
ARTICLE IN PRESS 

JID: JOINTM [m5GeSdc; February 11, 2026;18:30 ] 

Journal of Intensive Medicine xxx (xxxx) xxx 

Contents lists available at ScienceDirect 

Journal of Intensive Medicine 

journal homepage: www.elsevier.com/locate/jointm 

Review 

Clinical applications of oXiris membranes: Targeting inflammation and 

renal dysfunction in ICU patients 

Salvatore Lucio Cutuli 1 , 2 , # , Sergio Lassola 

3 , # , Règinald Philippe 

3 , Silvia De Rosa 

3 , 4 , ∗ 

1 Dipartimento di Scienze Biotecnologiche di Base, Cliniche Intensivologiche e Perioperatorie; Facoltà di Medicna e Chirurgia Agostino Gemelli, Università Cattolica del 

Sacro Cuore, Rome, Italy 
2 Dipartimento di Scienze dell’Emergenza, Anestesiologiche e della Rianimazione, Fondazione Policlinico Unuiversitario Agostino Gemelli IRCCS, Rome, Italy 
3 Centre for Medical Sciences-CISMed, University of Trento, Via S. Maria Maddalena 1, Trento 38122, Italy 
4 Department of Anesthesia and Intensive Care, Santa Chiara Hospital, Trento 38122, Italy 

a r t i c l e i n f o 

Managing Editor: Jingling Bao/Zhiyu Wang 

Keywords: 

oXiris membrane 

Continuous renal replacement therapy 

Severe sepsis 

Endotoxin removal 

Cytokine removal 

a b s t r a c t 

The oXiris membrane represents a notable advance in continuous renal replacement therapy for critically ill 

patients with severe infection, sepsis, and other conditions characterized by immune dysregulation. Built on a 

highly adsorptive poly (ethersulfone)/AN69 platform modified to remove inflammatory mediators, endotoxins, 

and larger molecules, oXiris combines renal support with targeted immunomodulation. In intensive care settings 

it has been used for sepsis and septic shock, intra-abdominal infection, cardiogenic shock (including during 

veno-arterial extracorporeal membrane oxygenation, VA-ECMO), acute kidney injury, and selected autoimmune 

disorders. Observational studies and small trials suggest improved hemodynamic stability, reduced vasopressor 

requirements, and decreases in circulating cytokines and endotoxin. Sequential extracorporeal therapy combining 

oXiris with other devices (e.g., CytoSorb, Seraph-100, Toraymyxin) may further potentiate these effects. 

Evidence from large, randomized trials remains limited, and questions persist regarding patient selection, timing, 

and cost-effectiveness. This narrative review summarizes the membrane’s technical features and mechanisms of 

action, synthesizes available clinical data across major indications, and outlines current limitations and research 

priorities. 
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Sepsis and septic shock are acknowledged leading causes

f mortality in critically ill patients, despite advances in diag-

ostics, etiologic and supportive therapies.[ 1 , 2 ] The underlying

ystemic inflammatory response is heterogeneous and dynamic,

ften limiting the impact of pharmacologic therapy alone.[ 3 ] 

epsis is defined as a life-threatening organ dysfunction caused

y a dysregulated host response to infection.[ 4 ] Its pathophysi-

logy involves a complex imbalance between pro-inflammatory

ctivation and immune suppression, leading to profound

etabolic, microcirculatory, and immunologic alterations.[ 5 ] 

xcessive release of cytokines such as IL-6 and TNF- 𝛼, endothe-

ial and glycocalyx injury, impaired microvascular perfusion,

nd mitochondrial dysfunction contribute to hemodynamic in-

tability and organ failure.[ 6 ] Endotoxin and damage-associated
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olecular patterns (DAMPs) further amplify this response,

ustaining a self-propagating inflammatory loop.[ 7 ] 

This dynamic imbalance between exaggerated inflamma-

ion and immune suppression is considered a major driver of

orbidity and mortality in septic shock.[ 7 ] In this context,

xtracorporeal blood purification strategies have emerged

s a potential adjunctive approach to mitigate excessive in-

ammatory burden and restore immune homeostasis.[ 8 ] The

Xiris membrane, combining renal support with endotoxin

nd cytokine adsorption capabilities, may help interrupt the

athological amplification cycle observed in sepsis, particularly

n patients with severe hemodynamic instability and high

nflammatory load. Given these mechanisms, extracorporeal

nterventions targeting inflammatory mediators and endo-

oxin have been proposed as potential adjunctive therapies in

epsis. 
versity of Trento, Via S. Maria Maddalena 1, Trento 38122, Italy. 

5 November 2025 

ical Association. This is an open access article under the CC BY-NC-ND license 

 applications of oXiris membranes: Targeting inflammation and renal 

10.1016/j.jointm.2025.11.005 

https://doi.org/10.1016/j.jointm.2025.11.005
http://www.ScienceDirect.com/science/journal/2667100X
http://www.elsevier.com/locate/jointm
mailto:silvia.derosa@unitn.it
mailto:silvia.derosa@apss.tn.it
https://doi.org/10.1016/j.jointm.2025.11.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jointm.2025.11.005


S.L. Cutuli, S. Lassola, R. Philippe et al. Journal of Intensive Medicine xxx (xxxx) xxx

ARTICLE IN PRESS
JID: JOINTM [m5GeSdc;February 11, 2026;18:30]

 

a  

i  

p  

w  

R  

f  

e  

i  

g  

t  

p  

r  

r  

t  

c  

d

M

 

h  

p  

t  

s  

d  

b  

d

 

i  

w  

e  

t  

c  

d  

c

 

a  

m

T  

m  

d  

o  

o  

t  

t  

t  

c

 

s  

t  

o  

T  

r

M

 

n  

t  

p  

a  

f  

d  

f

 

m  

s  

p  

s  

p  

p  

a  

l  

b  

a  

t  

i

C

 

r  

C  

s  

l  

h  

a  

e

 

C

A

 

o  

t  

p  

i  

s  

a  

t  

t  

s

 

t  

s  

t  

t  

fl  

a

 

a  

v  

u  

m  

(  

s  

m  

t  
Extracorporeal blood purification has therefore gained

ttention as an adjunctive strategy to remove endotoxin and

nflammatory mediators. oXiris, an evolution of the AN69

latform, integrates adsorption of endotoxins and cytokines

ith the diffusive and convective clearance of Continuous

enal Replacement Therapy (CRRT).[ 9 ] Through this combined

unction, the device enables simultaneous renal support and

xtracorporeal immunomodulation, which may be relevant

n patients with severe sepsis, septic shock, and multiple or-

an dysfunction. Observational studies, small interventional

rials,[ 10–14 ] and registry analyses[ 15 , 16 ] report encouraging

hysiological effects, such as hemodynamic improvement and

eductions in inflammatory biomarker, although high-quality

andomized evidence remains limited. This review summarizes

he technical principles of the oXiris membrane, evaluates

urrent clinical evidence, and discusses challenges and future

irections for its integration within critical care practice. 

embrane Characteristics and Technical Features 

The OXiris membrane is an advanced evolution of the AN69

ydrogel structure, designed for use in Continuous Renal Re-

lacement Therapy (CRRT) with additional adsorptive proper-

ies. Its core material, AN69, is a copolymer of acrylonitrile and

odium methallyl sulfonate that forms a negatively charged hy-

rogel matrix.[ 17 ] This intrinsic structure allows adsorption of

oth pro-inflammatory and anti-inflammatory cytokines, in ad-

ition to its dialytic properties. 

To enhance its functionality, the surface of the membrane

s modified with a polyethyleneimine (PEI) cationic polymer,

hich provides a net positive charge. This modification enables

fficient adsorption of negatively charged endotoxins (LPS)

hrough ionic interactions.[ 18 ] Furthermore, the PEI layer allows

ovalent heparin grafting, improving hemocompatibility and re-

ucing thrombogenicity, which is particularly relevant in criti-

ally ill patients at high bleeding risk.[ 19 ] 

From a technical standpoint, the hollow-fiber design ensures

 large surface area for solute exchange, combined with high

echanical stability suitable for prolonged CRRT sessions.[ 15 ] 

he pore size and porosity are optimized to allow removal of

edium- and high-molecular-weight molecules, including en-

otoxins and cytokines, while maintaining effective clearance

f conventional uremic toxins.[ 20 ] The biocompatibility profile

f the membrane minimizes inflammatory response and main-

ains favorable interactions with blood and tissues. Moreover,

he chemical and thermal stability of the AN69-based struc-

ure ensures consistent performance across different treatment

onditions.[ 21 ] 

Altogether, OXiris integrates diffusion, convection, and ad-

orption in a single device, providing both renal replacement

herapy and immunomodulation through simultaneous removal

f toxins, endotoxins, and inflammatory mediators ( Figure 1 ).

he main structural and functional characteristics are summa-

ized in Table 1 . 

echanisms of Action 

To better distinguish the classical renal replacement mecha-

isms from the immunomodulatory properties unique to oXiris,

his section has been reorganized into two complementary com-
2

onents. The first describes solute removal through convection

nd diffusion, reflecting standard CRRT physiology. The second

ocuses on adsorption, which enables binding and removal of en-

otoxin and pro-inflammatory mediators at the membrane sur-

ace and within its porous structure. 

The oXiris membrane (Vantive, Lyon, France) is based on a

odified acrylonitrile-methallyl sulfonate copolymer (AN69),

urface-treated (AN69ST) and further functionalized with a

olyethyleneimine (PEI) cationic layer and a stabilized heparin

urface functionalization.[ 17 ] These features improve biocom-

atibility and reduce thrombogenicity. The PEI layer confers a

ositive surface charge, supporting electrostatic binding of neg-

tively charged molecules such as endotoxin, while the stabi-

ized heparin surface functionalization enhances hemocompati-

ility without requiring systemic anticoagulant loading. In par-

llel, the sulfonate groups and the porous internal structure of

he AN69 matrix facilitate cytokine adsorption through ionic

nteractions.[ 2–4 ] 

onvection and diffusion (Classical CRRT clearance) 

Convection and diffusion are the primary mechanisms for

emoving low- and medium-molecular-weight solutes during

RRT. Diffusion relies on concentration gradients across the

emipermeable membrane and supports clearance of small so-

utes such as urea, creatinine, and electrolytes. Convection en-

ances removal by solvent drag under transmembrane pressure,

llowing clearance of larger molecules within the cut-off prop-

rties of the membrane.[ 22 ] 

In this regard, oXiris performs similarly to other high-flux

RRT filters and provides standard renal replacement support . 

dsorption (Immunomodulatory component) 

Adsorption represents the distinctive therapeutic component

f the oXiris membrane. Two adsorption mechanisms contribute

o clearance: (1) Surface adsorption: negatively charged phos-

hate groups of endotoxin molecules (lipopolysaccharide, LPS)

nteract with the positively charged PEI layer through electro-

tatic binding at the membrane–blood interface. (2) Intrapore

dsorption: cytokines, DAMPs, and other inflammatory media-

ors diffuse into the porous matrix of the membrane and bind

o internal sulfonate groups, supporting sequestration beyond

urface interaction.[ 14 , 23 ] 

From a kinetic standpoint, adsorption is most effective during

he initial phase of treatment, when membrane binding sites are

till unoccupied. Clearance progressively decreases as adsorp-

ion capacity becomes saturated, supporting the “peak concen-

ration hypothesis ”, whereby transient removal of circulating in-

ammatory mediators may attenuate early hyperinflammation

nd facilitate immune homeostasis.[ 24 ] 

Quantitatively, approximately 60%–70% of cytokine clear-

nce results from adsorption, with 30%–40% derived from con-

ective and diffusive transport.[ 23 ] This enables a broad molec-

lar removal range from small solutes (urea, 60 Da) to middle

olecules (IL-6 ≈ 21 kDa) and larger fragments such as HMGB1

25–30 kDa). Experimental and clinical evidence has demon-

trated removal of endotoxin and a broad panel of inflammatory

ediators including TNF- 𝛼, IL-6, IL-8, IFN- 𝛾, complement pro-

eins, chemokines, and DAMPs.[ 14 , 23 , 25 , 26 ] Comparative in vitro
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Figure 1. Schematic representation of the OXiris mem- 

brane. The three layers —AN69 hydrogel (–), PEI coating 

( + ), and heparin grafting (–) —provide integrated functions 

of diffusion, convection, and adsorption, with complemen- 

tary electrostatic properties for cytokines, endotoxins, and 

anticoagulation. 

AN69: Acrylonitrile and sodium methallyl sulfonate 

copolymer; PEI: Polyethyleneimine. 

Table 1 

Summary of the structural modifications and associated clearance functions of the oXiris membrane. 

Feature Description/functional role 

Base polymer AN69 hydrogel membrane forming the core filtration structure. 

Surface treatment Modified AN69ST to improve biocompatibility and reduce bradykinin-generation during blood contact. 

Cationic functional layer PEI confers a strong positive surface charge enabling electrostatic adsorption of negatively charged endotoxin (LPS). 

Heparin surface functionalization Stabilized heparin bonded to membrane surface enhances hemocompatibility and reduces thrombogenicity without requiring systemic 

anticoagulant loading. 

Clearance mechanisms Standard CRRT solute removal through convection and diffusion for low- and middle-molecular-weight solutes (e.g., urea, creatinine, 

electrolytes). 

Adsorption mechanisms Dual adsorption: (1) surface binding of endotoxin via PEI, and (2) intrapore ionic adsorption of cytokines and other inflammatory 

mediators (e.g., IL-6, TNF- 𝛼, HMGB1). 

Target molecular spectrum Effective clearance from small solutes ( ∼60 Da) to middle molecules ( ∼20–30 kDa), including select immune mediators. 

Intended clinical role Combined renal replacement therapy with adjunctive immunomodulation in sepsis-associated inflammation or hyperinflammatory states. 

AN69: Acrylonitrile and sodium methallyl sulfonate copolymer; CRRT: Continuous renal replacement therapy; HMGB1: High-mobility group box-1 protein; LPS: 

Lipopolysaccharide; PEI: Polyethyleneimine. 
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ata show higher cytokine adsorption with oXiris and CytoSorb,

hereas Toraymyxin demonstrates stronger selective endotoxin

ffinity.[ 23 ] 

Clinically, reductions in IL-6, Procalcitonin (PCT), lactate,

orepinephrine dose, and Sequential Organ Failure Assess-

ent (SOFA) score have been observed in septic shock pa-

ients treated with oXiris, together with improved hemodynamic

tability.[ 14 , 17 , 25 , 27 , 28 ] 

linical Applications 

A recent meta-analysis pooling 14 randomized controlled

rials (RCTs) and observational studies suggested lower short-

erm mortality and improvements in physiologic parameters,

lthough overall certainty of evidence was graded as low.[ 28 ] 

lthough mechanistic and early clinical findings are promising,

efinitive survival benefit and long-term outcomes remain un-

roven and require adequately powered randomized trials. 

The main clinical applications of oXiris are summarized in

able 2 and detailed in the following paragraphs. 

epsis and septic shock 

Sepsis pathophysiology is characterized by a complex inter-

lay of excessive pro-inflammatory signaling and concurrent im-

une suppression, leading to endothelial and glycocalyx injury,

icrovascular dysfunction, mitochondrial impairment, and pro-
3

ressive organ failure.[ 29 ] Endotoxin and DAMPs further amplify

ytokine release, driving a self-perpetuating inflammatory cas-

ade responsible for vasoplegia, capillary leak, coagulopathy,

nd hemodynamic instability.[ 30 ] 

Given this dysregulated host response, extracorporeal strate-

ies targeting cytokines and endotoxin have been proposed as

otential adjunctive interventions to stabilize the inflammatory

ilieu and restore immune homeostasis in septic shock.[ 8 ] 

To provide a structured overview of the available evidence,

e summarized key published clinical studies evaluating the use

f the oXiris membrane in septic shock and sepsis-associated

cute kidney injury (AKI), including randomized clinical trials,

bservational cohorts, registry data, and recent systematic re-

iews and meta-analyses ( Table 3 ). 

As shown in Table 3 , most available data derive from small,

andomized trials, observational cohorts, and registry-based

nalyses. While several studies consistently report reductions

n vasopressor requirements, inflammatory biomarkers, lactate

oncentration, and early improvements in organ dysfunction

cores, the overall certainty of evidence remains low due to

ethodological heterogeneity, limited statistical power, vari-

bility in CRRT settings, and differences in timing of interven-

ion. 

These limitations reflect broader challenges inherent to in-

erventional research in sepsis, including biological hetero-

eneity, dynamic clinical trajectories, and difficulties achiev-

ng standardized patient selection and timing criteria. Mul-
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Table 2 

Main clinical applications of the oXiris membrane in intensive care. 

Clinical condition Predominant mechanism of 

action 

Observed clinical 

benefits 

Challenges/limitations 

Severe sepsis and septic shock Removal of endotoxins and 

cytokines; modulation of 

systemic inflammation 

Reduced vasopressor requirement, 

decreased lactate, improved SOFA score, 

potential mortality reduction 
[ 10 , 14 , 25 , 28 , 46 ] 

Limited high-quality RCTs; heterogeneous 

study designs; potential removal of 

beneficial molecules [ 25 , 28 , 46 ] 

Complicated intra-abdominal 

infections 

Removal of endotoxin and 

inflammatory mediators; 

hemodynamic stabilization 

Reduced endotoxin burden, improved 

biomarker responses, early hemodynamic 

stabilization. [ 33 , 34 ] 

Evidence mainly retrospective; no RCTs; 

unclear superiority vs . other sepsis sources 
[ 33 ] 

Cardiogenic shock & VA-ECMO Modulation of ECMO-associated 

inflammatory response 

Early cytokine & endotoxin removal; 

hemodynamic stabilization signals in pilot 

studies [ 12 ] 

Mixed or negative RCT outcomes; benefit 

not confirmed in controlled studies [ 12 , 13 ] 

Cardiac 

surgery–associated AKI 

Inflammation reduction + renal 

protection during extracorporeal 

circulation 

Reduced incidence of CS-AKI in RCT 

subgroup analyses; benefit in high-risk 

patients [ 26 ] 

Evidence limited to cardiac surgery 

population; unclear applicability to septic 

AKI broadly [ 26 ] 

COVID-19 & viral 

hyperinflammation 

Control of cytokine storm and 

endotoxin translocation in severe 

viral infection 

IL-6 reduction, improved hemodynamics, 

better oxygenation, lower vasopressor 

need [ 27 , 45 ] 

Mixed RCT signals; benefit may depend 

heavily on phenotype and CRRT 

indication [ 46 ] 

Sequential or combination 

therapies 

Synergistic multimodal 

extracorporeal clearance (e.g., 

oXiris + CytoSorb + Toraymyxin) 

Faster clinical response and improved 

biomarker clearance in case 

series/cohorts [ 53 , 62 ] 

No standardized protocol; lack of RCT 

evidence; high cost & logistic complexity 
[ 62 , 63 ] 

AKI: Acute kidney injury; COVID-19: Coronavirus disease 2019; CRRT: Continuous renal replacement therapy; CS-AKI, cardiac surgery–associated acute kidney 

injury; DAMPs: Damage-associated molecular patterns; ECMO: Extracorporeal membrane oxygenation; IL-6: Interleukin-6; LPS: Lipopolysaccharide; MODS: Multiple 

organ dysfunction syndrome; PCT: Procalcitonin; RCT: Randomized controlled trial; SETS: Sequential extracorporeal therapies; SOFA: Sequential organ failure 

assessment; VA-ECMO: Veno-arterial extracorporeal membrane oxygenation. 

Table 3 

Summary of key clinical evidence evaluating the oXiris membrane in sepsis and septic shock. 

Reference Study design Population/setting Sample size 

(oXiris/control) 

Comparator Primary outcomes 

reported 

Main findings/interpretation 

Turani et al. [ 64 ] Pilot observational 

study 

Septic shock 

requiring CRRT 

20/– Not applicable 

(single-arm) 

Vasopressor 

requirement, lactate, 

IL-6, SOFA score 

Demonstrated feasibility and early 

physiological improvements 

( ↓ vasopressors, lactate, cytokines). 

No mortality evaluation; 

hypothesis-generating. 

Villa et al. 

(oXirisNet 

Registry) [ 16 ] 

Multicenter registry 

analysis 

Real-world septic 

shock treated with 

CRRT 

97/– Not applicable 

(registry, no 

comparator) 

Feasibility, 

anticoagulation 

strategy, filter 

performance 

Feasibility confirmed; registry established 

for real-world outcome tracking. 

No comparative outcomes available. 

Guan et al. [ 65 ] Controlled 

observational cohort 

Septic shock + AKI 

on CRRT 

70/66 Standard CRRT 

filter 

Mortality, SOFA, 

PCT, vasopressors 

Lower early mortality and faster SOFA 

and biomarker improvement with oXiris; 

effect not maintained at 90 days. 

Zheng et al. [ 31 ] Retrospective 

controlled cohort 

Sepsis-associated 

AKI 

88/155 Standard CRRT 

filter 

Renal recovery, 

mortality, lactate, 

SOFA 

No mortality difference; greater 

improvement in lactate and SOFA in more 

severely ill subgroups, suggesting 

phenotype-dependent benefit. 

Wang et al. [ 28 ] Systematic review & 

meta-analysis 

Sepsis and septic 

shock treated with 

CRRT 

14 studies 

(RCTs + cohorts), 

695 total patients 

Mixed designs Mortality, 

vasopressors, SOFA, 

ICU LOS 

Suggested early mortality and 

physiological benefit; certainty low due to 

heterogeneity and predominance of 

non-randomized studies. 

Siew et al. [ 32 ] Systematic review & 

meta-analysis 

Critically ill patients 

treated with oXiris 

10 studies, 481 

patients 

Mixed designs Mortality, IL-6, CRP, 

lactate, organ 

dysfunction 

Reported improvements in organ 

dysfunction markers and mortality; 

overall evidence quality graded very low. 

Smirnova et al. 
[ 10 ] 

Case series Refractory septic 

shock (no AKI) 

treated with 

hemoperfusion 

3/– Not applicable 

(single-arm) 

Hemodynamics, 

IL-6, PCT 

Rapid IL-6 and vasopressor reduction 

after short hemoperfusion session; highly 

exploratory. 

AKI: Acute kidney injury; CRP: C-reactive protein; CRRT: Continuous renal replacement therapy; ICU: Intensive care unit; IL-6: Interleukin-6; LOS: Lntensive care 

unit length of stay; PCT: Procalcitonin; RCTs: Randomized controlled trials; SOFA: Sequential organ failure assessment. 
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icenter registries, such as oXirisNet, may facilitate real-

orld feasibility assessment, phenotype refinement, and hy-

othesis generation, although their value would be enhanced

y the inclusion of comparator sites or quasi-controlled

nalyses.[ 16 ] 

Emerging evidence suggests that potential benefit may be

reatest in specific clinical phenotypes, such as patients with

igh inflammatory burden, endotoxin-driven shock, early vaso-

legia requiring escalating vasopressors, and sepsis-associated

KI requiring CRRT.[ 10 , 31 ] Future enrichment-based or adap-
 a  

4

ive randomized trial designs will likely be required to deter-

ine attributable treatment benefit and identify true responder

opulations.[ 32 ] 

ntra-Abdominal infection 

Intra-abdominal infections (IAIs) represent a frequent source

f sepsis and septic shock, often associated with severe inflam-

atory burden and multi-organ dysfunction. However, avail-

ble clinical studies evaluating oXiris include heterogeneous
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epsis populations, and no published data to date demonstrate

 differential response or superior efficacy in IAI-related sepsis

ompared with other infection sources. Therefore, IAI should

ot currently be considered a standalone indication or selection

riterion for oXiris. At present, treatment decisions appear bet-

er guided by physiologic severity (e.g., refractory vasoplegia),

nflammatory phenotype (elevated IL-6, PCT, endotoxin), and

he presence of sepsis-associated AKI requiring CRRT rather

han by infection origin.[ 33 , 34 ] In this context, the ongoing

ASES randomized controlled trial[ 35 ] will specifically assess

he impact of the oXiris membrane on hemodynamic stabiliza-

ion in critically ill patients with septic shock secondary to IAI.

uture studies stratifying outcomes by sepsis source may help

etermine whether specific etiological subgroups —including

AI —derive preferential benefit from extracorporeal

mmunomodulation. 

ardiogenic shock and ECMO therapy 

Cardiogenic shock has high morbidity and mortality due to

mpaired tissue perfusion and about 10% of patients with re-

ractory shock require circulatory support like veno-arterial ex-

racorporeal membrane oxygenation (VA-ECMO).[ 36 , 37 ] How-

ver, even with VA-ECMO, outcomes remain poor, with mor-

ality rates over 50%.[ 38 ] This is due to mechanisms such

s tissue hypoperfusion, ischemia-reperfusion injury, and sys-

emic inflammatory response, leading to multiple organ failure

MOF).[ 39 , 40 ] 

The digestive tract plays a key role in this process.[ 41 ] During

schemia-reperfusion, the intestinal barrier is compromised, al-

owing bacterial components like lipopolysaccharides (LPS) to

nter the bloodstream, triggering inflammation and worsening

OF.[ 42 , 43 ] This creates a vicious cycle of barrier disruption and

ystemic inflammation.[ 44 ] The oXiris filter, with its three-layer

tructure and specialized membrane, can adsorb cytokines and

PS.[ 25 ] Studies have shown it may reduce systemic inflamma-

ion and vasoplegia without harming splanchnic perfusion.[ 23 ] 

t appears safe compared to standard hemofiltration membranes

nd may help control inflammation, reduce bacterial transloca-

ion, and prevent MOF. However, the data present in the lit-

rature about its use in VA-ECMO-supported cardiogenic shock

atients are negative. In the CLEAN ECMO trial[ 12 ] the appli-

ation of an oXiris filter in patients with cardiogenic shock un-

ergoing V-A ECMO did not demonstrate a significant reduction

n endotoxin levels at 48 h compared with standard care. The

uthors observed temporal decreases in IL-6 and GDF-15 lev-

ls in oXiris group, even if these changes did not translate into

tatistically significant improvements in clinical outcomes. OXI-

ARD trial[ 11 ] evaluate the oXiris membrane during cardiopul-

onary bypass in cardiac surgery patients at high risk of in-

ammation. Despite the theoretical benefits of the membrane,

he study found no significant improvement in microcirculation,

ajor cardio-vascular events, or inflammatory biomarkers com-

ared to standard care. ECMORIX trial[ 13 ] showed that, in pa-

ients with cardiogenic shock supported by VA-ECMO and re-

uiring renal replacement therapy, patients treated with oXiris

lter did not evidence any reduction in LPS blood concentration

n comparison to patients treated with ST-150 filter. Therefore,

n light of the still controversial data regarding the use of the

Xiris filter in patients with cardiogenic shock undergoing V-A
5

CMO, further randomized clinical trials are necessary to clarify

he utility of this filter in this specific patient population. 

ardiac surgery–associated acute kidney injury 

Recently, the SIRAKIO2 trial place a role for the oXiris mem-

rane to prevent post-cardiac surgery associated AKI in adult

atients, who underwent on-pump elective procedures. In this

tudy, Pérez-Fernández et al.[ 26 ] randomized 343 patients to

eceive oXiris (EBP group) vs. standard of care (standard care

roup) during the cardiopulmonary bypass, and found that the

ate of cardiac surgery-associated was 28.4% (95% CI: 21.7% to

5.8%) in the EBP group vs . 39.7% (95% CI: 32.3% to 47.3%) in

he standard care group ( P = 0.03), with an adjusted difference

f 10.4% (95% CI: 2.3% to 18.5%). Moreover, sensitivity analy-

es revealed that oXiris was more effective to reduce the occur-

ence of cardia surgery-associated AKI in those patients who are

t increased risk for this condition, as affected by chronic kid-

ey disease, diabetes, hypertension, low left ventricular ejection

raction ( < 40%), and lower body mass index ( < 30 kg/m2 ). No

tudies have ever investigated the potential role of oXiris to pre-

ent the occurrence of AKI in sepsis or inflammatory diseases. 

OVID-19 and viral infections 

In severe viral illness (predominantly COVID-19), oXiris

as been investigated mainly in observational cohorts and

mall controlled studies. Signals are most consistent for bio-

ogical/physiological improvement (IL-6 reduction, vasopressor

own-titration, oxygenation), while effects on clinical outcomes

ike mortality remain uncertain. In the multicenter retrospective

tudy by Abdelaty et al.[ 45 ] including 58 COVID-19 patients re-

uiring CRRT, oXiris significantly reduced IL-6 levels at 24 and

2 h and improved partial pressure of arterial oxygen/fraction

f inspired oxygen ratio, suggesting partial reversal of cytokine-

riven organ dysfunction, though the survival benefit did not

each statistical significance (adjusted OR 5.97; P = 0.117). By

ontrast, Kang et al.[ 46 ] conducted a small randomized study in

on-AKI severe COVID-19 and found that oXiris —CRRT did not

ttenuate cytokine release syndrome, highlighting that benefit

ay depend on CRRT indication and patient selection. The most

igorous prospective data so far come from Villa et al.,[ 27 ] a mul-

icenter observational cohort of 100 COVID-19 intensive care

nit (ICU) patients with AKI treated either with oXiris —CRRT

 n = 50) or standard AN69ST-CRRT ( n = 50), matched for sever-

ty. The oXiris group showed faster IL-6 decline (median re-

uction − 64% vs. − 36% at 48 h, P = 0.02), improved mean ar-

erial pressure and reduced norepinephrine dose within 24 h,

etter lactate clearance, although there was 28-day mortality

ifference between study groups (42% vs . 46%, P = 0.67). Im-

ortantly, the authors documented no excess adverse events or

oss of CRRT performance, indicating the hemodynamic and im-

unologic safety of oXiris in viral systemic inflammatory re-

ponse syndrome (SIRS) contexts. They concluded that oXiris

ay serve as an adjunctive immunomodulatory tool to stabi-

ize early hyperinflammation, though outcome effects remain

nproven. In such mixed sepsis states, Premu ž i ć et al. [ 47 ] re-

orted that sequential blood purification (often including oXiris)

n ICU COVID-19 with confirmed bacterial superinfection was

ssociated with longer survival and improved SOFA trajecto-
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Figure 2. Pragmatic bedside decision flow for oXiris use in critically ill patients (expert-consensus-based model, not intended as a protocol). This framework 

summarizes a stepwise, response-guided approach to initiation, monitoring, and discontinuation of oXiris during CRRT. Treatment initiation is considered in patients 

with confirmed or suspected sepsis and hyperinflammatory phenotype after adequate source control and antimicrobial therapy. Early reassessment is recommended 

within 6–12 h to evaluate hemodynamic response and biomarker trajectories. A formal reassessment at 48 h supports continuation or discontinuation based on 

predefined clinical response criteria, including reduction in vasopressor requirement ( ≥ 30%–50%), improving lactate levels ( ≥ 10%–20% reduction), decreasing 

inflammatory biomarkers (e.g., IL-6, PCT), and stable extracorporeal circuit performance (TMP trends, clotting events, flow stability). In cases of insufficient response 

and ongoing hemodynamic instability, phenotype-guided escalation to sequential extracorporeal therapies (SETS) may be considered in expert centers and highly 

selected refractory shock scenarios. This flowchart is not intended as a fixed protocol, but rather as a pragmatic guide to be adapted to patient trajectory, institutional 

experience, and resource availability. 

AKI: Acute kidney injury; CRRT: Continuous renal replacement therapy; EAA: Endotoxin activity assay; IL: Interleukin; KDIGO: Kidney Disease: Improving Global 

Outcomes; PCT: Procalcitonin; SETS: Sequential extracorporeal therapies; TMP: Transmembrane pressure. 
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ies. Across studies, oXiris use in viral disease shows consis-

ent physiological improvements —lower cytokines, reduced va-

opressors, and better oxygenation —but no definitive mortal-

ty advantage. Evidence quality remains moderate-to-low, lim-

ted by non-randomized designs and heterogeneity. Future trials

hould stratify by inflammatory phenotype and timing to con-

rm whether these physiological signals translate into improved

urvival. 

ractical Guidance For Use of oXiris in Critically Ill 

atients 

Based on published evidence, expert recommendations, and

ur institutional experience, the following framework sum-

arizes a pragmatic approach for bedside implementation of

Xiris. These recommendations are aligned with the recently

ublished Asia-Pacific Expert Consensus Statement[ 48 ] ( Figure 2 ).

hen and why to start (Initiation criteria and expected 

esponse) 

The decision to initiate treatment with oXiris should con-

ider both clinical severity and biomarker profile. oXiris may be
6

tarted in patients with septic shock, especially when vasopres-

or requirements remain ≥ 0.1–0.2 μg/(kg·min) norepinephrine

espite adequate fluid resuscitation, antibiotics, and source con-

rol. Additional criteria supporting initiation include hyper-

nflammatory phenotype (e.g., IL-6 > 500–1000 pg/mL, PCT

 5–10 ng/mL, C-reactive protein [CRP] markedly elevated),

ndotoxemia (Endotoxin Activity Assay ≥ 0.6), and/or sepsis-

ssociated AKI requiring CRRT. 

Evidence from observational cohorts and expert

onsensus,[ 48–51 ] including the 2024 Asia-Pacific statement,

uggests that earlier initiation (within the first 6 to12 hours)

ay provide greater benefit, particularly before irreversible mi-

rovascular and immunologic dysfunction fully develops. Once

nitiated, clinical and biomarker trends should be monitored to

ssess response. 

Indicators of therapeutic effect include a ≥ 30%–50% reduc-

ion in vasopressor dose within 24 to48 hours, improvement

r stabilization in SOFA score, decreasing lactate levels and in-

ammatory markers (IL-6, PCT), and overall improvement in

emodynamic stability. Lack of improvement after an adequate

reatment window should prompt reassessment for alternative

iagnoses, inadequate source control, or the need for treatment

scalation. 
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uration and filter exchange strategy 

Although the oXiris membrane is approved for continuous

se up to 72 h, real-world clinical experience suggests that per-

ormance is highly dependent on operational conditions, clot-

ing tendency, and inflammatory burden. Adsorptive capacity is

aximal during the first phase of treatment and progressively

ecreases as binding sites become saturated. In parallel, extra-

orporeal performance may deteriorate due to transmembrane

ressure (TMP) rise, pressure drop across the membrane, or

vert filter clotting, particularly in patients with high inflam-

atory and prothrombotic profiles.[ 52 ] 

For these reasons, rather than applying a fixed duration, a

ynamic monitoring strategy is recommended , including: (1) TMP

rend and sudden increases ( > 20–30 mmHg rise from baseline);

2) pressure drop across the filter; (3) blood flow limitations;

4) visible clotting or recurrent alarms; and (5) loss of clearance

fficiency (clinical or biochemical). 

Filter exchange is therefore best guided by a combination

f technical performance (TMP/flow/clotting), clinical response

vasopressor need, lactate, hemodynamics), and Biomarker tra-

ectory (e.g., IL-6, PCT, endotoxin when available). 

In most critically ill patients, this approach results in typ-

cal replacement intervals of 12 to24 hours during the early

igh-inflammation phase, with possible extension toward 36 to

8 hours if the circuit remains stable and clearance targets are

chieved. 

hen to stop (stopping criteria) 

If no meaningful clinical or biochemical improvement is ob-

erved after an adequate trial period (typically 12 to 24 hours),

herapy should be reconsidered and discontinued, unless ongo-

ng renal support is still required. In this setting, the oXiris mem-

rane may be replaced with a standard CRRT filter to maintain

idney support while avoiding unnecessary adsorption of antibi-

tics or beneficial immune mediators. 

Finally, discontinuation should also be considered in patients

ho develop recurrent filter clotting despite appropriate antico-

gulation or when rising inlet–outlet pressure gradients suggest

echanical failure. In such cases, persisting with oXiris may in-

rease extracorporeal workload without additional therapeutic

ain. 

In summary, stopping criteria should integrate clinical status,

iomarker trends, membrane functionality, and the evolving

atient phenotype rather than rely on fixed duration. A struc-

ured reassessment every 8 to12 hours ensure rational continu-

tion, timely discontinuation, and alignment with precision ex-

racorporeal support principles. reconsidered. Ultimately, oXiris

hould be viewed as a goal- directed, time-limited intervention

ather than a continuous default component of CRRT. 

se in the absence of AKI 

Although the oXiris membrane is labelled for use during

RRT in patients with AKI, recent expert consensus suggests

hat in highly selected cases it may be considered even before

KI develops.[ 48 ] This off-label use should be confined to centers

ith expertise until regulatory indications are expanded. 
7

ntegration or escalation (Including the SETS concept) 

In selected critically ill patients, particularly those exhibit-

ng refractory septic shock or persistent hyperinflammation de-

pite oXiris treatment, escalation to sequential extracorporeal

herapy (SETS) may be considered.[ 53 ] This approach follows

he principle that no single extracorporeal device can compre-

ensively target the heterogeneous and evolving biochemical

andscape of sepsis.[ 53 ] Rather than representing routine prac-

ice, SETS should be reserved for patients in whom oXiris alone

rovides only partial physiological improvement or when the

nflammatory profile suggests specific dominant drivers (e.g.,

arked endotoxemia or persistent cytokine storm). 

Escalation typically follows a reassessment window of 12

o 24 hours, integrating clinical response (vasopressor decline,

ean arterial pressure (MAP) stability), biochemical signals (IL-

, endotoxin reduction, lactate trends), and technical perfor-

ance of the circuit. Device selection should be phenotype-

riven, such as Toraymyxin R ○[ 49,54 ] may be added where endo-

oxemia predominates, CytoSorb R ○[ 55 ] can complement oXiris R ○

hen broad cytokine removal remains clinically relevant and

eraph-100 R ○ may be used in cases of suspected persistent patho-

enemia or device-associated infection.[ 56 ] 

SETS should remain individualized rather than protocolized , as

iming and sequencing depend on patient trajectory, biomarker

volution, hemodynamic response, and resource availability.

urrent evidence supporting escalation to combined extracor-

oreal therapies remains limited and largely based on case re-

orts, small cohorts, or early feasibility studies. No adequately

owered randomized trials have confirmed superiority of mul-

imodal or sequential approaches over single-device therapy.

herefore, escalation beyond oXiris should be considered only in

elected patients with refractory shock or persistently elevated

nflammatory or endotoxin burden despite adequate source con-

rol, antibiotic therapy, and initial extracorporeal support. Due

o limited evidence and logistical complexity, escalation beyond

Xiris should currently be restricted to experienced centers and

arefully selected patients with refractory shock after adequate

ource control and optimized antimicrobial therapy. 

hallenges and Limitations 

on-selective drug removal: impact on antibiotic therapy 

Evidence regarding the interaction between the oXiris mem-

rane and antibiotic pharmacokinetics remains scarce. Most

vailable knowledge is extrapolated from studies with AN69ST,

hich demonstrated significant removal of vancomycin dur-

ng continuous hemofiltration, accounting for nearly 40% of

otal clearance.[ 57 ] Direct clinical data on oXiris are lacking;

owever, a prospective pharmacokinetic observational study

s currently ongoing (NCT04033029, Hospital Universitari de

ellvitge). This trial is evaluating plasma and effluent con-

entrations of several antibiotics, including piperacillin, cef-

azidime, cefepime, ceftolozane, and daptomycin, in septic pa-

ients treated with continuous veno-venous hemodiafiltration

CVVHDF) using oXiris. Its results are expected to provide much-

eeded evidence on antibiotic clearance and to clarify whether

esorption phenomena may further influence drug exposure

uring treatment. 
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emodynamic instability and extracorporeal risks 

Despite encouraging signals from clinical experience, the use

f oXiris-based extracorporeal therapies is not without poten-

ial risks. Hemodynamic instability may occur due to extracor-

oreal circulation and changes in intravascular volume status,

hich can be particularly problematic in already unstable pa-

ients with septic shock. Another important limitation is the

on-selective nature of adsorption, which may lead to the unin-

ended removal of essential molecules such as antibiotics, albu-

in, nutrients, or cytokines that play a protective immunoreg-

latory role.[ 58 ] Device-related complications, including circuit

lotting, bleeding associated with anticoagulation, and vascu-

ar access problems, also remain significant concerns.[ 59 ] These

ssues highlight the importance of close monitoring, careful

ose adjustments of concomitant medications, and individual-

zed strategies to maximize benefits while minimizing harm. 

ost-effectiveness and accessibility 

The cost-effectiveness of this approach remains debated, par-

icularly given the absence of large randomized controlled tri-

ls confirming a survival benefit.[ 60 ] Accessibility is also un-

ven: while tertiary care centers may have the infrastructure and

xpertise to deliver oXiris therapy, many hospitals, especially

n low-resource settings, face substantial barriers to implemen-

ation. Current evidence supporting oXiris is largely based on

ase series, small observational cohorts, and single-center expe-

iences. 

ariability in practice and registry data 

The oXirisNet Registry[ 15 ] represents an important initiative

n this context, providing prospective, real-world evidence and

reating an interactive platform to improve data collection, bed-

ide feedback, and practice standardization. Importantly, reg-

stry analyses have also highlighted a substantial variability

mong centers in terms of blood purification practices, reflecting

ifferences in expertise, resources, and case-mix. Some centers

re highly specialized and experienced in extracorporeal thera-

ies, whereas others lack the same degree of qualification and

echnical support, which may influence patient outcomes and

eneralizability of results. 

uture research needs 

Future research should focus on large, multicenter random-

zed controlled trials to define optimal timing, patient selection,

nd integration with other extracorporeal strategies. In parallel,

egistries will continue to play a pivotal complementary role

y providing real-world insights, identifying practice variabil-

ty, and guiding the standardization of care to reduce disparities

cross centers. Although these studies provide valuable mecha-

istic insights and proof-of-concept evidence, they cannot es-

ablish causality or inform definitive clinical guidelines. Large,

ulticenter randomized controlled trials are urgently needed

o evaluate efficacy, safety, and cost-effectiveness in broader

opulations.[ 61 ] Future research should also focus on defining

he optimal timing of initiation, appropriate patient selection,

nd integration with other extracorporeal strategies in sequen-

ial therapy. The use of biomarker-guided approaches may help
8

dentify patients most likely to benefit, while long-term follow-

p studies are required to assess sustained outcomes such as

enal recovery, immune homeostasis, and overall survival. 

onclusion 

The oXiris membrane offers an important advance in inten-

ive care, combining kidney support with the ability to clear en-

otoxins and cytokines. This dual action not only helps patients

ith AKI but also addresses the uncontrolled inflammation that

ften worsens sepsis and septic shock. Current evidence, al-

hough limited, shows encouraging signals: improved hemody-

amic stability, lower inflammatory markers, and in some cases

etter survival. However, most data come from small case se-

ies and registries, and large randomized clinical trials are still

issing. Until stronger evidence is available, oXiris should be re-

erved for the sickest patients, used in centers with expertise in

xtracorporeal therapies, and carefully monitored to maximize

enefits while minimizing risks. Looking ahead, it is unlikely

hat one device alone will be sufficient to manage the complex-

ty of sepsis. Future strategies will probably rely on sequential or

ombined extracorporeal treatments, tailored to each patient’s

ondition. In this scenario, oXiris can play a central role, either

lone or in combination with other blood purification systems.

ore research will be key to defining who benefits most, when

reatment should start, and how to integrate it into broader crit-

cal care practice. 
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