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Rationale of extracorporeal cytokine removal
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indicate adjunctive therapies in patients with multiple organ 
failure and persisting cytokine storm.

T he gold standard for proving antibiotic appropriateness 
of antibiotic therapy is the microbiological confirm a tion of 
the bacteria and its susceptibility. However, to obtain these 
results may take several days. At the early stage of suspected 
infection, currently there is no ‘perfect’ clinical sign or 
laboratory parameter that helps the clinician in deciding 
about antimicrobial therapy. We conducted an observational 
study (the EProK-study) where PCT  was measured when 
the first dose of empirical antibiotics was given (t0), and 
then 8 hourly (t8, t16, t24) during the firs t 24 hours and then 
daily (33). T here was a signific

a

nt  difference in the kinetics 
between patients receiving appropriate as compared to 
those receiving inappropriate antibiotic therapy. Receiver 
Operating Characteristic analysis revealed that a PCT  
elevation ≥55% within the first 16 hours (i.e., from t0–
t16) had an AUC for predicting inappropriate antibiotic 
treatment of 0.78 (95% CI: 0.66–0.85), P<0.001; from t0–t24 
a ≥70% increase had an AUC of 0.85 (0.75–0.90), P<0.001. 
T hese data suggest that early response of PCT  within 

the first 24 hours of commencing empirical antibiotics in 
critically ill patients may help the clinician to evaluate the 
appropriateness of therapy, a concept which certainly will 
have to be tested in the future. Of note, hospital mortality 
was 35% in the appropriate and 65% in the inappropriate 
group (P=0.001), which provides further evidence that 
choosing inappropriate antibiotic therapy may seriously 
affect survival.

Translating these results into the everyday practice, 
we recommend two possible approaches. T he first is, to 
measure the percentage change in PCT  within the first  
24 hours after starting antibiotic therapy and use the EProK 
data to decide on antibiotic appropriateness. Second, 
measure PCT  level at the commencement of antibiotic 
therapy, then one more somewhere in between 12–16 hours 
later and another one after 24 hours. If one observes a ‘roof 
top’ type kinetics (Figure 3) in contrast to a continuous 
increase what we found in the inappropriate group in 
the EProK  study, may support that the patient is getting 
appropriate treatment.

In critically ill patients who have received appropriate 
resuscitation, source control, and require organ support, 
but still don’t want to improve, indicating some sort of 
adjunctive therapy is sometimes considered (34). As there 
is no frank evidence on the indication of these treatment 
alternatives, guidelines usually do not recommend these 
therapies (2). However, clinicians still use immunoglobulins, 
high volume hemofiltration, plasmapheresis and recently 
extracorporeal cytokine removal (CytoSorb®, Cytosorbents, 
Germany), all over the world. 

In a recent proof of concept prospective randomized 
pilot trial, we tested the efficacy of early extracorporeal 
cytokine removal with CytoSorb in patients with septic 
shock, with high PCT  and high vasopressor need (35). T he 
most dramatic effects as compared to controls were the 
dramatic decrease in PCT  and vasopressor need within the 
fir

s
t 12–24 hours of  treatme nt . 
Our results suggest that PCT  may be a useful biomarker 

to monitor inflammation/cytokine storm in patients and 
also to help the physicians to target immunomodulatory 
adjuvant therapy to patients who may benefit

 

the mo st.

Conc lusions

PCT  is a well-established and thoroughly investigated 
biomarker, which has been shown to help individualizing 
antibiotic management of critically ill patients that can have 
several potential benefits  on both patient outcomes and cost 
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Figure 3 Predicting antibiotic appropriateness from PCT  

kinetics. T he figu re demonstrates that after commencing empirical 

antibiotic therapy (at T 0), PCT  shows different kinetics in patient 

who receive appropriate as compared to those who receive 

inappropriate treatment. While there is continuous increase 

in PCT  in the IA-group, in the A-group PCT  reaches its peak 

somewhere between 12–16 hours and by T 24 it already declining, 

regardless, whether the absolute values at T 24 are higher than at T 0 

or not. T he drawing is based on the results published in (33). PCT, 

procalcitonin; IA, inappropriate; A, appropriate.
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That’s why SIRS was wrong:

SIRS is a „healthy” response



Organ dysfunction
+ 

dysregulated host 
response



Cytokine adsorbtion…

…and not only in septic patients but in any condition with a

CYTOKINE STORM!

To regain balance!



 

How does it work?



Let’s go fishing!

A) Balance

B) Imbalance

Proinflammatory molecule

Antiinflammatory molecule

A) Balance

B) Imbalance

Proinflammatory molecule

Antiinflammatory molecule
Capture rate:

1:1

A) Balance

B) Imbalance

Proinflammatory molecule

Antiinflammatory molecule



Let’s go fishing!

A) Balance

B) Imbalance

Proinflammatory molecule

Antiinflammatory molecule

A) Balance

B) Imbalance

Proinflammatory molecule

Antiinflammatory molecule

A) Balance

B) Imbalance

Proinflammatory molecule

Antiinflammatory molecule

Capture rate:
Lot:Few



Multiple support

ECMO

CRRT

CytoSorb



How to apply? – CRRT or on its 
own



Attenuating the cytokine storm early?

The ACESS trial
Adsorbtion of Cytokines Early in Septic Shock

The 1st PRCT on CytoSorb as a standalone 
therapy in septic shock
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• Suspected sepsis of medical etiology < 24h
• IPPV
• PCT >3 ng/ml
• Norepinephrine ≥ 10 µg/min
• PiCCO confirmed normovolemia and CO
• Signs of hypoperfusion: ScvO2, lactate, dCO2, 

oliguria metabolic acidosis
• Exclusion: need of CRRT



Almost 3 
years...
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• IPPV
• PCT >3 ng/ml
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• Exclusion: need of CRRT

Is PCT an 
appropriate marker?



ACESS – PCT and cytokines

IL-10

IL-1ra

IL-6

IL-8

TNF-α

PCT may be an appropriate biomarker to 
monitor Cytokine Storm

(Laszlo I, et al. Unpublished data)



 

ACESS results





Control CytoSorb
MODS

MODS/SOFA maybe too robust for 24-48 hours



Vasopressor 70%  
decrease



>80%  risk

Shock reversal 65% & observed mortality: 55%



Case series 13 surgical 13 medical on  CRRT



PCT
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Fig. 3 Procalcitonin kinetics in the CytoSorb and in the Control group 461 
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ACESS Spin Off – preliminary results

(ISICEM, 2017)
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Mortality is increased by procalcitonin 
and decreased by an antiserum reactive 
to procalcitonin in experimental sepsis.

Mortality is increased by procalcitonin 
and decreased by an antiserum reactive 
to procalcitonin in experimental sepsis.

• Black column: control (E. coli)

• White: PCT-AS pretreatment + E. coli

• Black: control (E. coli)

• White: E. coli+PCT-AS treatment

(Nylen ES et al, Crit Care Med 1998; 26: 1001)

PCT is toxic – removal maybe beneficial





 

The future:
Cytokine Removal In Septic Shock 

(CRISS) trial


	Snímek 1
	
	Snímek 3
	Snímek 4
	Snímek 5
	Snímek 6
	
	Snímek 8
	Snímek 9
	Snímek 10
	Snímek 11
	Snímek 12
	Snímek 13
	Snímek 14
	Snímek 15
	Snímek 16
	Snímek 17
	
	Snímek 19
	Snímek 20
	Snímek 21
	Snímek 22
	Snímek 23
	Snímek 24
	Snímek 25
	Snímek 26
	Snímek 27
	Snímek 28
	Snímek 29
	

