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Sepsis...tell me who are you?

“Blood rot and Sepsis: “SIRS + Infection”

Hippocrate fever” Septic shock: Sepsis + Vasopressors
-460 - 470 1914
| ‘ | | | | + | | | | t | | | | | | + | | | | | | | >
1992- 2001
_ Avicennes “Pathogenic germs invading the ACCP/SCCM
oG 980 -1037 bloodstream from an infectious SCCM/ESICM/ACCP/ATS/SIS

o H 2
Putrefaction — source and causing symptoms”




Special Communication | CARING FOR THE CRITICALLY ILL PATIENT
The Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3)

SEPSIS:

Life-threatening organ dysfunction due to a dysreqgulated host response to infection
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Host response

Neutrophiles

Inflammation Lymphocytes

’ Cellules T/B

dendritiques

= Monocytes



Host response?
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Dysregulated host response?
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Special Communication | CARING FOR THE CRITICALLY ILL PATIENT
The Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3)

SEPSIS:

Life-threatening organ dysfunction due to a dysregulated host response to infection

~—— CHANGE IN:

SEPSIS-RELATED
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Septic shock:

Sepsis +

Vasopressors +

Lactate 2 2mmol/L

Singer, JAMA 2016
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Mechanisms of organ dysfunction?

0 24h 48h

Varpula, ICM 2005

Hypotension
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Hours under MAP 60mmHg

SOFA Max. lactate
n = 190 r P value 7° P value
HBPTI of SAP  0.267 0.009%  0.210 <0.001%
HBPTI of MAP 0268 0.012¢  0.196 <0.001*
HBPTI of MPP  0.233 0.013*  0.207 <0.001*

Dunser, ICM 2009



Mechanisms of organ dysfunction: hypotension ?

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 APRIL 24, 2014 VOL. 370 NO. 17

High versus Low Blood-Pressure Target in Patients with Septic Shock
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0 1 2 3 4 5 No. at Risk
Low target 379 256 233 225
Days High target 375 249 227 219

Figure 2. Mean Arterial Pressure during the 5-Day Study Period. Figure 3. Kaplan—Meier Curves for Cumulative Survival.




Mechanisms of organ dysfunction: microcirculation
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Microcirculation: Definition

Capillaries

Arterioles Venules
Arteries || | | || Veins

* Vessels < 100um:
Arterioles + capillaries + venules |




Microcirculation: Definition

Capillaries

Arterioles Venules
Arteries || | | || Veins

* Vessels < 100um:
Arterioles + capillaries + venules |

e Surface 4000—-7000 m? )




* Vessels < 100um:
Arterioles + capillaries + venules

* Surface 4000-7000 m?

* Slow flow

Microcirculation: Definition

Arterioles

Capillaries

Arteries |

Venules
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Microcirculation: Definition

* Vessels < 100um:
Arterioles + capillaries + venules

* Surface 4000-7000 m?

Exchange function
e Slow flow




Microcirculation homeostasis

Vessels < 100um:

Arterioles + capillaries + venules

Surface 4000—7000 m?

]— Exchange function

Microvascular endothelium homeostasis:
Anticoagulation

Slow flow

Common
Pathway

Extrinsic
Pathway

Vila
Ca?_+
PL

Tissue factor

- (. .
smin Plasminogen

tPA
&3

Protein C

Thrombomodulin

Adapted from Joffre, AJRCCM. 2020
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Microcirculation homeostasis

* Vessels < 100um:
Arterioles + capillaries + venules

Surface 4000—7000 m?

Exchange function
e Slow flow

e  Microvascular endothelium homeostasis:
- Anticoagulation
- Rheology

Reitsma, Pflugers Arch. 2007



Microcirculation homeostasis

o
* Vessels < 100pum: t T T = _
— — -—

Arterioles + capillaries + venules \

Surface 4000—7000 m?

\ B
Exchange function \ _
* Slow flow \ Occludin

\ > Tight junction

* Microvascular endothelium homeostasis: \ Claudin |

- Anticoagulation \
- Rheology \
- “Impermeability” \ 2

\ vElcadHkl > Adherens junction
-Cadherin




Microvascular endothelial cells are « innate immune cells »

* Multiple PAMPs/ DAMPs receptor:
- TLRs / TREM-1...

- IL-1BR, TNF-aR, ...

* Highly conserved

e Redundance

=> non-specific response to inflammatory stimuli

LPS .
% TLR4/2 CCL-2°
L8 |6

IL1b-R §
MyDES MyD88

Endothelial
el -==».  TRAF-6
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,_,,..:II:_I_.R3 IKK complex

// ) TLRO 0; H:0,
NO

& qg ONoo
i Ap"

: Genes de molecules d'adhésion
NF-kB -1
(ANANANANAYAYAYANANYAYAY/ Genes pro-coagulant
\_l_l Genes pro-apoptotic
iNOS

Cytokines pro-
inflammatoires

Adapted from Joffre, AJRCCM. 2020



The regulator of leukocyte recruitment

Baseline + LPS

e Adhesion molecules Up-regulation :
- Monocytes
- Neutrophils

- Platlets '

* Rolling — Adhesion
e Diapedesis- tissue infiltration

D @D @ @,

$

* Organ injury

10 um

Courtesy of Dr. Nivoit- Pasteur



A switch towards a prothrombotic phenotype

* Pro coagulant:
- Tissue factor expression
- Endothelial MP release

(} C\; Thrombine

- Decreased AT3 la

- Decreased thrombomodiulin | /

- Decreased activated C-protein ) APC
2

e Antifibrinolytic: g @—0O O

- PAI-1 overexpression
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(@~ | Monocyte extracellular / > o C Plasminogen )
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Adapted from Joffre, AJRCCM. 2020



Immuno-thrombosis

\ - - . "‘w
-. 3 o
i} P ‘
¢ & - LY
.
- () i
< t
‘ 5
. ) 3
= R AN
®. 0
i - .
L4
A 4 %
°
€ »> Q
! o < o

: {fel’el.)ral Anrygddla °

"

Brain

Lung



The substratum of endothelial « impermeability »

 PAMPs and DAMPs disrupt endothelial
junctions

DAPI
VE-Cadherin

DAPI
Z20-1




The substratum of endothelial « impermeability »

PAMPs and DAMPs disrupt endothelial

junctions

Capillary leak:
Fluids + proteins (albumin)

$

Lesional edema
Ineffectiveness of fluid challenge
Increased interstitial pressure

$

Organ failure

Courtesy of Dr. Nivoit- Pasteur



Capillary leak in early and late in septic shock




Microvascular endothelial response to infection is a major driver of

organ injury a

IL-6 IL-8
cCL-2

Inflammation

Vasoreactivity

Capillary leak
Leukocytes

adhesion

Coagulation
Anti-fibrinolysis
Oxidative stress

Dysfunction

Activation “ o



Mechanisms of organ dysfunction: Inflammation

IL-6, TNF-, IL-1...
CCL-2, CXCL-1

Inflammation
Catabolisme

ROS

Complément
Dysfonction

d’organe PAI-1

Time

I I I I DN N DN N D B DS S D --------------‘



Inflammatory response dynamics

IL-6, TNF-, IL-1...
CCL-2, CXCL-1

Inflammation

Catabolisme
ROS
Complément
Dysfonction
d’organe PAI-1
, Time
I I I I D D D D B D B N D e . --------------*
IL-10
Resolution MDSCs
Cortisol
Resolvines

_ Acyl-dopamines
Immunodepression



Inflammatory response dynamics

Inflammation
Catabolism
Infection
o ) secondaire
vgécw fhilone .
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Immunodepression



Number of deaths

35
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10

Inflammatory response dynamics

000 a0

- Early deaths

Late deaths

100

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 wk3 wk4 wk5 wké wk7 wk8 >wk8

Time from ICU admission

Daviaud, AIC. 2015






Cutting-edge sepsis ressuscitation in 2025 !

Fluids + Vasopressors + Antibiotics

Sopani
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Target 1: Kill germs and control the source @

- Don’t miss the diagnostic . . . - :
Rate of diagnostic errors and serious misdiagnosis

Spinal abscess 62.1% (54.6-69.2)
Meningitis/encephalitis 25.6% (20.8-30.8)
Endocarditis 25.5% (21.7-29.6)
Pneumonia 9.5% (2.3-14.3)

m=m==) Serious harms in 16-55%

Newman-Toker, Diagnosis. 2021



Target 1: Kill germs and control the source

- Don’t miss the diagnostic

o
o
—o—
—e—

- Hit early

o
-
X3
-8
o

—

odds ratio of death
(95% confidence interval)

.............................................................................

time from hypotension onset (hrs)

Kumar, CCM. 2006



Target 1: Kill germs and control the source

Don’t miss the diagnostic

Hit early

Hit large

I inappropriate
[ appropriate

pneu

IAl

sst

Cri

pbi

| I

1381

1041

499

205

236

0

20 40 60
survival (%)

p value
HH <.0001
e <.0001
—eo— <.0001
o <.0001
o <.0001

—e—— <.0001

1 10 100
odds ratio

Kumar, Chest. 2009



Target 1: Kill germs and control the source

50
[] crude
40 @ Risk adjusted
- Don’t miss the diagnostic =
Z 30-
E 207
- Hitearly = i P E—i_‘}_% ad
" AR
- Hitlarge 0 . . . . .
0 6 12 18 24 30 36

Time to source control, b

- Think of source control

Reitz, JAMA surg. 2022



Target 1: Kill germs and control the source

Exploratory laparotomy® (n=680) [E] Soft tissue debridement (n=704)
504 507
’ [ [ [ 4':|- 4':]'
- Don’t miss the diagnostic -
= s
= == £
o - =
= =
T 201 T 204 =
[ = [
- Hit early 8 &
101 10 ; = ﬁ
{/ﬁ H
0 T T T T T 0 m l_l T |_| T T ’_I‘ T
. . 0 & 12 18 24 30 36 0 6 12 18 24 30 36
- Hlt Blg Time to source control, h Time to source control, h
Early source Subgroup, Decreased odds : Increased odds
° Prespecified group control, No. (35)  No. a0R (95% CI) of 90-d mortality : of 90-d mortality Pvalue2
Thlnk Of source ContrOI Overall 1315 (26.5) 4962 0.71(0.63-0.80) —*— :
Age, y <001
Anatomic site =001
Gastrointestinal and abdominal 482 (35.1) 1372 0.59(0.43-0.80) ——
Hepatopancreatobiliary 87 (9.9) 883 0.61(0.33-1.12) -
Thoracic 139 (40.1) 347 0.71(0.40-1.27) i :
Urologic and gynecologic 127 (17.8) 714 0.91(0.62-1.34) ——I—
Orthopedic and cranial 129 (20.9) 6l6 1.33(0.96-1.83) —a—
Soft tissue 351 (34.1) 1030 0.72(0.55-0.95) + |
| :
0.125 0.25 0.5 1 2 -

a0R (95% CI)

Reitz, JAMA surg. 2022



Target 2: Prevent organ dysfunction

* Be fast: golden hour -> MAP >65mmHg
e Multiparametric evaluation: including perfusion parameters !
« MAP+ CVP + Mottling + CRT + UO ....

[ 5 ) For adults with septic shock, we suggest using capillary refill time to
Low guide resuscitation as an adjunct to other measures of perfusion.

* Personalized PPGT ?
Surviving sepsis campaign, ICM. 2022

lCircuIatnrf failure

Fluids * norepinephrine

Salvage =
| MAP 65 mmHg

Tissue perfusion Persisting tissue
adequate _ hypoperfusion

Fluids if fluid responsive

Stabilization
De-escalation

Progressive * due to impaired contractility
weaning of '

Vasopressors Consider higher MAP
+ negative Y

fluid balance Return to MAP 65 mmHg and

Inotropes if CO inadequate and

consider microcirculatory alterations




Target 2: Prevent organ dysfunction

Be fast: golden hours
Multiparametric evaluation: including perfusion parameters !

Personalized PPGT
Be accurate: de-escalation/avoid over resuscitation

! /I3 !
Fluid overload Oversedation '"‘;?,%T;L:;z: af
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Inappropriate

blood
transfusions
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What’s should we do next ?

4 vs a phenotype ‘\3«\“‘3‘0“’ Neuro!og,‘ql
PR\
Clinical Variable ¢ 0"7@
AST & 2

Be smarter !

INR 4

Creatinine
Bands -

ALT 4

Respiratory Rate -

- Best triage for inclusion in clinical trials Heart e |

- Meaningful readouts in RCTs ]

- Open data sharing platform e
Elixhauser Comorbidities -

ey
i\m\lo\“\“

1eusy

d
o?‘\\b
0,
¥
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Platelets -

Oxygen Saturation
Temperature

GCS Score 1
Hemoglobin -

SBP -

Bicarbonate -
Albumin -

¥ Phenotype

c|000000000000000000000C0OO0OCOCOOO®

-0.5 0 0.5 1.0
Standardized Variable Value

'
—

Table 2. Characteristics of the 4 Phenotypes (continued)

notype N
Characteristic” Total ( « \ B Y ( b \
Outcomes \ / \/

Mechanical ventilation, median (IQR), d° 5(2-10) 4(2-9) 4(2-9) 6(3-13) 4(2-9)
Administration of a vasopressor, median (IQR), d° 3(2-5) 2(2-4) 3(2-4) 3(2-5) 3(2-5)
Admitted to intensive care unit, No. (%)° 9063 (45) 1644 (25) 1778 (32) 3381(63) 2 5)
In-hospital mortality, No. (%) 2082 (10) 126 (2) 286 (5) 818 (15) 852 (32)

N4 SN—r
Seymour, JAMA. 2019



What’s should we do next ?

et Neurologicy
AC

0,
%@Q‘e‘ e,

Be smarter !

&
&

“0\“\(\5

- Best triage for inclusion in clinical trials

- Meaningful readouts in RCTs
- Open data sharing platform

RO

Use future opportunities for bedside real-time sub-phenotyping:
- Al driven clusterization

- Multiplex/ Omics driven approach

- Precision/ Personalized medicine (PK/PD, SNIP, ...)

Unleash opportunities for new therapeutics / adjuvant therapies:
- Biotherapies (rDrugs, Mab, MIR, cell therapy, ..)

- Mitochodrial targeted therapy

- Anti-infectious therapy (RNAs, phages, x-biote....)

"Open wide and say A-I-I-I-I-I-I-I-I-I-I-I-I."



