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• 30 years of theories
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• Organ cross-talk and (kidney) - lung support



• 21 studies contributed data for the meta-analysis

Incidence and mortality of hospital and ICU-treated
sepsis: results from an updated and expanded
systematic review and meta-analysis

Fleischmann-Struzek C et al. Intensive Care Med (2020) 46:1552–1562

• An estimated 26.7% [22.9, 30.7] of sepsis patients died.

• Estimated incidence of ICU-
treated sepsis was 58 [42, 81]
per 100,000 person-years, of
which 41.9% [95% CI 36.2,
47.7] died prior to hospital
discharge.



mortality of a hospital-
treated sepsis

mortality of a ICU-treated
sepsis

Fleischmann-Struzek C et al. Incidence and mortality of hospital and ICU-treated sepsis: results from an updated and 
expanded systematic review and meta-analysis - Intensive Care Med (2020) 46:1552–1562
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Fleischmann-Struzek C et al. Incidence and mortality of hospital and ICU-treated sepsis: results from an updated and 
expanded systematic review and meta-analysis - Intensive Care Med (2020) 46:1552–1562



• 19.4 million cases worldwide
• 5.3 million deaths annually

• Despite recent advances in intensive care, mortality can reach 40% at day
28 in cases of septic shock

• Thanks to technological advances in extracorporeal
circuits and membranes,  adjuvant therapy for septic
shock.

Fleischmann C, et al. AJRCCM 
(2016)

Zhang L. et al. Precision Clinical Medicine (2021)

Rhodes A, et al. ICM (2017)

Ronco C et al. Nat Rev Nephrol (2018)

. . . to restore a balanced
immune response . . .



Pathophysiology of sepsis

 complex
 biochemical
 organ dysfunction
 dysregulated

• Sepsis is a complex clinical and biochemical syndrome defined as life-threatening organ dysfunction
caused by a dysregulated host response to infection.

Key words

Singer M, et al. The third international consensus definitions for sepsis and septic shock (Sepsis-3). 
JAMA 2016; 315:801–810.

• Remains to be fully elucidated

COMORBIDITIES
 IATROGENIC FACTORS

+  and -

 there has been a paucity of new interventions that have been shown to clearly benefit
septic patients.



Infection (trigger)

Host inflammatory response

Common
Localized
Controlled
Protective

PAMPS (microorganisms or 
their constituens (e.g. Gram-

negative bacterial 
lipopolysaccharide,

or fungal beta-D-glucan)

PRRs (e.g. TLRs, 
nucleotide-binding

oligomerization domain-
like receptor systems)

DAMPS (alarmins) - damaged host cells release their constituents (e.g. 
intracellular proteins, DNA, and mitochondria).

Denning NL, et al.  (2019) Damps and nets in sepsis. Front Immunol 10:1–15. doi: 10.3389/fimmu.2019.02536
Savva A, et al. (2013) Targeting Toll-like receptors: Promising therapeutic strategies for the management of sepsis-
associated pathology and infectious diseases. Front Immunol 4:1–16. doi: 10.3389/fimmu.2013.00387



PAMS (microorganisms or their constituens
(e.g. Gram-negative bacterial 

lipopolysaccharide, or fungal beta-D-
glucan)

PRRs

DAMS (alarmins) - damaged host cells 
release their constituents (e.g. intracellular 

proteins, DNA, and mitochondria).

IL-1; IL-6; TNF-α;
IL-12; IL-18; INF-γ

complement; 
coagulation

Macrophages, 
Monocytes,
Neutrophils,

Natural killer cells B lymphocytes
T lymphocytes

Innate-to-Adaptive Immunity

decrease in immune functionality (e.g. ➘ phagocytic capacity, ➘
neutrophil chemotaxis)

➚ apoptosis of lymphocytes
➘ Ig production

Nosocomial infections, opportunistic
pathogens, viral reactivation

Healing



To PROVIDE BALANCE the cells also generate anti-inflammatory cytokines (e.g. IL- 10) and other mediators
(e.g. prostaglandins) to appropriately control the inflammatory response.

IL-6
IL-1
Tx

TNF-alpha
IL-10
PG

Resistance Resilience

McCarville J, Ayres J. Disease tolerance: concept and mechanisms. 
CurrOpin Immunol 2018; 50:88–93.



For reasons still unknown . . . 

. . . the appropriate inflammatory/immune processes that deal with 
infection become dysregulated and compromise both:

• The affected organ (lung, gut, kidney…)
• Distant organs (heart, brain…)

functional abnormalities
and 

potentially
life-threatening consequences

Arina P et al. Pathophysiology of sepsis. 
Curr Opin Anesthesiol 2021, 34:77–84

all contribute to a marked inter-individual
variation in response

Genetic and  Environmental
factors

Age, Sex
Comorbidities

Frailty
Nutritional status

Medications
Pathogen load and virulence

Site of infection . . .



all contribute to a marked inter-individual
variation in response

• excessive production or suppression of cytokines, hormones, and other mediators that often have
contrasting effects.

• these molecules can either boost or suppress inflammation, be pro- or anticoagulant, or cause
microvascular vasodilation or vasoconstriction.

van der Poll T et al. The immunopathology of sepsis and potential therapeutic targets. 
Nat Rev Immunol 2017; 17:407–420.

Joffre J et al, Ait-Oufella H. Endothelial responses in sepsis. 
Am J Respir Crit Care Med 2020; 202:361–370

Elbers PW, Ince C. Mechanisms of critical illness - classifying microcirculatory flow abnormalities in distributive shock.
Crit Care 2006; 10:221.

 overspill of cytokines and other signaling mediators into the
circulation via blood or lymph draining from the affected locus of
infection, and thence to vascular beds in unaffected organs.

CKs
unaffected
organs.
Circulation

(blood)



Immune dysfunction

Delay in sepsis mortality

• advances in ICU care
• ongoing immune, physiologic, metabolomics,

and biochemical aberrations

. . . shift toward an overall anti-inflammatory
milieu:

• decrease in immune functionality (e.g. ➘
phagocytic capacity, ➘ neutrophil chemotaxis)

• ➚ apoptosis of lymphocytes
• ➘ Ig production

Delano MJ et al. The immune system’s role in sepsis progression, 
resolution, and long-term Outcome.
Immunological Reviews 2016; 274: 330–353

Cardiovascular collapse

Activation:
• Endothelium
• Complement (C3a; C5a)
• Coagulation system (immunothrombosis)



Hotchkiss R, et al. (2013). Nat Rev Immunol 13:862–874. 



• Reduced expression of HLA-DR on blood
monocytes.

• ➘ capacity of monocytes and macrophages
to release pro-inflammatory cytokines upon
stimulation  ‘immunoparalysis’ or
‘lipopolysaccharide (LPS) tolerance’).

• Dendritic Cells also show reduced HLA-DR
expression and release increased amounts of
IL-10

van de Poll T  et al. (2014) The immunopathology of sepsis and potential therapeutic targets..Rev Immunol.

Hotchkiss R, et al. (2013) Sepsis-induced immunosuppression: from cellular dysfunctions to immunotherapy. Nat Rev
Immunol 13:862–874. 

Nosocomial infections, opportunistic pathogens, 
viral reactivation



van de Poll T  et al. The immunopathology of sepsis
and potential therapeutic targets..Rev Immunol 2017



van de Poll T  et al. The immunopathology of sepsis
and potential therapeutic targets..Rev Immunol 2017



PAMPs DAMPs

LPS
LTA

Lipopeptide
Peptidoglycan

Flagellin
DNA
RNA

HSPs
Fbg

Yaluronan
Biglycan
HMBG1

DNA
RNA

IL-1a;IL-33
MRP8/14

PRRs

Leukocyte activation
- Cytokines
- Proteases
- ROS
- NETs

Complement activation

Coagulation activation

Necrotic cell death

Impaired function of immune cells
- Apoptosis of T, 8, DCs

- Expansions of T regs and myeloids suppressor 
cells

- Impaired phagocitosis

Neuroendocrine regulations

Inhibition of proinflammatory gene transcription:
- Anti-inflammatory CKs
- Soluble CKs receptors

- Negative regulators of LTR signaling
- Epigenetic regulation 

Pro-inflammatory response
Collateral damage  tissue injury

Immune suppression
Susceptibility to secondary infections and late mortality

SEPTIC
RESPONSE

HEALING



van de Poll T  et al. The immunopathology of sepsis
and potential therapeutic targets..Rev Immunol 2017

(TNF),
(IL-1β), IL-12 
and IL-18



van de Poll T  et al. The immunopathology of sepsis and potential therapeutic targets..Rev Immunol 2017

(TNF),
(IL-1β), IL-12 
and IL-18

blocking or 
eliminating

these cytokines
confers

protection in 
acute animal

models of 
fulminant
infection

Wiersinga W et al. Virulence (2014)



van de Poll T  et al. The immunopathology of sepsis
and potential therapeutic targets..Rev Immunol 2017

IL-10
Lymphocyte

exhaustion and the 
reprogramming

of antigen-
presenting cells



van de Poll T  et al. The immunopathology of sepsis
and potential therapeutic targets..Rev Immunol 2017

Lymphocyte
exhaustion and the 

reprogramming
of antigen-

presenting cells



Immunomodulation as a treatment for sepsis

van de Poll T  et al. (2014) The immunopathology of sepsis and potential therapeutic targets..Rev Immunol.

For 30 years, blood
purification techniques

have been proposed as a 
method of removing

PAMPs and inflammatory 
mediators from the 

circulation of patients.



Immunomodulation as a treatment for sepsis

van de Poll T  et al. (2014) The immunopathology of sepsis and potential therapeutic targets..Rev Immunol.

For 30 years, blood
purification techniques

have been proposed as a 
method of removing

PAMPs and inflammatory 
mediators from the 

circulation of patients.



Putzu A. et al. Anesthesiology (2019)

Leukocytes,
Platelets, 
Endothelial cells, 
Complement system
Bacterial toxins. . .  

Inflammatory response,
Pro-inflammatory mediators,
Anti-inflammatory mediators,
Cytokines,
. . . 

MOF
Angus DC et al. N Engl J Med (2013)

Jaffer U et al. HSR Proc Intensive Care 
Cardiovasc Anesth (2010)

Extracorporeal blood purification techniques
(adjunctive therapy)

Removal and modulation of blood pro- and antiinflammatory
mediators or bacterial toxins (or both) could attenuate the
sepsis-related massive systemic inflammatory response

Rimmel T et al. Anesthesiology (2012)



Standard therapy for sepsis

. . . Coltures, antibiotics, lactate meas., source control, MV, RRT . . . 
. . . supportive therapies



Standard therapy for sepsis

. . . Coltures, antibiotics, lactate meas., source control, MV, RRT . . . 
. . . supportive therapies



• 1993 (29 years ago)
• CVVHD to remove CKs in sepsis



Continuous veno-venous hemofiltration with dialysis removes
cytokines from the circulation of septic patients

 18 critically ill patients with sepsis (vs. 6 without
sepsis).

 Simultaneous colletion of blood sample in pre-filter
line and UF after 4 and 24 hours of CVVHD
treatment.

 ➘ ➘ ➘ TNF-alpha and IL-8β (cleared by the
hemofilter).

TNF-α

IL-8β



Endotoxin Blockade

Hemofiltration

Filter size, timing, and amount of filtration are all important
factors.

… to remove circulating mediators and thus reduce their 
damaging effects …

Vincent JL  Chest 1997



Ronco C et al. Artificial Organs (2003); 27(9):792–801,

The Peak Concentration Hypothesis



Cytokinetic model

Rimmelé & Kellum Crit Care  2011;15:205



• Blood purification therapies might act at the
inflammatory cell level to restore the
immune function through the regulation of
monocytes, neutrophils and lymphocytes.

• Polymyxin B hemoadsorption could increase the
expression of leukocyte surface markers such as HLA-DR

Ono S et al: Modulation of human leukocyte antigen-DR on monocytes and CD16 on granulocytes in 
patients with septic shock using hemoperfusion with polymyxin B-immobilized fi ber. Am J Surg 2004, 188:150-
156.
Call DR, et al Ratio of local to systemic chemokine concentrations regulates neutrophil recruitment. Am J
Pathol 2001, 158:715-721.



Adjunctive Therapies
Extracorporeal Blood Purification Therapies (2022 . . .)

Jarczak D, Kluge S and Nierhaus A (2021) Sepsis—Pathophysiology and Therapeutic Concepts. Front. Med. 8:628302. 
(modif)



= conventional RRT
 Inflammatory mediators are removed from the

bloodstream by convection
Target dose >>35 ml/kg/h is used (e.g. 70 ml/Kg/h

IVOIRE trial)*
Hemodynamic improvement (lower HR and higher

MAP)
No clear benefit in terms of mortality

Junhai Z, et al. (2019) 25:3964–75. doi: 10.12659/MSM.916767

*Joannes-Boyau O et al. Intensive Care Med (2013) 39:1535–1546

Ricci Z, Romagnoli S, Ronco C. F1000 (2016)

Blood

Filtrate



Clinically, the expression “high cut-off
membranes” describes membranes with a cut-
off value that approximates the molecular
weight of albumin.

Ricci Z, Romagnoli S, Ronco C. Int J Artif Organs (2017)40: 657-664

Pore radius is increased to 8-12 nm, which is about double that
of standard highflux filters for CRRT, while pore size distribution is
expanded.

Shah SH. 2013



Pilot study on the effects of high cutoff hemofiltration on the need
for norepinephrine in septic patients with acute renal failure

SO
FA

SC
O

RE

Baseline 48-hr

HCO
Conventional HF

Morgera et al. Crit Care Med (2006) 34:2099–2104

30 pts with sepsis receiving norepinephrine for
hemodynamic instability, were allocated with a 2:1 ratio to
HCO-CVVH or conventional CVVH, delivered at a dose of
2.5 L/h post-dilution hemofiltration.



High cut-off point membranes in septic acute renal failure: a 
systematic review.

Haase M, Bellomo R, Morgera S, Baldwin I, Boyce N. Int J Artif Organs (2008) 31:88

To review the literature on the experimental, physiological and clinical effects of blood
purification with high cut-off (HCO) point membranes in septic acute renal failure (ARF)

• HCO membranes effectively remove cytokines from blood.

• Treatment using HCO membranes has beneficial effects on immune cell
function and increases survival in animal models of sepsis.

• HCO membranes decrease plasma cytokine levels and the need for
vasopressor therapy.



Ricci Z, Romagnoli S, Ronco C. Int J Artif Organs (2017)40: 657-664



Hemoperfusion A sorbent cartridge in direct contact with blood via an extracorporeal
circuit

(e.g. Polymyxin B/Toraymixin, CytoSorb, 
Jafron, HA330.  . . )



Gram-negative sepsis LPS 
monocytes, endothelial cells, polymorphonuclear
neutrophils, and tissue-resident cells + 
complement and coagulation pathways

remove the triggering stimulusPolymyxin B hemoperfusion 

Flynn PM et al. INFECTION AND IMMUNITY, OCt. 1988, p. 2760-2762



• EUPHAS trial
Cruz DN JAMA (2009)

• ABDOMIX study
Payen D et al. Intensive Care Med (2015)

• EUPHRATES trial
Dellinger RP et al. JAMA (2018)

• Trend toward mortality
reduction

• no mortality benefits and no impact on 
hemodynamics and stay time in 140 patients

• no 28-day mortality reductions in 450 
patients

• EUPHRATES trial post-hoc
Klein DJ, et al. Intensive Care Med (2018)

• positive effects on mean arterial
pressure, ventilator-free days, and
mortality in subgroups of patients
with septic shock and endotoxin
activity 0.6-0.89



• The potential beneficial effect of PMX on
survival can be observed only when the
control group mortality is >30%–40%.

• Future research should focus on patients
with high expected mortality and/or EAA
≥0.6–0.89

it seems that . . .  



• The IDEA IS . . . a broader approach of cytokine
adsorption might be more promising

• non-selective and concentration-dependent method by which a spectrum of cytokines and
inflammatory mediators like IL-1b, IL-6, IL-8, IL-10, and TNF-a are adsorbed from the bloodstream

Honorè PM  (2021)

• free hemoglobin, myoglobin, bilirubin, bile acids and bacterial toxins (except endotoxin), activated
complement and some drugs are eliminated (incl. Rivaroxaban and ticagrelor)

Malard B et al. Intensive Care Med Exp (2018)
Gruda MC et al. PLoS One (2018)

Peng ZY et al. Crit Care Med (2008)



• Despite widespread clinical use, the available evidence for this technique showing a positive impact
on outcome in septic patients is still limited.

• Evidence supporting its favorable outcomes on hemodynamic parameters and blood lactate levels
was limited to case series

Kogelmann K et al. Crit Care (2017)
Friesecke S, et al. J Artif Organs (2017) 



Friesecke S et al. Med Klin Intensivmed Notfmed (2019)

• In 2015 an international registry was
established to evaluate the use of
cytokine adsorption under real-life
conditions.

600 critically ill patients
60% of these patients the indication to use CytoSorb was sepsis and septic

shock. 
Analysis on  495: 
 significant reduction in IL-6 levels
28-days mortality of 62.5% compared to an expected mortality rate of 

71.3% as predicted by APACHE-II.





PDW Garcia et al. Intensive Care Med (2021) 47:1334–1336

• To investigate the effect of cytokine adsorption (Cytokine adsorption was
provided for three consecutive 24-h sessions initiated within 24 h from shock
onset)on circulating interleukin (IL)-6, vasopressor requirements and
intensive care mortality.

• Patients presenting with severe, refractory septic shock, IL-6 ≥ 1000 ng/l and
a vasopressor dependency index ≥ 3.

• 96 matched patients (48 treated with cytokine adsorption, 48 treated
without):
 SOFA score of 14 ± 3, profound lactatemia (5.8 ± 4.8 mmol/l) and required 0.7 ± 0.5 μg/kg/min 
norepinephrine.



PDW Garcia et al. Intensive Care Med (2021) 47:1334–1336

• Within the 72-h intervention period
 circulating IL-6 levels (p = 0.254) and vasopressor requirements (p =

0.555) decreased irrespective of cytokine adsorption use.



PDW Garcia et al. Intensive Care Med (2021) 47:1334–1336

• ICU mortality was more pronounced in patients treated with cytokine
adsorption than in the control group (control: 20 (42%), cytokine
adsorption: 32 (67%), p = 0.024) as evidenced by a competing risks hazard
ratio for mortality of 1.82 (95% confidence interval, 1.03–3.2; p = 0.038)



PDW Garcia et al. Intensive Care Med (2021) 47:1334–1336

• Cytokines play a pivotal role in the progression of host response in sepsis.
• Pro-inflammatory cytokines may be associated with a deranged host

response and poor outcomes during early sepsis  however, nothing
persists for millions of years if it does not offer a substantial evolutionary
benefit.

• Indeed, the dynamic interplay between pro- and anti-inflammatory
cytokines is imperative to achieve tissue repair, endothelial integrity and
resolution of inflammation.

• Cytokine adsorption in severe, refractory septic shock was neither
associated with reduced IL-6 levels nor vasopressor requirements, and
lead to an increased hazard of death.

• The present results in conjunction with recent evidence plead against the
widespread and indiscriminate use of cytokine adsorption outside of
investigational settings.



Stahl K et al. Intensive Care Med (2022) 48:130–132

• The COMPACT-2 trial:
 CPFA in 115 patients suffering from septic shock.
 The study was prematurely determined due to a potential harmful

effect of CPFA as mortality in the ICU was 54% in the treatment and
29% in the control group.

• COVID-19 with ARDS undergoing ECMO:
 mortality increase of 58% in patients randomized to receive additive

cytokine adsorption (secondary outcome)
Supady A et al. Lancet Respir Med 2021

Garbero E et al Intensive Care Med 2021



Hemofiltration – Hemoperfusion

Monard C et al. Blood Purif (2019)



• Oxiris is an AN69-based membrane designed specifically for cytokine and
endotoxin adsorption alongside CRRT through surfaces treated with
polyethyleneimine (PEI) and pregrafted with heparin.

• oXiris both endotoxin and cytokine removal.
• Similar endotoxin adsorption to Toraymyxin and similar adsorption to

CytoSorb for the removal of other inflammatory mediators.

Malard et al. Intensive Care Medicine Experimental (2018)



• Clinical study also shows a significant reduction in plasma endotoxin and
inflammatory mediators after treatment with Oxiris-CRRT

Turani F et al. Blood Purif (2019) 
Broman ME et al. Blood Purif (2019) 

Wei T et al. Medicine (Baltimore) (2020) 
Ma J et al. Clin Immunol (2020) 

Padala SA et al. J Clin Med Res (2020)

• Beneficial hemodynamic effects, mainly reflected in cardiovascular SOFA score or
vasopressor dose, were also recognized universally, which may be associated with high
effective removal of endotoxin and inflammatory mediators

Zhang L. et al. Precision Clinical Medicine (2021)
Tan HK et al. Blood Purif (2019)

Zhang L et al. Blood Purif (2019)

• The consensus agreement from European experts regarded septic shock as the most
appropriate indication for Oxiris, based on the recognition that stabilizing hemodynamic
parameters is the most remarkable function of Oxiris

Pickkers P et al. Blood Purif (2019)





Aim: To investigate the role of EBP with a
hemodiafilter characterized by enhanced
cytokine adsorption properties (oXiris
membrane) in critically-ill patients with
COVID-19

Villa G, Romagnoli S […]  Ronco C. 
Critical Care (2020)

[…] oXirisNet Registry (aRRT -
http://www.arrt.eu/)



Results:
• 37 patients.
• Median baseline IL-6 was 1230 pg/ml (IQR 895) and decreased

significantly overtime (p<0.001 at Kruskal-Wallis test) during the first
72hrs of the treatment, with most significant decrease in first 24hrs
(p=0.001).

• The reduction in serum IL-6 concentrations correlated with
improvement in organ function, as measured in decrease of
SOFA score (r=0.48, p=0.0003).

• Median baseline SOFA was 13 (IQR 6) and decreased significantly
overtime (p<0.001 at Kruskal-Wallis test) during the first 72hrs of the
treatment, with most significant decrease in first 48hrs (median 8
IQR 5, p=0.001).

Villa G, Romagnoli S […]  Ronco C. Critical Care (2020)



IL-6 SOFA SCORE

1230 pg/ml (IQR 895) 

Villa G, Romagnoli S […]  Ronco C. Critical Care (2020)



Evans L. et al. ICM (2021)

BLOOD PURIFICATION

1. For adults with sepsis or septic shock, we suggest against using polymyxin B haemoperfusion
Weak recommendation; low quality of evidence.

2. There is insufficient evidence to make a recommendation on the use of other blood
purification techniques

We did not identify new evidence on other modalities such as haemofiltration,
combined haemoperfusion and haemofiltration or plasma exchange. Accordingly,
no recommendation regarding the use of these modalities is made.

Rationale

 Other techniques



• SEPSIS  dysfunction of a single organ is rare, in part because of the
existence of ‘organ–organ crosstalk’ or interorgan crosstalk such that the
failure of one organ leads to the dysfunction of another organ.

• Consequently, the function of several organ systems is usually disrupted
simultaneously.

Vincent, J. L. et al. Sepsis in European intensive care units: results of 
the SOAP study. Crit. Care Med. (2006).

• The pattern of failing organs can influence outcomes, and the greater the
number of organs that are affected, the higher the mortality

Vincent, J. L. et al. Crit. Care Med. 34, 344–353 (2006).
Sakr, Y. et al. Crit. Care 16, R222 (2012).

Organ crosstalk and (kidney)-lung support



Sakr Y et al. Crit Care. 2012 Nov 16;16(6):R222



Sakr Y et al. Crit Care. 2012 Nov 16;16(6):R222



Husain-Syed et al. Intensive Care Med (2018) 44:1447–1459



The kidney in organ crosstalk and 
multiple organ dysfunction syndrome

Faeq Husain-Syed et al. ICM 2018;44:1447-1459
Extracorporeal organ support (ECOS)

Bidirectional 
interactions 

between distant 
organs



• AKI induced by ischaemia in mice is associated with increased levels of IL-
6, which can cause lung inflammation and impair lung function

• Fluid balance

Altmann, C. et al. Am. J. Physiol. Renal Physiol. 302, F421–F432 (2012).
Klein, C. L. et al. Kidney Int. 74, 901–909 (2008).
Ahuja, N. et al. Am. J. Physiol. Renal Physiol. 303, F864–F872 (2012).



Husain-Syed F et al. AJRCCM (2016) 144:402-414

It has been reported that 35–60% of patients
undergoing MV in the context of multiorgan failure

require renal replacement therapy (RRT)
Liu KD et al. Clin J Am Soc Nephrol (2008)3:578–586





A study showing that a ventilator strategy designed to minimize lung injury
decreased mortality among patients with the ARDS.

The Acute Respiratory Distress Syndrome Network.
Ventilation with lower tidal volumes as compared with
traditional tidal volumes for acute lung injury and the acute
respiratory distress syndrome.
N Engl J Med (2000) 342:1301-8

The landmark trial by the ARDSNet group
demonstrated that ventilating ARDS patients
with a low Vt of 6 ml/kg (vs 12 ml/kg)
significantly decreased mortality

(Protective Ventilation)



So-called lung-protective ventilation limits lung and distal 
organs impairment secondary to biotrauma.

The Acute Respiratory Distress Syndrome Network. 
N Engl J Med 2000; 342:1301–1308

Imai Y et al. JAMA 2003;289:2104–2112

However, this approach may be
associated with hypercapnia and
respiratory acidosis and, in some cases,
permissive hypoxia that may trigger
further distal organ dysfunction and
that may be eventually supported by
ECOS.
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Protective ventilation is not 
possible for most ARDS 

patients on conventional 
mechanical ventilation.

Feihl F et al. Am J 
Respir Crit Care Med 
(2000) 162:209–15



Morelli A et al. Intensive Care Med (2017) 43:519–530

. . .particularly the brain and the cardiovascular system.
By increasing cerebral blood flow, hypercapnia elevates intracranial
pressure. Tasker RC et al. Intensive Care Med (1998) 24:616–619

. . . increases pulmonary vasoconstriction and in addition to positive-
pressure MV, dramatically increases right ventricular afterload.

Stengl M et al. Crit Care (2013) 17:R303

. . . decrease myocardial contractility. This altered hemodynamic profile
contributes to RV-arterial decoupling and acute RV dysfunction

Ismaiel NM et al. Minerva Anestesiol (2011) 77:723–733
Stengl M et al. Crit Care (2013) 17:R303

. . .immunosuppressive properties, hypercapnic acidosis may worsen lung
injury by exacerbating pulmonary bacterial infection

Ismaiel NM et al. Minerva Anestesiol (2011) 77:723–733



MULTIORGAN SUPPORT





FLUID BALANCE
RENAL SUPPORT (SOLUTE REMOVAL)
CLEARANCE OF INFLAMMATORY MEDIATORS
«immunomodulation»
LUNG SUPPORT (CO2 REMOVAL – PROTECTIVE VENT)
NEGATIVE RENAL PULMONARY CROSSTALK 

Cross Talk



Romagnoli S et al. Semin Nephrol. (2016) 36:71-7 





Hospach et al. Intensive Care Medicine Experimental (2020) 8:14



• QB = 200, 300, 450 ml/min
• O2=10L/min
• CO2 = 45, 60, 80 mmHg 

Hospach et al. Intensive Care Medicine Experimental (2020) 8:14



“The A.L.ONE and PrismaLung+ devices provided
comparable CO2 removal rates across the range
of different test conditions”

“The CO2 removal performance of the new
PrismaLung+ device was comparable to the
A.L.ONE device, with both devices
demonstrating CO2
removal rates ~ 50% greater than the PrismaLung
device.”

The new PrismaLung+ device has the lowest ratio
of blood volume to membrane surface of the
tested devices reducing the risks associated with
large extracorporeal blood volumes.

Hospach et al. Intensive Care Medicine Experimental (2020) 8:14



Conclusions: The newly developed PrismaLung+ performed more
effectively than PrismaLung, with performance of CO2 removal comparable
to A.L.ONE at the flow rates tested, despite the smaller membrane surface
area of PrismaLung+ versus A.L.ONE.

Clinical testing of PrismaLung+ is warranted to further characterize its
performance.

Hospach et al. Intensive Care Medicine Experimental (2020) 8:14



Consales G et al. Blood Purif 2021

Objectives: To evaluate efficacy and safety of
combined ECCO2R-CRRT support with PrismaLung®-
Prismaflex® in patients affected by hypercapnic
respiratoryacidosis associated with AKI in a second level
intensive care unit.

Methods: We carried out a retrospective observational study enrolling
patients submitted to PrismaLung®-Prismaflex® due to mild to moderate
acute respiratory distress syndrome (ARDS) or acute exacerbation of chronic
obstructive pulmonary disease (aeCOPD).



Consales G et al. Blood Purif 2021

The primary endpoints: were the shift to protective ventilation and extubation
of mechanically ventilated patients and the shift to invasive mechanical
ventilation of patients receiving noninvasive ventilation (NIV).



Results:

• 22 patients were enrolled (8 with a primary diagnosis of ARDS and 14 with
aeCOPD).

• Indication for initiation of CRRT was sepsis in 15 patients, cardiogenic shock
in 3 cases, and worsening of a chronic renal failure in 4 subjects.

• Overall, 12/17 patients on mechanical ventilation shifted to protective
ventilation, CO2 clearance was satisfactorily maintained during the whole
observational period, and pH was rapidly corrected.

• Treatment prevented NIV failure in 4 out of 5 patients.

• No treatment-related complications were recorded.



Consales G et al. Blood Purif 2021



Conclusions

• A “humoral” theory of MODS makes pathophysiological sense and its consequence triggers
the need to consider extracorporeal therapies as multiple organ support therapies and not
just as single organ support.

• The certainty of evidence underlying the use of BPTs in sepsis is very low, and does not
support their systematic use in patients with sepsis with or without septic shock.

• A great deal of work remains to be done to find the best extracorporeal blood purification
technique for sepsis.



Prof. Ronco – CRRT, Questione di Equipe Vicenza 2021





Stefano Romagnoli

GRAZIE

Terapie extracorporee per AKI
Il supporto multiorgano nel paziente settico
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