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Cytokine release

• Cell signaling protein/ glycoprotein/ peptides

• Chemotactic effect on different types of WCC

Bacteria Virus



Proinflammatory cytokines
• TNFα, IL-1, IL-6

Anti-inflammatory cytokines
• IL-10, IL-4, IL-1ra

Time

Triggering 
factor
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Cytokines storm

Triggering factors eg. bacteria



Cytokine storm

Bacterial infection
Viral infection

Cardiac arrest

Acute Pancreatitis

Multiple trauma

Why bother to control the 
cytokine storm?
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All required ICU admission
All given CRRT, 2 given MV, 4 required NIV

Immunoparalysis

� 40 patients who died in ICU due to severe 
sepsis

� Rapid postmortem spleen and lung tissue
� Control spleens (n=29) were obtained from 

patients who were declared brain-dead or 
had emergent splenectomy due to trauma 

Boomer JS et al;  JAMA. 2011 Dec 21;306(23):2594-605
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Should every septic patients 
being treated with cytokines 
modulation technique?

Kellum JA et al; Arch InternMed. 2007;167(15):1655-1663

• Cohort study of 1886 subjects hospitalized for CAP

• TNFα, IL-6, IL-10 were checked daily for 1st wk and then wkly

• 583 patients (31%) developed severe sepsis

• 149 died (26%)



Kellum JA et al; Arch InternMed. 2007;167(15):1655-1663
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Why should we use Blood 
Purification in septic patients?

9 steroid trials on sepsis and septic shock

Zeni D et al; Crit Care Med 1997; 25: 1095-1100



18 non-steroid anti-inflammatory agents for sepsis and septic shock

Zeni D et al; Crit Care Med 1997; 25: 1095-1100
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In fact, only blood purification 
provides non-specific cytokines 
clearance

Peak concentration hypothesis 
� Ronco et al (Artif Organ 2003, 27:792-801)

� Elimination of peaks of cytokine blood concentrations during early phase of 
sepsis

� Stop inflammatory cascade
� Limit organ damage

� Decrease MOFS



Threshold immunomodulation hypothesis

� Honore et al (Crit Care Med 2004, 32:896-897)

� Cytokine removed from blood compartment leads to removal of cytokines at 
tissue level 

� Explained why no modification of blood cytokine level during blood 
purification but patient’s outcome improved

Mediator delivery hypothesis

� Di Carlo and Alexander et al (Int J Artif Organs 2005 28:777-786)

� HVHF responsible for increase lymphatic flow 
� Drag and displacement of inflammatory mediators to the blood compartment, 

so available for removal



Cellular level theory

� Peng et al (Contrib Nephrol 2010, 165:322-328)

� Blood purification act on inflammatory cell level
� Restore immune function through the regulation of monocytes, neutrophils

and lymphocytes

Cytokinetic hypothesis
� Kellum et al (Crit Care 2011, 15:205-213)

Rimmelé T et al; Anesthesiology. 2012 Jun;116(6):1377-87.



What kind of techniques currently 
available?

High volume hemofiltration
� Circulating inflammatory mediators are mostly water 

soluble
� Middle molcules (5-60kDa)
� Membrane carry some adsorption capacity



HVHF

� Definition
�50-70ml/kg/hr for continuous HVHF or 100-

120ml/kg/hr for pulse HVHF (Honore et al)
�>35ml/kg/hr (ADQI workgroup)

Rimmelé T et al; Anesthesiology. 2012 Jun;116(6):1377-87.



HVHF – clinical consideration

� Increase blood flow in order to keep filtration 
fraction <25% 
� 250ml/min BF, HCT 0.35 -> Qp = 162.5ml/min -> if 

20% FF -> 32.5ml/kg/hr for 60kg patient (post dilution)
� Consider pre + post dilutional

� Using hemofilter with high KUF (>20ml/hr/mmHg)
� Loss of small molcules including micro-nutrients, 

amino-acids, vitamin, trace element
� Antibiotic dosing adjustment
� Cost 
� Nursing workload

Pulse HVHF

85ml/kg/hr (6-8hrs)

35ml/kg/hr

Ratanarat R et al: Semin Dial. 2006 Jan-Feb;19(1):69-74.

To achieve better
cost benefit ratio



Cascade HF

High flux hemofilter

Low cut off hemofilter

Rimmelé T et al: Ther Apher Dial. 2009 Feb;13(1):63-70.

Prismaflex

Multifiltrate

Diapact AK200US

5008



Hemoadsorption

Selective or non-selective removal of endotoxin / cytokines/ superantigens etc

Rimmelé T et al; Anesthesiology. 2012 Jun;116(6):1377-87.

Mitaka C et al; Shock. 2011 Oct;36(4):332-8.
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6 patients with septic shock due to Gram negative bacterial infection
Compare with 24 histological controls 

Case (N=6) Control (N=24) P value

ICU LOS (days) 6.2 (4.0, 18.5) 7.5 (5, 18) 0.716

Hospital LOS (days) 21.0 (17.5, 25.8) 19.5 (10.5, 51.5) 0.876

ICU mortality 2 (33.3%) 10 (41.7%) 1.0

Hospital mortality 3 (50%) 12 (50%) 1.0

Polymethylmethacrylate (PMMA) membrane 
hemofilter remove cytokines from blood mainly 
by adsorption to membrane matrix of the 
hemofilter



Matsuda K et al: Transfus Apher Sci. 2009 Feb;40(1):49-53

High cut-off HF/ HD

Plasmafilter

20-40KDa

50-100KDa

Pd<0.02um

Pd<0.01um

Haase M et al; Int J Artif Organs. 2007 Dec;30(12):1031-41

500-800KDa



Plasmapheresis

Stegmayr B et al: Semin Dial. 2012 Mar-Apr;25(2):171-5



Coupled plasma filtration adsorption (CPFA)

� Advantage:
� lower flow of plasma allows a longer contact time with 

the sorbent
� biocompatibility problems avoided

Formica M et al; Contrib Nephrol. 2007;156:405-10

150-180ml/min

25-30ml/min, FF 15-20% 2-4L/hr

Cut off 800KDa Cut off 20-40KDa

Nonselective hydrophobic resin cartridge, SA 700m2/g

Take home message

� Septic source control and early appropriate 
antibiotic are the most important component for 
sepsis

� Blood purifications are supportive treatment
� Recent researches on blood purification for 

sepsis produce encouraging results
� Cytokines +/- endotoxin removal may offer extra 

clinical benefit in severe sepsis / septic shock 
cases when compared with traditional CRRT 



Questions and Comments


