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Rhee et al. JAMA Netw Open 2019

Epidemio: Sepsis = primary cause of death in our ICUs/hospitals



Rudd et al. Lancet 2020

YEAR 2017
- 50 million = number of deaths from all causes worldwide = 1.5 death / second 
- 50 million cases of sepsis diagnosed worldwide. 11 million died of this condition.
- Sepsis represents one in five deaths worldwide, twice as many as previously estimated

Epidemio: Sepsis = Twice more deaths as we though… 
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A = The speed of antibiotics administration 

Kumar et al. Crit Care Med  2006



B = The rapid and exhaustive organ support management  

The three cornerstones of sepsis treatment

1) Antibiotherapy
2) Source control
3) Support of organ failures

- Hemodynamic
- Respiratory
- Renal
- Liver
- Coagulopathy
- Neurologic
…..
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MISCELLANEOUS, OTHER TECHNIQUES

High-volume hemofiltration/Cascade hemofiltration

Plasma exchanges

Coupled Plasma Filtration Adsorption

HEMOPERFUSION (Sorbents)

PMX-B (Toray/Estor)
Cytosorb (Cytosorbents)
LPS adsorber (Alteco)
HA330, HA380 (Jafron)
MG350 (Biosun) 

CRRT filters

high adsorptive hemofiltration (oXiris, Baxter – PMMA, Toray) 

high cut-off membranes (Emic2, Fresenius Medical Care)

NEW BLOOD PURIFICATION THERAPIES

(capable of leukocyte or bacteria or virus removal)  

Seraph® (Exthera Medical)
FcMBL protein (Opsonix)
Hemopurifier® (Aethlon Medical)
other selective cytapheresis technology…

C = Extracorporeal blood purification techniques ? 
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Plasmaphérèse

Traitement standard

Busund et al. intensive Care Med 2002



Plasmaphérèse

Traitement standard

Rimmer  et al. Crit Care 2014 



Knaup et al. Crit Care 2018



P A R A M E T E R V A L U E 

Age (years) 47.9 +/- 16
BMI 29.2 +/- 11
Side of infection

pulmonary 55 %

abdominal 20 %

blood stream 5 %

soft tissue 20 %

Organ Failure (n) 3 +/- 1

Mechanical ventilation (%) 100%
pAO2 / FiO2 161 +/- 89

Renal Replacement Therapy 90%
APACHE II 38.2 +/- 4.8
SOFA 17.2 +/- 3.5
Biochemical abnormalities

CRP (mg/L) 236 +/- 93
PCT 68 +/- 92

Hemodynamics 

Cardiac index (L/m2 bodysurface) 3.1 +/- 1.1
MAD (mmHg) 63 +/- 11
NE (ug/kg/min) 0.81 +/- 0.4
fluid balance -6hrs (L) 3.45 +/- 1.8

Acid Base Status

pH 7.28 +/- 0.13
pCO2 45 +/- 11
HCO3- 20.3 +/- 4.4

Knaup et al. Crit Care 2018
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Knaup et al. Crit Care 2018



David et al. Crit Care 2019



Faqihi et al. International Journal of antimicrobial agents 2021



Faqihi et al. International Journal of antimicrobial agents 2021

Survival SOFA score 



David et al. Intensive Care Med 2021

Bi-centric HANNOVER – BONN, n=40, primary endpoint: hemodynamic after 6 h

Randomized controlled trial (EXCHANGE II)



Stahl et al. Crit Care 2022



Zhang et al. Int Wound J 2023
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Seffer et al. Blood Purif 2021

Removing Pathogens : the Seraph® 100 Microbind Affinity adsorber

Polyethylene beads



Removal of Carbapenem-Resistant Enterobacteriaceae

Removing Pathogens :  the Seraph® 100 Microbind Affinity filter

Mc Crea et al. Plos One 2014



9. Chitty et al, A Multicenter Evaluation of Blood Purification with Seraph 100 Microbind Affinity Blood Filter for the Treatment of Severe COVID-19: A Preliminary Report, (2021); 

Design: Prospective observational patient registry3

• Primary Endpoint: Time spent on medications used to increase blood pressure

• Secondary Endpoints: Time on mechanical ventilation, ICU LOS, Hospital LOS, 

Time spend on dialysis, Mortality

• 99 patients included in preliminary preprint publication

• Mortality was much lower in the Seraph 100 treated group compared to the 

historical controls: 37.7% vs. 67.4% respectively (p=0.003)

• Multivariable logistic regression analysis yielded an odds ratio of 0.27 (95% 

confidence interval 0.09- 0.79, p=0.016): Nearly 4X improvement in 

survivability odds when severely ill COVID-19 patients are treated with 

Seraph 100

• Significant reduction of 10.5 median ICU LOS compared to matched 

controls (p = 0.052)

• These results support the 2021 launch of a US multicenter randomized 

controlled feasibility trial of the Seraph 100 for septic shock due to any pathogen

(p<0.001)

Survival

Seraph® 100 PURIFY OBS Preliminary COVID-19
Outcome Data (US):  April 26, 2021

28



Design: Prospective multicenter observational study20

• Primary Endpoint: Overall 30-day survival after Seraph 100 therapy session

• Secondary Endpoints: Adverse events, clotting rates, time to ICU discharge

• 82 Patients documented to-date (Median SOFA Score: 9)

• Significant survival improvement for Seraph treatment(s) initiated <60 hrs (2.5 

days) after ICU admission (1.73 [1.5-3.2] vs. 4.58 [2.05-11.4] days p=0.0023)

→ 34.5% vs. 62.5% ICU mortality (p=0.04)

• 66.7% Patients treated on mechanical ventilation

• 43.1% Hemoperfusion (HP) modality/stand-alone treatment

• Seraph 100 treatments well tolerated, low rate of clotting, no serious adverse events

Seraph® 100 Prelimanary Outcome Data COVID-19:
COSA COVID-19 Patient Registry (EU)

Figure 2: Kaplan-Meier analysis of survival in patients stratified for ICU admission < 
and > 60 hrs during 30 days (p log-rank test < 0.015).

Survival

Schmidt et al. NDT 2021
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The extracorporeal blood purification concept in sepsis  

BLOOD PURIF 
DEVICE

= Improved patient outcomes ?SEPSIS



Evans et al. Intensive Care Med 2021



Rhodes et al. Intensive Care Med 2017

Evans et al. Intensive Care Med 2021
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What about the villains?



Hotchkiss et al. Nat Med 2009

TNF, IL-6, IL-8 (early deaths)

IL-4, IL-10, IL-1ra (late deaths) 
- No clinical signs of this 

immunosuppression

- Increased risk of HAI

- 70-80% of total mortality

Endotoxins

Septic shock = Hyperinflammation followed by severe immunosuppression

D = Sepsis-induced immunosuppression 



Pathophysiology: Main mechanisms of sepsis-induced immunosuppression

Innate Immunity

Adaptive Immunity

Venet et al. Curr Opin Immunol 2013



Hotchkiss et al. Nat Rev Immunol 2013



• Blue Diamond – predicted mortality rate
• Black Square – observed real mortality
• Control-group mortality demonstrates rate significant variability

Sepsis is a very heterogeneous syndrome!

E = Sepsis heterogeneity 

De Grooth Intensive Care Med 2018



Tested intervention in sepsis 

(Too?) large population

+ = -

Negative RCTs…

F = Methodological issues of sepsis trials  =   Insufficient patient selection!  



Fujimori et al. Ann Intensive Care 2021

To pick the right patient to study is key: not sick enough, sick enough, too sick… ?
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Conclusions / Take-home messages

HEROES VILLAINS

Early antibiotics Sepsis-induced immunosuppression

Antibiotics / Source control / Organ support Sepsis heterogeneity

Extracorporeal blood purification techniques? Insufficient patient selection for sepsis trials 
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