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Blood Purification: why? 

MODS BLOOD PURIFICATION 



CRRT 

CRRT 



Seminars inNephrology, Vol 35,No1,January2015,pp55–63 55 

Terapie extracorporee per la modulazione 
citochinica 



Types  of  Blood  Purification 
› hemofilters 

– regular  pore  size (MW < 40,000D) 
› Low  flux 

› High  flux 

– large  pore  filtration (MW < 100,000D) 

› open  pore  plasma  filters  
– plasma  exchange 
– plasmapheresis 

› coupled  plasma  filtration/adsorption 

› adsorption 

 



Adsorbents 

› non selective 
– charcoal 

› coated 
› uncoated 

– uncharged  resins 
– liposomes (+ Vit C & Vit E) 

› selective 
– hydrophobic  resins 
– powdered  adsorbent 
– microsphere  based  detoxification  system 
– engineered  matrices 
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CytoSorb is made of 

Highly biocompatible, porous polymer beads 

 

CytoSorb works directly with BLOOD 

Adsorption with CytoSorb 



Adsorption with CytoSorb 
CytoSorb removes hydrophobic substances due to: 

• physicochemical properties  

• pore size 

Adsorption is based on 
physicochemical binding 





NON 

rimuove: 

❖Molecole idrofobiche fino a 55-60 kDa 



Adsorption with CytoSorb 

High concentration = 

High adsorption capability 

Low concentration = 

Low adsorption capability 



Valenti, I  Kellum J A Characterization of a Novel Sorbent Polymer for the Treatment of Sepsis.  Master  Thesis 2008 

In vitro removal of cytokines 

IL-6 TNF-α IL-10 

IL-1ra 
IL-8 

IL-8 HMG-B1 



Infammatory mediators: 

• Cytokines (IL-10, IL-6, IL-8, 
TNF-alfa and others) 

• Inflammatory response 
triggers (PAMPS e DAMPS) 

 

Bilirubin 

Bile Acids 

Ammonia 

Myoglobin 

Free hemoglobin 

ADSORBS: 

Adsorption with CytoSorb 
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Adsorption with CytoSorb 

SEPSIS 

SEPTIC SHOCK  

CARDIAC SURGERY LIVER FAILURE RHABDOMYOLYSIS 



Male, 66 years old, hepatitis C virus (HCV)-related 
cirrhosis, complicated by hepatocellular carcinoma 
(HCC), in list for liver transplantation (MELD 10). 
 
1. First Liver Transplantation from a NHBD donor.  
Post-reperfusion injury:  

 High need of noradrenaline and 
adrenaline;  

 Severe metabolic acidosis; 
 Hyperlactatemia;  
 Hypernatremia; 
 Acute Renal Failure.  

 
2. Second Liver Transplantation after PNG of the 

first graft. 
 Acute renal failure 
 Cytolysis (Myoglobin=23.118 ng/ml, 

CK=12.508 u/l) 
 Hyperbilirubinemia 

(Bilirubina=53,06 mg/dl) 
 Severe Sepsis (Enterobacter 

Cloache, PCT=70 ng/ml, PCR=11 
mg/dl, GB=22000 ) 

CVVHDF + 4 
CytoSorb for 
96 hours 

 No more need of inotropes after 2nd 
treatment 

 Dramatic Reduction of Bilirubin  
 Normalization of Mioglobin level 

 Normalization of Bilirubin level  
 Functional recovery of the graft 
 Dismission of the patient from ICU 



Adsorption with CytoSorb in rhabdomyolysis 

Risk of ACUTE KIDNEY INJURY and 
hyperinflammation 

Rhabdomyolysis  

• Trauma 

• Infection 

• Hyperinflammation 

• Drugs 

• Toxines 

Increase of 
myoglobin 
blood level 

Myoglobin 
accumulation 

into renal 
tubules 

Toxic and ischemic 
damage to renal 

tubules cells  

Early CytoSorb treatment helps preventing or facilitating renal function recovery 
thanks to the adsorption of myoglobin and muscle damage enzymes 



 3 patients with crush 
syndrome after middle-Italy 
earthquake 

 At admission, high values of 
hematocrit, potassium, 
creatinin and muscle-damage 
markers. Low albumin level 

 Myoglobin >> 12.000 (over the 
measurable limit) 

 All 3 patients underwent 
CRRT with HCO filters 
without any improvement 
 

 Then CytoSorb therapy was 
initiated  
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Adsorption with CytoSorb in septic patients 

INFECTION 

Batteric 
Viral 
Fungal 

STERILE INFLAMMATION 

Pancreatitis 
 
 
Trauma 
 
 
Surgery Inflammatory response  

Nervous  

 

Respiratory 

 
 

Cardiovascular  

 
 

Gastro-entheric  

 
 

Renal 
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Triggers of the septic cascade 

PAMPs 
Pathogen Associated Molecular Pathways  

DAMPs 
Danger Associated Molecular Pathways 

or Damage Associated Molecular Pathways  

(and also known as alarmins) 

Pathogen-derived 

Host-derived 

• Endotoxin 

• Lipoteichoic acid 

• Lipoproteins 

• Peptidoglycans 

• Bacterial DNA 

• Et cet 

• HMGB-1 

• Heat shock proteins 

• s100 protein 

• Serum amyloid A 

• Uric acid 

• ATP, DNA 

• Formyl peptides 

• IL-1α, IL-18, etc. 



Immunol Rev. 2012 September ; 249(1): 158–175. doi:10.1111/j.1600-065X.2012.01146.x. 

PAMPs: Molecole pro-infiammatorie esposte o  

prodotte dai patogeni 

 

DAMPs: Molecole endogene pro-infiammatorie prodotte o  

rilasciate dalle cellule danneggiate 

 

Sepsi e Shock Settico 

MODS 

Rilascio mediatori infiammatori 



Modulation of cytokine storm in order to facilitate organ 
recovery 
 Decrease of 

leucocytes-
associated 
inflammatory 
response 

 Reduction of 
hyperinflammation 

 Improvement of 
microcirculation 
and hemodynamics 

Adsorption with CytoSorb in septic patients 

The rationale of cytokines adsorption 
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Adsorption with CytoSorb in experimental 
sepsis  

 Adsorption of cytokines, PAMPS and 
DAMPS 

 Several in-vitro and in-animal studies  
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CytoSorb in septic patiens: latest scientific results  



 Cytokines effect on endothelium 







 26 patients in septic shock in need 
of RRT. 

 Amines and lactate reduction 
after 72h since the start of the 
therapy. 

 Increase of survival rate in patient 
treated early within 24h since 
septic shock diagnosis, compared 
to expected mortality.  



 

• Single centre prospective study 

• Refractory septic shock :  

• High lactate level > 2,8 mmol/L 

• High dosage of amines > 0,3 µg/kg/min 

• SOFA-Score (14,3±3) 

 Early application of CytoSorb + CRRT: after 7.8 ± 3.7 
h (mean) since septic shock diagnosis  

 3 CytoSorb (mean) for each patient  
 CytoSorb change every 12-24 h 

 2017 Sep;20(3):252-259 



Fig. 3: Interleukin 6 levels before and during treatment with CytoSorb®  

Values are shown as means with 95% CIs in logarithmic scale. Mean and 95%CI values of log-

transformed outcomes were accordingly back-transformed to the original scale. Difference vs. “d0” 

(before CytoSorb® start): ** p<0.01, *** p<0.001. 

 Significant reduction of vasopressor dose 
after 6 hours, since the beginning of the 
treatment 

 High lactate clearance after 6 hours 
 Significant reduction of IL-6  after 24h 

since the beginning of the treatment. 
 Shock reversal in 65% patients 



 





 



 



 









 
Changes in cytokines, haemodynamics and microcirculation in patients with sepsis/septic shock undergoing 

continuous renal replacement therapy and blood purification with CytoSorb. 
A prospective observational study on effects of blood purification with CytoSorb in septic patients. 

 
Samuele Zuccari1, Elisa Damiani1, Roberta Domizi1, Claudia Scorcella1, Mario D’Arezzo2, Andrea Carsetti1, Simona 

Pantanetti1, Sara Vannicola1, Erica Adrario1, A. Ranghino2 Abele Donati1 

Blood Purification Sept 2019 

Pazienti: 

 

• 10 pazienti con sepsi/shock settico 

• Pazienti con insufficienza renale e necessità di CRRT 

• Uso di CytoSorb come terapia aggiuntiva per 24 ore 

 

  

Obiettivi: 

 

• Valutazione delle variabili del microcircolo (MFI, PPV, TVD, PVD) 

• Valutazione dell’ossigenazione tissutale  

•  Valutazione dell’impatto sulle variabili della  

macroemodinamica (CI, GEDI, SVRI, MAP, HR, lactates, ScvO2) e 

dosaggio vasopressori 



  Baseline 6 hours 24 hours p* 

Total small Vessel Density (mm/mm2) 13.7 [13.0-15.8] 15.6 [14.4-16.9] 16.4 [14.2-18.5] 0.037 

Perfused small Vessel Density 
(mm/mm2) 

12.3 [12.0-13.9] 14.4 [13.3-15.9] 15.5 [13.1-17.2]# 0.014 

Microvascular Flow Index [AU] 2.50 [2.33-2.60] 2.67 [2.54-2.75] 2.83 [2.50-3.00] 0.154 

Percentage of Perfused small Vessels 
(%) 

89 [86-92] 92 [91-93] 93 [89-94] 0.187 

Miglioramento del microcircolo 
statisticamente significativo in 24 

ore:  
- Densità piccoli vasi totale 
- Densità piccoli vasi perfusi 



 Riduzione citochinica in 
24 ore, in particolare IL-8 
 Stabilità dei valori di 

macroemodinamica 
 

Conclusioni: 
 La modulazione citochinica ha un impatto sul microcircolo, 

determinando un miglioramento delle variabili che lo 
caratterizzano;  

 Si osserva una stabilità emodinamica senza peggioramenti; 
 Vi è la necessità di un periodo di trattamento e di follow up più 

lungo di sole 24 h.  





67 patients 
with 

infective 
endocarditis 

39 study 
group: CPB + 

CytoSorb 

28 control 
grop: only 

CPB 

Control group Study group 

LACTATE 

- Hemodynamics improvement 
- Reduction of noradrenaline dose 

 
- Reduction of mean ICU stay: 
5 days for study group vs 7,5 days for 
control group 



84 patients 
undergoing orthotopic 
heart transplantation 

24 study 
group: 

CPB+CytoSorb 

60 control 
group: CPB 

only  



40 heart patients with MOF 

28 cardiogenic shock  

2 septic shock 

9 ARDS 

1 liver failure 

40 heart patients with MOF 

19 
ECMO 

11 
IABP 

9 IMPELLA 6 
VAD 

18 
CRRT 

Installed into 
ECMO or HP 

Expected 
mortality 

80% 

Actual 
mortality 
52,5% 





Cytosorb Registry  

User Meeting 2018, Bruxelles 

Giugno 2019 Settembre 
2018 

Dicembre 
2017 

Agosto 2017 Settembre 
2016 

Agosto 2015 

N° centri nel mondo 253 210 167 148 115 60 

N° pazienti inclusi 748 574 426 369 152 0 

Registro internazionale indipendente coordinato dall’Ospedale Universitario di Jena (Prof. F. M. Brunkhorst)  

Note: Because of low patient numbers, no statistics for APACHE II Score <15 is displayed

APACHE II Score: Mortality by outcome, grouped by APACHE II Score levels - ITT
except preemptive use, only patients with APACHE II and outcome known

3 1 3 23 32 36 39 78No of patients

28.6

46.8

64.4

77.6

91.6

47.8
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 Many extracorporeal therapies have been investigated as 
adjuvant therapies for septic patients, especially for 
cytokines storm modulation. 

 CytoSorb is an additional therapy potentially able to remove 
a large spectrum of molecules, alone and/or in combination 
with any extracorporeal circuits, including CRRT. 
 

 CytoSorb might be a potential therapy for septic patients 
non responder to conventional treatments, especially when is 
used early. 
 

 The adsorption of bilirubin, bile acids and ammonia can 
support liver function in patients with hyperbilirubinemia 
until liver spontaneous regeneration and functional recovery. 
 

 The adsorption of myoglobin and muscle dmage enzymes 
can help treating rhabdomyolysis and preventing/solving 
AKI. 
 

 Clinical patient’s condition is important to define the length 
of CytoSorb treatment. 

 


