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Abstract

Background: Cardiogenic shock (CS) and post-cardiac arrest syndrome (PCAS) are
frequently associated with a systemic inflammatory response resulting from ischemia—
reperfusion injury, endothelial dysfunction, and microcirculatory impairment. This inflam-
matory biology may be further amplified by temporary mechanical circulatory support
(tMCS) through blood-surface interactions and shear-related hemolysis. Extracorporeal
cytokine adsorption has therefore been proposed as an adjunctive strategy to attenuate
hyperinflammation and facilitate shock reversal in selected patients. Methods: We con-
ducted a narrative review, guided by a targeted PubMed and Scopus search and reference
screening, to summarize the current pathophysiological concepts and clinical evidence on
extracorporeal cytokine adsorption in CS-, PCAS-, and tMCS-supported states. Results:
Across porous polymer hemoadsorption cartridges (e.g., CytoSorb®), membrane-based or
hybrid filters with adsorptive properties (e.g., 0Xiris®), and selective approaches targeting
inflammatory mediators (e.g., PentraSorb® CRP), available studies most consistently re-
port short-term physiological effects, including reduced vasopressor demand, improved
metabolic stabilization, and modulation of inflammatory markers. However, evidence of
benefits to clinically relevant endpoints remains inconsistent in various clinical settings,
and randomized data are limited. Conclusions: Extracorporeal cytokine adsorption is a
biologically plausible adjunct in inflammation-driven acute cardiovascular syndromes, but
current evidence does not support routine use. Phenotype-guided patient selection, early
timing, and adequately powered, mechanism-informed randomized trials are required to
define clinical efficacy and safety in defined patient populations.

Keywords: cardiogenic shock; post-cardiac arrest syndrome; temporary mechanical
circulatory support; extracorporeal cytokine adsorption; hemoadsorption

1. Introduction

Cardiogenic shock (CS), post-cardiac arrest syndrome (PCAS), and clinical scenarios
requiring temporary mechanical circulatory support (tMCS) represent three closely related
yet distinct entities that rank among the most challenging conditions in acute cardiovascu-
lar care. Although differing in their underlying pathophysiology, all three share common
features of profound hemodynamic instability and frequently coexist in critically ill patients.
Despite advances in intensive care, reperfusion strategies, and mechanical support technolo-
gies, mortality rates remain high. In CS related to acute myocardial infarction (AMI), 30-day
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mortality continues to exceed 40-50%, even with early revascularization, as evidenced
by contemporary registries and population-based cohorts [1-4]. These persistently poor
outcomes highlight that myocardial pump failure and maladaptive systemic inflammation
with macro- and microcirculatory disturbances are both major factors in hemodynamic
instability and multiple organ failure [5,6]. PCAS adds an additional layer of complexity:
Global ischemia-reperfusion during cardiac arrest and resuscitation triggers a sepsis-like
syndrome with profound immune activation, vasoplegia, microvascular dysfunction, and
secondary organ injury, often compounded by myocardial stunning and hypoxic-ischemic
brain injury [7,8]. Like in refractory CS, tMCS devices, including percutaneous microaxial
flow pumps (mAFPs) and veno-arterial extracorporeal membrane oxygenation (VA-ECMO),
can contribute to the hemodynamic stabilization and improvement of end-organ perfusion.
However, device-blood interactions themselves, complement activation, shear-induced
hemolysis, and ischemic complications may exacerbate cytokinaemia and endothelial
damage [9,10]. Moreover, extracorporeal cardiopulmonary resuscitation (eCPR) using
VA-ECMO is becoming more common in patients with refractory cardiac arrest to restore
macrocirculation. However, even after blood flow is normalized, inflammation and down-
stream endothelial activation may persist. Against this background, interest has grown
in adjunctive extracorporeal strategies aimed at attenuating hyperinflammation and its
haemodynamic consequences.

In acute cardiovascular intensive care, several extracorporeal cytokine adsorption
approaches are currently applied to modulate systemic inflammation. These include
classical cytokine adsorbers based on porous polymer resins, such as CytoSorb® (CytoSor-
bents, Princeton, NJ, USA); membrane-based and hybrid filters with cytokine adsorption
capacity, such as oXiris® (AN69-0Xiris, Baxter/Gambro [Vantive], Europe (Lessines, Bel-
gium)/(Deerfield, IL, USA)); and selective adsorbers targeting other inflammatory me-
diators, such as PentraSorb® CRP (Pentracor, Kleinmachnow, Germany). These devices
can be used as stand-alone hemoperfusion systems or integrated into continuous renal
replacement therapy (CRRT) and ECMO circuits. While extracorporeal cytokine adsorption
has been extensively studied in sepsis and septic shock, its role in acute cardiovascular
syndromes remains comparatively underrepresented and fragmented. In contrast to the
large body of sepsis-focused literature, evidence on CS-, PCAS-, and tMCS-supported states
is derived predominantly from small observational cohorts and selected randomized pilot
trials. By aligning these syndromes within a shared immune—-endothelial framework and
highlighting device-specific inflammatory drivers, we aim to provide a cardiovascular-
centred interpretive lens for patient selection, timing, and trial design. Across CS-, PCAS-,
and tMCS-supported states, hemoadsorption has been associated with improved hemo-
dynamic stabilization, reduced vasopressor demand, and modulation of inflammatory
and metabolic markers in observational studies [11-13]. However, outcome benefits re-
main inconsistent and are not yet supported by randomized evidence. Accordingly, this
narrative review integrates CS-, PCAS-, and tMCS-supported states into a shared immune-
endothelial framework and contextualizes extracorporeal cytokine adsorption specifically
within acute cardiovascular care. Rather than representing isolated indications, these con-
ditions form a broader clinical continuum of hyperinflammatory critical illness in which
extracorporeal cytokine adsorption has been explored across cardiovascular, septic, and
toxin-driven contexts (Figure 1).
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Figure 1. Overview of clinical contexts for extracorporeal cytokine adsorption in cardiovascular,
septic, and toxin-associated critical illness. Created in BioRender. Kreutz, J. (2026) https://BioRender.
com/6lkoaeu, accessed on 1 February 2026.

2. Methods

This article is a narrative review supported by identification of the targeted literature.
To inform a concept-driven synthesis of pathophysiological mechanisms and clinical evi-
dence, we consulted PubMed and Scopus (for publications from January 2018-December
2025) and complemented this by a reference screening of key articles and relevant re-
views. The search terms were “cardiogenic shock” OR “post-cardiac arrest syndrome” OR

“temporary mechanical circulatory support” OR “veno-arterial extracorporeal membrane

oxygenation” OR “microaxial flow pump,” combined with “extracorporeal cytokine adsorp-
tion,” “hemoadsorption,” “CytoSorb,” “oXiris,” or “PentraSorb.” We focused on evidence
from adult populations (>18 years), reflecting the clinical scope of acute cardiovascular
intensive care. Reference lists of key articles and relevant reviews were screened to identify
the additional pertinent literature. No formal risk-of-bias assessment or quantitative evi-
dence grading was performed, as these approaches are not appropriate for the integrative,
narrative scope of this review.

3. Pathophysiological Basis of Hyperinflammation in Acute
Cardiovascular Care

3.1. Cardiogenic Shock

CS is a state of critical end-organ hypoperfusion caused by primary cardiac pump
failure, sustained by a maladaptive inflammatory response that disrupts macro- and mi-
crocirculatory coupling [14]. In AMI-related CS, regional ischaemia-reperfusion triggers
cardiomyocyte necrosis, the release of damage-associated molecular patterns (DAMPs), the
activation of innate immune pathways and a surge of cytokines such as tumour necrosis
factor (TNF)-«, interleukin (IL)-1$ and IL-6 [15,16]. Downstream, endothelial activation
with glycocalyx shedding, junctional instability, and immunothrombosis promotes mi-
crovascular obstruction and impaired oxygen extraction, thereby perpetuating vasoplegia
and progressive organ dysfunction despite the restoration of epicardial flow [17]. Similar
immune-endothelial mechanisms operate in non-ischaemic CS aetiologies, including acute
decompensated heart failure, fulminant myocarditis, stress-induced cardiomyopathy, right
ventricular failure, and mechanical complications of AML
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Guideline-directed management prioritizes the rapid identification and definitive
treatment of the underlying cause, early revascularisation in AMI with culprit-lesion per-
cutaneous coronary intervention (PCI) or urgent coronary artery bypass grafting (CABG)
when indicated, and structured haemodynamic support [18]. In persistent shock, in-
vasive monitoring can support the individualized titration of preload, afterload, and
inotropy [19-21]. Norepinephrine is the first-line vasopressor to restore mean arterial pres-
sure, while inotropic support with dobutamine or milrinone is used to augment cardiac
output, tailored to blood pressure, arrhythmia risk, and renal function [22,23]. The use of
tMCS is considered according to shock severity and trajectory, typically following the Soci-
ety for Cardiovascular Angiography and Interventions (SCAI) shock stages, with escalation
from percutaneous left ventricular unloading with mAFPs to VA-ECMO in refractory cases
and combined strategies when needed for oxygenation and perfusion alongside ventricular
unloading. Current guidelines recommend using mAFPs in selected patients with CS, and
recent studies highlight the increasing evidence supporting its use in CS associated with
AMI [24,25]. Concomitant therapies include guideline-based antithrombotic treatment, ven-
tilatory optimization, prevention and treatment of arrhythmias, correction of electrolyte and
acid-base disturbances, and timely surgery for mechanical complications [26,27]. Alongside
these measures, a subset of patients remains vasoplegic with persistent microcirculatory
dysfunction, providing the biological rationale for adjunctive inflammation-modulating
approaches targeting immune—endothelial dysregulation.

3.2. Post-Cardiac Arrest Syndrome

PCAS is conceptualized as a composite entity comprising hypoxic—ischaemic brain
injury, transient post-arrest myocardial dysfunction, a whole-body ischaemia-reperfusion
response, and persistent precipitating pathology [28]. Unlike predominantly regional is-
chaemia in AMlI-related CS, PCAS is triggered by circulatory arrest followed by reperfusion.
Together, whole-body hypoxia, disruption of the gut barrier, and resuscitation-related tissue
injury trigger the release of DAMPs and endotoxins, activate pattern-recognition receptors
and the complement system, and provoke a sepsis-like inflammatory response [29]. Studies
have shown a correlation between higher concentrations of IL-6, IL-8, and IL-10 in the early
stages, as well as the terminal complement complex, and more severe vasoplegia, lower
cardiac output, an increased need for circulatory support, and a higher 30-day mortality
rate [30,31]. These findings highlight the significance of the inflammatory response as a
prognostic factor. Furthermore, endothelial damage has been shown to be a central mecha-
nism in the pathophysiology of PCAS. Experimental and clinical data further suggest that
ischaemia—-reperfusion drives immune—endothelial dysfunction and blood-brain barrier
injury, thereby linking post-resuscitation vasoplegia to secondary neuronal damage [32,33].
Post-resuscitation care focuses on the rapid identification and treatment of the precipitating
cause, restoration and titration of haemodynamics with vasopressors and inotropes, lung-
protective ventilation with careful oxygen and carbon dioxide control, fever prevention
as part of temperature management, early consideration of tMCS in refractory circulatory
failure, and structured neuroprognostication [8]. Within this bundle, patients exhibiting
refractory vasoplegia, capillary-leak physiology and biochemical hyperinflammation de-
spite optimized care represent the phenotype in which adjunctive, mechanism-targeted
immunomodulation, including hemoadsorption within protocols or trials, may be explored.

3.3. Temporary Mechanical Circulatory Support and eCPR

While tMCS devices stabilize macrocirculation, they also introduce inflammatory
drivers specific to the device, including blood-surface interactions, complement activation,
and shear-induced hemolysis [34]. In VA-ECMO, non-pulsatile flow and retrograde aortic
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perfusion alter endothelial mechanotransduction, whereas mAFPs may promote hemolysis
due to shear and suction effects [35,36]. Shear stress contributes to the development of
acquired von Willebrand factor abnormalities and hemolysis. This releases plasma-free
hemoglobin and heme, which scavenge nitric oxide and impair endothelium-dependent
vasodilation. With mAFPs, such as the left ventricular Impella (Abiomed, Danvers, MA,
USA), the load on the left ventricular wall is reduced and subendocardial blood flow
improves. However, shear and suction effects can also cause hemolysis, activate the com-
plement system, and contribute to cytokine release [34]. Combined approaches using
VA-ECMO and Impella (ECMELLA) aim to balance oxygen supply and systemic perfusion
with active unloading. In the context of refractory cardiac arrest, eCPR with consecutive
VA-ECMO cannulation restores global flow but is followed by a pronounced whole-body
reperfusion response that overlaps with PCAS biology and may persist despite normal-
ized macrocirculatory parameters [37]. Management in tMCS-supported CS and PCAS
focuses on meticulous device optimization and complication prevention. In VA-ECMO,
key priorities are adequate anticoagulation, the monitoring and mitigation of hemolysis,
ventilatory strategies to limit pulmonary edema, and timely venting or unloading of the
left ventricle when pulmonary congestion, distension or intracardiac stasis occur [38]. In
mAFP-supported patients, correct positioning, suction avoidance, hemolysis surveillance,
and stepwise flow titration are central. In combined ECMELLA configurations, coordi-
nated flow targets seek to balance oxygen delivery with ventricular decompression while
minimizing recirculation and limb ischaemia. In these settings, it is clinically important
to recognize hyperinflammatory trajectories, particularly when vasoplegia and lactate
non-clearance persist despite technically adequate support, as this provides the context in
which adjunctive cytokine-modulating strategies may be considered within institutional
algorithms or trials.

Despite distinct initiating triggers, these syndromes converge on a shared hyperin-
flammatory end stage characterized by cytokinaemia, immune-endothelial dysfunction,
microvascular failure, and progressive organ injury, forming a common biological substrate
for adjunctive immunomodulatory strategies (Figure 2).
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Figure 2. Convergent hyperinflammatory pathways in acute cardiovascular shock. Cardiogenic shock,

post-cardiac arrest syndrome, and temporary mechanical circulatory support activate overlapping
cytokine and endothelial injury cascades that culminate in vasoplegia, microvascular dysfunction,
and multiorgan failure. Created in BioRender. Kreutz, J. (2026) https:/ /BioRender.com/5bhc4hy,
accessed on 1 February 2026.
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4. Rationale for Extracorporeal Cytokine Adsorption in CS, PCAS
and tMCS

In the context of persistent immune-endothelial dysregulation despite macrocircula-
tory stabilization, extracorporeal cytokine adsorption has been proposed as an extracor-
poreal adjunct aimed at attenuating hyperinflammation rather than blocking individual
signalling pathways [39]. The therapeutic goal is to mitigate endothelial activation and mi-
crovascular dysfunction, thereby improving vascular reactivity and macro-microcirculatory
coupling by reducing the circulating concentrations of key mediators (e.g., IL-6, TNF-«,
and IL-1p3) as well as chemokines and alarmins [40]. In principle, this may translate into
reduced vasoplegia, improved lactate clearance, and earlier de-escalation of vasoactive
therapy; however, consistent effects on patient-centred outcomes have not been demon-
strated [41]. Several blood purification approaches have been explored, including high-
volume hemofiltration, high-cut-off membranes, plasmapheresis, and endotoxin-directed
adsorption. Hemoadsorption is particularly attractive in cardiovascular intensive care
medicine because it can be used as a stand-alone procedure or easily integrated into
existing extracorporeal platforms, such as CRRT and VA-ECMO. It also covers a broad
spectrum of cytokines and related mediators central to the biology of CS-, PCAS-, and
tMCS-supported conditions [42].

5. Principles and Mechanisms of Extracorporeal Adsorption Therapies

The sorbent material, pore architecture, and surface functionalization of hemoadsorption
systems differ, and together determine molecular breadth and adsorption kinetics [43]. In acute
cardiovascular and intensive care medicine, the most used adsorbents are non-selective porous
adsorption resins, such as CytoSorb. These cartridges typically contain cross-linked polystyrene—
divinylbenzene beads with a hydrophilic coating and preferentially adsorb predominantly
hydrophobic, mid-molecular-weight mediators (approximately 5-60 kDa) [44]. In addition to
inflammatory mediators such as interleukins and TNF-c, resin cartridges can adsorb other
clinically relevant solutes, including myoglobin and bilirubin, and may co-adsorb protein-bound
medications [45]. This broad, concentration-dependent adsorption profile underlies their use
in hyperinflammatory states and in device-supported shock, but it also necessitates careful
consideration of drug exposure and dosing when adsorption is applied.

Membrane and hybrid designs expand the therapeutic spectrum for targeted applica-
tions. The oXiris® membrane (Baxter, Deerfield, IL, USA) combines high-flow hemofiltra-
tion with coated adsorption surfaces, allowing for the simultaneous removal of cytokines
and endotoxins [46].

PentraSorb®-CRP (PentraSorb GmbH, Kleinmachnow, Germany) is a highly selective
adsorbent that targets the removal of C-reactive protein (CRP) to limit excessive comple-
ment activation and tissue damage [47].

Across platforms, clearance follows the rules of concentration and contact time. In
acute cardiovascular care, integration into tMCS circuits and CRRT allows for early treat-
ment. Outside of cardiovascular applications, hemoadsorption has been studied for use
in septic shock, acute respiratory distress syndrome (ARDS) requiring venovenous extra-
corporeal membrane oxygenation (VV-ECMO), and in liver failure, rhabdomyolysis, and
certain types of intoxication.
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6. Clinical Evidence for Extracorporeal Cytokine Adsorption
6.1. Extracorporeal Cytokine Adsorption in CS- and tMCS-Supported Conditions

Beyond haemodynamic compromise, patients with CS frequently develop a systemic
inflammatory response that contributes to vasoplegia, microcirculatory dysfunction, and sec-
ondary organ failure, providing the rationale for adjunctive extracorporeal immunomodulation.

In this setting, non-selective cytokine adsorption using CytoSorb has been most thor-
oughly studied. Across observational and propensity-matched cohorts of tMCS-supported
CS, integration into VA-ECMO and/or CRRT has been associated with early improvements
in haemodynamics and metabolic markers, including reductions in vasoactive—inotropic
score (VIS), lactate, and inflammatory/organ injury markers such as CRP and procalcitonin
(PCT) [11,48,49] (Table 1).

Table 1. Extracorporeal cytokine adsorption in cardiogenic shock supported with temporary mechan-
ical circulatory support. HA: hemoadsorption; CS: cardiogenic shock; RCT: randomized controlled
trial; VIS: vasoactive-inotropic score; ECMELLA: ECMO and Impella; VA-ECMO: veno-arterial

extracorporeal membrane oxygenation; MCS: mechanical circulatory support.

Study Population

Methods

Hemoadsorption
Protocol

Key Findings

Clinical Outcome

Soltesz et al.,
2022-VA-ECMO +
CytoSorb (n = 58) [48]

Propensity score
matched cohort study
(n =29 each) in patients
with refractory CS

VA-ECMO + CytoSorb,
integrated into ECMO,
replaced every 24 h,
removed after 72 h

J SOFA score (p = 0.04),
} lactate (p = 0.015),
| p(v-a) CO? gap
(p <0.001),
J CRP (p = 0.005),
J vasopressor

requirement compared

to control group

In-hospital mortality
44.8% vs. 62.1%
(control), fewer

bleeding complications
in the HA group
(p = 0.049); 90-day
survival not
significantly better

VA-ECMO-supported

Significantly lower
vasopressor doses,
higher urine output,

Mortality: 22.2% in the

202]:18‘\]/2':-152';1[”0 N patients with CS, firifgzsﬁ?ftglﬁliﬁgﬂin lower lacfate levels and CytOoSF)rb group vs.
CytoSorb (n = 16) [49] _ retrospective of VA-ECMO numerlc.all}./ lower 57.1% in the control
single-centre study mortality in the group (p = 0.12)

CytoSorb group (not
statistically significant)

Observed in-hospital

Reduction in VIS from mortality (60.5%) was

38.0 to 16.3 (p = 0.002), lower than predicted

CytoSorb in reduction in lactate by the applied risk

Kreutz et al., 2025-CS

Retrospective cohort

combination with MCS

(p = 0.014), myoglobin

estimate (80%);

with CytoSorb st}ldy, CS patients, (Impella, VA-ECMO, (p <0.01), LDH hypothesis-generating.
(n=129) [12] various types of MCS P P yP & 8
ECMELLA) (p = 0.048) and PCT Improvement in organ
(p < 0.001); successful perfusion and MCS
weaning from MCS support (not
significant)
No significant
difference in endotoxin
levels at 48 h;
SRV significant temporal L
Koet a'l v 2025. oXiris in 40 patients with CS and L .. reductions in IL-6 . No 51gn1.f1cant
patients with CS VA-ECMO. 20 with oXiris in combination (baseline-24 h p = 0.020; differences in ECMO
requiring VA-ECMO . n with VA-ECMO . p =0 weaning, ECMO
oXiris vs. 20 without baseline-7 days . .
(n =40) [50] duration, or mortality

p = 0.003); significant

decrease in VIS at 48 h

(p <0.001) and 7 days
(p = 0.007)
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Table 1. Cont.

Study Population Methods Hemoadsorption Key Findings Clinical Outcome
Protocol
No significant
differences in LPS
lasma concentrations
40 patients with L .. P !
Nguyen et al., oXiris in combination no between-group . .
2025-ECMORIX RCT zVkoEﬁﬁ% :irsldzgljﬁ{ with VA-ECMO and differences in LPS zﬁijfﬁijﬁ?

(n =40) [51] ! CRRT activity, inflammatory Y y

St-150 filter

markers (IL-6, TNF-«,
1L-10, MCP-1), SOFA
score, VIS

Torzewski et al.,
2025-CRP-Apheresis in
Acute Myocardial
Infarction Registry [52]

Prospective
registry-based case
series; patients with

NSTE-ACS treated with
selective CRP apheresis
in addition to
standard-of-care

Selective C-reactive
protein apheresis
initiated early after
symptom onset;
repeated apheresis
sessions during the

Rapid and sustained
reduction in circulating
CRP levels; attenuation

of inflammatory
response; limited
infarct size progression
and preserved left
ventricular function on

Procedure feasible and
safe with no
treatment-related
complications; survival
of all treated patients
during the acute phase

thera acute phase
Py follow-up imaging

Although mortality remains high in refractory CS, in some cohorts, observed mortality
was lower than predicted by risk scores; these descriptive comparisons are hypothesis-
generating and cannot imply a causal treatment effect, and consistent survival benefit
has not been demonstrated [45]. Feasibility and safety in complex extracorporeal settings
have also been supported by broader single-centre experience and ECMO-focused reviews
discussing implementation, controversies, and challenges [53-55]. Selected case reports
further illustrate use in inflammatory cardiomyopathies and biventricular failure [56].

oXiris has been evaluated as an alternative adsorption platform in tMCS-supported CS,
particularly in VA-ECMO populations. Evidence is limited to small, randomized studies
showing transient reductions in inflammatory activity and vasoactive requirements (e.g.,
IL-6, VIS), without improvements in ECMO duration, weaning, organ dysfunction scores,
or short-term survival [50,51]. Overall, current data do not support routine use of oXiris in
tMCS-supported CS.

Selective C-reactive protein apheresis with PentraSorb has mainly been studied in
cases of AMI cohorts. Although this method allows for quick and targeted removal of
circulating CRP and shows biological effectiveness, clinical evidence is limited [52,57]. Its
importance for the wider group of tMCS-supported CS patients seems minimal compared
to non-selective cytokine adsorption strategies.

6.2. Extracorporeal Cytokine Adsorption in PCAS

Clinical evidence for cytokine adsorption in PCAS remains limited and inconsistent.
Across available studies, non-selective adsorption with CytoSorb has been technically
feasible and generally safe, both as stand-alone hemoperfusion and when integrated into
VA-ECMO circuits during eCPR [13] (Table 2). In some cohorts, treatment was associated
with reductions in inflammatory mediators, most notably IL-6, indicating biological activ-
ity [58]. Mechanistic data from eCPR populations further suggest that hemoadsorption
may modulate leukocyte and platelet activation pathways, supporting target engagement
beyond cytokine kinetics [59]. However, these signals have not translated into consistent
improvements in haemodynamics, neurological recovery, or survival. Importantly, avail-
able observational data and randomized trials suggest that indiscriminate early use in
unselected PCAS populations may be ineffective, and some datasets report an association
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with worse outcomes [60]. A plausible explanation is phenotype mismatch and timing:
very early routine use in unselected patients may dilute any effect, whereas late initiation
in advanced multiorgan failure may be biologically too late to modify outcomes. Registry-
based analyses reported higher short-term mortality with early routine application, and
randomized trials in eCPR patients did not demonstrate benefits in vasopressor require-
ments, markers of organ injury, or survival (Table 2). Taken together, current evidence
supports feasibility and biological activity in selected patients but does not provide a
consistent indication of clinical benefit on neurological outcomes or survival.

Table 2. Hemoadsorption in post-cardiac arrest syndrome. HA: hemoadsorption; CA: cardiac arrest;
RCT: randomized controlled study; SOC: standard of care; eCPR: extracorporeal cardiopulmonary
resuscitation; ECMO: extracorporeal membrane oxygenation; OHCA: out-of-hospital cardiac arrest;
ROSC: return of spontaneous circulation; ICU: intensive care unit; NSE: neuron-specific enolase;

5100b: 5100 calcium-binding protein B (brain injury biomarker).

Study Population Methods Hemoadsorption Key Findings Clinical Outcome
Protocol
RCT: Patients after
(C;Aa’ 2n ﬁ? /dkrgr/lilirs The median relative
and/or serum lactate CytoSorb started reduction in IL_? HA was safe to
Monard et al., 1 after 48 h was 75% .
level > 6 mmol/L within 18 h after . administer to CA
2021-PCAS and/or time to admission to ICU (60, 94) in the HA survivors at risk of
(n=21) [13] . . ) ! group compared to
ROSC > 25 min. median duration 21 h 5% (—47, 70) in th PCAS
11 patients received ° ! y
HA, 10 patients SOC group (p = 0.06)
received SOC
Sinele-centre. open IL-6 decreased in the
labil ran dor;ﬁzpe d CytoSorb group No significant
Supady et al. CYTER cont;olle d trial in’ CytoSorb integrated (408 — 324 pg/mL), improvement in
,11,:; ialy2022:P CAS atients scheduled into ECMO, changed  while IL-6 increased  survival, vasopressor
(n’— 50) [58] p for oCPR every 24 h, removed  in the control group requirement or
B N = 26 with HA after 72 h (133—241 pg/mL); biomarkers (NSE,
n—— 24 without ’ no significant 5100b, troponin T)
- cxwithot difference
Early routine No significant
Akin et al. HACORE Patients after OHCA, C }:coSorb reduction in IL 6, but HA appears to be
Stu d.’ 2020 HACORE database hemo}; dsorption higher mortality in associated with
(n = 7};) [60] 24 patients with HA (<4ha fterpICU the hemoadsorption higher mortality
- vs. 48 without HA T group (83% vs. 65%, after 30 days
admission)

p=0.011)

6.3. Extracorporeal Cytokine Adsorption in Septic Shock, Acute Respiratory Distress Syndrome,

Rhabdomyolysis and Cardiac Surgery

Beyond acute cardiovascular syndromes, extracorporeal adsorption has been most
extensively studied in sepsis and septic shock. In this context, CytoSorb has the most
comprehensive clinical evidence and has been associated with reproducible short-term
physiological effects, while a consistent survival benefit has not been demonstrated [61-63]
(Table 3). Evidence for membrane-based adsorption systems such as oXiris is largely con-
fined to septic shock with concomitant acute kidney injury during CRRT; small randomized
and observational studies report reductions in inflammatory markers and vasopressor
demand, but effects on mortality and duration of organ support remain inconsistent [64,65]
(Table 3). Data supporting oXiris in ARDS are limited and have not shown robust clinical
benefit beyond short-term physiological signals [66,67].
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Table 3. Hemoadsorption in extracardiac pathologies. HA: hemoadsorption; SOC: standard of
care; ICU: intensive care unit; CRRT: continuous renal replacement therapy; ARDS: acute respira-
tory distress syndrome; vv-ECMO: venovenous extracorporeal membrane oxygenation; COVID-19:
coronavirus disease 2019; PCT: procalcitonin; SOFA: Sequential Organ Failure Assessment; IL-6:
interleukin-6, cardiopulmonary bypass (CPB).

Study Population Methods Hemlgraociz(z(l;li)tlon Key Findings Clinical Outcome
Significant decrease HA found to be safe
Hawchar et al., 2018: 20 patients with early Hemodialvsis in horepinephrine with significant
Extracorporeal onset of septic shock catheter insert}; d into (p=0 I(J)l 6)PP CT effects on
cytokine adsorption without need for central vein for ;Z _ O 0 4)/ar1 d vasopressor
in septic shock RRT, 10 with HA, 10 CvtoSorb Bip -enciothelin-l requirement, no
(n=20) [68] with SOC y & 003 effect on mortality
(p=003) (50% in both groups)
Factors significantly
associated with
mortality at 28 days
were SOFA score
Bﬁ;gg;g;;g t?(())rllg. Retrospec’Five stufiy, (p = 0.014), lactate Patients with
with CytoSorb in n = 67 patients with CytoSorb added to levels (p = 0.014.) and .Cyjcqsorb had a
ICU patients with CRRT + CytoSorb, CRRT norepinephrine significantly lower
septic shock n =49 with CRRT levels (p = 0.021). 28-day mortality
(n = 116) [69] only Days until start of (p =0.038)
CytoSorb in patients
who died (1.13) vs.
survival group
(2.14)—not significant
Patients treated with
hemoadsorption had
a shorter length of
stay and reduced
Schittek et al., 2020: ~ Retrospective control H d . therapeutlfl s?pp.ort
Septic Shock and group and emoa sorptlon (e.g., catecholamine o
Acute Kidney Injury prospective us.ed for patients depgndency, RRT No redgctlon in ICU
. ; . with septic shock duration). However, or hospital mortality
(SA-AKI) intervention group in and SA-AKI there were no
(n=76) [70] a tertiary hospital significant
differences in ICU or
hospital mortality

rates after
multivariate analysis

Kogelmann et al.,
2021: Early Septic
Shock
(n=502) [71]

Retrospective
analysis of
502 patients with
septic shock,
98 received

CytoSorb adjunctive
therapy, with timing
and dosing guided

adjunctive CytoSorb by a dynamic scoring

treatment and
304 received
standard therapy

system

The dynamic scoring
system identified
patients with distinct
mortality patterns.
Early initiation of
CytoSorb therapy
significantly
improved survival at
56 days, ICU, and
hospital mortality

Early start of
CytoSorb therapy
was associated with
significantly
improved survival
outcomes
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Table 3. Cont.

Study Population Methods Hemli)ra:)c:(s)(c)z;l)tlon Key Findings Clinical Outcome
Eiﬂé’ ﬁodr’;alétywzr; 7 No difference was
Retrospective sionificant] ylower in found in 90-day
Guan et al., 2022: analysis of CRRT with endotoxic & oXiris yrou mortality, oXiris
CRRT with oXiris in 136 patients with and cvtokine com areg 3 wgh might reduce the
AKI with septic septic shock (n = 70) o . P short-term (<14-day)
. .. adsorption function ST150 group, -
shock with oXiris, control hemofilter (oXiris) significantly faster mortality compared
(n=136) [72] group (n = 66) with roduction in SOFA with ST150 groups in
the ST150 hemofilter score. VIS and PCT septic shock with
after 24,48 and 72 h AKI
Significant decrease
Crlca)fisr?; Zzgi(;ible in endotoxin levels, Mortality not
Broman et al., 2019: ) ’. CRRT in septic shock ~ TNF-alpha, IL6/8 . .
oXiris in septic shock n = 9 patients with with oXiris and IFNy;, significant described potential
oXiris and CRRT, reen benefits in managing
(n=16) [73] . membrane reduction in .
n = 7 with standard norepinephrine rate septic shock
filter in oXiris patients
National,
multicenter, Significant reduction =~ Number of patients
Abdelaty et al., 2023:  retrospective study e . in IL-6 and alive and
oXiris filter in of patients with oXlrlse“/,v;’ileﬁﬁT n significant ventilator-free at
critically ill COVID-19, Patients COVID-19 yatients improvement in 30 days was higher
COVID-19 patients ~ were categorized into with AFKI PaO,/FiO, ratio in the Oxiris® group,
(n =58) [74] two groups: Oxiris® after Oxiris® CRRT statistically not
CRRT and standard initiation significant
CRRT
Cytokine adsorption
Single-centre registry combined with
study comparing vv-ECMO showed a
Rdereta, 2pr, P hnd o mamerilen oty o
Severe ARDS . : : o described potential
. adsorption, used in 9 patients significant fits i .
requiring vv-ECMO ropensity score with severe ARDS improvements in benefits in managing
(n=18) [75] Props y s« . P o severe ARDS
matching 9 Patients  requiring vv-ECMO fluid resuscitation,
with HA and 9 vasopressor support,
without and lactate levels
within 72 h
51};2(;8(())?;’2 ?ivilrclfo“t]ﬁ: Early initiation of
Single-centre RCT: poratec L cytokine adsorption
5 ECMO circuit before No significant Y P
Supady et al., 2021: patients with connection to the differences for TL-6 in patients with
CYCOV Study COVID-19 selected atient circuit levels lactate. fluid severe COVID-19
(n=234) [76] for ECMO, 17 with ro Ii d 241 h bal ! . ! and vv-ECMO had a
. placed every , alance or surviva .
HA, 17 with SOC and removed after negative effect on
7 h survival
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Table 3. Cont.

Study Population Methods Hemli)ra:)c:(s)(c)z;l)tlon Key Findings Clinical Outcome
Significant decrease
Retrospective studv: Hemoadsorption in IL-6 in HA group, Mortality was similar
Akil et al.; 2022: 2% crl)"i ticallv ill Y was either integrated  decrease in lactate in both groups,
Blood purification COVID-19 ztients into the ECMO (p = 0.067), causes of death were
therapy in COVID-19 requirin VXE)-E CMO circuit or into a norepinephrine not related to direct
requiring vv-ECMO 1 6q ith I%I A 10 wi th, CRRT machine run, levels were complication of
(n=26)[77] wi SOCI wi adsorbers were comparable after vv-ECMO, CRRT or
changed every 24 h 72 h between the HA
2 groups
Host circuit: RRT in
81%, stand—'filon-e Slgmflcant dec.rease ICU mortality 26%;
Observational hemoperfusion in in myoglobin o Serious
Ferrer et al., 2025: . 19%. Median number  (p = 0.001), creatine .
. prospective, . device-related
Hemoadsorption . of adsorbers per kinase (p = 0.002),
. multicenter, . . adverse effects;
therapy in severe . . patient 3, mean daily lactate (p = 0.001),
. international e platelets and
rhabdomyolysis real-world data adsorber usage serum creatinine albumin remained
(n=31) [78] . 18.2 + 9.9 h; mean (p=0.013),and 24 h .
collection . stable during
total treatment fluid balance thera
duration (p = 0.030) py
944 £133.3h
No significant
decrease in
Single-centre pilot measured pro-/anti-
. _ randomized inflammatory Feasible/safe; no
C Pt(())lliii(eai.l’e i?;i'ce controlled trial. CvtoSorb integrated cytokines across difference in
YO Patients were Y grate perioperative time vasopressor
with CytoSorb into the CPB circuit L .
during cardiac randomly allocated (intraoperative only) points; no relevant requirement, RRT,
to either SOC (n = 15) adsorption of ICU length of stay, or
surgery (n = 30) [79]

or CytoSorb (n = 15)

coagulation factors

in-hospital mortality

during CPB (only signs of
coagulation
activation)
Multicenter
. randomized
]tDrlizli) eztoglz, I({IEEEXE controlled trial, Dampened Neutral, no
he’m oa d'sor}llo tion hemoadsorption vs. surgery-associated reduction in

during cardiac
surgery versus
standard surgical
care for infective
endocarditis
(n =288) [80]

standard surgical

care (138 vs. 142),
four patients in the

HA and 2 in the
control group were

excluded because

they did not undergo
surgery

CytoSorb integrated
into CPB during
surgery

cytokine increases
lower selected
cytokines at end of
CPB, but primary
endpoint (ASOFA)
not different

postoperative organ
dysfunction or
clinically relevant
secondary outcomes,
including 30-day
mortality

For rhabdomyolysis, registry data from the international prospective COSMOS registry
suggest effective and safe reduction in very high myoglobin levels with CytoSorb, with
concomitant improvement in creatinine and no serious device-related adverse events [78].

Selective CRP removal using PentraSorb has primarily been evaluated in cardiovas-

cular indications; outside this context, extracardiac evidence remains scarce and has not
demonstrated an impact on clinically relevant endpoints.
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Other platforms (e.g., HA330/380 resin cartridges, endotoxin-directed adsorption,
and pathogen-binding filters such as Seraph® 100) show biological activity in selected
sepsis-related cohorts, but robust outcome data are lacking.

In addition, hemoadsorption has been investigated in perioperative cardiac surgery
during cardiopulmonary bypass (CPB), where contact activation can trigger a SIRS-like
inflammatory response and vasoplegia. However, across a pilot RCT and subsequent
observational data, intraoperative CytoSorb integrated into the CPB circuit has shown
inconsistent effects on cytokine kinetics and has not translated into reproducible improve-
ments in clinically relevant endpoints [79,81]. The largest randomized evidence in active
infective endocarditis surgery (REMOVE trial) was neutral for postoperative organ dys-
function and 30-day mortality despite lower cytokine levels at the end of CPB [80].

Overall, extracardiac and perioperative data reinforce that adsorption therapies exert
measurable biological effects, yet clinical relevance is indication- and phenotype-dependent
and does not support routine use.

7. Practical Aspects in Extracorporeal Cytokine Adsorption: Patient
Selection, Timing, and Dosing

In acute cardiovascular care, hemoadsorption should be used as a time-critical,
phenotype-guided adjunct within an optimized shock bundle. Candidate selection is
trajectory-based: persistent vasoplegia with lactate non-clearance despite correction of
the precipitating cause, technically adequate tMCS support, and optimized ventilation
and volume strategy. A pragmatic treatable phenotype includes escalating vasoactive—
inotropic requirements, metabolic non-clearance, and objective inflammatory activation.
Initiation should be early after refractory shock persistence is recognized and compet-
ing causes have been excluded (e.g., bleeding, tamponade, inadequate unloading/flows,
uncontrolled infection source, limb ischaemia). Treatment is typically provided in brief
cycles involving standardized cartridge exchanges. Continued treatment depends on an
early physiological response. Assessment of the response should be explicit and time-
bound. This trajectory-based framework conceptualizes treatment as a sequence of defined
therapeutic phases—initiation, early response assessment, and discontinuation—rather
than a fixed-duration intervention (Figure 3). Meaningful response is suggested by a clear
reduction in vasoactive support accompanied by improved lactate/acid-base status and
stabilization of fluid balance and urine output within 24-48 h; in the absence of such a
signal, early discontinuation should be favoured. Given the potential co-adsorption of
hydrophobic/protein-bound drugs, protocols should address antimicrobial exposure and
critical antiplatelet/anticoagulant/sedative dosing, including timing around cartridge
changes and therapeutic drug monitoring when feasible [82]. The extent of clinically rel-
evant drug removal is variable and remains incompletely characterized across settings,
highlighting the need for therapeutic drug monitoring with feasible and standardized phar-
macokinetic reporting in future trials. Safety monitoring should include circuit function
and clotting, bleeding risk, hemolysis markers, and platelet trends. Since thrombocytopenia
and hypoalbuminemia have been reported during extracorporeal therapies, platelet counts,
and serum albumin levels should be monitored regularly [83].
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Figure 3. Phenotype-guided initiation and reassessment of extracorporeal cytokine adsorption in
refractory cardiovascular shock, based on persistent hyperinflammation, metabolic non-clearance,
and serial clinical response. Created in BioRender. Kreutz, J. (2026) https:/ /BioRender.com/lpww9ll,
accessed on 1 February 2026.

8. Limitations

As a narrative review, this work is inherently selective and does not aim to be ex-
haustive. The current literature on extracorporeal hemoadsorption in acute cardiovascular
intensive care is constrained primarily by study design and interpretability. Most data
originate from retrospective, single-centre cohorts with small sample sizes. Propensity-
based comparisons in these studies remain vulnerable to residual confounding factors
and treatment selection effects, particularly in device-supported shock. Co-interventions
in this setting vary substantially and may dominate outcomes. Even when short-term
physiological signals are reported, randomized evidence in closely related settings such as
eCPR/PCAS has not shown consistent benefit on patient-centred endpoints and has raised
concern for harm when applied indiscriminately in unselected populations. Moreover,
extracorporeal cytokine adsorption is not a single class intervention: CytoSorb, oXiris, and
PentraSorb differ fundamentally in adsorption spectrum, kinetics, and circuit integration,
limiting cross-device extrapolation and complicating synthesis across studies. Mechanistic
studies support biological target engagement, but these signals remain only loosely linked
to durable clinical outcomes.

Finally, the net clinical effect is difficult to quantify because non-selective adsorption
may alter exposure to anti-infectives and other protein-bound drugs, and extracorpo-
real therapies may coincide with thrombocytopenia and hypoalbuminemia; standardized
pharmacokinetic reporting, safety signal adjudication, and validated enrichment strate-
gies (biomarker thresholds or composite phenotype definitions) are still lacking, limiting
reproducibility and the precise identification of patients most likely to benefit. Future
studies should predefine and report drug classes at risk (e.g., anti-infectives, antiplatelets,
sedatives), timing relative to cartridge exchanges, and—where feasible—therapeutic drug
monitoring to enable comparability and safety interpretation.

9. Conclusions and Future Perspectives

Extracorporeal cytokine adsorption is a biologically plausible adjunct in acute car-
diovascular shock syndromes in which immune-endothelial dysregulation contributes to
vasoplegia and impaired tissue perfusion despite macrocirculatory stabilization. Across
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CS-, PCAS-, and tMCS-supported states, the available literature supports feasibility and
short-term physiological effects in selected patients but does not justify routine use because
consistent benefit on patient-centred outcomes has not been demonstrated. Accordingly,
extracorporeal cytokine adsorption should be considered only as a selective, time-limited
adjunct within multimodal shock care, guided by a clearly defined refractory, hyperinflam-
matory phenotype and continued only when an early, measurable physiological response
is observed. In clinical practice, these principles translate into a structured set of indica-
tions and boundaries that emphasize selective use, early reassessment, and avoidance of
indiscriminate application (Figure 4). Neutral or negative trial results may reflect pheno-
type mismatch, timing outside a therapeutic window (too early in unselected patients or
too late in irreversible multiorgan failure), competing drivers of shock (e.g., inadequate
unloading/flows, bleeding, ongoing ischemia), and variability in treatment “dose” and
circuit integration. Future adequately powered, phenotype-enriched randomized trials
are needed to define optimal timing and dosing and to evaluate clinically meaningful
endpoints, including safety and drug-exposure effects.
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Figure 4. Practical do-and-do-not principles for phenotype-guided use of extracorporeal cytokine
adsorption in acute cardiovascular care. Created in BioRender. Kreutz, J. (2026) https://BioRender.
com/as8ywep, accessed on 1 February 2026.

Author Contributions: Conceptualization, K.M., L.H. and ].K.; methodology, K.M. and J.K.; formal
analysis, KM., L.H. and ] K.; data curation, K.M., L.H. and ].K,; writing—original draft preparation,
KM, LH, JK,G.C, NP,SS, BS. and B.M.; writing—review and editing, KM., L.H. and J.K;;
visualization, KM., ].K. and B.M.; supervision, ].K.; project administration, ] K. and K.M. All authors
have read and agreed to the published version of the manuscript.

Funding: Open Access funding provided by the Open Access Publishing Fund of Philipps-Universitét
Marburg.

Data Availability Statement: No new data were created or analyzed in this study.

Acknowledgments: Figures were created using https:/ /www.biorender.com/ and Al-assisted tools
(NotebookLM 1.0 and ChatGPT 4.1). The authors reviewed and approved all graphical content.

Conflicts of Interest: ].K. received research funding and speakers’ honoraria from CytoSorbents; J.K.,
G.C,, BS., and B.M. receive speakers” honoraria from Abiomed; B.M. received research funding from
Abiomed. No other authors reported disclosures.

1. Berg, D.D.; Bohula, E.A.; Van Diepen, S.; Katz, ].N.; Alviar, C.L.; Baird-Zars, V.M.; Barnett, C.E.; Barsness, G.W.; Burke, J.A;
Cremer, P.C,; et al. Epidemiology of Shock in Contemporary Cardiac Intensive Care Units. Circ. Cardiovasc. Qual. Outcomes 2019,
12, €005618. [CrossRef] [PubMed]

2. Hunziker, L.; Radovanovic, D.; Jeger, R.; Pedrazzini, G.; Cuculi, F; Urban, P; Erne, P; Rickli, H.; Pilgrim, T.; the AMIS Plus
Registry Investigators. Twenty-Year Trends in the Incidence and Outcome of Cardiogenic Shock in AMIS Plus Registry. Circ.
Cardiovasc. Interv. 2019, 12, €007293. [CrossRef] [PubMed]

https://doi.org/10.3390 /biomedicines14020360


https://BioRender.com/as8ywep
https://BioRender.com/as8ywep
https://www.biorender.com/
https://doi.org/10.1161/CIRCOUTCOMES.119.005618
https://www.ncbi.nlm.nih.gov/pubmed/30879324
https://doi.org/10.1161/CIRCINTERVENTIONS.118.007293
https://www.ncbi.nlm.nih.gov/pubmed/30943781
https://doi.org/10.3390/biomedicines14020360

Biomedicines 2026, 14, 360 16 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sterling, L.H.; Fernando, S.M.; Talarico, R.; Qureshi, D.; van Diepen, S.; Herridge, M.S.; Price, S.; Brodie, D.; Fan, E.; Di Santo, P;
et al. Long-Term Outcomes of Cardiogenic Shock Complicating Myocardial Infarction. J. Am. Coll. Cardiol. 2023, 82, 985-995.
[CrossRef] [PubMed]

Liisebrink, E.; Binzenhofer, L.; Adamo, M.; Lorusso, R.; Mebazaa, A.; Morrow, D.A.; Price, S.; Jentzer, ].C.; Brodie, D.; Combes, A.;
et al. Cardiogenic shock. Lancet 2024, 404, 2006-2020. [CrossRef]

Kologrivova, I.; Kercheva, M.; Panteleev, O.; Ryabov, V. The Role of Inflammation in the Pathogenesis of Cardiogenic Shock
Secondary to Acute Myocardial Infarction: A Narrative Review. Biomedicines 2024, 12, 2073. [CrossRef]

Dettling, A.; Weimann, J.; Sundermeyer, J.; Beer, B.N.; Besch, L.; Becher, PM.; Brunner, EJ.; Kluge, S.; Kirchhof, P.; Blankenberg,
S.; et al. Association of systemic inflammation with shock severity, 30-day mortality, and therapy response in patients with
cardiogenic shock. Clin. Res. Cardiol. 2024, 113, 324-335. [CrossRef]

Nolan, ].P; Neumar, RW.; Adrie, C.; Aibiki, M.; Berg, R.A.; Bottiger, B.W.; Callaway, C.; Clark, R.S.; Geocadin, R.G.; Jauch, E.C,;
et al. Post-cardiac arrest syndrome: Epidemiology, pathophysiology, treatment, and prognostication. Resuscitation 2008, 79,
350-379. [CrossRef]

Stub, D.; Bernard, S.; Duffy, S.J.; Kaye, D.M. Post cardiac arrest syndrome: A review of therapeutic strategies. Circulation 2011,
123, 1428-1435. [CrossRef]

Liisebrink, E.; Binzenhofer, L.; Hering, D.; Sierra, L.V.; Schrage, B.; Scherer, C.; Speidl, W.S.; Uribarri, A.; Sabate, M.; Noc, M.;
et al. Scrutinizing the Role of Venoarterial Extracorporeal Membrane Oxygenation: Has Clinical Practice Outpaced the Evidence?
Circulation 2024, 149, 1033-1052. [CrossRef]

Zeymer, U.; Freund, A.; Hochadel, M.; Ostadal, P,; Belohlavek, ]J.; Rokyta, R.; Massberg, S.; Brunner, S.; Liisebrink, E.; Flather,
M.; et al. Venoarterial extracorporeal membrane oxygenation in patients with infarct-related cardiogenic shock: An individual
patient data meta-analysis of randomised trials. Lancet 2023, 402, 1338-1346. [CrossRef]

Kreutz, J.; Mihali, K.; Harbaum, L.; Chatzis, G.; Patsalis, N.; Syntila, S.; Schieffer, B.; Markus, B. CytoSorb® Hemadsorption
During Microaxial Flow Pump (mAFP) Support in Cardiogenic Shock: A Propensity Score-Matched Cohort Study. Biomedicines
2025, 13, 2568. [CrossRef]

Kreutz, J.; Harbaum, L.; Barutcu, C.B.; Rehman, A.S.; Patsalis, N.; Mihali, K.; Chatzis, G.; Choukeir, M.; Syntila, S.; Schieffer, B.;
et al. CytoSorb® Hemadsorption in Cardiogenic Shock: A Real-World Analysis of Hemodynamics, Organ Function, and Clinical
Outcomes During Mechanical Circulatory Support. Biomedicines 2025, 13, 324. [CrossRef] [PubMed]

Monard, C.; Bianchi, N.; Poli, E.; Altarelli, M.; Debonneville, A.; Oddo, M.; Liaudet, L.; Schneider, A. Cytokine hemoadsorption
with CytoSorb® in post-cardiac arrest syndrome, a pilot randomized controlled trial. Crit. Care 2023, 27, 36. [CrossRef] [PubMed]
Waksman, R.; Pahuja, M.; Van Diepen, S.; Proudfoot, A.G.; Morrow, D.; Spitzer, E.; Nichol, G.; Weisfeldt, M.L.; Moscucci, M.;
Lawler, PR,; et al. Standardized Definitions for Cardiogenic Shock Research and Mechanical Circulatory Support Devices:
Scientific Expert Panel from the Shock Academic Research Consortium (SHARC). Circulation 2023, 148, 1113-1126. [CrossRef]
[PubMed]

Silvis, M.].M.; Dengler, S.E.K.G.; Odille, C.A.; Mishra, M.; van der Kaaij, N.P.; Doevendans, P.A.; Sluijter, ] P.G.; de Kleijn, D.P.V,;
de Jager, S.C.A.; Bosch, L.; et al. Damage-Associated Molecular Patterns in Myocardial Infarction and Heart Transplantation: The
Road to Translational Success. Front. Immunol. 2020, 11, 599511. [CrossRef]

Andrié, R.P; Becher, U.M.; Frommold, R.; Tiyerili, V.; Schrickel, ].W.; Nickenig, G.; Schwab, J.O. Interleukin-6 is the strongest
predictor of 30-day mortality in patients with cardiogenic shock due to myocardial infarction. Crit. Care 2012, 16, R152. [CrossRef]
Putowski, Z.; Pluta, M.P.; Rachfalska, N.; Krzych, L.J.; De Backer, D. Sublingual Microcirculation in Temporary Mechanical
Circulatory Support: A Current State of Knowledge. J. Cardiothorac. Vasc. Anesth. 2023, 37, 2065-2072. [CrossRef]

Van Diepen, S.; Katz, ].N.; Albert, N.M.; Henry, T.D.; Jacobs, A.K.; Kapur, N.K;; Kilic, A.; Menon, V.; Ohman, E.M.; Sweitzer, N.K,;
et al. Contemporary Management of Cardiogenic Shock: A Scientific Statement from the American Heart Association. Circulation
2017, 136, €232—268. [CrossRef]

Garan, A.R,; Kanwar, M.; Thayer, K.L.; Whitehead, E.; Zweck, E.; Hernandez-Montfort, J.; Mahr, C.; Haywood, ].L.; Harwani,
N.M.; Wencker, D.; et al. Complete Hemodynamic Profiling with Pulmonary Artery Catheters in Cardiogenic Shock Is Associated
with Lower In-Hospital Mortality. JACC Heart Fail. 2020, 8, 903-913. [CrossRef]

Kadosh, B.S.; Berg, D.D.; Bohula, E.A ; Park, J.-G.; Baird-Zars, V.M.; Alviar, C.; Alzate, J.; Barnett, C.F.; Barsness, G.W.; Burke,
J.; et al. Pulmonary Artery Catheter Use and Mortality in the Cardiac Intensive Care Unit. JACC Heart Fail. 2023, 11, 903-914.
[CrossRef]

Kanwar, M.K,; Blumer, V.; Zhang, Y.; Sinha, S.S.; Garan, A.R.; Hernandez-Montfort, J.; Khalif, A.; Hickey, G.W.; Abraham, J.; Mahr,
C.; et al. Pulmonary Artery Catheter Use and Risk of In-hospital Death in Heart Failure Cardiogenic Shock. J. Card. Fail. 2023, 29,
1234-1244. [CrossRef] [PubMed]

Maack, C.; Eschenhagen, T.; Hamdani, N.; Heinzel, ER.; Lyon, A.R.; Manstein, D.J.; Metzger, ].; Papp, Z.; Tocchetti, C.G.; Yilmaz,
M.B.; et al. Treatments targeting inotropy. Eur. Heart ]. 2019, 40, 3626-3644. [CrossRef] [PubMed]

https://doi.org/10.3390 /biomedicines14020360


https://doi.org/10.1016/j.jacc.2023.06.026
https://www.ncbi.nlm.nih.gov/pubmed/37648357
https://doi.org/10.1016/S0140-6736(24)01818-X
https://doi.org/10.3390/biomedicines12092073
https://doi.org/10.1007/s00392-023-02336-8
https://doi.org/10.1016/j.resuscitation.2008.09.017
https://doi.org/10.1161/CIRCULATIONAHA.110.988725
https://doi.org/10.1161/CIRCULATIONAHA.123.067087
https://doi.org/10.1016/S0140-6736(23)01607-0
https://doi.org/10.3390/biomedicines13102568
https://doi.org/10.3390/biomedicines13020324
https://www.ncbi.nlm.nih.gov/pubmed/40002736
https://doi.org/10.1186/s13054-023-04323-x
https://www.ncbi.nlm.nih.gov/pubmed/36691082
https://doi.org/10.1161/CIRCULATIONAHA.123.064527
https://www.ncbi.nlm.nih.gov/pubmed/37782695
https://doi.org/10.3389/fimmu.2020.599511
https://doi.org/10.1186/cc11467
https://doi.org/10.1053/j.jvca.2023.05.028
https://doi.org/10.1161/CIR.0000000000000525
https://doi.org/10.1016/j.jchf.2020.08.012
https://doi.org/10.1016/j.jchf.2023.04.007
https://doi.org/10.1016/j.cardfail.2023.05.001
https://www.ncbi.nlm.nih.gov/pubmed/37187230
https://doi.org/10.1093/eurheartj/ehy600
https://www.ncbi.nlm.nih.gov/pubmed/30295807
https://doi.org/10.3390/biomedicines14020360

Biomedicines 2026, 14, 360 17 of 19

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Basir, M.B.; Lemor, A.; Gorgis, S.; Taylor, A.M.; Tehrani, B.; Truesdell, A.G.; Bharadwaj, A.; Kolski, B.; Patel, K.; Gelormini, J.; et al.
Vasopressors independently associated with mortality in acute myocardial infarction and cardiogenic shock. Catheter. Cardiovasc.
Interv. 2022, 99, 650-657. [CrossRef] [PubMed]

Meoller, ].E.; Engstrem, T.; Jensen, L.O.; Eiskjeer, H.; Mangner, N.; Polzin, A.; Schulze, P.C.; Skurk, C.; Nordbeck, P.; Clemmensen,
P; et al. Microaxial Flow Pump or Standard Care in Infarct-Related Cardiogenic Shock. N. Engl. ]. Med. 2024, 390, 1382-1393.
[CrossRef]

McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkiene, J.; Chioncel,
O.; et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: Developed by the Task Force
for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC) with the special
contribution of the Heart Failure Association (HFA) of the ESC. Rev. Esparfiola Cardiol. 2021, 42, 3599-3726. [CrossRef]

Sinha, S.S.; Morrow, D.A.; Kapur, N.K.; Kataria, R.; Roswell, R.O. 2025 Concise Clinical Guidance: An ACC Expert Consensus
Statement on the Evaluation and Management of Cardiogenic Shock: A Report of the American College of Cardiology Solution
Set Oversight Committee. J. Am. Coll. Cardiol. 2025, 85, 1618-1641. [CrossRef]

Jung, C.; Bruno, R.R.; Jumean, M.; Price, S.; Krychtiuk, K.A.; Ramanathan, K.; Dankiewicz, J.; French, J.; Delmas, C.; Mendoza,
A.-A,; et al. Management of cardiogenic shock: State-of-the-art. Intensive Care Med. 2024, 50, 1814-1829. [CrossRef]

Neumar, RW,; Nolan, J.P.; Adrie, C.; Aibiki, M.; Berg, R.A.; Bottiger, B.W.; Callaway, C.; Clark, R.S.B.; Geocadin, R.G.; Jauch, E.C,;
et al. Post-cardiac arrest syndrome: Epidemiology, pathophysiology, treatment, and prognostication a consensus statement from
the International Liaison Committee on Resuscitation. Circulation 2008, 118, 2452-2483. [CrossRef]

Langeland, H.; Damas, ].K.; Mollnes, T.E.; Ludviksen, J.K.; Ueland, T.; Michelsen, A.E.; Leberg, M.; Bergum, D.; Nordseth,
T.; Skjeervold, N.K,; et al. The inflammatory response is related to circulatory failure after out-of-hospital cardiac arrest: A
prospective cohort study. Resuscitation 2022, 170, 115-125. [CrossRef]

Seppd, A.M.]; Skrifvars, M.B.; Pekkarinen, P.T. Inflammatory response after out-of-hospital cardiac arrest—Impact on outcome
and organ failure development. Acta Anaesthesiol. Scand. 2023, 67, 1273-1287. [CrossRef]

Liu, Y;; Chen, Y.; Wang, L.; Yu, D.; Chen, P; Chen, S.; Gong, P. Circulating CD24/Siglec-10 biomarkers predict post-resuscitation
outcomes in a cardiac arrest cohort. Sci. Rep. 2025, 15, 37816. [CrossRef] [PubMed]

Adrie, C.; Laurent, I.; Monchi, M.; Cariou, A.; Dhainaou, J.F.; Spaulding, C. Postresuscitation disease after cardiac arrest: A
sepsis-like syndrome? Curr. Opin. Crit. Care 2004, 10, 208-212. [CrossRef] [PubMed]

Perkins, G.D.; Neumar, R.; Hsu, C.H.; Hirsch, K.G.; Aneman, A.; Becker, L.B.; Couper, K.; Callaway, C.W.; Hoedemaekers, C.W.,;
Lim, S.L,; et al. Improving Outcomes after Post-Cardiac Arrest Brain Injury: A Scientific Statement from the International Liaison
Committee on Resuscitation. Circulation 2024, 150, e158-e180. [CrossRef] [PubMed]

Gregers, E.; Frederiksen, PH.; Udesen, N.LJ; Linde, L.; Banke, A.; Povlsen, A.L.; Larsen, J.P.; Hassager, C.; Jensen, L.O.; Lassen,
J.E; et al. Immediate inflammatory response to mechanical circulatory support in a porcine model of severe cardiogenic shock.
Intensive Care Med. Exp. 2024, 12, 39. [CrossRef]

Millar, J.E.; Fanning, J.P.; McDonald, C.I,; McAuley, D.E,; Fraser, ].F. The inflammatory response to extracorporeal membrane
oxygenation (ECMO): A review of the pathophysiology. Crit. Care 2016, 20, 387. [CrossRef]

Li, Y,; Volleman, C.; Dubelaar, D.P.C.; Vlaar, A.PJ.; van den Brom, C.E. Exploring the Impact of Extracorporeal Membrane
Oxygenation on the Endothelium: A Systematic Review. Int. . Mol. Sci. 2024, 25, 10680. [CrossRef]

Radley, G.; Pieper, I.L.; Ali, S.; Bhatti, F.; Thornton, C.A. The inflammatory response to ventricular assist devices. Front. Immunol.
2018, 9, 409218. [CrossRef]

Keebler, M.E.; Haddad, E.V.; Choi, C.W.; McGrane, S.; Zalawadiya, S.; Schlendorf, K.H.; Brinkley, D.M.; Danter, M.R.; Wigger,
M.; Menachem, J.N.; et al. Venoarterial Extracorporeal Membrane Oxygenation in Cardiogenic Shock. JACC Heart Fail. 2018, 6,
503-516. [CrossRef]

Fazzini, L.; Golino, M.; Moroni, F,; Castrichini, M.; Tersalvi, G.; Manca, P.; Abbate, A. Interleukin-6 in Cardiogenic Shock. Curr.
Cardiol. Rep. 2025, 27,129. [CrossRef]

Saravi, B.; Goebel, U.; Hassenzahl, L.O.; Jung, C.; David, S.; Feldheiser, A.; Stopfkuchen-Evans, M.; Wollborn, J. Capillary leak
and endothelial permeability in critically ill patients: A current overview. Intensive Care Med. Exp. 2023, 11, 96. [CrossRef]

Boss, K.; Jahn, M.; Wendt, D.; Haidari, Z.; Demircioglu, E.; Thielmann, M.; Ruhparwar, A.; Kribben, A.; Tyczynski, B. Extracorpo-
real cytokine adsorption: Significant reduction of catecholamine requirement in patients with AKI and septic shock after cardiac
surgery. PLoS ONE 2021, 16, e0246299. [CrossRef] [PubMed]

Hohn, A.; Malewicz-Oeck, N.M.; Buchwald, D.; Annecke, T.; Zahn, PK.; Baumann, A. REmoval of cytokines during CArdiac
surgery (RECCAS): A randomised controlled trial. Crit. Care 2024, 28, 406. [CrossRef] [PubMed]

Reis, T.; Premuzi¢, V.; Kitawara, K.; Noronha, I.L.; Ronco, C. Basic Mechanisms of Hemoadsorption: Incumbency for Better
Clinical Utility. Blood Purif. 2025, 1-14. [CrossRef] [PubMed]

Chen, J.; Han, W,; Chen, J.; Zong, W.; Wang, W.; Wang, Y.; Cheng, G.; Li, C,; Ou, L.; Yu, Y. High performance of a unique
mesoporous polystyrene-based adsorbent for blood purification. Regen. Biomater. 2017, 4, 31-37. [CrossRef]

https://doi.org/10.3390 /biomedicines14020360


https://doi.org/10.1002/ccd.29895
https://www.ncbi.nlm.nih.gov/pubmed/34343409
https://doi.org/10.1056/NEJMoa2312572
https://doi.org/10.1093/EURHEARTJ/EHAB368
https://doi.org/10.1016/j.jacc.2025.02.018
https://doi.org/10.1007/s00134-024-07618-x
https://doi.org/10.1161/CIRCULATIONAHA.108.190652
https://doi.org/10.1016/j.resuscitation.2021.11.026
https://doi.org/10.1111/aas.14291
https://doi.org/10.1038/s41598-025-21775-z
https://www.ncbi.nlm.nih.gov/pubmed/41162542
https://doi.org/10.1097/01.ccx.0000126090.06275.fe
https://www.ncbi.nlm.nih.gov/pubmed/15166838
https://doi.org/10.1161/CIR.0000000000001219
https://www.ncbi.nlm.nih.gov/pubmed/38934122
https://doi.org/10.1186/s40635-024-00625-8
https://doi.org/10.1186/s13054-016-1570-4
https://doi.org/10.3390/ijms251910680
https://doi.org/10.3389/fimmu.2018.02651
https://doi.org/10.1016/j.jchf.2017.11.017
https://doi.org/10.1007/s11886-025-02273-0
https://doi.org/10.1186/s40635-023-00582-8
https://doi.org/10.1371/journal.pone.0246299
https://www.ncbi.nlm.nih.gov/pubmed/33556101
https://doi.org/10.1186/s13054-024-05175-9
https://www.ncbi.nlm.nih.gov/pubmed/39668341
https://doi.org/10.1159/000548120
https://www.ncbi.nlm.nih.gov/pubmed/40875731
https://doi.org/10.1093/rb/rbw038
https://doi.org/10.3390/biomedicines14020360

Biomedicines 2026, 14, 360 18 of 19

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Ferrer, R.; Thielmann, M.; Kribben, A.; Unglaube, M.; Tyczynski, B.; Kreutz, J.; Baumann, A.; Guenther, U.; Henzler, D.; Kirschning,
T.; et al. The international, prospective CytOSorb® treatMent Of critically ill patientS (COSMOS) registry: Interim results from the
first 150 patients. J. Intensive Med. 2025, 5, 392-399. [CrossRef]

Smirnova, D.; Serzans, R.; Klibus, M.; Liguts, V.; Lece, A.; Skesters, A.; Villa, G.; Sabelnikovs, O. Hemoperfusion Using the Oxiris
Membrane in Septic Shock Patients with Preserved Kidney Function: A Case Series. J. Clin. Med. 2025, 14, 2113. [CrossRef]
Mattecka, S.; Brunner, P.; Hahnel, B.; Kunze, R.; Vogt, B.; Sheriff, A. PentraSorb C-Reactive Protein: Characterization of the
Selective C-Reactive Protein Adsorber Resin. Ther. Apher. Dial. 2019, 23, 474-481. [CrossRef]

Soltesz, A.; Molnar, Z.A.; Szakal-Toth, Z.; Tamaska, E.; Katona, H.; Fabry, S.; Csikos, G.; Berzsenyi, V.; Tamas, C.; Edes, L.F; et al.
Influence of Venoarterial Extracorporeal Membrane Oxygenation Integrated Hemoadsorption on the Early Reversal of Multiorgan
and Microcirculatory Dysfunction and Outcome of Refractory Cardiogenic Shock. J. Clin. Med. 2022, 11, 6517. [CrossRef]
Lovri¢, D.; Pasali¢, M.; Krizanac, S.; Kovaci¢, K.; Skori¢, B.; Jurin, H.; Mili¢i¢, D.; Premuzi¢, V. The addition of Cytosorb in patients
on VA-ECMO improves urinary output and ICU survival. Ther. Apher. Dial. 2024, 28, 103-111. [CrossRef]

Ko, R.E.; Choi, K.H.; Lee, K; Jeon, J.; Jang, H.R.; Chung, C.R.; Cho, Y.H.; Park, TK.; Lee, ].M.; Bin Song, Y.; et al. The effects
of extracorporeal blood purification (0Xiris®) in patients with cardiogenic shock who require VA-ECMO (CLEAN ECMO): A
prospective, open-label, randomized controlled pilot study. Crit. Care 2025, 29, 255. [CrossRef]

Nguyen, M.; Alvarez, M.; Evezard, C.; Berthoud, V.; Leleu, D.; Pais-De-Barros, J.-P.; Bouchot, O.; Abou-Arab, O.; Bouhemad,
B.; Masson, D.; et al. Endotoxin removal by the OXIRIS filter for cardiogenic shock requiring veno-arterial extra-corporeal life
support: The ECMORIX randomized controlled trial. Ann. Intensive Care 2025, 15, 92. [CrossRef] [PubMed]

Torzewski, J.; Mattecka, S.; Mayer, B.; Stone, G.W.; Sheriff, A. Selective C-reactive protein apheresis in acute myocardial infarction:
Rationale and design of a prospective international randomized controlled trial. Coron. Artery Dis. 2025, 36, 428-433. [CrossRef]
[PubMed]

Calabro, M.G.; Febres, D.; Recca, G.; Lembo, R.; Fominskiy, E.; Scandroglio, A.M.; Zangrillo, A.; Pappalardo, F. Blood Purification
with CytoSorb in Critically Ill Patients: Single-Center Preliminary Experience. Artif. Organs 2019, 43, 189-194. [CrossRef]
[PubMed]

Napp, L.C.; Ziegeler, S.; Kindgen-Milles, D. Rationale of Hemoadsorption during Extracorporeal Membrane Oxygenation Support.
Blood Purif. 2019, 48, 203-214. [CrossRef]

Napp, L.C.; Lebreton, G.; De Somer, F; Supady, A.; Pappalardo, F. Opportunities, controversies, and challenges of extracorporeal
hemoadsorption with CytoSorb during ECMO. Artif. Organs 2021, 45, 1240-1249. [CrossRef]

Dogan, G.; Hanke, J.; Puntigam, J.; Haverich, A.; Schmitto, ].D. Hemoadsorption in cardiac shock with bi ventricular failure and
giant-cell myocarditis: A case report. Int. J. Artif. Organs 2018, 41, 474-479. [CrossRef]

Mitsis, A.; Sokratous, S.; Karmioti, G.; Kyriakou, M.; Drakomathioulakis, M.; Myrianthefs, M.M.; Eftychiou, C.; Kadoglou, N.PE,;
Tzikas, S.; Fragakis, N.; et al. The Role of C-Reactive Protein in Acute Myocardial Infarction: Unmasking Diagnostic, Prognostic,
and Therapeutic Insights. J. Clin. Med. 2025, 14, 4795. [CrossRef]

Supady, A.; Zahn, T.; Kuhl, M.; Maier, S.; Benk, C.; Kaier, K.; Bottiger, B.W.; Bode, C.; Lother, A.; Staudacher, D.L.; et al. Cytokine
adsorption in patients with post-cardiac arrest syndrome after extracorporeal cardiopulmonary resuscitation (CYTER)—A
single-centre, open-label, randomised, controlled trial. Resuscitation 2022, 173, 169-178. [CrossRef]

Zahn, T.; Schanze, N.; Staudacher, D.L.; Wengenmayer, T.; Maier, S.; Benk, C.; Gauchel, N.; Duerschmied, D.; Supady, A. The
Effect of Cytokine Adsorption on Leukocyte and Platelet Activation after Extracorporeal Cardiopulmonary Resuscitation. Thromb.
Haemost. 2024, 124, 533-545. [CrossRef]

Akin, M,; Garcheva, V.; Sieweke, ].T.; Flierl, U.; Daum, H.C.; Bauersachs, J.; Schéfer, A. Early use of hemoadsorption in patients
after out-of hospital cardiac arrest—A matched pair analysis. PLoS ONE 2020, 15, €0241709. [CrossRef]

Saldafia-Gastulo, J.J.C.; Llamas-Barbaran, M.D.R.; Coronel-Chucos, L.G.; Hurtado-Roca, Y. Cytokine hemoadsorption with
CytoSorb® in patients with sepsis: A systematic review and meta-analysis. Crit. Care Sci. 2023, 35, 217. [CrossRef] [PubMed]
Steindl, D.; Schroeder, T.; Krannich, A.; Nee, ]. Hemoadsorption in the Management of Septic Shock: A Systematic Review and
Meta-Analysis. J. Clin. Med. 2025, 14, 2285. [CrossRef] [PubMed]

Guarino, M.; Costanzini, A.; Luppi, F; Maritati, M.; Contini, C.; De Giorgio, R.; Spampinato, M.D. Extracorporeal Cytokine
Adsorption in Sepsis: Current Evidence and Future Perspectives. Biomedicines 2025, 13, 1684. [CrossRef] [PubMed]
Schwindenhammer, V.; Girardot, T.; Chaulier, K.; Grégoire, A.; Monard, C.; Huriaux, L.; Illinger, J.; Leray, V.; Uberti, T,
Crozon-Clauzel, J.; et al. oXiris® Use in Septic Shock: Experience of Two French Centres. Blood Purif. 2019, 47, 29-35. [CrossRef]
Theisen, B.E.; Lichtenstern, C.; Nusshag, C.; Tan, B.; Holle, T.; Weigand, M. A ; Kalenka, A.; Fiedler-Kalenka, M.O. Simultaneous
removal of endotoxins, inflammatory mediators and uremic toxins in ICU patients with septic shock: A retrospective cohort
study. Sci. Rep. 2024, 14, 19645. [CrossRef]

Zhang, H.; Zhu, G.; Yan, L.; Lu, Y,; Fang, Q.; Shao, F. The absorbing filter Oxiris in severe coronavirus disease 2019 patients: A
case series. Artif. Organs 2020, 44, 1296. [CrossRef]

https://doi.org/10.3390 /biomedicines14020360


https://doi.org/10.1016/j.jointm.2025.05.001
https://doi.org/10.3390/jcm14062113
https://doi.org/10.1111/1744-9987.12796
https://doi.org/10.3390/jcm11216517
https://doi.org/10.1111/1744-9987.14064
https://doi.org/10.1186/s13054-025-05495-4
https://doi.org/10.1186/s13613-025-01499-z
https://www.ncbi.nlm.nih.gov/pubmed/40627256
https://doi.org/10.1097/MCA.0000000000001521
https://www.ncbi.nlm.nih.gov/pubmed/40138386
https://doi.org/10.1111/aor.13327
https://www.ncbi.nlm.nih.gov/pubmed/30156308
https://doi.org/10.1159/000500015
https://doi.org/10.1111/aor.14025
https://doi.org/10.1177/0391398818777362
https://doi.org/10.3390/jcm14134795
https://doi.org/10.1016/j.resuscitation.2022.02.001
https://doi.org/10.1055/a-2225-5173
https://doi.org/10.1371/journal.pone.0241709
https://doi.org/10.5935/2965-2774.20230289-en
https://www.ncbi.nlm.nih.gov/pubmed/37712812
https://doi.org/10.3390/jcm14072285
https://www.ncbi.nlm.nih.gov/pubmed/40217734
https://doi.org/10.3390/biomedicines13071684
https://www.ncbi.nlm.nih.gov/pubmed/40722757
https://doi.org/10.1159/000499510
https://doi.org/10.1038/s41598-024-70522-3
https://doi.org/10.1111/aor.13786
https://doi.org/10.3390/biomedicines14020360

Biomedicines 2026, 14, 360 19 of 19

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Zhang, L.; Srisawat, N.; Lee, C.C.; Lee, D.H,; Lee, K,; Liu, Z.; Nor, ES.M.; Mustafar, R.B.; Peerapornratana, S.; Pham, H.M.; et al.
Blood Purification Critical Care Nephrology Extracorporeal Blood Purification with the oXiris® Filter for Patients with Sepsis
and Hyperinflammatory Conditions: The Asia-Pacific oXiris Expert Meeting 2024 Consensus Statements. Blood Purif. 2025, 54,
621-638. [CrossRef]

Hawchar, F; Lészl6, 1.; Oveges, N.; Trasy, D.; Ondrik, Z.; Molnar, Z. Extracorporeal cytokine adsorption in septic shock: A proof
of concept randomized, controlled pilot study. J. Crit. Care 2019, 49, 172-178. [CrossRef]

Brouwer, W.P,; Duran, S.; Kuijper, M.; Ince, C. Hemoadsorption with CytoSorb shows a decreased observed versus expected
28-day all-cause mortality in ICU patients with septic shock: A propensity-score-weighted retrospective study. Crit. Care 2019, 23,
317. [CrossRef]

Schittek, G.A.; Zoidl, P; Eichinger, M.; Orlob, S.; Simonis, H.; Rief, M.; Metnitz, P; Fellinger, T.; Soukup, J. Adsorption therapy in
critically ill with septic shock and acute kidney injury: A retrospective and prospective cohort study. Ann. Intensive Care 2020, 10,
154. [CrossRef]

Kogelmann, K.; Hiibner, T.; Schwameis, F.; Driiner, M.; Scheller, M.; Jarczak, D. First Evaluation of a New Dynamic Scoring
System Intended to Support Prescription of Adjuvant CytoSorb Hemoadsorption Therapy in Patients with Septic Shock. . Clin.
Med. 2021, 10, 2939. [CrossRef]

Guan, M.; Wang, H.; Tang, X.; Zhao, Y.; Wang, E; Zhang, L.; Fu, P. Continuous Renal Replacement Therapy with Adsorbing Filter
oXiris in Acute Kidney Injury with Septic Shock: A Retrospective Observational Study. Front. Med. 2022, 9, 789623. [CrossRef]
[PubMed]

Broman, M.E.; Hansson, F.; Vincent, J.L.; Bodelsson, M. Endotoxin and cytokine reducing properties of the oXiris membrane in
patients with septic shock: A randomized crossover double-blind study. PLoS ONE 2019, 14, €0220444. [CrossRef] [PubMed]
Abdelaty, M.; Mohamed, A.; Saad, M.O.; Mitwally, H.; Alkadi, M.M.; Hashim, A.; Al Malki, H.; Ali, H.S.; Mohamed, A.S.; Mustafa,
E.; et al. Extracorporeal blood purification with Oxiris® filter in critically ill patients with COVID-19 requiring continuous renal
replacement therapy. Int. |. Artif. Organs 2023, 46, 629-635. [CrossRef] [PubMed]

Rieder, M.; Duerschmied, D.; Zahn, T.; Lang, C.; Benk, C.; Lother, A.; Biever, P; Bode, C.; Wengenmayer, T.; Staudacher, D.;
et al. Cytokine Adsorption in Severe Acute Respiratory Failure Requiring Veno-Venous Extracorporeal Membrane Oxygenation.
ASAIO J. 2021, 67, 332-338. [CrossRef]

Supady, A.; Weber, E.; Rieder, M.; Lother, A; Niklaus, T.; Zahn, T.; Frech, F; Miiller, S.; Kuhl, M.; Benk, C.; et al. Cytokine
adsorption in patients with severe COVID-19 pneumonia requiring extracorporeal membrane oxygenation (CYCOV): A single
centre, open-label, randomised, controlled trial. Lancet Respir. Med. 2021, 9, 755-762, Correction in Lancet Respir. Med. 2021, 9, E62.
[CrossRef]

Akil, A.; Ziegeler, S.; Rehers, S.; Ernst, E.C.; Fischer, S. Blood purification therapy in patients with severe COVID-19 requiring
veno-venous ECMO therapy: A retrospective study. Int. |. Artif. Organs 2022, 45, 615-622. [CrossRef]

Ferrer, R.; Tyczynski, B.; Kreutz, J.; Scharf, C.; Thielmann, M.; Bellgardt, M.; Kribben, A.; Hohlstein, P.; Germano, N.; Henzler, D.;
et al. Hemoadsorption therapy in severe rhabdomyolysis: A report from the international, prospective COSMOS (CytOSorb®
TreatMent of Critically ill PatientS) registry. Ren. Fail. 2025, 47, 2600720. [CrossRef]

Poli, E.C.; Alberio, L.; Bauer-Doerries, A.; Marcucci, C.; Roumy, A.; Kirsch, M.; De Stefano, E.; Liaudet, L.; Schneider, A.G.
Cytokine clearance with CytoSorb® during cardiac surgery: A pilot randomized controlled trial. Crit. Care 2019, 13, 108.
[CrossRef]

Doenst, T.; Diab, M.; Lehmann, T.; Akhyari, P; Platzer, S.; Wendt, D.; Deppe, A.-C.; Strauch, J.; Hagel, S.; Guinther, A.; et al.
Cytokine Hemoadsorption During Cardiac Surgery Versus Standard Surgical Care for Infective Endocarditis (REMOVE): Results
from a Multicenter Randomized Controlled Trial. Circulation 2022, 145, 959-968. [CrossRef]

Geisler, D.; Arleth, N.; Grabenwoger, J.; Arnold, Z.; Aschacher, T.; Winkler, B.; Mach, M.; Grabenwdéger, M. Impact of CytoSorb®
on interleukin-6 in cardiac surgery. Front. Cardiovasc. Med. 2023, 10, 1166093. [CrossRef]

Schneider, A.G.; André, P; Scheier, J.; Schmidt, M.; Ziervogel, H.; Buclin, T.; Kindgen-Milles, D. Pharmacokinetics of anti-infective
agents during CytoSorb hemoadsorption. Sci. Rep. 2021, 11, 10493. [CrossRef]

Brozat, C.I.; Zoller, M; Frank, S.; Bruegel, M.; Grife, C.; Rebholz, D.; Paal, M.; Graf, H.; Liebchen, U.; Scharf, C. Albumin and
Platelet Loss during the Application of CytoSorb® in Critically Ill Patients: A post hoc Analysis of the Cyto-SOLVE Trial. Blood
Purif. 2025, 54, 93-101. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /biomedicines14020360


https://doi.org/10.1159/000548214
https://doi.org/10.1016/j.jcrc.2018.11.003
https://doi.org/10.1186/s13054-019-2588-1
https://doi.org/10.1186/s13613-020-00772-7
https://doi.org/10.3390/jcm10132939
https://doi.org/10.3389/fmed.2022.789623
https://www.ncbi.nlm.nih.gov/pubmed/35463014
https://doi.org/10.1371/journal.pone.0220444
https://www.ncbi.nlm.nih.gov/pubmed/31369593
https://doi.org/10.1177/03913988231207716
https://www.ncbi.nlm.nih.gov/pubmed/37926985
https://doi.org/10.1097/MAT.0000000000001302
https://doi.org/10.1016/S2213-2600(21)00177-6
https://doi.org/10.1177/03913988221103287
https://doi.org/10.1080/0886022X.2025.2600720
https://doi.org/10.1186/s13054-019-2399-4
https://doi.org/10.1161/circulationaha.121.056940
https://doi.org/10.3389/fcvm.2023.1166093
https://doi.org/10.1038/s41598-021-89965-z
https://doi.org/10.1159/000542009
https://doi.org/10.3390/biomedicines14020360

	Introduction 
	Methods 
	Pathophysiological Basis of Hyperinflammation in Acute Cardiovascular Care 
	Cardiogenic Shock 
	Post-Cardiac Arrest Syndrome 
	Temporary Mechanical Circulatory Support and eCPR 

	Rationale for Extracorporeal Cytokine Adsorption in CS, PCAS and tMCS 
	Principles and Mechanisms of Extracorporeal Adsorption Therapies 
	Clinical Evidence for Extracorporeal Cytokine Adsorption 
	Extracorporeal Cytokine Adsorption in CS- and tMCS-Supported Conditions 
	Extracorporeal Cytokine Adsorption in PCAS 
	Extracorporeal Cytokine Adsorption in Septic Shock, Acute Respiratory Distress Syndrome, Rhabdomyolysis and Cardiac Surgery 

	Practical Aspects in Extracorporeal Cytokine Adsorption: Patient Selection, Timing, and Dosing 
	Limitations 
	Conclusions and Future Perspectives 
	References

