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Sepsis or septic shock (Pubmed)
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Agenda
• Epidémiologie

– Changements?
– Hétérogénéité et intelligence artificielle
– Impact à long terme à traitements non limités à la phase initiale

• Etudes pivot
– Défaillances d’organes
– Approches inflammatoire

• Domaines d’intérêt pour le futur



Définition: Sepsis 3.0 en 2016

La défaillance d’organe est au premier plan 
pour identifier les patients avec une 
« infection pathologique »

Singer et al. – JAMA, 2016

Sepsis 
à Réponse anormale de l’hôte à l’infection
à Infection aboutissant à une défaillance 

d’organe 

Choc septique à sepsis + dysfonction 
métabolique + défaillance hémodynamique



qSOFA only a prognostic score 
• 1,004,347 hospitalized patients, 271,500 (27.0%) were qSOFA-

positive
• qSOFA-positive patients were older (median age, 65 vs 58 

years), required ICU admission more often (28.5% vs 6.5%), 
and had higher mortality (6.7% vs 0.8%)

• Sensitivities of qSOFA for suspected infection and sepsis were 
41.3% (95% CI, 41.1%-41.5%) and 62.8% (95% CI, 62.4%-
63.1%), respectively

• AUC-ROC for prognosis of qSOFA was higher for patients 
WITHOUT infections 

CHEST 2019; 156(2):289-297



• 2,729,529 patients (49 ED)
• Sepsis defined according to Rhee’s

criterias
– 2% sepsis (ICU admission 53.0% versus 3.4%; P<.001)
– a selected comorbid diagnoses (20.4% versus 3.0%)
– Hospital death (11.9% versus 0.4%;P<.001). 

• 56 potential major inputs (vital signs
demographics lab results medication
prescribed..)

• supervised machine learning called 
gradient boosting (local decision trees) 

• Multiple Internal cross validation
• Tested in a derivation cohort

=PPV

Ann Emerg Med Volume 73, no. 4 : April 2019



Hétérogénéité du sepsis

Classification non supervisée



• Data from 3 cohorts and 3 RCTs (1998-2014)
• Variables: vital signs comorbidities severity scores biological

parameters (incl. Lactates and albumin)
• K-clustering
• 4 clusters with very different inflammatory pattersns and 

prognosis 
– α phenotype: fewer abnormal laboratory values and less 

organ dysfunction
– β phenotype older, greater chronic illness, and more renal 

dysfunction
– γ phenotype elevated measures of inflammation (eg,white

blood cell count,premature neutrophil count [bands], 
erythrocyte sedimentation rate, or C-reactive protein), 
lower albumin level, and higher temperature; 

– δ phenotype elevated serum lactate levels, elevated levels 
of transaminases, and hypotension 

JAMA. 2019;321(20):2003-2017.
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Sepsis phenotypes

Garlund J Crit Care 
2018;47:70–79. Seymour CW et al 

JAMA 2019.

Knox et al -
ICM 2015; 
41:814–822. Scicluna BP et al. 

Lancet RM 2017; 
5:816–826.

Davenport EE et al -
Lancet Respir Med 
2016

Maslove et al -
Crit Care 2012

Shankar-hari - Curr Opin Crit Care 2019, 25:000–000



Sepsis heterogeneity: What for?
« intelligence artificielle ou bêtise naturelle » 

• Phenotype resulted from interactions of the genotype and the environment
• Endotype is defined as a phenotype with a specific biological pathway that 

explains the observable properties of that phenotype.
“Unsupervised artificial intelligence is not unbiased because only the data available 

within the database can be explored, and only the data that are known or thought 
to be important are entered.

Because knowledge of the underlying pathophysiological mechanisms associated with 
multiple organ failure in patients with sepsis is still limited, the data that are 
directly related to the cause or mechanisms of organ failure cannot be registered. 

This creates the danger that the next clinical trial will be performed in patient 
subgroups without a common underlying pathophysiology of multiple organ 
failure, leading to off-target effects and another unsuccessful trial”

Mosers J et al – Jama 2019 (letter)



Board-certified intensivists in the ICU 
24/7 (present in Cluster 3)
Dedicated pharmacists (present in 
Clusters 2 and 3) 
Extent of nurse autonomy (which 
increased from Clusters 1 to 3)



2 réanimations
Survivants à J14
173 patients avec sepsis

63 (36%) “chronic critical illness: 
>14 j avec des DO” 

≠ survie à 12 mois (54% vs 92%; p 
< 0.01). 

≠ capacité fonctionelle
≠ qualité de vie. 

2019

CCI: chronic
chritical illness
RAP: rapide 
recovery



DEVENIR DES PATIENTS



• Revue « systématique »:  épidémiologie, physiopathologie, séquelles post sepsis

• Plus de 19 Millions de sepsis par an dans le monde 

• Baisse de la mortalité de 35% en 2000 à 18% en 2012

• Nouvelles données tendent à dire que les survivants présentent: 

– Plus de plaintes fonctionnelles

– Plus de comorbidités

– En perte d’autonomie

– plus de recours aux soins

• Besoin d’organiser la prise en charge (« management ») post hospitalisation.

2018

JAMA. 2018 Jan 2;319(1):62-75

https://www-ncbi-nlm-nih-gov.proxy.insermbiblio.inist.fr/pubmed


• 6 US academic and community hospitals from January 1, 
2014, to December 31, 2015

• Rétrospectif, 568 dossiers en 2014/2015 aux USA de 
patients décédés à l’hôpital ou admis en long-séjour

• Sepsis pour 52.8% d’entre eux. 
• Sepsis comme causes immédiate de décès pour 198 cas. 

2019

MAIS Uniquement 11 certainement ou probablement
évitables (3.7%) et 25 autres possiblement évitables



Séquelles post sepsis

• Au USA en 2014, post sepsis

– 1/2 récupération complète
– 1/6 perte d’autonomie importante
– 1/3 décèdent dans l’année (½ récidive de sepsis; ½  

comorbidités/âge).

JAMA. 2018 Jan 2;319(1):62-75

https://www-ncbi-nlm-nih-gov.proxy.insermbiblio.inist.fr/pubmed


Séquelles post sepsis

• Sociales

– 35% maisons médicalisés
– 43% de retour au travail dans l’année pour les patients 

travaillant
– 33% des patients vivant à domicile avant récupèrent 

une autonomie à 6 mois



Séquelles post sepsis

• Somatiques

– Récurrence infection et sepsis:
• 40% de réadmission dans les 90 jours 

– 12% pour sepsis, infection/8% pour âge et comorbidités, 

• 9 fois plus de risque de sepsis que dans une population similaire sans 
ATCD de sepsis

– Exacerbation d’une pathologie chronique



2019

898,257 patients (87.2%) survivors
157,235 (17.5%) 30-day readmission;

Risk factors: chronic diseases

The mean cost per readmission was $16,852; annual 
cost was > $3.5 billion within the United States



2015



JAMA. 2018 Jan 2;319(1):62-75

https://www-ncbi-nlm-nih-gov.proxy.insermbiblio.inist.fr/pubmed
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• Epidémiologie
– Changements?
– Hétérogénéité et intelligence artificielle
– Impact à long terme

• Etudes pivot
– Antibiotiques et Défaillances d’organes
– Approches « inflammatoire »

• Domaines d’intérêt pour le futur



3-h bundle and prognosis

Seymour et al. – NEJM 2017

49331 patients ; sepsis and septic shock in 149 hospitals

Administrative data

82,5% respect of the 3-h bundles 

Hospital mortality 22,8%

Med 3-h bundles : 1,5h IQR 0,65-2,35

Median ABx: 0.95h IQR 0,35-1,95 Median fluids : 2,56 IQR 1,33-4,20

0R 1.04 per hour, p<0.001



• 1871 patients in Canada: Early administration of intravenous fluids provided by paramedics and in-
hospital mortality

• Early IV fluids (400ml in median) to patients presenting with a low initial SABP was associated with 
reduced OR of mortality but not among patients with a higher initial SABP

NB: Adjusted on: 
– baseline characteristics
– initial physiological measures
– documented symptoms, 
– Physical examination findings
– paramedics’ suspicion of sepsis in the patient,
– total prehospital time
– transportation priority

JAMA Network Open. 2018;1(8):e185845. doi:10.1001

CAUTION: Antibiotics given by doctors only / prehospital time shorter for severe cases



• Bayesian analysis of 37 EGDT studies (20 000 patients) suggested that the mortality benefit in the EGDT solely 
explained by earlier administration of appropriate antibiotics, rather than intravenous fluids or any of the 
protocol’s hemodynamic targets. Kalil et al – Crit Care Med. 2017;45(4):607-614

• Time to IV 30 ml/kg bolus fluids is not related to mortality during mandated emergency care for sepsis 
Seymour et al - NEJM. 2017;376(23):2235-2244

• In a large US database of 35,135 patients a low volume resuscitation (1–4.99 L) improved prognosis but, in 
patients receiving high volume resuscitation (5 to ≥ 9 L), the mortality increased by 2.3% (95% CI 2.0, 2.5%; p = 
0.0003) for each additional liter. Marik et al - Intensive Care Med 2017;  43:625–632

• A multicenter analysis (SEP-1) suggested that failing on the 3-hour antibiotic measure was associated with higher 
mortality, while failing the treatment bundle on any other component (including the 30-mL/kg fluid requirement) 
was not. Rhee C et al - Crit Care Med. 2018;46(10):1585-1591

• Positive fluid balance and weight gain are associated with a poorer outcome in sepsis
Sakr Y- Crit Care Med. 2017;45(3):386-394. 

Andrews B (RCT). JAMA. 2017;318(13):1233-1240. 

Gros A - Crit Care Med. 2018 Oct;46(10):e981-e987

2018



• Lactate level/2h
vs
• CRT/30 mn for 8 

hours

JAMA. 2019;321(7):654-664.



Lactate level/2h
vs
CRT/30 mn for 8 hours

JAMA. 2019;321(7):654-664.



Lactate level/2h
vs
CRT/30 mn for 8 hours

Sylversides et al - Intensive Care Med (2019) 45:1440–1442





Early antimicrobial therapy: « as soon as 
possible »

CID 2018:66 (15 May) • IDSA Sepsis Task Force



• RCT/regional
ambulance service

• Training for early
recognition of sepsis

• Pre hospital CRX 2g 
vs control

• Only 3% with septic
shock

• 91% of « true » 
infections



Alam – Lancet Resp Med 2018; 6: 40-50





Les pistes pour les antibiothérapies
• 1- Identification ultra précoce

– Oui mais avec l’aide d’experts…
• 2- Optimisation de la PK? 

– Une fT> 6XCMI semble être l’objectif le plus associé au succès clinque pour les betalactamines
Wong G et al - J Antimicrob Chemother. 2019 in press

• 3- arrêt précoce en l’absence de documentation?
– Sur 1047 survivants d’un sepsis non documenté la durée médiane d’antibiothérapie est de 6 

jours Lockhart Open Forum Infect Dis. 2019 Oct 9;6(10):ofz397.

– L’arrêt précoce des anti-SARM ne modifie pas le pronostic des PAVM est associes à moins de 
DC et mois d’IRA  Labelle AJ et al - Chest 2010; 137:1130–7.; Cowley MC - Chest. 2019 Jan;155(1):53-59

– La mortalité des patients avec un LBA<104 cfu n’est pas augmentée par un arrêt de 
l’antibiothérapie précoce Raman - Crit Care Med 2013; 41:1656–1663



N Engl J Med 2018;379:1431-42.



Post hoc: 348 septic shock
Saps3 incl: 75; SOFA 11.5

American Journal of Respiratory and Critical Care Medicine Volume 198 Number 1 | July 1 2018



• Background:
– Endogenous enzyme that exerts 

detoxifying effects through 
dephosphorylation of bacterial 
endotoxins and proinflammatory
mediators such as extracellular ADP

– In animal sepsis models, treatment 
with alkaline phosphatase
attenuated systemic inflammation 
and organ dysfunction and 
improved survival rates

– administration of bovine alkaline 
phosphatase significantly improved 
kidney function in patients with 
sepsis.

• Adaptative design:
– Dose ranging and efficacy
– End-point: AUC Cr Cl at day 1 to 7.
– Hierarchical analyses of secondary

end-points
– Delta clairance, mortality, MAKE

NS

JAMA. 2018;320(19):1998-2009



Post-hoc exploratory analyses:

Day 21 (mean difference, 16.3 mL/min
[95% CI, 3.07 to 29.5]; P = .02

Day 28 death: 1.6 mg/kg 14.4% vs PB: 
26.3%, p=0.02 (persisting at D90)

No effect on MAKE 30 but… 
Significant effect on MAKE 60 and 
MAKE 90…

JAMA. 2018;320(19):1998-2009



• ART-123 is a recombinant human soluble thrombomodulin. 
• The primary mechanism of is derived from its capacity to bind circulating 

thrombin molecules and serve as an activation complex to convert 
protein C to activated protein C.

• In addition,ART-123 inhibits inflammation and organ injury caused by 
DAMP, such as HMGB1 and histones

• Phase 2b: best effect if infection and at least 1 sepsis-associated organ 
dysfunction (cardiovascular and/or respiratory),and coagulopathy
indicated by prolongation of the INR and reduction of platelet count

JAMA. 2019;321(20):1993-2002



JAMA. 2019;321(20):1993-2002

Time window for ART 123 administration 40 hours
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• Vitamin C attenuates systemic inflammation, corrects sepsis-induced coagulopathy, and attenuates vascular 
injury

• Double blind RCT/ 7 centers
• Inclusion: 

– SEPSIS + Inv MV +  PaO2 to FiO2 ratio < 300 mm Hg + bilateral opacities < 1 week + no eidence of left atrial hypertension
– Suspected or  proven infection + > 2 SIRS criteria
– All criteria had to be met within a 24-hour period. 

• Exclusion: 
– known allergy to vitamin C
– no ability to obtain informed consent;
– Age< 18 years
– more than 48 hours had elapsed since they met ARDS criteria (
– Moribund status
– Home mechanical ventilation (via tracheostomy or noninvasively) or home oxygen> 2 L/min; or interstitial lung disease, diffuse 

alveolar hemorrhage,
– Diabetic ketoacidosis, or an active kidney stone.

JAMA. 2019;322(13):1261-1270

Intervention: 50 mg/kg actual body weight every 6 hours for 96 hours vs Placebo



The primary outcomes: 
– modified SOFA scores at 96 hours  (without bilirubin??? For missing values…)
– Plasma biomarker levels (C-reactive protein and thrombomodulin) at 168 hours

• NNT: complex simulations 85 patients per arm
• 46 prespecified secondary outcomes!!!

– Mortality
– Respiratory, neuro, cardiac and kidney failures
– Biomarkers

JAMA. 2019;322(13):1261-1270



JAMA. 2019;322(13):1261-1270

NS NS

P<0.001



NS but only alive patients were taken into account

JAMA. 2019;322(13):1261-1270

4days

But Impressive exploratory analysis on mortality data



A before after study : anti-oxydant cocktail 
(VitC+thiamine+HSHC)

• The propensity adjusted odds of mortality in patients treated with the 
vitamin C protocol was 0.13 (95% CI, 0.04-0.48; P < 0.002)

Marik et al - CHEST 2017; 151(6):1229-1238



RCT double blind 1:1 PB controlled study, 40 US ICUs

Intervention for 4 days

Primary outcome: Consecutive days free of
ventilator and vasopressor support (VVFDs) 

in the 30 days

The key secondary outcome is mortality at 30 days. 

Adaptative design for NNT with pre-stated stopping rules to allow 
the early recognition of a large mortality benefit if one exists 
and to refocus on the more sensitive outcome of VVFDs if an 
early large mortality benefit is not observed.

à 2000 patients



Early documented therapy for the future
• Before (n=163) after (n=166) study, monocenter
• ICU patients with positive BC:
• Maldi-tof alone vs maldi-Tof + filmarray biofire
• FA-BCID testing identified 96.2% of all on panel strains covering 85.2% of all 

microorganisms

Verroken A et al - PLoS ONE 14(9): e0223122



• 153 meeting inclusion criteria: 110 on-panel 
GNB, 10 Candida glabrata, and 5 Candida 
albicans from ED or ICUs. (Gram Pos not 
included)

• 15 assay failures (12%), including 3 instrument 
technical failures, 2 failed ID, and 10 failed AST.

• 74/153 (48.4%) possible positive change
– ADE (56/74, 75.7%) 
– change to appropriate (24/74, 32.4%).

• Of patients with on panel organisms, 30 
(24.0%) received IIAT. Patients with C. albicans
or C. glabrata were not on empiric antifungal 
therapy in 11 cases (91.7%) and could have 
been deecalated in the other case

JALM 
Jan 2019

Major errors: 21/1030
CA was lowest for ampicillin-sulbactam (71.8%),  ceftazidime (78.7%), 
cefazolin (85.2%), piperacillin-tazobactam (85.6%), and tobramycin (87.6%).



Randomized Clinical Trial Evaluating Clinical Impact of RAPid IDentification and 
Antimicrobial Susceptibility Testing for Gram-Negative Bacteremia (RAPIDS-

GN) – Banerjee R et al IDWEEK Oct 19 Abs 640

• 500 patients with positive GN-BC (446 evaluable 226 SOC, 222 AXDX). 

• Randomly assigned to SOC (+ Maldi-TOF) vs AXDX

• Primary End point: time to first antibiotic modification within 72 hours after randomization. 

Significant impact of duration of broad spectrum antimicrobials (Pearson et al Abs 2137)

Plus de questions que de réponse…
Différence entre la rapidité de l’examen et la vitesse de 

rendu du résultat?
Point-of-care?
Trou de spectre? Raisonnement rapide difficile
Nécessité d’une expertise pour être efficace?  Refonte de 
l’enseignement de l’infectiologie urgente

Comment mesurer l’impact? BMR?/consommation/end-
points pour les patients



• 583 patients with sepsis or septic
shock

• inactive midregional pro-ADM, or 
recently by direct  measurement 
of the bioactive form of ADM 
(bio-ADM)

…Independently of severity scores

Also associated with intensity of organ support

Similar results with the FROG6ICU DB
(Lemasle et al Crit Care Med 2019; in press)



• Adrenomedullin (ADM) is a vasoactive peptide. High plasma concentrations of 
ADM correlate with worse outcome in sepsis patients

• ADM-binding antibody adrecizumab showed promising effects in animal models of 
septic shock

• Phase II biomarker-guided by measurement of circulating biologically active ADM 
concentration at admission. 

• Primary endpoint is safety and tolerability of adrecizumab over a 90-day period. 
• Key secondary endpoint is the Sepsis Severity Index over a 14-day period.

Geven C, et al. BMJ Open 2019;9:e024475



Boomer et al - JAMA. 2011;306(23):2594-2605

Altered cytokine secretion



Effects of rhIL-7

De Roquetaillade - Critical Reviews™ in Immunology, 38(6):433–451 (2018)



Hotchkiss et al - Crit Care Med 2019; 47:632–642)

• PD1-PDL1 binding trigger T-cell « inactivation »

• 24 patients sepsis or septic shock and lymphocyte count<1,100 cells/μL.

• A single-dose BMS-936559 (10–900 mg; n = 20) or placebo (n = 4)
• The 2 highest doses result in HLA-DR > 5000 mab/c



• 27 septic shock and severe lymphopenia of 900 
lymphocytes/μl or lower

• CYT107 was well tolerated
• No induced cytokine storm or worsening inflammation or 

organ dysfunction.

• CYT107 caused a 3- to 4-fold increase in absolute 
lymphocyte counts and in circulating CD4+ and CD8+ T 
cells that persisted for weeks after drug administration.

• CYT107 also increased T cell proliferation and activation

JCI Insight. 2018;3(5):e98960.



Laroye et al - STEM CELLS 2017;35:2331–2339



• Preclinical sepsis studies suggest that mesenchymal stem 
(stromal) cells (MSCs) may modulate inflammation, enhance 
pathogen clearance and tissue repair, and reduce death

• Phase I safety of 250 million cells allogenenic freshly cultured 
bone marrow–derived MSCs for the treatment of septic shock.

• 9 intervention group vs 21 control group. No adverse events

American Journal of Respiratory and Critical Care Medicine Volume 197 Number 3 | February 1 2018



• 32 healthy subjects placebo or allogeneic adipose MSCs (ASCs) intravenously at either 0.25 × 106, 1 
× 106, or 4 × 106 cells/kg (H1)

• LPS stimulation (H0)
1 - Adipose MSC cells was safe
2- High dose increased the febrile response
3- mixed pro-inflammatory (enhanced interleukin-8 and nucleosome release) and anti-

inflammatory effects (increased interleukin-10 and transforming growth factor-β release)
4- Enhanced coagulation activation and reduced the fibrinolytic response.
5- Blood leukocyte transcriptome at 2 hours post LPS, ASC-infused subjects displayed higher 

expression of genes involved in innate immune pathways, whereas at 4 hours post LPS these 
subjects had lower expression of innate immune pathway genes

6- Early enhancement (2 hours post-LPS) and later suppression (4 hours post-LPS) of NF-κB signaling in 
blood leukocytes

SEPCELL/ Phase II PB controlled study - Severe CAP 180 patients 
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