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Physiopathologie  

•  Inflammation  

•  Atteinte endothéliale 

•  Tb coagulation 





•  Ne pas considérer que la rea va venir, donc on peut ne plus rien faire 
•  Ce n’est pas parce que qu’un patient s améliore vite qu’il ne nécessite 
pas la rea par la suite  



"   Arrêter le processus infectieux 

"   Antibiothérapie (< 1 h du diagnostic) 

"   Contrôle du foyer infectieux (6 h) 

 

Dellinger et al., Intensive Care Med 2013 



•  2750 patients en choc septique, rétrospectif en réanimation  



Brunkhorst et al. JAMA 2012 

No difference 

SOFA score 

Mortality D28 

Mortality D90 

 

No effect of 
combination 

No positive RCTs  



 

•  aussi rapidement que possible (6 h)  

"   à rechercher chez tous les patients 

"   imagerie rapide  

"   retrait cathéter intravasculaire, PAC… 

1C 

Dellinger et al., Intensive Care Med 2013 



"   Arrêter le processus infectieux 

"   Antibiothérapie (1 h) 

"   Contrôle du foyer infectieux (6 h) 

"   Conduire la réanimation hémodynamique 

"   Objectifs hémodynamiques (1 et 6 h) 

"   Prise en charge (6 h) 

 
Dellinger et al., Intensive Care Med 2013 





"   « Survivre au sepsis » 

"   PAM ≥ 65 mmHg (1 h) 

"  Diurèse horaire ≥ 0,5 ml/kg/h (6 h) 

"  PVC : 8 - 12 mmHg ou équivalent (1 h) 

"   ScvO2 ≥ 70 % (6 h) ET Lactate < 20% (2h) 

Dellinger et al., Intensive Care Med 2013 



"   Cristalloïde 

Myburgh et al., N Engl J Med 2013 

HES            Saline 



PAS d’HEA DANS LE SEPSIS 



NEJM march 18, 2014 

•  1800 patients 
•  albumine si > 30 g/l vs si < 20 g/l  



NEJM march 18, 2014 

•  1800 patients 
•  albumine si > 30 g/l vs si < 20 g/l  



"   Noradrénaline 

"   Dopamine : é échec clinique et effets secondaires  

 

De Backer et al., N Engl J Med 2010; Martin et al., Crit Care Med 1993;  
Martin et al., Crit Care Med 2000; 2008; Sakr et al., Crit Care Med 2006 

Arythmie 

24 % vs. 12 % 

p < 0,001 

Noradrénaline 

Dellinger et al., Intensive Care Med 2013 



"   PAM ≥ 65 mmHg 

Georger et al., Intensive Care Med 2010 

MAP 
54 ± 8 mmHg 

vs. 
77 ± 9 mmHg 

 



NEJM march 18, 2014 

65-70 mmHg 80-85 mmHg 

Jusqu’ à J5 ou sevrage vasopresseurs 





NEJM march 18, 2014 





"   « Survivre au sepsis » 

"   PAM ≥ 65 mmHg (1 h) 

"  Diurèse horaire ≥ 0,5 ml/kg/h (6 h) 

"  PVC : 8 - 12 mmHg ou équivalent (1 h) 

"   ScvO2 ≥ 70 % (6 h) ET Lactate < 20% (2h) 

Dellinger et al., Intensive Care Med 2013 



Optimisation hémodynamique 
    Rivers, New Engl J Med, 2001 



•  31 SAU aux USA 
•  Sepsis+ hypotension < 90 mmHg après 

remplissage  ou nécessitant 
vasopresseurs ou avec lactate > 4 mmol/l 

•  Inclusion dans les 2 h suivant le début du 
sepsis 

NEJM march 18, 2014 



NEJM march 18, 2014 





Remplissage 2 l  
avant 
randomisation  









Dellinger et al., Intensive Care Med 2013 ; Rivers et al., N Engl J Med 2001 

ScvO2 < 70 % 

DC inadapté Inotrope 
positif 

O2 



"   Hyperdébit = Surmortalité 

Hayes et al., N Engl J Med 1994 



Surmortalité ? 

Comment gérer l’hyperdébit ? 

 Demande énergétique 

Hypothermie Β-bloquants 



"   Contrôle FC 

Morelli et al., JAMA 2013 

Dépendants de NAD à H24 

IVSE pour FC < 95 /min 



"   Contrôle FC 

Morelli et al., JAMA 2013 



"   Contrôle FC 

Morelli et al., JAMA 2013 



"   Contrôle FC 

Morelli et al., JAMA 2013 



"   Contrôle FC 

Morelli et al., Crit Care Med 2013 

é microcirculation 



Surmortalité ? 

Comment gérer l’hyperdébit ? 

 Demande énergétique 

Hypothermie Β-bloquants 



Schortgen et al., Am J Respir Crit Care Med 2012 

•  Body temperature : 36.8 ± 0.7 vs. 38.4 ± 1.1°C  

•  ê 50% vasopressor dose : 54% vs. 20%  

•  Shock reversal : 86% vs. 73%  

•  Day-14 mortality : 19% vs. 34% (similar at ICU discharge) 

•  Attention, surmortalité si sepsis + antipyrétique 

Fever Control Using External Cooling in 
Septic Shock: a Randomized Controlled Trial 



"  Hydrocortisone ? Immunomodulation  

 

Dellinger et al., Intensive Care Med 2013 

1.  Ne pas utiliser si stabilisation 

2.  Si absence de stabilisation, 200 mg/j 

3.  Pas de test de stimulation 

4.  Décroissance progressive 

2 études contradictoires : résultats APPROCHS ? 



Leone et al., Crit Care Med 2012 



"   Basiques 
  

"   Cristalloïdes 

"   Antibiotiques 

"   Noradrénaline 

"   Eviction du foyer 

 

"   Vers le futur  
 

"   Immunostimulation 

"   Hibernation 

"   Microcirculation 



"   Vasopressine : traitement de recours 
"  VASST: AVP + NE = NE 

 

Russell et al., N Engl J Med 2008; Choong et al., Am J Resp Crit Care Med 2009 

Dellinger et al., Intensive Care Med 2013 



Polito et al., Intensive Care Med 2012 

"   Vasopressine : traitement de recours  



"   Vasopressine : traitement de recours ? 

Russell et al., Am J Respir Crit Care Med 2013 

Immunomodulation et AVP 

1.  Survivants :  clairance des cytokines 

2.  AVP :  clairance / NE 





Quiescent 
macrophage 

TLR-4	



NF-KB/
IKB TNF 

NO 
IL-1 

Vasodilation 

 Perfusion pressure 

Tissue hypoxia 

ê contractility 

 

MECHANISMS OF DISEASE

 

N Engl J Med, Vol. 345, No. 8

 

·

 

August 23, 2001

 

·

 

www.nejm.org

 

·
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with which to elucidate the derangement of vascular
smooth muscle in vasodilatory shock. Because of its
clinical importance, septic shock is the most studied
form of vasodilatory shock. However, generalizations
must be made cautiously, because it is likely that dif-
ferent pathogenetic mechanisms are activated in dif-
ferent types of vasodilatory shock. For example, the
vasodilatation associated with carbon monoxide intox-
ication may be partially mediated not only by tissue
hypoxia but also by the activation of guanylate cy-
clase.

 

21

 

 Nonetheless, there may be common mecha-
nisms for the vasodilatation and resistance to vasopres-
sors that occur in most types of vasodilatory shock.
Three such mechanisms have thus far been implicated
in this syndrome: activation of ATP-sensitive potas-
sium channels (K

 

ATP

 

 channels) in the plasma mem-
brane of vascular smooth muscle, activation of the
inducible form of nitric oxide synthase, and deficien-
cy of the hormone vasopressin.

 

Activation of ATP-Sensitive Potassium Channels 
in Vascular Smooth Muscle

 

Adequate vasoconstriction requires that hormonal
or neuronal ligands such as angiotensin II and nor-
epinephrine bind to and activate receptors on the sur-
face of vascular smooth-muscle cells and, by way of
second messengers, increase the concentration of cal-

cium in the cytosol (Fig. 1). This increase results from
the release of calcium from intracellular stores and the
entry of extracellular calcium into the cell through
voltage-gated calcium channels. At high cytosolic con-
centrations, calcium forms a complex with calmodu-
lin, and this complex activates a kinase that phospho-
rylates the regulatory light chain of myosin. The
phosphorylation of myosin allows the activation of my-
osin ATPase by actin and the cycling of myosin cross-
bridges along actin filaments, a process that contracts
the muscle. Conversely, vasodilators such as atrial na-
triuretic peptide and nitric oxide activate a kinase that,
by interacting with myosin phosphatase, dephospho-
rylates myosin and thus prevents muscle contraction.
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In addition to these well-known mechanisms that

modulate vascular tone, recent work has indicated that
the membrane potential of vascular smooth-muscle
cells may have a critical role in this process. Indeed,
the pathologic vasodilatation and resistance to vaso-
pressors that characterize vasodilatory shock cannot
be understood without a detailed appreciation of the
role of membrane potential in the regulation of vas-
cular tone (Fig. 2). The resting membrane potential
of vascular smooth muscle ranges from –30 to –60
mV, depending on the cell type. A more positive po-
tential (depolarization) opens the voltage-gated cal-
cium channels, increases the cytosolic calcium con-

 

Figure 1.

 

 Regulation of Vascular Smooth-Muscle Tone.
The steps involved in vasoconstriction are shown in blue, and the steps involved in vasodilatation are shown in red. The phospho-
rylation (P) of myosin is the critical step in the contraction of vascular smooth muscle. By way of second messengers, vasocon-
strictors such as angiotensin II and norepinephrine induce an increase in the cytosolic calcium concentration, which activates my-
osin kinase. Vasodilators such as atrial natriuretic peptide and nitric oxide activate myosin phosphatase and, by dephosphorylating
myosin, cause vasorelaxation. The plasma membrane is shown at a resting potential (plus signs). The abbreviation cGMP denotes
cyclic guanosine monophosphate.
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Landry et al., N Engl J Med 2001 



Parker et al., Ann Intern Med 1984 

Défaillance cardiaque 
 



B E T W E E N  B E D S I D E  A N D  B E N C H
The sepsis seesaw
The immune response goes haywire during sepsis, a deadly condition triggered by infection. Richard S. Hotchkiss and his 
colleagues take the focus off of the prevailing view that the key aspect of this response is an exuberant inflammatory reaction. 
They assess recent human studies bolstering the notion that immunosuppression is also a major contributor to the disease. Many 
people with sepsis succumb to cardiac dysfunction, a process examined by Peter Ward. He showcases the factors that cause 
cardiomyocyte contractility to wane during the disease.

 BEDSIDE TO BENCH

Tilting toward immunosuppression
Richard S Hotchkiss, Craig M Coopersmith, Jonathan E McDunn & Thomas A Ferguson

Sepsis, the systemic inflammatory response 
syndrome that occurs during severe infection, 
kills more than 210,000 people in the US annu-
ally1. Developing new therapies for sepsis has 
been particularly frustrating, and over 25 tri-
als of new agents have failed1. This failure has 
been partly due to a lack of understanding of 
the pathogenic mechanisms driving sepsis.

Two recent studies in human subjects shed 
light on one of the most important and rela-
tively underrecognized mechanisms of sepsis 
immunopathology. Limaye et al.2 and Luyt et 
al.3 provide evidence that the otherwise dor-
mant viruses cytomegalovirus (CMV) and 
herpes simplex virus (HSV) are reactivated in 
critically ill individuals—adding strength to 
the concept that a key aspect of critical illness 
is immunosuppression2,3. Most experimental 
therapies for sepsis have focused on attenuating 
the initial inflammatory response, ignoring—
and possibly exacerbating—the progressive 
development of immunosuppression4–7. 
Although these approaches have demonstrated 
modest benefits in select groups of patients, the 
majority of deaths occur in patients with sep-
sis who are immune suppressed5–7. These two 
new studies should direct researchers toward 
fresh diagnostic and therapeutic approaches 
to sepsis.

Limaye et al.2 examined the incidence of 
reactivation of CMV in 120 CMV-seropositive 
critically ill individuals, many of whom appar-
ently had sepsis2. Before their illness, these 
people had normal immunity. CMV viremia, 

as assessed by real-time PCR, occurred in 40 
subjects (33%), indicating that CMV reactiva-
tion occurs frequently in the critically ill. CMV 
reactivation was associated with prolonged stay 
and death. These findings dovetail with an ear-
lier study by Luyt et al.3 who reported a 21% 
incidence of HSV bronchopneumonitis that 
was attributed to viral reactivation in critically 
ill, immunocompetent individuals requiring 
prolonged mechanical ventilation3.

It is likely that only a modest number of 
the subjects in these two studies had clinically 
important viral infections. Rather, these studies 
show that critically ill individuals who had nor-
mal immunity before hospitalization become 
profoundly immunocompromised during a 
protracted illness, thereby enabling reactiva-
tion of latent viruses that may become clini-
cally relevant.

Although the investigators didn’t specifically 
state the incidence of sepsis in their study popu-
lations, many of the subjects in these two stud-
ies had bacterial or fungal sepsis during their 
intensive care unit (ICU) stay2,3. For example, 
a number of patients in the CMV trial were hos-
pitalized in the burn ICU, in which a substantial 
fraction of individuals invariably develop sepsis 
because of loss of barrier function. The HSV 

Richard S. Hotchkiss is in the Departments 
of Anesthesiology, Medicine and Surgery; 
Craig M. Coopersmith is in the Departments 
of Anesthesiology and Surgery; Jonathan E. 
McDunn is in the Department of Anesthesiology; 
and Thomas A. Ferguson is in the Department of 
Ophthalmology; Washington University School of 
Medicine, St. Louis, Missouri 63110, USA. 
e-mail: hotch@wustl.edu

study population included subjects requiring 
prolonged mechanical ventilation, and ven-
tilator-associated pneumonia occurs in up to 
85% of this population. Clearly, CMV or HSV 
reactivation occurred in the setting of sepsis in 
many of the subjects.

Sepsis initiates a complex immunologic 
response that varies over time (Fig. 1)4,5. 
Although recent studies show that both inflam-
matory and anti-inflammatory responses 
occur simultaneously in sepsis, the early net 
result is characterized by a hyperinflammatory 
response. The magnitude of this response var-
ies depending on many factors, including the 
number and virulence of pathogens, and other 
disease conditions afflicting the patient4. With 
contemporary standard-of-care measures, the 
majority of patients survive the hyperinflam-
matory phase and enter a stage of protracted 
immunosuppression that has been termed 
‘immunoparalysis’6,7. This immunosuppres-
sion in sepsis is manifested by loss of delayed 
type hypersensitivity response to positive 
control antigens, failure to clear the primary 
infection and development of new secondary 
infections6,7. Secondary, hospital-acquired 
infections include both virulent organisms 
such as Staphylococcus aureus and Clostridium 

Net immunological response in sepsis

Time (days)

Viral reactivation
Death

Immune
activation

Proinflammatory
response

Anti-
inflammatory

response

Immune
suppression

Homeostasis

Figure 1  Immunologic 
response in sepsis 
over time. Although 
both pro- and 
anti-inflammatory 
responses are activated 
early in sepsis, the 
proinflammatory 
response predominates. 
As sepsis progresses, 
the anti-inflammatory 
response becomes 
predominant, and it 
is during this later 

phase that secondary infections and viral reactivation occur. Early deaths during the early proinflammatory 
response phase are due to cytokine storm–mediated events, whereas later deaths during the anti-
inflammatory phase are due to failure to control pathogens.
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Figure 4. Comparison between first and last determinations of LPS-
induced IL-6 (A) and TNFa (B) in vitro production by monocytes
from survival and nonsurvival septic patients.

correlate with the levels of the corresponding circulating cyto-
kines. However, it is likely that measurable circulating cyto-
kines represent the excess of produced cytokines. One could
assume that in vivo "reasonable" production would not be
detected in plasma because all cytokines would be trapped by
their specific high-affinity receptors on host cells. Indeed in the
last determinations performed in survival patients, TNFa was
often detected within freshly isolated monocytes, whereas
plasma TNFa levels were back under detection limit values.
Furthermore, the absence of correlation between plasma and
cell-associated levels might also suggest that circulating mono-
cytes are not the only sources of circulating cytokines and that
other cells, like Kupffer cells or alveolar macrophages, could
also participate to this production.

When monocytes were cultured in the absence ofany stim-
uli, spontaneous release of TNFa and IL-1# were not signifi-
cantly higher than in controls (data not shown). In this study
we have investigated the behavior of isolated monocytes to
respond in vitro to an LPS-induced activation. In septic pa-
tients, we found a profound impairment of LPS-induced IL-
la, IL-1fI, TNFa, and IL-6 productions which were dramati-
cally decreased. We have chosen optimal culture conditions
(i.e., in the presence ofindomethacin and 0.2% normal human
serum) for which we established the levels of IL-la, IL- I(,
TNFa, and IL-6 produced by monocytes from normal healthy
donors. Among peripheral blood mononuclear cells, a rather
higher number of nonspecific esterase positive (NSE+) cells
was obtained in the beginning of the follow up of the septic

patients. As a constant number of input NSE+ cells were cul-
tured, a comparison between different cultures was possible.
We did not observe any differences in adherence properties of
monocytes from normal donors or septic patients. In the group
of patients with noninfectious shock, a reduced production of
IL-1a was also noticed, whereas this was not the case for IL-1 f,
IL-6, and TNFa. This observation confirms the fact that the
regulation of IL- 1 a and IL- l 3 productions are under distinct
pathways (65). This downregulation of cytokine production
was especially significant for patients with gram-negative infec-
tions. In agreement with our findings, a recent case report indi-
cates that IL- 1 activity produced by monocytes from two chil-
dren with Haemophilus influenza meningitis upon LPS stimu-
lation was significantly reduced (66). On the contrary Fieren et
al. (67) reported that peritoneal macrophages from patients on
continuous ambulatory peritoneal dialysis with infectious peri-
tonitis, had an increased IL- I3 release upon in vitro challenge
with LPS. In this study, only one of eight patients had a gram-
negative infection.

Interestingly, the observed down production of cytokine
production upon LPS stimulation was a transient event in sur-
vival patients. At the end ofthe survey, they recovered levels of
in vitro cytokine productions close to those ofhealthy controls.
Although this finding was expected, it ensured that despite a
well-known interindividual heterogeneity in cytokine produc-
tion, comparison could be made between groups.

The mechanisms underlying these phenomena remain to
be fully elucidated and further experiments should address the
question whether this dysregulation is a transcriptional or a
posttranscriptional event, as shown in the rabbit model (68).
Different parameters can be suggested to explain this dysregu-
lation. Stress is known to generate a decrease immune respon-
siveness. However, we did not find any correlation between the
severity scores and the levels of in vitro cytokine productions.
Differences were found in IL-1#, IL-6, and TNFa production
between patients with sepsis syndrome and patients with non-
infectious shock although they had rather similar severity
scores. Furthermore, the reduced production was not predic-
tive for the outcome (recovery or death). All patients received
different drugs; although none was directly associated with the
observed phenomenom, one cannot exclude that an associa-
tion between some of them may modify the in vitro cytokine
production. However, the recovery of normal levels of cyto-
kine productions among survival patients was observed while
patients were still receiving most ofthese drugs. The nutritional
status is also a factor which could influence the in vitro cyto-
kine production. However, infected and noninfected groups
had rather similar nutritional status. Because the phenomenon
was mainly associated with gram-negative infection, we can
hypothesize that our observation might account for the well-
described endotoxin tolerance (69) which is accompanied by a
decreased LPS-induced TNFa production (68, 70, 71). This is
currently investigated using other stimuli than LPS to know
whether this downregulation is specific for this activator. In-
deed, Takayama et al. (72), using gamma interferon and mura-
myl dipeptide as inducers, showed that patients with sepsis had
a greater TNFa production, as compared to normal controls.

The presence of cell-associated cytokine in circulating
monocytes and the down regulation observed upon a further in
vitro activation suggest the existence of complex regulatory
mechanisms, and further experiments are required to under-
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correlated with mortality.

 

46

 

 Patients with trauma or
burns have reduced levels of circulating T cells, and
their surviving T cells are anergic.

 

47

 

Apoptotic cell death may trigger sepsis-induced
anergy. Although the conventional belief was that
cells die by necrosis, recent work has shown that
cells can die by apoptosis — genetically pro-
grammed cell death. In apoptosis, cells “commit
suicide” by the activation of proteases that disas-
semble the cell.

 

48,49

 

 Large numbers of lymphocytes
and gastrointestinal epithelial cells die by apopto-
sis during sepsis.

 

50-52 

 

A potential mechanism of
lymphocyte apoptosis may be stress-induced en-
dogenous release of glucocorticoids.

 

53,54

 

 The type
of cell death determines the immunologic function
of surviving immune cells (Fig. 1).

 

55-57

 

 Apoptotic
cells induce anergy or antiinflammatory cytokines
that impair the response to pathogens, whereas ne-
crotic cells cause immune stimulation and enhance
antimicrobial defenses (Fig. 1).

 

55-57

 

death of immune cells

 

Autopsy studies in persons who had died of sep-
sis disclosed a profound, progressive, apoptosis-
induced loss of cells of the adaptive immune sys-
tem.

 

50-52

 

 Although no loss of CD8 T cells, natural
killer cells, or macrophages occurred, sepsis mark-
edly decreased the levels of B cells (Fig. 2), CD4
T cells (Fig. 3), and follicular dendritic cells (Fig. 3).
The loss of lymphocytes and dendritic cells was es-
pecially important, because it occurred during life-
threatening infection, when clonal expansion of
lymphocytes might have been expected.

The magnitude of the apoptosis-induced loss in
lymphocytes during sepsis was apparent in exami-
nations of the circulating lymphocyte count in pa-
tients.

 

50

 

 In one study, 15 of 19 patients with sepsis
had absolute lymphocyte counts below the lower
limit of normal (a mean [±SD] of 500±270 per cubic
millimeter  vs. the lower limit of 1200 per cubic mil-
limeter). Losses of B cells, CD4 T cells, and dendrit-

 

Figure 2. Unmagnified View of Six Microscope Slides of Spleens from Patients with Trauma (Panels A, C, and E) and 
Patients Who Died of Sepsis (Panels B, D, and F), with Staining for B Cells (CD20).

 

The dark stained regions are concentrations of B cells in lymphoid follicles that are visible to the naked eye. The patients 
with sepsis have dramatically smaller and fewer lymphoid follicles than the patients with trauma.

B Cells (CD20), Trauma B Cells (CD20), Sepsis
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To analyze functional annotations related to the pulmonary
inflammation, we considered biological process Gene Ontology
(GO) terms, Kegg pathways and the Biocarta database using
DAVID for the 365 genes belonging to the cluster Early, the 269
genes belonging to the cluster Intermediate, and the 366 genes
belonging to the cluster Late.

GO terms related to the «Defense response» (p= 9.961023)
such as «Inflammatory response» (p = 6.961023), ‘‘cytokine
activity’’ (p = 1.161022) and «Immune response» (p= 6.561023)
were strongly represented in cluster Early (table 1). Similarly,
several genes grouped in the cluster Early were found to be
involved in Kegg pathways related to immune responses such as

Figure 2. Histological quantification of lung injury following OA injection. Sections are representative of all animals examined per group. A-
Section of lung 1H30 after OA injection showing interstitial neutrophils (n) and edema (e). There was no significant fibrin formation within the
alveolar spaces – B- Section of lung 3H00 after OA injection showing absence of edema or fibrin. There was no more significant neutrophil infiltrate -
(tb) Terminal bronchiole. (H&E x100, cartridges X400).
doi:10.1371/journal.pone.0011485.g002

Figure 1. Variation of expression of pro-inflammatory and anti-inflammatory cytokines determined by real-time RT-PCR in lung
samples. The X-axis corresponds to the incubation time after OA injection. The Y-axis corresponds to the ratio between the expression level of a
cytokine measured after OA injection and the expression level of this same cytokine measured after the same incubation time following physiological
serum injection. Measurements are normalized using the bactin housekeeping gene. A- Variations of expression level of Tnfa, Il6, Il10 and Il4 across
OA incubation time allowed us to identify pro- and anti-inflammatory phases. B- We identified the pro-inflammatory peak 1H30 after injection of OA
which corresponds to the maximum expression level of Tnfa. C- Il6 which is both a pro- and anti-inflammatory cytokine is highly expressed 3H after
OA injection. D- The expression level of Il10, an anti-inflammatory cytokine is maximal 4H after injection of OA. E- Il4 is highly expressed 3H to 4H after
injection of OA. We observe that the anti-inflammatory response occurs approximately 4H after OA injection and follows the pro-inflammatory
response which occurs approximately 1H30 after OA injection.
doi:10.1371/journal.pone.0011485.g001

Gene Expression of ALI in Mice

PLoS ONE | www.plosone.org 3 July 2010 | Volume 5 | Issue 7 | e11485

«MAPK signaling pathway» (p = 1.461022). The Functional
Annotation Clustering tool from DAVID grouped these terms in
a single annotation cluster with the best enrichment score (1.36).
Nine genes belonging to the «Hematopoietic cell lineage» pathway
(p = 6.561022) were present in this cluster. As expected in
inflammation response, immune and pro-inflammatory responses
are activated. These results validate our experimental strategy,
particularly the use of OA to induce a reliable inflammation
without any infection.
Most of the genes grouped in the cluster Intermediate were found

to be involved in Kegg pathways related to the immune response,
notably the spreading of immune cells into inflamed tissues through
interaction with vascular endothelial cells, such as «Leukocyte
Transendothelial migration» (p=7.861023) or «Adherens junction»

(p=3.561022) (table 2). This was further supported by the analysis
of Biocarta Pathway, which pointed out several pathways such as
«Adhesion Molecules on Lymphocyte» (p=8.561023) and «Mono-
cyte and its Surface Molecules» (p=1.861022). These pathways
were clustered together by the Functional Annotation Clustering tool

Figure 3. Schematic outline of data analysis. a We compared gene
expression between three groups: 1H-1H30/3H-4H/18H-24H. b HCL:
Hierarchical Clustering. We considered the full dataset (n = 6622 genes)
to identify genes significantly differentially expressed between the
three classes previously described. The 1000 genes identified with SAM
have been clustered using the Cluster software and each cluster was
independently functionally annotated using DAVID.
doi:10.1371/journal.pone.0011485.g003

Figure 4. Hierarchical classification of 1000 significant genes
differentially expressed at early and late stages of inflamma-
tion. This set of genes was extracted from the full dataset (n = 9984) by
use of a SAM procedure and a false discovery rate of 5%. Each row
represents a gene and each column represents a sample. Red and green
indicate expression levels respectively above and below the median.
Dendrogram of genes, to the left of the matrix represents overall
similarities in gene expression profiles. 3 clusters have been identified:
Early, Intermediate and Late.
doi:10.1371/journal.pone.0011485.g004

Gene Expression of ALI in Mice

PLoS ONE | www.plosone.org 4 July 2010 | Volume 5 | Issue 7 | e11485



Hotchkiss et al., Lancet Infect Dis 2013 



Réponse immune : dépression 
 
Futur : stimuler l’immunité 



Marshall. Nat Rev Drug Disc 2003 

Anti-TNF RCT : anti-TNF = pas d’effet 



HLA-DR 

Hotchkiss et al. Lancet Infect Dis 2013 



Meisel et al. Am J Respir Crit Care Med 2009 



Meisel et al. Am J Respir Crit Care Med 2009 

Ventilation mécanique 

GM-CSF: 148 ± 103 h  

vs.  

Placebo: 207 ± 57 h,  

p = 0,04  

Etudes multicentriques en cours 



Hotchkiss et al. Lancet Infect Dis 2013; Unsinger et al. J Immunol 2013  





Sepsis  

•  Dépression myocardique 
   Ann Intern Med 1984; 100:483–490 

•  Baisse contractilité VG 

•  Mais baisse de postcharge 

•  Donc le plus souvent pas de congestion 



Charpentier et al. Crit Care Med 2004; 32 : 660. 

BNP- 34 patients en choc septique 
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p < 0.05 entre non-survivants (n = 22)  et survivants (n=17) à chaque 
temps 

Roch et al.  
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r= .342 , 
p<0,008 

Roch et al.  


