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Precision medicine strategies Target (s) Clinical application

Omics technologies

Genomics and epigenomics Genetic variants Prognosis, severity
Genotypes Susceptibility to sepsis

Transcriptomics Gene expression, activity and regulation Susceptibility to sepsis

Sepsis response signatures Severity, prognosis
Metabolomics Small molecules produced by cells Prognosis

Metabolomic profile Response to treatment
Proteomics Proteins expressed by the genome under

certain conditions
Diagnosis, Prognosis

Biomarkers Diagnosis, prognosis
Immunoglobulins Immunoglobulin levels Sepsis-associated

hypogammaglobulinemia

Hemoadsorption

High Endotoxinemia
Endotoxinemia Rescue therapy

Severe Hypercytokinemia Cytokine levels Rescue therapy

Sequential Hemoadsorption Endotoxin and Cytokine hemoadsorption Rescue therapy

Immunotherapy Hyperinflammation vs immunoparalysis
Secondary infections and complications
Macrophage activation-like syndrome
HLA-DR/CD14 expression vs hiperferritinemia

Immunomodulatory therapies

Non-catecholaminergic vasopressors
Vasopressin, Selepressin, Terlipressin
Methylene blue, Angiotensin II

Catecholamine sparing agent

Rescue therapy
Low-Perfusion phenotipe Patients with septic cardiomyopathy ECMO
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Prospective, observational
and single-center

Met the criteria for sepsis

Nine proteins (GPX3, APOB,

ORM1, SERPINF1, LYZ, C8A,

CD14, APOC3 and C1QC) were

associated with organ

dysfunction (SOFA > 6) with an

accuracy of 0.82 ± 0.06, precision

of 0.85 ± 0.093, sensitivity 0.81 ±

0.10, specificity 0.84 ± 0.10 and

AUC 0.82 ± 0.06.
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Which patient would benefit the most from cytokine removal?

When to start cytokine removal therapy in sepsis?

How long should cytokine removal therapy last and how long should it be continued?

Which patient population should be studied in the future?

What severity score of sepsis would be the most appropriate to include in a study looking 
at cytokine removal therapy in patients with sepsis?

Which biomarker should be the most appropriate to include in a study looking at cytokine 
removal therapy in patients with septic shock?







45 patients with septic shock, a significant vasopressor

dose reduction was observed in patients treated with

cytokine hemoadsorption. Norepinephrine was reduced

by 51.4%, epinephrine by 69.4%, and vasopressin by

13.9%. Also, a reduction in IL-6 levels by 52.3% and lactate

levels by 39.4% was observed in the survivors. A survival

rate of 75% was documented in patients who received

treatment within 24 hours of intensive care unit (ICU)

admission. Sixty-eight percent of patients who received

treatment within 24-48 h after ICU admission survived.



CytoSorb was associated with a decreased observed

versus expected 28-day all-cause mortality.

At the start of therapy, CytoSorb-treated patients had

higher lactate levels (p < 0.001), lower mean arterial

pressure (p = 0.007) and higher levels of noradrenaline (p

< 0.001) compared to the CRRT group.



Significant effects on norepinephrine

requirements, PCT and Big-endothelin-1

concentrations compared to controls



In a case-control study of septic shock patients

who received cytokine hemoadsorption with

CytoSorb®, the median catecholamine

requirements approximately halved within 24

hours after the initiation of therapy. In-hospital

mortality was significantly lower in the

CytoSorb® group (35.7% vs 61.9%; p = 0.015).



Nine patients; plasma levels of IL-8 decreased at 24 h

(p < 0.05 versus 6 h); no significant variation was found for

other cytokines. Haemodynamic parameters and vasopresor

requirement remaind substantially stable during 24-h

treatment;. nonetheless an increase in sublingual

microcirculatory density was observed and microvascular

flow quality tended to improve over time.



IL-6 plasmatic concentration
Kobe 2007 23300 (26500) pg/ml.   

Schadler 2017 Treatment group: [162–874] pg/ml

Control group: 590 [125–2147] pg/ml.

Friesecke 2017 25523 (1052 - 491260) pg/ml.

Schittek 2020 Treatment group: 5000 (939 – 5000) pg / ml.

Control group: not measured
Mehta 2020 1962.04 (229.09) pg/ml.

Garcia 2021 HA group: 23897 (23179) pg/ml

Non-HA group: 26543 (21373)

Scharf 2021 Cytosorb® treatment: 60529 (10108 – 84000000) 

No-Cytosorb®: 25660 (10051 – 600000)
Paul 2021 889.15 (1307.43) pg/ml

Hawchar 2022 4240 (0->107) pg/ml

Unpublished
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…hemodynamic instability, multiple
organ failure, and death…

…correlation between plasma endotoxin
concentrations and severity of septic shock,
organ dysfunction, and mortality…



A significant decrease in 28-day 
mortality was noted in the 
intervention group (32%) 
compared to the standard 

treatment group (53%)



243 patients with septic shock within 12 h after emergency surgical treatment for secondary peritonitis
due to organ perforation.

Patients receiving hemoperfusion with PMX (119 patients) received conventional therapy plus two
sessions of PMX hemoperfusion.

There were no significant differences in the SOFA score or the 28-day mortality rate between the PMX
and control groups (27.7% vs. 19.5%).

The severity of disease and mortality rates were low in the study population.

Among the 220 sessions performed, early interruption was observed in 25 cases (11 %), mostly during
the first session and mainly due to circuit coagulation.

The two PMX hemoperfusion sessions were achieved in only 81 of 119 patients (69.8 %).

Of note, plasma EAA levels were not measured.



post hoc study of 194 of the patients with EAA values
between 0.6-0.89 and observed an improvement in
survival in patients who received therapy with PMX



“… initial randomized
controlled trials should
assess different
primary endpoints
rather than mortality
to also assess other
important effects of
extracorporeal blood
purification such as
ventilation-free days,
vasopressor therapy-
free days, invasive
organ support-free days
or intensive care unit-
free days …”



“… Due to the

critical importance

of optimal

antimicrobial

treatment in sepsis,

it seems crucial to

understand

and compensate for

such extracorporeal

loss during …”







“… Clinical decision-making

regarding adjustments in drug

dosing should always be made

in the broader clinical context,

supported by therapeutic

drug monitoring when

available …”



Time-dependent
Drug

Concentration-dependent
Drug

Potential impact of patient
conditionsVolume of

Distribution

Protein
Binding

Drug Initiation 
Versus 

Steady-State 
Conditions

Endogenous Clearance
and Half-Life

Long-Term Versus Short-Term 
CytoSorb Use

DRUG DOSING 
CONSIDERATIONS
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Significant reductions in

mortality in adults with

sepsis compared to placebo

or no intervention (relative

risk (RR) 0.81; 95%

confidence interval (CI) 0.70

to 0.93 and RR 0.66; 95% CI

0.51 to 0.85, respectively).



Pooled analyses showed that the use of IVIgGM
reduced the mortality risk of septic patients
(relative risk 0.60; 95% confidence interval [CI]
0.52–0.69, I2 = 0%).
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The latest SSC recommendations suggest adding vasopressin instead of scaling norepinephrine above 0.25-0.5

g/kg/min when it is not possible to reach a MAP ≥ 65 mmHg (weak recommendation, moderate quality of

evidence)



Rusell et al, N Engl J Med 2008;358:877-87

Vasopressin low doses 0,01-0,03 u/min

Study of the effects of low-dose vasopressin as a catecholamine saver and not as an assessment of
vasopressin in patients with refractory shock unresponsive to catecholamines.

No overall difference in  28 or 90 d mortality
Low dose vasopressin infusíon allowed a rapid decrease in NE dose

Conclusions



Gordon AC et al. JAMA. 2016; 316(5): 509-518
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Multicentric retrospective study where patients treated
with VA-ECMO had more severe myocardial dysfunction,
more severe haemodynamic impairment and more severe
organ failure than did controls, with p<0·0001 for each
comparison, however survival at 90 days for patients
treated with VA-ECMO was significantly higher than for
controls (60% vs 25%, risk ratio [RR] for mortality 0·54, 95%
CI [0·40–0·70]; p<0·0001).

Systemic review including 14 observational studies with
468 patients that concluded that when treated with VA
ECMO, the majority of patients with septic shock and
severe sepsis-induced myocardial depression survive.
However, VA ECMO has poor outcomes in adults with
septic shock without severe left ventricular
depression. Pooled survival was 36.4%. Survival among
patients with left ventricular ejection fraction (LVEF) <
20% (62.0%, 95%-CI: 51.6%-72.0%) was significantly higher
than those with LVEF > 35% (32.1%, 95%-CI: 8.69%-60.7%,
p = 0.05).
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Rescue therapies

Potential impact of patient
conditions

Clinical tools

Genetic
markers

Targeted treatments
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