

N Engl J Med 2013; 369:840-851
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Atteinte microthrombotique

Coagulopathy Platelet Hyperreactivity Endotheliopathy Immunothrombosis

TF 11: Vlla P-selectin Thrombosis .
' / R — § Bsgea
X —— Xa Y Platelet-Leukocyte ;?; e c S e {Y\ -
/ ([ of —_

Aggregation
l Y ggreg 1 VWE > .y s Pathway
Prothrombin —— Thrombin 11 s @ A Platelet Monocyte
Vs ® / ‘,@4’ & Aggregation
Fibrinogen 11— Fibrin ¢ Microthrombosis r~
PAI1 11 —— Plasmin — Cytokine Storm s i = c BB _y Thrombosis
. . = “w i f\@ > \
_ e © Endotheliopathy
D-Dimer 1
Platelet Neutrophil
Aggregation

Curr Opin Hematol 2021, 28:445 — 453
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Monocyte

Disseminated
intravascular
coagulation

Immunothrombosis |

Vessel wall leak “.‘

Immunothrombose
et coagulation i
induite par le sepsis

Deep vein
thrombosis

A

S .
~~
~-
------

Intravascular clot

Arterial thrombosis

Nat Rev Immunol. 2013 Jan;13(1):34-45
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Sepsis

PAMPs and DAMPs
+

Background susceptibility

|
( I T [ T ] T W

Immunomodulation Inflammation Complement RAAS Mitochondrial Metabolic Microcirculatory  Macrocirculation
activation dysfunction dysfunction reprogramming  dysfunction alteration

________________________________________________________________________________________________________ L —

A 4

| Sepsis-associated AKI . ’ I
' enbebeR L i AR i~ s i i s Sepsis therapies |
' | Sepsis-induced AKI - . : Nephrotoxic drugs !
] Endotype 1 Endotype 2 Endotype 3 Endotype 4 _ : Fluid therapy !
o Tissue tolerance | l
i E Subphenotype 1 J i L Subphenotype 3 I
o (e.g. KDIGO 1/BM* or BM") Subphenotype 2 (e.g. KDIGO 2-3/BM¥) :
. (e.g. KDIGO 2-3/BM") : :
_______________________________________________________ | e R EE R

Nat Rev Nephrol . 2023 Feb 23
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>

Critical Care Medicine

April 2026 » Volume 54 « Number 4 » Pages 725-812

Surviving Sepsis Campaign: International
Guidelines for Management of Sepsis and
Septic Shock 2026

2021

* Protocol-driven bundles
 Standardized
L3 care pathways

aqaa
1]

* qSOFA (limited use)
« Less emphasis
on systems

« Early broad-spectrum
=] > antibiotics
€=

« Fixed 30 mL/kg fluids
* Less dynamic
monitoring

~
==

« Standard oxygen
+ ventilation

AR

« Mixed / uncertain
recommendations

* Focus on
acute phase

2026:
ﬁ THE NEW GUIDELINES

Overall
Approach "
Screening &
Diagnosis
Antibiotics @
Strategy
Fluid & %.
Hemodynamics
Respiratory @
Support

« System-wide QI programs
* Adaptive,
patient-centered care

* NEWS/NEWS2 / MEWS
preferred
» Prehospital screening

introduced

» Sepsis = clinical diagnosis

(not single test)

« Individualized fluids
* Dynamic assessment
(not static)

« Earlier
(norepinephrine)

* HFNC preferred early
Lung-protective
ventilation emphasized
» Conservative

oxygen targets

¥ Immunoglobulins -bSi mmtoward

€ 2026 (Clear Shift)
3 Vitamin C x Routme antifungals

@ - i ﬁ

ICU

Adjunctive

Therapies 3 Blood purification
87
Patient E”'V
Journey

Crit Care Med. 2026 Apr 1;54(4):725-812
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@ Vasopressors @ Enteral @ Insulin
Traitements de support 1-6 hours after feeding therapy © Deep
onset | sedation
Y,
.
@fuds
Several liters initially _
. | | :
‘ @ Lung
protective
ventilation

€ Goal oriented

therapy i <

/

€ EGDT

Early goal directed
therapy

@ Urinary catheter

BMJ 2016; 353 doi: https://doi.orq/10.1136/bmj.i1585




ORIGINAL ARTICLE

Initiation Strategies for Renal-Replacement
Therapy in the Intensive Care Unit

e (Criteres d’inclusion:

* AKI compatible with a diagnosis of acute tubular necrosis in the context of ischemic
or toxic injury

« KDIGO stage 3 acute kidney injury
 |nvasive mechanical ventilation or catecholamine infusion

* Criteres d’exclusion:
e Urée >40 mmol/L
e Potassium > 6 mmol/L
e pH<7,15 (acidose métabolique pure ou mixte avec Paco2 > 50 mmHg

* Acute pulmonary edema due to fluid overload responsible for severe hypoxemia
requiring an oxygen flow rate > 5 L/mn or Fi0O2>50%

N Engl J Med. 2016 Jul 14;375(2):122-33
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Initiation Strategies for Renal-Replacement
Therapy in the Intensive Care Unit

Criteres d’initiation de I’EER:

e Une insuffisance rénale KDIGO 3 avec oligurie ou anurie persistante pendant plus
de 72 heures ;

e Urée > 40 mmol/L;

* Potassium > 5,5 mmol/L malgré un traitement médical ;

* pH <7,15 (acidose métabolique pure (PaC02<30mmHg) ou acidose mixte (Paco2
> 50 mmHg sans possibilité d'améliorer la ventilation alvéolaire) ;

* (Edeme pulmonaire aigu secondaire a une surcharge hydrosodée responsable
d'une hypoxémie sévére (débit d'oxygéne > 51/min ou Fi0O2>50% en ventilation
mécanique pour maintenir une Sa02>95%) malgré un traitement diurétique.

N Engl J Med. 2016 Jul 14;375(2):122-33
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Initiation Strategies for Renal-Replacement
Therapy in the Intensive Care Unit

1.0+
0.94
0.8+
0.74

0.6 Early strategy

05- T o 4H vs 57h

0.4+
0.3
0.2
0.14

0.0 | T T T T | T T 1
0 7 14 21 28 35 42 49 56 60

P=0.79

Proportion Surviving

Days

No. at Risk
Early strategy 311 241 207 194 179 172 167 161 158 157
Delayed strategy 308 239 204 191 178 165 161 156 156155

N Engl J Med. 2016 Jul 14;375(2):122-33
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Initiation Strategies for Renal-Replacement
Therapy in the Intensive Care Unit

B
1.0
, 0.9
=
S > 0.8
s 07
gEg
SF 06
) -
:L_’ E 0.5 Delayed strategy
c o 04 A
L &
'§-% 0.3
o & 0.21
o1
' Early strategy
00 | | I I | | | | | | | | |
0 1 2 3 4 5 6 7 8 12 16 20 24 28
Days
No. at Risk

Early strategy 311 7 4 4 4 4 3 3 311000
Delayed strategy 308 268 229 192 153 135 118 105 92 61 39 28 21 13

N Engl J Med. 2016 Jul 14;375(2):122-33
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Duration of hypotension before initiation of effective antimicrobial
therapy is the critical determinant of survival in human septic shock*

Anand Kumar, MD; Daniel Roberts, MD; Kenneth E. Wood, DO; Bruce Light, MD; Joseph E. Parrillo, MD;
Satendra Sharma, MD; Robert Suppes, BSc; Daniel Feinstein, MD; Sergio Zanotti, MD; Leo Taiberg, MD;
David Gurka, MD; Aseem Kumar, PhD; Mary Cheang, MSc

1:0 - mmmm survival fraction w
I === cumulative effective -
Chaque heure de 5 0.8 - antimicrobial initiation =
[ Y 4 ﬁ ]
retard est associée E‘ 0.6 -
= 0.
a10% de mortalité o
S 04 -
en plus =
.0
‘8 0.2 _IL
Y
. Bl
7 \-"7

KY
LCER IR CHR R R AR ‘?‘90@‘9\9

time from hypotension onset (hrs)

<

Crit Care Med 2006 Vol. 34, No. 6
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Door-to-antibiotic time and mortality in patients with sepsis: Systematic
review and meta-analysis™

42 études
N= 190 896 patients

Ling Yan Leung ™', Hsi-Lan Huang ™', Kevin KC Hung*', Chi Yan Leung ", Cherry CY Lam?,
Ronson SL Lo?, Chun Yu Yeung“, Peter Joseph Tsoi *“, Michael Lai ®“, Mikkel Brabrand ®,
Joseph H Walline?, Colin A Graham *"

& <1 hrvs.>1hr B <3 hrs vs. >3 hrs

exp(esize1) Weight exp(esize1) Weight

Study with 95% ClI (%) Study with 95% ClI (%)
T

Abe (2019) M- 143[107,191] 381 Abe (2019) R 1.07[0.78, 1.47] 4.82
Andersson (2019) —#@—— 071[0.23, 221] 1.96 Apibunyopas (2014) _—— 0.18[0.03, 0.99] 0.78
Bahar (2021) —- 0.07[0.05, 0.11] 3.64 Drumheller (2016) —I~1 0.70[0.44, 1.12] 3.97
Bloos (2014) 0.85[0.65, 1.11] 3.85 Ferrer (2014) | 0.79[0.74, 0.84] 5.86
Bulle (2021) - 180[1.36, 237] 384 Ferrer (2009) = ‘ 0.34[0.27, 0.41] 5.39
Cardoso (2010) * 0.85[0.59, 1.22] 3.68 Gaieski (2010) —— 0.64[0.32, 1.28] 2.82
Cardoso (2010) # ‘ 0.77[0.49, 1.21] 3.48 Gaieski (2017) ‘o 1.11[0.85, 1.44] 5.12
Castellanos-Ortega (2010) _._\ 0.68[0.43, 1.08] 3.45 Hwang (2019) -.- 1.01[0.75, 1.34] 4.98
Conde (2013) 0.99[0.67, 1.48] 3.59 Joo (2014) —I—\ 0.54[0.34, 0.86] 3.95
Drumheller (2016) 0.57[0.32, 1.04] 3.14 Leisman (2016) - 1.03[0.67, 1.59] 4.16
Ferrer (2014) 1.04[0.97, 1.12] 4.07 Levy (2018) n 0.78[0.74, 0.82] 5.89
Ferrer (2009) E 3 0.71[0.58, 0.88] 3.93 Liu (2017) ‘I 1.30[1.18, 1.43] 5.80
Gaieski (2010) ﬂ 0.51[0.21, 1.23] 2.46 Londono (2018) - 0.87[0.61, 1.23] 4.65
Hwang (2019) 0.73[0.45, 1.19] 3.40 Lueangarun (2012) —— 0.64[0.37, 1.10] 3.57
Im (2022) ‘.'\ 0.78[0.61, 0.99] 3.89 Peltan (2019) | | 1.36[ 1.18, 1.57] 5.66
Liang (2022) —— 1.03[0.66, 1.60] 3.51 Peltan (2017) —— 1.30[0.72, 233] 3.32
Liu (2017) | 1.34[1.24, 1.45] 4.06 Puskarich (2011) 0.84[0.13, 547] 0.66
Londono (2018) 0.64[0.41, 1.00] 3.50 Ruddel (2022) | | 0.83[0.73, 0.94] 5.72
McKinley (2011) 1.10[053, 227] 2381 Ryoo (2015) —— 0.64[0.35, 1.17] 3.26
Nakornchai (2014) 0.93[0.47, 1.84] 2.93 Savran (2016) — 0.21[0.07, 0.64] 1.59
Puskarich (2011) 0.93[0.41, 2.11] 2.60 Shin (2017) — 0.68[0.43, 1.06] 4.06
Ruddel (2022) o 0.82[0.72, 0.95] 4.02 Tantarattanapong (2021) —lj— 0.82[0.33, 2.04] 2.05
Ryoo (2015) —a— 0.68[0.28, 1.64] 2.46 Usher (2022) - 1.10[0.99, 1.22] 5.79
Sunden-Cullberg (2017) i 0.75[0.52, 1.08] 3.68 Varpula (2007) —a— 0.46[0.19, 1.09] 2.17
Tantarattanapong (2021) —l—1.87[1.08, 322] 3.26 Corl (2020) —— 0.64[ 0.40, 1.02] 3.96
Usher (2022) M 177[1.46, 214] 3.96 Overall * 0.80[ 0.68, 0.94]
Uvizl (2016) - 092[0.67, 1.26] 3.77 Heterogeneity: 2 = 0.11, I2 = 93.68%, H? = 15.81
Yokota (2017) d 0.77[0.59, 1.01] 3.85 Test of 6, = 6 Q(24) = 259.11, p = 0.00
Corl (2020) —— 0.64[0.39, 1.04] 3.40 Testof 8= 0:2=-2.71, p=0.01
Overall < 0.83[0.67, 1.04] 10
Heterogeneity: 12 = 0.31, I? = 95.45%, H? = 21.99 Random-effects REML model
Test of 8 = 8;: Q(28) = 349.68, p = 0.00
e European Journal of Internal Medicine 129 (2024) 48—-61



Définition Physiopathologie >

Antibiotic Timing

Sepsis is definite
or probable

Sepsis is possible

Shock is present Shock is absent

Administer antimicrobials immediately, ideally within 1 hour of

- recognition
Administer antimicrobials | Rapid assessment* of
immediately, ideally within | : ©. < infectious vs noninfectious
1 hour of recognition : causes of acute illness

Administer antimicrobials
within 3 hours if concern
for infection persists

Crit Care Med. 2026 Apr 1;,54(4):725-812



Définition Physiopathologie

)

Association Between Time to Source Control in Sepsis
and 90-Day Mortality

Katherine M. Reitz, MD, MSc; Jason Kennedy, MS; Shimena R. Li, MD; Robert Handzel, MD;
Daniel A. Tonetti, MD, MSc; Matthew D. Neal, MD; Brian S. Zuckerbraun, MD; Daniel E. Hall, MD, MDiv, MHSc;
Jason L. Sperry, MD, MPH; Derek C. Angus, MD, MPH; Edith Tzeng, MD; Christopher W. Seymour, MD, MSc

Méta-analyse de 11 articles:

* Mortalité a court terme (jusqu'a 90 jours): RR
0,70 (IC95%, 0,51-0,95, certitude tres faible)

* Mortalité a1 an: RR 0,80 (IC 95%, 0,71-0,95,
certitude tres faible)

* Durée de séjour en USI: Différence moyenne de
2,4 jours de moins (IC 95%, 6,3 jours de moins a
1,5 jours de plus, certitude trés faible)

* Durée de séjour hospitalier: Différence moyenne
de 1,1 jour de moins (IC 95%, 8,5 jours de moins
a 6,3 jours de plus)

Crit Care Med. 2026 Apr 1;54(4):725-812; JAMASurg. 2022;157(9):817-826
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Modulation de la
réponse de I’hote

Physiopathologie

* species
* load
« virulence

ﬁeukocyte activation
L ]

Complement activatih

:(/&

Pathogen factors

Coagulation 9
]

a,";;%o

-

Necrotic cell death

.

J

Traitement

apoptosis of dendritic

@ o=

Suppression of

pro-inflammatory
@ gene transcription

Expansion of regulatory T
\nd myeloid suppressor cells

(Suppressed immune cell function = \ [ Epigenetic changes \
ee° & | xias
\UAVAVAN

\ DNA methylation )

Host factors

*age

« environment comorbidities
* genetics

» medication

"ppressmn

Therapy targets

6 Soluble Thrombomodulin

eBioMedicine 2022;86: 104363
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Modulation de la
réponse de I’hote:

une longue liste d’échec

Physiopathologie

Target

Lps/Endotoxin

Endocrinopathy

Hypercoagulability
/Disseminated Intravascular
Coagulation (DIC)

Cytokines

Eicosanoids
Nitric Oxide
Oxidat1ve Stress

Nf-Kb Transcription
Apoptosis

Traitement

Strategy

HA-1A

E5531

Anti-CD14

Eritoran

Polymyxin B
conjugate
Methylprednisolone
Vasopressin
Activated Protein C

Anti-thrombin
Heparin
Thrombomodulin

Anti-TNF-a

IL-1 receptor
Antagonists
Soluble TNF-a receptor
Diacerhein
Ibuprofen
L-NMMA

Statins

Selenium
Curcumin
Caspase inhibitors

References

Ziegler et al., 1991
Bunnell et al., 2000
Reinhart et al., 2004
Opal et al., 2013
Payen et al., 2015

Bone et al., 1989
Ohsugi et al., 2016
Bernard et al., 2001

Warren et al., 2001
Zhang and Ma, 2006
Hagiwara et al., 2016

Tracey et al., 1987
Fisher et al., 1994

Borrelli et al., 1996
Calisto et al., 2012
Bernard et al., 1997
Petros et al., 1994
Patel et al., 2012
Sakr et al., 2014
Zhong et al., 2016
Weber et al., 2009

Most, if not all, were targeting inflammation including caspase inhibitors. Caspases

do have a central role in inflammation (Mandal et al., 2018).

Front. Cell Dev. Biol. 7:108.
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INDIVIDUAL MEDICINE

|

o O
® Pharmacogenetics
Dose 2

e s 2 Time 2

e Medical history

° Stratified medicine o O
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() e Clinical assessment ® Genomics w
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* Plasma biomarkers
....... ¢ Metabolomics
e Immunophenotyping o O
® [ ) D 2
» Metagenomics m_ ose >
¢ Type and site of ° Time 1
infection
w

[ (d o ¢ Patient-defined goal Time 1
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© EMBO

THERANOSTICS - Monitoring biomarker response to treatment

EMBO Molecular Medicine 12: e10128 | 2020
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Hospital S‘av Davs 125 SOFA Score
ey 8e-05 """ Pval =2.3e-02

80
Cellular responses to stress

Detoxification of Reactive Oxygen Species

Neutrophil degranulation

Nucleotide-binding domain, leucine rich repeat containing
receptor (NLR) signaling pathways

Downstream TCR signaling

Downstream signaling events of B Cell Receptor (BCR)
Activation of NF-kappa in B cells

Interleukin-1 signaling

FCERI mediated NF-kB activation

60
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vs HC
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I II II &
NPS
|NF
|ND

.-I- B

e « inflammatory »
(increased proinflammatory

Antiviral mechanism by IFN-stimulated genes
Growth hormone receptor signaling
Regulation of IFNG signaling

Interferon gamma signaling

Interferon alpha/beta signaling

Negative regulators of DDX58/IFIH1 signaling

sadfjopua sisouboud aeq

IFN
vs HC

: response)
‘%ﬁ_ * « innate host defense »

(interleukin signaling)

* « interferon »

(increased IFNa, IFNB, and IFNy)
m‘ﬂm ni Tzs‘
'i %5 z.:mm:m

NPS/INF1 128 19 118 us 98
IHD/IFN/ADA{ 138 136 133 132 121
[ 7
PLEKNOI
Nm tﬂmﬁ mm lllu m' )tm Egsm
il Hﬁ
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il i)
| 353
(CENPF
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e

Organ Failure Free Probability

Cell surface interactions at the vascular wall

ADA
vs HC

{3
Endotype

14 21 28

* « adaptive »
(increased adaptive immunity

EBioMedicine . 2022 Jan:75:103776.
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Targeting both: The IMMUNOSERP trial

Sepsis by
Phase 2b, 6 countries, 33 sites ety
N= 280 patients with sepsis

pneumonia or primary bacteremia

Primary outcome: decrease in mean SOFA score

R HLA-DR receptors /
CD14+monocyte < 5000
AND ferritin £4420 ng/ml

SOC
*
Placebo

Kotsaki A, et al. BMJ Open 2022; 12: e067251.

(days 2-9 compared today 1) by 2 1.4

Ferritin >4420 ng/mi

Secondary endpoints:

!
28-day mortality
90-day mortality
Decrease of mean SOFA score (days 2-15
compared today 1) by 2 1.4
Reversal of immune dysfunction

Ferritin decrease by 215% in MALS i
HLA-DR increase > 8000 AB/c in o
immunoparalysis

Infection resolution
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% of patients
= N w L (4]
& 5 s s =

o

)

ACHIEVEMENT OF THE PRIMARY ENDPOINT
21.4-point decrease of mean SOFA score by Day 9

OR 2.48 (95% Cl 1.42-4.32)
p =0.002

n= 46

(35.1%) n= 26

&)

SOC+ Precision SOC+ Placebo

Immunotherapy

*by the Fisher's exact test

Cl: confidence interval

OR: odds ratio

n: patients meeting the endpoint

N: total number of group patients

SOFA: sequential organ failure assessment

145

n

Standard care + Placebo Standard care + Precision Inmunotherapy

Endpoint
Achievers
Non-achievers

SOFA score

20
15
10
5
0

Day i

Giamarellos-Bourboulis EJ, et al. JAMA. 2026;335(9):775-786.
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SECONDARY ENDPOINT: Improvement of immune
dysfunction and infection resolution

8

-I1SC+placebo
SC+Precisior

m Superinfection Failure miIntermediate 0OResolution

o
g.: Immunothera
@2 g 100
52
ﬁg [—' 78.0% (46/59) % 317
< 60
E § HR: 2.38 (95% CI: 1.50-3.77) @ 6.2
£E p< 0.0001 g 60 OR, . 059
as 48.5% (32/66 g = om0
£3 5% ( ) o 95% Cls: 0.38-0.91 303
Q0o o 40
.g E 2 244 p: 0.018

£ 20
d —I_ ) J
B

% 4 8 12 16 20 24 28 0

Days to reversal of immune dysfunction

Cl: confidence interval

HR: hazard ratio

MALS: macrophage activation-like syndrome
SC: standard care

SlI: sepsis-induced immunoparalysis

Standard care+Precision Standard care+Placebo (n=145)
Immunotherapy (n=131)
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Filtration des cytokines

TNF-a (T) (T=51 Kd) IL-1 soluble receptor (50Kd)
IL-10 (40 Kd)
S-TNFR-II (33 Kd)
cut-off point S-TNFR-I (30 Kd)
- 26 kkady — — — — """ 171 - """
IL-1ra (22 Kd)
IL-1b (17 Kd))

TNF -a ((M) (M:17.5 Kd)
MIF (13Kd)




C CRITICAL CAR!

Modulation of chemokine gradients by apheresis
redirects leukocyte trafficking to different
compartments during sepsis, studies in a rat
model

Zhi-Yong Pengm, Jeffery V Bishopz, Xiao-Yan Wen'?, Michele M Elder'?, Feihu Zhou'? Anan Chuasuwan'?,
Melinda J Carter?, Jason E Devlin®, A Murat Kaynar'?, Kai Singbartl'?, Francis Pike', Robert S Parker'**%,
Gilles Clermont™?*%, William J Federspiel'**¢ and John A Kellum 57"

Before blood purification After blood purification
[ L)

Infectedtissue (e.g.abdomen, lung...)

CytokinefChemaokine

concentration gradient . .

from plasma to Blood purification therapy:

infected tissue HVHF, Hemoadsorption, CPFA,

High cut-off hemodialysis
+
+ + O 4+ - @ @
+ +

. + O +t . -+ -+ . . n +

Blood compartment
m = Bacteria

+ = Cytokine
O =Leukocyte

2014



Olivier Joannes-Boyau

High-volume versus standard-volume Patvick M. Hooo oo
haemofiltration for septic shock patients Paul Perez

Sean M. Bagshaw

with acute kidney injury (IVOIRE study): Hubert Grand

Jean-Luc Canivet

a multicentre randomized controlled trial ‘Antoine Dewitte

. patients en choc septique et Insuffisance rénale

|

2013

Randomisation sous
24h

(choc septique

Dose catécholamine | | - Oligurie < 0.5 ml/kg/h
(Nad) Ou >

5ug/kg/m de
Dopamine RIFLE Injury

- créatinine X 2

précoce)

D28

D90

56




High-volume versus standard-volume Olivier Joanaes-Boyau
haemofiltration for septic shock patients 52:,'1 ﬁre;agshaw
with acute kidney injury (IVOIRE study): Hubert Grand
a multicentre randomized controlled trial jean-Luc Canivet 013
100
P=0.94
S
u 7’
R Standard Volume
[
E High Volume
25
0 20 40 60 80 100

Jours



Early High-Volume Hemofiltration versus Standard Care for

e .
g Post-Cardiac Surgery Shock
f3 The HEROICS Study
Alain Combes', Nicolas Bréchot?, Julien Amour?, Nathalie Cozic®, Guillaume Lebreton®, Catherine Guidon®, 20 15

Elie Zogheib®, Jean-Claude Thiranos’, Jean-Christophe Rigal®, Olivier Bastien®, Hamina Benhaoua'®, Bernard Abry'",
Alexandre Ouattara'?, Jean-Louis Trouillet', Alain Mallet®, Jean Chastre’, Pascal Leprince®, and Charles-Edouard Luyt’

patients en post-chirurgie cardiaque

N

‘l’ Dose catécholamine
Nad ou Adre

Randomisation sous
24h

D28

o\

80 mi/kg/h

D90
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Early High-Volume Hemofiltration versus Standard Care for
Post-Cardiac Surgery Shock
The HEROICS Study

Alain Combes’, Nicolas Bréchot', Julien Amour?, Nathalie Cozic®, Guillaume Lebreton*, Catherine Guidon®,
Elie Zogheib®, Jean-Claude Thiranos’, Jean-Christophe Rigal®, Olivier Bastien®, Hamina Benhaoua'®, Bernard Abry'",
Alexandre Ouattara'?, Jean-Louis Trouillet', Alain Mallet®, Jean Chastre’, Pascal Leprince®, and Charles-Edouard Luyt’ 2015

S——— Sy
REsPIRATOR: A\Enione

CRITICAL

100
— ] P = 0.72 by log-rank test
2 80 -
© ]
% Standard Care
S 60 - _
w
S Early HVHF
2 40
=
S ]
e
S 20 A
o
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Follow-up (days)
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High-volume hemofiltration for septic acute kidney
injury: a systematic review and meta-analysis

Edward Clark?, Amber O Molnar'?, Olivier Joannes-Boyau?, Patrick M Honoré®, Lindsey Sikora® 2014
and Sean M Bagshaw®" '

AL CARI

4 N
HVHF Control HF Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Boussekey et al. 3 9 5 10 57% 0.50 [0.08, 3.21]
Joannes-Boyau et al. 25 BB 29 71 332% 0.88(0.44,1.75)
Sanchezetal. 2 15 7 15 6.0% 0.18[0.03,1.07)
Zhang etal. 81 14 81 139 551% 0.97 [0.60, 1.55)
Total (95% Cl) 231 235 100.0% 0.82 [0.52, 1.28]
Total events 1M1 122
Heterogeneity: Tau®= 0.04; Chi*= 3.55, df= 3 (P=0.31); F=16% =0 01 0= " ] 140 " 00"
Testfor overall effect: Z= 0.88 (P = 0.38) " Favours HVHF Favours Control HF
Figure 2 Forest plot for odds of 28-day mortality.
. J/
Annals of Translational Medicine, Vol 8, No 7 April 2020 Page 7 of 10
HVHF CVHF Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

Boussekey N 2008 3 ] 5 10 10.8% 0.67(0.22,2.03) —

Chung KK 2017 5 14 5 23 12.2% 1.64([0.58,4.68] -]

Joannes-Boyau O 2013 25 66 29 71 77.0% 0.93([0.61,1.41) ‘:

Total (95% Cl) 89 104 100.0% 0.96[0.67, 1.38]

Total events 33 39

Heterogenelty: Chi*= 1.45, dr= 2 (P = 0.48); F= 0%

Testfor overall effect: Z= 0.22(P = 0.83) 0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Figure 4 Forest plot of comparison in relative risk of mortality.



e = Timing of Renal Support and Outcome of Septic Shock and Acute

ERITICAL CARE MED! Respiratory Distress Syndrome 2018
A Post Hoc Analysis of the AKIKI Randomized Clinical Trial

Stéphane Gaudry'?, David Hajage®*®, Frédérique Schortgen®, Laurent Martin-Lefevre’, Charles Verney’,
Bertrand Pons®®, Eric Boulet'®, Alexandre Boyer'", Guillaume Chevrel'?, Nicolas Lerolle'®, Dorothée Carpentier'”,

A
Septic Shock
17 — Early RRT (N=174)
il — Delayed RRT (N=174)
084
-~ i
QS ngi
S o06- e
> L
S C——
3 .
® 0.4 1
8
024 HR=1.01[0.75:1.36]
0 | | | | | | | | |

0 7 14 21 28 35 42 49 56 60
Days
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Polymyxin B membrane

Blood

polimixina B
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patients avec peritonite et chirurgie

Recours aux vasopresseurs
(Noradrenaline)

2 heures apres chirurgie

Standard Mortalité

D28

D90
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Cumulative Incldence of Deaths

Early use of polymyxin B hemoperfusion
in patients with septic shock due to peritonitis:
a multicenter randomized control trial

1001

— HP=PMX: N
— — Standard: N

119 Deaths
113 Deaths

40
27

60 - p = 0.1067

e AT
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87
Days from Randomisation

Didier M. Payen

Joelle Guilhot

Yoann Launey

Anne Claire Lukaszewicz
Mahmoud Kaaki

Benoit Veber

Julien Pottecher

Olivier Joannes-Boyau
Laurent Martin-Lefevre

2015
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patients with sepsis

Positif EAA test (endotoxins)

Standard
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Effect of Targeted Polymyxin B Hemoperfusion

on 28-Day Mortality in Patients With Septic Shock

and Elevated Endotoxin Level

The EUPHRATES Randomized Clinical Trial 2018

R. Phillip Dellinger, MD, MSc; Sean M. Bagshaw, MD, MSc; Massimo Antonelli, MD; Debra M. Foster, BSc; David J. Klein, MD, MBA;
John C. Marshall, MD; Paul M. Palevsky, MD; Lawrence S. Weisberg, MD; Christa A. Schorr, DNP, MSN, RN;
Stephen Trzeciak, MD, MPH; Paul M. Walker, MD, PhD; for the EUPHRATES Trial Investigators

as
e —
w0
Table 2. Summary of the Primary End Point of 28-Day Mortality for All Participants and for Patients With MODS of More Than 9
P = 087
No./Total (%) (95% C1)
Polymyxin-B
Hemoperfusion Sham Risk Difference Risk Ratio P Value® X
All Participants 84/223 (37.7) 78/226 (34.5) 3.15 (-5.73 to 12.04) 1.09 (0.85 to 1.39) 49 &
>9 MODS® 65/146 (44.5) 65/148 (43.9) 0.60 (-10.75 to 11.97) 1.01 (0.78 to 1.31) 92
-
oo
» 4 8 " 16 2 2 »
mMaE e B 3 £ o B 3 £ 8

BTH PMX~-HP = 8(2 8)

TREATMENT &% PMX-HP &% SHAM SHAM = 8 {410
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Endotoxic Septic Shock

MORTALITY =f( ENDOTOXIN ACTIVITY)

* POLYMYXIN Based Endotoxin Adsorption

1.0
TESS
~non-ESS

HR 4.05 (95%C1 1.71-9.58)

| —

é T

& o @
|
% Fatty acid (MOA)\

S

s Lﬁ Polymyxin B

% 0.6 \ oot N oo @
& | @ |
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Endotoxic Septic Shock is associated with:
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Polymyxin B haemoadsorption in endotoxic septic shock

(Tigris): a multicentre, open-label, Bayesian, randomised,

controlled, phase 3 trial

Al-Khafaji, Claude Galphin, Ronald Rains, Danielle Davison, Ashita Tolwani, Jen-Ting Chen, m

100=

Participants alive (%)

25

primary analysis

= Polymyxin B
- S0C
HR 0-68 (95% C1 0-43-1.07)

Number at risk

SOC 51

PolymyxinB 106

T T T 1
42 56 70 90
Days from random assignment
63 61 60 60
26 22 20 20

Figure 3: Kaplan-Meier graph of the cumulative survival at 90 days

The solid lines depict the percentage of patients alive in each group and the shaded areas depict the 95% Cls.
Results are shown for Tigris only (ie, not including the prior distribution). The HR up to 28 days was 0-84 (95% Cl
0-50-1:40). Results for prior distribution are shown in the appendix (p 142). HR=hazard ratio. SOC=standard of care.

(]

omised, controlled, phase 3 trial at 19 US hospitals, enrolling adults (aged

*ffrey DellaVolpe, George W Williams, Kianoush B Kashani, Kyle] Gunnerson,
opa Kohli-Seth, Sugeet Jagpal, David Klein, Esha Kamaluddin, Debra M Foster,

2t of septic shock with high endotoxin activity and multiorgan failure, is Lancet RespirMed 2026
ught to identify the effect of endotoxin removal from the blood with pybiished Online

March 23 2026
https://doi.org/10.1016/
$2213-2600(26)00047-0

Endotoxic septic shock defined by
high endotoxin activity and
multiorgan failure,

polymyxin B haemoadsorption
was associated with a high
probability of lower mortality at 28
days and 90 days
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Conclusion

Host-centric subphenotyping in sepsis Pathogen-informed subphenotyping in sepsis

* Q0 * &
&* = . L)
%\0.*... ° - g) g\.“'o
é}*, ) © o ﬁ%
83 AN o N
[ N ] o
oV o Pathogen
Sepsis Host factors features
Clinical variables Identity Barrier breach o BL:rder?tl N
.g., SBP, temp, labs, HR ap ime to positivi
eg emp, labs , OQ .o ., Bacteremia tLPS levels
Biomarkers f(IEEIr:\lteRrSo:bacteraIes Path irul
e.g., IL-6, STNFR1, ANG2 @} athogen virulence
(] .. * FQ-S (increased virulence)

¥ FQ-R (fitness cost)

-
/ \ + GPCs: S. aureus ©

I
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0000 o0
Redefine critical illness based on biological ww'n"n"nl ww
mechanisms, rather than clinical syndromes Hypoinflammatory Hyperinflammatory

J Clin Invest. 2026,136(6).€203658
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