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Why blood purification is appealing in 
sepsis?

Sepsis is the most common cause of multiorgan failure1

Multiorgan failure is common final pathway for mortality during sepsis1,2

1. White, K.C., Serpa-Neto, A., Hurford, R. et al. Sepsis-associated acute kidney injury in the intensive care unit: incidence, patient characteristics, timing, trajectory, treatment, and associated outcomes. A multicenter, observational study. Intensive Care Med 49, 
1079–1089 (2023). https://doi.org/10.1007/s00134-023-07138-0
2. Vincent J-L, Jones G, David S, Olariu E, Cadwell KK. Frequency and mortality of septic shock in Europe and North America: a systematic review and meta-analysis. Crit Care. (2019) 23:196. doi: 10.1186/s13054-019- 2478-6

• A retrospective multicenter (12 ICU) cohort study 
• Out of 84,528 admissions, 13,451 met (18%) the Sepsis 

Associated acute kidney injury (SA-AKI) criteria (SA-AKI is AKI 
occurring within 7 days of the diagnosis of sepsis)

• SA-AKI hospital mortality was 18% and SA-AKI was 
independently associated with increased:

- length of ICU
- length of hospital stay
- hospital mortality
- ICU mortality. 



Why blood purification is appealing in 
sepsis?
The typical trigger of sepsis is bacteremia or viremia or 
fungemia

Thus, removing toxins from blood under such circumstances makes biological and clinical sense

Bellomo R, Ronco C (eds): Adsorption: The New Frontier in Extracorporeal Blood Purification. Contrib Nephrol. Basel, Karger, 2023, vol 200, pp 45–54 (DOI: 10.1159/000530476) 
De Rosa, S., Marengo, M., Fiorentino, M. et al. Extracorporeal blood purification therapies for sepsis-associated acute kidney injury in critically ill patients: expert opinion from the SIAARTI-SIN joint commission. J Nephrol (2023). 
https://doi.org/10.1007/s40620-023-01637-5

Endotoxin; viral DNA or RNA, mycotoxins

Alarmins (High mobility group box l protein (HMGB1))

They all imply that blood is the «carrier» the toxic state leading to 
multiorgan failure.

“Cytokine storm”



The targets for blood purification 
therapy devices in sepsis 

John A Kellum, Target molecules for Hemadsorption in Sepsis and Sepsis-AKI, 41st Vicenza course of AKI and CRRT, 2023
R.Bellomo Hemoadsorption in the intensive care unit, 41st Vicenza course of AKI and CRRT, 2023
Ronco, C., Chawla, L., Husain-Syed, F. et al. Rationale for sequential extracorporeal therapy (SET) in sepsis. Crit Care 27, 50 (2023). https://doi.org/10.1186/s13054-023-04310-2
De Rosa, S., Marengo, M., Fiorentino, M. et al. Extracorporeal blood purification therapies for sepsis-associated acute kidney injury in critically ill patients: expert opinion from the SIAARTI-SIN joint commission. J Nephrol (2023). https://doi.org/10.1007/s40620-023-01637-5
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https://doi.org/10.1186/s13054-023-04310-2
https://doi.org/10.1007/s40620-023-01637-5


Mass Separation Processes

Ronco, C., Bellomo, R. Hemoperfusion: technical aspects and state of the art. Crit Care 26, 135 (2022). https://doi.org/10.1186/s13054-022-04009-w
Ronco C Moving from diffusion/convection to Adsorption , 41st Vicenza course of AKI and CRRT, 2023
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Mass Separation Processes

Ronco, C., Bellomo, R. Hemoperfusion: technical aspects and state of the art. Crit Care 26, 135 (2022). https://doi.org/10.1186/s13054-022-04009-w
Ronco C Moving from diffusion/convection to Adsorption, 41st Vicenza course of AKI and CRRT, 2023
Bellomo R, Ronco C (eds): Adsorption: The New Frontier in Extracorporeal Blood Purification. Contrib Nephrol. Basel, Karger, 2023, vol 200, pp 45–54 (DOI: 10.1159/000530476) 
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Most inflammatory mediators are middle and large molecules (cytokines, alarmins, endotoxin etc.)
Adsorption is an option for blood purification indicated to remove large middle molecules 
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https://doi.org/10.1186/s13054-022-04009-w


Adsorptive Therapies for sepsis
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R.Bellomo  Hemadsorption in the intensive care unit, 41st Vicenza course of AKI and CRRT, 2023
Bellomo R, Ronco C (eds): Adsorption: The New Frontier in Extracorporeal Blood Purification. Contrib Nephrol. Basel, Karger, 2023, vol 200, pp 45–54 (DOI: 10.1159/000530476) 
Pictures is made with permission of International Renal Research Institute in Vicenza, 2023
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R.Bellomo  Hemadsorption in the intensive care unit, 41st Vicenza course of AKI and CRRT, 2023
Bellomo R, Ronco C (eds): Adsorption: The New Frontier in Extracorporeal Blood Purification. Contrib Nephrol. Basel, Karger, 2023, vol 200, pp 45–54 (DOI: 10.1159/000530476) 



Adsorptive Therapies for sepsis

Technique Stand alone                  Combined with RRT             Combined with ECMO

R.Bellomo  Hemadsorption in the intensive care unit, 41st Vicenza course of AKI and CRRT, 2023
Bellomo R, Ronco C (eds): Adsorption: The New Frontier in Extracorporeal Blood Purification. Contrib Nephrol. Basel, Karger, 2023, vol 200, pp 45–54 (DOI: 10.1159/000530476), pp 66–73 (DOI: 10.1159/000529313) 



Extracorporeal blood purification 
therapy in septic shock patients
Despite widespread use, there is currently no consensus on how extracorporeal blood 
purification therapies should be applied or studied in patients with sepsis. 

Zarbock, A., Nadim, M.K., Pickkers, P. et al. Sepsis-associated acute kidney injury: consensus report of the 28th Acute Disease Quality Initiative workgroup. Nat Rev Nephrol 19, 401–417 (2023). https://doi.org/10.1038/s41581-023-00683-3



Optimization of blood purification 
therapy for patients with sepsis

=Colmatage

1. The modality of extracorporeal adsorption:
◦ - Stand alone/combined with RRT (CVVH/CVVD or CVVHD)

2. Type of hemadsorption (membrane adsorption/hemadsorption with sorbets)

3. Timing of therapy:
◦ a) Treatment initiation time
◦ b) Time to scheduled adsorber change (saturation phenomenon/membrane clotting and clogging) 
◦ c) Scheduled downtime between adsorbers (the duration of each procedure)
◦ d) Total planned duration of therapy  

4. Choice of anticoagulation (citrate/UFH/LMWH)

5. Objective indicators of treatment response (Lactate/hemodynamic/systemic inflammatory 
response markers/DAMPs and PAMPs)

6. Adverse events (removal of antimicrobial/micro and macronutrients)

R.Bellomo  Hemadsorption in the intensive care unit, 41st Vicenza course of AKI and CRRT, 2023



Pro and cons to extracorporeal blood 
purification

- Anticoagulation
- Catheter complication
- Loss of drugs and nutrients
- Workload
- Immobilization
- Financial cost

- Control of electrolytes (EBP filter)
- Metabolic homeostasis (EBP filter)
- Immunomodulation (↓ cytokines, 
alarmins, endotoxin)
- Hemodynamic (↑MAP, 
↓vasopressors needs)
- Hemoperfusion (↓Lac)

Ricci Z, Romagnoli S, Reis T, Bellomo R, Ronco C. Hemoperfusion in the intensive care unit. Intensive Care Med. 2022 Oct;48(10):1397-1408. doi: 10.1007/s00134-022-06810-1. Epub 2022 Aug 19. PMID: 35984473; 
PMCID: PMC9389493.

Outcome?



Toraymyxin®

● 2,499 adults with sepsis and septic shock
● Blood purification therapies (hemadsorption with Toraymyxin®, Alteco®, CytoSorb®; 

hemofiltration and plasmapheresis) vs. conventional septic shock therapy

Post hoc analysis of the EUPHRATES trial → in the subgroup of patients with 
septic shock and endotoxin activity between (EAA) 0.6 and 0.89 (endotoxic 
shock) Toraymyxin® had positive effect on (Toraymyxin vs. sham 
hemoperfusion):

- hemodynamics (change in MAP [median (IQR) 8 mmHg (−0.5, 19.5) vs. 
4 mmHg (−4.0, 11) P=0.04)

- ventilator-free days [median (IQR) 20 days (0.5, 23.5) vs. 6 days (0, 20), 
P=0.004]

- 28-day mortality [HR 0.56 (95% CI 0.33, 0.95) P=0.03]



oXiris® vs ST150 or M150 filters

SA-AKI adults diagnosed with sepsis 
undergoing CRRT
The oXiris filter was associated with significant reduction of:

28-day mortality in sepsis patients [OR 0.53; 95% CI 0.36–0.77,
p=0.001]

the length of ICU stay [WMD−1.91; 95% CI−2.56 to−1.26,
p<0.001]

SOFA scores [WMD−1.41; 95% CI−1.92 to−0.91, p<0.001]

dosage of Norepinephrine [WMD -0.11; (95% CI−0.17, to−0.06;
p<0.001]

lactate level [WMD= −0.49; 95% CI= −0.78, to−0.19, p=0.001]

IL-6 levels [SMD−0.75; 95% CI −1.02 to − 0.48, p<0.001]

The 90-day mortality, ICU and hospital mortality, and length of hospital stay were comparable to control group



BUT..

No significant differences in mortality, ICU length of stay, lactate levels or IL-6 levels after treatment.

Intervention group: at least one CytoSorb® treatment 
Control group: no CytoSorb® treatment 



Clinical registries



Proposed indications, dose, and prescription 
of blood purification devices 
EBP device           Indications                                Dose                                               Prescription

CytoSorb®              

HA330/380

Toraymyxin®

Adjuvant therapy for sepsis,
inflammatory states, liver failure,
rhabdomyolysis, drug intoxication

Pediatric and adult population

Adjuvant therapy for sepsis,
inflammatory states, acute lung
injury, intoxications

Adjuvant therapy for gram negative septic
shock: with endotoxin activity between
0,6-0,89 and SOFA score 7-12 points.

Pediatric and adult population

Adjuvant therapy for bacteremia,
viremia, toxemia, and fungemia

Adjuvant therapy for SA-AKI caused
by gram-negative bacteria

Pediatric and adult population

Patients weight >45kg
Stand-alone approach: 150-700mL/min
Combined with RRT: 150-300mL/min
Anticoagulation: RCT or UFH

Stand-alone approach: 100-200mL/min
Combined with RRT: 150-300mL/min
Anticoagulation: so far RCT, UFH or LMWH 
are acceptable
Adult patients: 100 mL/min
Pediatric patients: 5-10mL/min
Anticoagulation for adults: heparin 3000 U bolus and 
20 U/kg/h; RCA based on case reports is possible

Blood flow 400mL/min
Anticoagulation: bolus heparin and monitored 
continuous administration

Early start (within 12 h) of septic shock onset
Session: 24h (consider to change every 12 h)1
Up to 7 consecutive sessions

Session 2-3 h (can be extended up to 12 h)
3 consecutive sessions

Session: 2 h, can be extended to 24 h
1 session per day for 2 days

Session: 4 hours
Criteria for treatment repetition not yet 
established

Patients weight >30kg; Blood flow: 100-450mL/min
Anticoagulation: RCA or UFH (RCA better for filter lifespan) 
Without systemic anticoagulation 18.6% of patients 
develop premature clotting2

oXiris®

Seraph® 100

Bellomo R, Ronco C (eds): Adsorption: The New Frontier in Extracorporeal Blood Purification. Contrib Nephrol. Basel, Karger, 2023, vol 200, pp 25–31 (DOI: 10.1159/000529845); pp 55–65 (DOI: 10.1159/000527355); pp 82–87 (DOI: 10.1159/000527572); pp 88–97 (DOI: 10.1159/000529294); 123–132 (DOI: 
10.1159/000527648); pp 242–251 (DOI: 10.1159/000529904)
1. Schultz P, Schwier E, Eickmeyer C, Henzler D, Köhler T. High-dose CytoSorb hemoadsorption is associated with improved survival in patients with septic shock: a retrospective cohort study. J Crit Care. 2021 Aug;64:184–92
2. Villa G, Fioccola A, Mari G, Cecchi M, Pomarè Montin D, Scirè-Calabrisotto C, et al. oXirisNET Registry Working Group. A role of circuit clotting and strategies to prevent it during blood purification therapy with oXiris membrane: an observational multicenter study. Blood Purif. 2022 Apr 26:1–10

Session: 72 h (recommended to change 
every 24 h)



Endotoxin and cytokine adsorption properties 
of the oXiris® membrane in septic shock 
patients. 

Septic shock adults patients + oXiris® at least for 24 
hours

Baseline endotoxin concentration and subsequent pre
and post filter endotoxin concentration (quantitative LAL 
tests, EA/mL) during first 24 h 

The main goal – oXiris® hemofilter saturation 
phenomenon in vivo

Secondary outcome: premature saturated hemofilter 
impact on clinical course, 28-day mortality, ICU length of 
stay, CVVH free days.



Endotoxin and cytokine adsorption properties 
of the oXiris® membrane in septic shock 
patients. 

7 Gram negative septic shock patients undergoing CVVH with the oXiris® hemofilter.
Median treatment initiation time: 3 h [IQR 3; 17] upon admission to the ICU.
Median SOFA score: 11 [IQR 9-12] 
Median Noradrenaline dosage: 0.33 μg/kg/min [0.12–0.53]
Median baseline endotoxin concentration 0.2 EU/ml [0.19-1.5] vs 0.1 EU/ml [0.07-0.57] after 24 h of treatment (p=0.047). 

Special thanks to Elisabete Stasane for her contribution to the research study process! 



Take-home messages
❑There is a biological rationale for blood purification in sepsis

❑Adsorption is an interesting option for blood purification (indicated to remove 
large medium molecules)

❑EBP with the oXiris® showed promising results in case of SA-AKI 

❑Toraymyxin® showed promising results in case of endotoxic shock 

❑Inconclusive data on EBP therapy in sepsis for CytoSorb®

❑Limited data from qualitative RCT in all hemadsorption devices 



Thank you for your attention!


