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Inflammation, a complex biological response against injury or infection, is an
important pathological basis for various critical diseases. A "normal” immune
response exemplifies a balanced dialogue between immunological cells and a
medley of pro- and anti-inflammatory mediators. However, under pathological
conditions, this equilibrium is disrupted by the overwhelming release of cytokines,
also known as a cytokine storm, which significantly contributes to multiple organ
dysfunction and death. Accumulating clinical evidence highlights the efficacy
of CytoSorb® hemoadsorption in eliminating damage-associated molecular
patterns, pathogen-associated molecular patterns and excessive cytokines from
the blood, which underscores the broad use of CytoSorb® in managing various
critical conditions. In this narrative review, we conduct a state-of-the-art review of
CytoSorb® hemoadsorption in daily critical care practice. By searching ‘CytoSorb®’,
‘cytokine absorption’, ‘'nemoadsorption” and ‘hemoperfusion’ in PubMed, Embase
and Web of Science, we discussed the rationale and research progress for cytokine
adsorption with CytoSorb® from January 2019 to May 2025. Then, we summarize
the latest clinical evidence regarding the use of CytoSorb® in sepsis, cardiac surgery,
extracorporeal membrane oxygenation, hepatic diseases, rhabdomyolysis and burn
injuries. Finally, we elaborated on the impact of CytoSorb® on the clearance rates
of antibiotics and anticoagulants to address its safety concerns and highlighted
ongoing debates on the timing, dose and patient selection criteria of CytoSorb®
hemoadsorption, which requires future research to optimize actual benefits.
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1 Introduction

Critical illnesses, including sepsis, severe COVID-19, infective endocarditis, operation-related
complications, and burn injuries, are significantly associated with immune dysfunction and
subsequent multiple organ dysfunction, such as acute kidney injury (AKI), acute respiratory
distress syndrome (ARDS), heart failure, and liver failure (1, 2). The mortality rate of critically ill
patients is estimated to reach 15-30% or even higher without proper treatment (3). Accumulating
evidence has shown that the progression of life-threatening critical illnesses is associated with the
dysregulation of cytokines (1, 4). For example, an overwhelming release of proinflammatory
cytokines such as interleukin-1 (IL-1), IL-6, and tumor necrosis factor-a (TNF-a) can trigger
hyperinflammation and cause ARDS and death in patients with severe COVID-19 (4).

In addition to traditional antibiotic therapy and fluid resuscitation therapy, the
elimination of excessive cytokines is a feasible therapeutic strategy to manage
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hyperinflammation-related critical diseases in intensive care units
(ICUs) (5). Over the past two decades, hemoperfusion, a common
extracorporeal blood purification technique, has been applied in
ICUs worldwide to remove pro-inflammatory mediators from the
bloodstream (6). Hemoperfusion uses a mechanism of adsorption
to eliminate both proinflammatory and anti-inflammatory
cytokines to modulate the dysregulated host immune response (7).
Recently, evolutionary techniques have led to the development of
more biocompatible and potentially more efficient adsorptive
materials for daily critical care practice (6, 7).

Among them, CytoSorb® (CytoSorbents Corporation, New Jersey,
USA), a hemoperfusion cartridge engineered to eliminate deleterious
enterotoxin, cytokines, bilirubin and myoglobin (5, 8, 9), has been
marketed in 53 countries across the globe and been indicated for a
wide range of hyperinflammation-associated severe diseases (8, 10).
Primarily composed of polystyrene-divinylbenzene copolymer beads
(5), CytoSorb® employs a combination of size exclusion and
hydrophobic interactions to selectively adsorb proteins and cytokines
within the molecular weight range of 10 to 60 kDa, including key
inflammatory mediators such as TNF-q, IL-1 and IL-6, to modulate
the hyperinflammatory cascade (11-14). As shown in Figure 1,
CytoSorb® can be used alone or in combination with continuous renal
replacement therapy (CRRT) or extracorporeal membrane oxygenation
(ECMO). The treatment duration can be up to 24 h per day for up to 7
consecutive days, with an optimal blood flow rate ranging from 250 to
400 mL/min. However, CytoSorb® hemoadsorption is contraindicated
in patients with a history of heparin-induced thrombocytopenia and
unacceptable citrate regional anticoagulation (15).

10.3389/fmed.2025.1628241

Several clinical studies have reported favorable outcomes, but
a consensus on the influence of CytoSorb® therapy on patient-
centered outcomes has yet to emerge. This is largely due to the
inherent limitations of currently available trials in this field,
including modest sample sizes, considerable variability among
participants, and short follow-up durations (16). Furthermore, the
capability of CytoSorb® to adsorb a spectrum of toxic substances,
such as bilirubin and myoglobulin, has greatly expanded its
potential clinical applications recently. However, a comprehensive
understanding of the effects of CytoSorb® hemoadsorption on
hyperinflammation, hemodynamics, organ function, and mortality
in critically ill patients increased dramatically, especially in recent
5 years (Figure 2).

In this narrative review, we extensively summarize the clinical
evidence of CytoSorb® treatment in managing sepsis, severe COVID-
19, cardiac surgery, liver failure, rhabdomyolysis and burn.
Additionally, we elaborate on the impact of CytoSorb® on the
clearance rates of antibiotics and anticoagulants to address safety
concerns. It is believed that this review will provide a profound
understanding of CytoSorb® hemoadsorption in ICU settings.

2 Methods
2.1 Databases and search strategy

In order to systemically update the latest research progress on
cytokine absorption, we searched for articles published from January
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A schematic diagram of CytoSorb® in an extracorporeal blood purification circuit. (A) CytoSorb® used alone for hemoadsorption. (B) CytoSorb®
attached as pre-dialyzer. (C) CytoSorb® attached as post-dialyzer. (D) CytoSorb® incorporated with an extracorporeal membrane oxygenation circuit
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2019 to May 2025 in PubMed, Embase, and Web of science following
keywords of ‘CytoSorb®; ‘cytokine adsorption, ‘hemoadsorption’ and
‘hemoperfusion’ A total of 650 papers were searched as relevant items
in recent 5 years. In addition, we also searched clinicaltrials.gov using
similar key terms to update ongoing clinical trials, with 10

registries included.

2.2 Screening process and article selection

Two authors (Kaixin Lei and Ao Chen) scrutinized the searched
articles with language restriction of English. The inclusion criteria are
(1) case reports, case series, cross-sectional studies, cohort studies and
RCTs reporting cytokine adsorption therapy with CytoSorb® in
critically ill patients; (2) experimental in vitro or in vivo studies
elucidating the safety and adsorption kinetics for CytoSorb®; (3)
preclinical and clinical studies concerning the effect of CytoSorb®
treatment on hard outcomes (e.g., mortality) or surrogate changes (e.g.,
IL-6 levels) in critically ill patients or animal models. The exclusion
criteria were (1) basic studies investigating mechanisms of cytokine
elimination; (2) studies without quantitative report or analysis; and (3)
cytokine adsorption predominantly achieved by other hemofilters.

Each article was screened by the two authors for agreement and
final decision was determined by the corresponding authors if any
divergent view was expressed. Ultimately, a total of 118 references were
considered as supporting evidence (Figure 3). Furthermore, clinical
trials published former than 5 years with large sample sizes and
cautious study design were also taken into consideration as these results
provided compelling evidence for clinical decision-making procedure.

2.3 Quality assessment

For better understanding of qualities from current findings,
we employed Risks of Bias 2 (RoB2), Newcastle-Ottawa Scale (NOS)
and Joanna Briggs Institute (JBI) Critical Appraisal Checklist to
evaluate evidence from RCTs, observational studies and case series,
respectively (17, 18).

3 Clinical application of CytoSorb®
Hemoadsorption in critically ill
patients

3.1 Sepsis

Sepsis, a leading cause of AKI, is defined as a host dysregulated
immune response secondary to infection (19). Pathophysiologically,
pattern recognition receptors recognize endotoxins or damage-
associated molecular patterns to trigger a dysregulated immune
activation of leukocytes, a release of proinflammatory mediators,
such as IL-1, IL-6 and TNF-aq, into the bloodstream, and finally a
cytokine storm (20, 21). High serum concentrations of
proinflammatory cytokines are associated with multiple organ
dysfunction syndrome (MODS) and mortality (22). Previous
preclinical studies reveal that CytoSorb® has a high affinity for
IL-6, IL-10, TNF-a, monocyte chemoattractant protein-1 (MCP-1)
and human neutrophil peptide alpha-defensin 1 (HNP-1) (13,
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FIGURE 2
The upcoming focus on CytoSorb® in the past two decade on
PubMed.

23-25). Hopefully, CytoSorb® may be helpful for septic patients by
eliminating these proinflammatory mediators (19, 26).

Dating back to 2020, Jasen and colleagues recruited 24 healthy
male volunteers and randomly assigned them to either the CytoSorb®
group or the control group (5). Following the initial administration of
endotoxin, there was a significant reduction in the plasma
concentrations of TNF-a (— 58%, p < 0.0001), IL-8 (— 48%, p = 0.02),
IL-10 (— 26%, p = 0.03), and IL-6 (— 71%, p = 0.003) in the CytoSorb®
group (5). However, this effect was substantially attenuated after the
second administration of endotoxin. Additionally, Hawchar and
colleagues prospectively included 20 patients with early (< 24 h) septic
shock (27). After a 48-h CytoSorb® treatment, patients in the
CytoSorb® group demonstrated a significant reduction in
norepinephrine requirements (0.16 pg/kg vs. 0.25 pg/kg, p = 0.016)
and procalcitonin concentrations (5.6 ng/kg vs. 9.2 ng/kg, p = 0.004),
without adverse events (27). These improvements were most
significant during the first 12 h, aligning with discoveries from Jasen
(5, 28). These findings suggest that CytoSorb® can reduce short-term
systematic inflammation without interfering with long-term immunity.

Other observational studies also reported inconsistent hard
outcomes along with a CytoSorb® therapy in patients with sepsis. For
example, a recent retrospective study involving 116 individuals
demonstrated that septic patients receiving CytoSorb® therapy had a
lower risk of 28-day mortality [adjusted HR 0.59, 95% confidential
interval (CI) 0.37-0.93, p=0.0025] (29). Similarly, another
retrospective cohort study enrolling 70 septic patients in Germany
reported a decrease in 28-day mortality (73% vs. 50%, p < 0.01) after
CytoSorb® hemoadsorption (30). Beyond these, several case studies
reported that the average sequential organ failure assessment (SOFA)
significantly decreased in CytoSorb® hemoadsorption, delivering
potential benefits in maintaining organ functions. However, despite
these positive changes of organ functions, the 28-day mortality rates
and length of ICU stay were not significantly improved (31-33).

In summary, these evidence on temporary improvements of
laboratory variables from observational studies displayed concerns
in sample sizes, comparability and confounding factors in different
groups, thereby delivering controversial views on long-term patient-
centered endpoints such as mortality. Data from case series provided
weak evidence despite elaborative description of clinical information
of these patients. An updated meta-analysis concluded that
CytoSorb® could not improve the long-term survival rate in septic
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FIGURE 3
The flowchart of selection procedure of supporting evidence.

patients, raising concerns about taking CytoSorb® as a routine care
(34). Consequently, pertinent suggestions have been consolidated
for the consideration of CytoSorb® as a potential adjunctive therapy
for septic patients (Table 1) (35-38). As the heterogenous nature of
septic patients and insufficient investigations from current data,
these suggestions should not be interpreted as universally applicable
guideline recommendations. Future studies with randomization,
high-quality, larger sample size, multicenter design, and long
follow-up duration are needed to substantiate the current findings.

3.2 COVID-19

First reported in December 2019, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), a member of the beta-
coronavirus genus, has caused numerous deaths worldwide.
Approximately 20% of COVID-19 patients with ARDS exhibit
elevated IL-1p, IL-6, TNF-a, C-X-C motif chemokine ligand 10 and
chemokine ligand 2 levels, thereby triggering MODS (1, 39, 40).
Consequently, cytokine hemoadsorption with CytoSorb® might

Frontiers in Medicine

be useful in patients suffering from severe COVID-19 infection (4,
41,42).

Since 2021, there have been several pilot reports evaluating the
efficacy of CytoSorb® hemoadsorption in critically ill COVID-19
patients and some cases reported successful attempts (43-48). Some
retrospective studies demonstrated that CytoSorb® treatment held the
potential to improve clinical outcomes of severe COVID-19 patients,
albeit to debated outcomes. In regards to mortality, a single-center
retrospective study reported that 55 COVID-19 patients undergoing
CytoSorb® hemoperfusion had a lower mortality rate than those in
the control group (67.3% vs. 89%, p = 0.02) (49). Similarly, another
study identified CytoSorb® as a feasible strategy for 44 severe
COVID-19 patients with AKI compared with 58 patients exclusively
receiving CRRT (60-day survival rate, 65.9% vs. 84.5%, p = 0.029)
(50). In another retrospective study enrolling 26 patients with severe
COVID-19, significant reductions in the PaO,/FiO, ratio (168.6 vs.
302.0, p < 0.01), SOFA score (14.9 vs. 7.4, p < 0.01), C-reactive protein
(CRP) level (83.1 mg/L vs. 35.5mg/L, p <0.01) and lactate level
(12.1 mg/dL vs. 8.0mg/dL, p<0.01) were observed following
CytoSorb® treatment, with 21 patients survived (45). Additionally,
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TABLE 1 Pragmatic considerations for CytoSorb® hemoadsorption in
patients with vasoplegic shock.

Patients

Septic or septic shock with Cytoscore > 6
(35) (Weak), signs of hyperinflammation,

obvious elevation of inflammatory
markers, e.g., IL-6 (if detectable) ( , )

(Moderate)
Timing Start within 12 h and no longer than 24 h after diagnosis (3)
(Moderate)
Dose and Initially, change the absorbent medium every 8-12 h during
frequency of primary 2 days, later renew the medium every 24 h,
filter change hemoperfusion until hemodynamic stabilization (38) (Weak)
Accompanying | For drugs affine to CytoSorb®, supervise circulating dose or
medication additional dose after initiation of CytoSorb® therapy (10, 143)
(Weak). Therapeutic drug monitor is recommended at regular
pace

Suggestions that solely based on observation investigations with small sample sizes were
identified as weak tier; suggestions based on randomized controlled trials with strict study
designs, large prospective cohort study or meta-analysis with clear methodology and
conclusions were identified as moderate tier. This table only illustrates clinically practical
hypothesis in current literatures, which should be interpreted with caution.

other case studies with small samples showed that CytoSorb®
hemoadsorption was effective in improving surrogate outcomes
including SOFA score, PaO,/FiO, as well as IL-6 levels (46-48).
According to NOS and JCI assessments, concerns about selection bias,
intergroup comparability, adjustments for confounding factors and
insufficient sample sizes or follow-up time weakened reliability of
these results.

In contrast, RCTs reported debated results concerning the
efficacy of CytoSorb® treatment in severe COVID-19 patients. In
2022, a multicenter randomized controlled trial enrolled 50 patients
with COVID-19-induced vasoplegic shock who received either
CytoSorb® treatment plus standard medical care for 3 to 7 days
(CytoSorb® changed for every 24 h) or standard medical care. There
were no statistically significant differences in mortality rate (78% vs.
73%, p =0.64), IL-6 level on day 3 (66.3 ng/L vs. 103.0 ng/L,
p = 0.78) between the CytoSorb® group and the control group (51).
Likewise, another single-center RCT involving 24 patients with
COVID-19-induced vasoplegic shock also reported no significant
differences in SOFA score (17 vs. 16, p =0.55), median IL-6
concentration (2,269 ng/L vs. 3,747 ng/L, p =0.38), or 28-day
mortality rate (58% vs. 67%, p = 1.0) after CytoSorb® therapy
(CytoSorb® was indicated continuously for 5 days with replace every
24-48 h) (52). In summary, the small sample size of existing studies,
heterogeneity of therapy prescriptions or patient selection, and
different follow-up periods are key factors contributing to the debate
over the efficacy of CytoSorb® in critically ill COVID-19 patients
(53). Therefore, large-scale RCTs are necessitated to explore the
effect of CytoSorb® on patient-centered outcomes, including
mortality rates and SOFA scores, and underlying positive
prognostic factors.

3.3 Cardiac surgery

Cardiac surgeries, including heart transplantation, valve surgeries
and aortic surgeries, increase the risk systemic inflammatory response
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syndrome owing to hypoperfusion, ischemia-reperfusion injury,
neuro-humoral activation and intraoperative or postoperative
infections (54, 55). In wvitro, CytoSorb® efficiently eliminated
inflammatory mediators and regulated vascular endothelial damage
(56, 57), thus warranting attention for peri-operation management.

Since 2018, several clinical studies have investigated the efficacy
of combined CytoSorb® therapy in patients undergoing cardiac
surgery. For instance, a proof-of-concept RCT that included 55
patients undergoing orthotopic heart transplantation showed that
patients in the CytoSorb® hemoadsorption group had lower
vasoactive-inotropic scores (41.9 vs. 27.2, p = 0.046) and vasoplegic
syndrome incidence rates (48% vs. 20%, p = 0.022) than those in the
control group (58). Additionally, in patients undergoing orthotopic
heart transplantation, CytoSorb® treatment was associated with lower
need for norepinephrine and blood transfusion (59, 60). Meanwhile,
Kristina et al. reported that, in 98 patients with AKI and septic shock
after cardiac surgery, CytoSorb® hemoadsorption contributed to a
decrease in the vasoactive score (56.7 vs. 26.7, p <0.001) and
in-hospital mortality (77% vs. 53%, p < 0.001) (61). However, 30-day
mortality and 1-year survival rates did not exhibit any differences.
Owing to relatively high risks based on NOS, these findings partially
suggested short-term hemodynamic improvements in cardiac
surgery patients.

The prognosis of CytoSorb® hemoadsorption for cardiac
surgery remain controversial. Studies involving 130 endocarditis
patients undergoing surgical interventions (CytoSorb® n = 75,
Control n =55) demonstrated that patients in the CytoSorb®
group had lower vasoactive-inotropic score (6 vs. 17, p = 0.0014),
sepsis related mortality (8.0% vs. 22.8%, p = 0.02), 30-day mortality
(17.3% vs. 32.7%, p = 0.03) and 90-day mortality (21.3% vs. 40%,
p=0.03) (62, 63), while a preliminary RCT that included 30
patients undergoing elective cardiac surgeries observed no
substantial changes in the levels of pro- or anti-inflammatory
cytokines after peri-operative CytoSorb® hemoadsorption (9).
Moreover, the CytoSorb® intervention exhibited insignificant
changes in clinical hard endpoints. The multicenter REMOVE trial
recruited 288 infective endocarditis patients in 14 cardiac centers
in German and assigned them into the CytoSorb® hemoadsorption
(n = 142) and control (n = 146) groups during cardiac surgery (64).
After a 30-day follow-up, there were no differences in SOFA
changes (1.79 £3.75 vs. 1.93 £3.53, p=0.6766) and 30-day
mortality rates (21% vs. 22%, p = 0.782) between the CytoSorb®
group and the control group, despite IL-1p and IL-18 levels
decreased at 30 min, 60 min and the endpoint after initiation of
hemoadsorption (64). Even in intention-to-treat analysis, these
outcomes were not significant as well, indicating a limited
therapeutic prospect in combating infective endocarditis. However,
the therapeutic plan of REMOVE trial was not standardized.
Compared with other studies indicated CytoSorb® as adjunctive
treatment for more than 3 days in peri-operative managements,
REMOVE trial only used CytoSorb® alone during cardiac surgery
for several hours, which may shadow the authentic efficacy of
this device.

Overall, current evidence suggests that the use of CytoSorb®
therapy during and after cardiac surgery may temporarily improves
hemodynamics. Notwithstanding the noted decreases in inflammatory
cytokines like IL-1 and TNF-a, patient-centered outcomes, such as
SOFA and 30-day mortality, do not appear to be strikingly manifest.
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All observational studies displayed moderate to high risks in regard to
heterogeneity of participants and hemoadsorption prescription. This
divergence between biochemical improvements and clinical benefits
underscores the need for further investigations into the precise
pathways linking cytokine reduction to long-term clinical outcomes
of patients (9, 58, 64-66).

3.4 Extracorporeal membrane oxygenation

During the last decade, extracorporeal membrane oxygenation
(ECMO) is indicated for patients with lethal clinical syndromes such
as vasoplegia and MODS (67-69). Nonetheless, a body of research
indicates that ECMO procedures can induce inflammatory responses
due to the activation of mast cells after interaction between artificial
surfaces and blood components (70, 71). As a consequence, the use of
CytoSorb® in combination with ECMO is proposed (67-70).

In 2023, a retrospective study consecutively included 359 patients
with refractory cardiac arrest under mechanical chest compression
(n =120), profound cardiogenic shock (n = 101), post-cardiotomy
cardiogenic shock (1 = 81), respiratory failure (n = 34) and COVID-19
infection (n = 15) to evaluate the effect of combined ECMO and
CytoSorb® hemoadsorption on mortality rates. The results showed
that the mortality rates at 30 months, within the ICU, and during the
hospital stay were 49, 57, and 62%, respectively, which were lower than
the mortality predictions of 71% as estimated by the simplified acute
physiology score IT and the 68% as forecasted by the SOFA score (72).
In other small sample case series, CytoSorb® treatment during ECMO
was reported to significantly improve inflammatory parameters (73—
76). Besides, in cardiogenic shock patients, the combination of
CytoSorb® and V-A-ECMO
requirements, lactate levels, and mortality, with increased urine output
and decreased need for CRRT (77, 78).

However, some RCTs and prospective cohort studies conflicted

therapy reduced vasopressor

with these positive findings from retrospective studies. In 2020, the
CYCOV trial, the first single open-label RCT, divided 34 COVID-19
patients requiring ECMO into two groups (79). After 72 h of CytoSorb®
hemoadsorption, the median IL-6 concentration decreased from
357.0 pg/mL to 98.6 pg/mL in the CytoSorb® group and from 289.0 pg/
mL to 112.0 pg/mL in the control group, but the difference was not
significant (p = 0.54). Notably, 14 patients died in the CytoSorb® group,
compared to only 3 in the control group, suggesting a potential negative
effect of CytoSorb® treatment on survival (79). This may be traced to
the immunosuppression after improper clearance of cytokines,
potentially exacerbating the damage caused by infection. Additionally,
inappropriate on-broad time and incomparable baseline IL-6 level
(357.0 pg/mL in CytoSorb® group vs. 289.0 pg/mL in the control group)
may account for higher death burden in CytoSorb® group. A subsequent
single-center trial including 50 patients who received ECMO for
extracorporeal cardiopulmonary resuscitation reported no
improvements in serum IL-6, survival, vasopressor support, or markers
of injury (80). In further post-hoc analysis in 41 patients of this trial, the
alternation of IL-6 was still not significant. Moreover, a study enrolling
21 patients with out-of-hospital cardiac arrest demonstrated that in 10
patients receiving hemoadsorption proved that CytoSorb® therapy
failed to reduce IL-6 levels without safety concerns (81).

In summary, the prognosis of CytoSorb® in conjunction with

ECMO remains insufficiently explored. The observational studies
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so far have very small sample sizes, raising the possibility of small
sample bias, while compelling RCTs with standard CytoSorb®
prescription (e.g., the on-broad time and frequency of changing
hemofilters) and comparable baseline characteristics are still
absent, arousing concerns for current conclusions. ECMO is used
in the ICU for a variety of conditions, and the effects of combining
ECMO with CytoSorb® in different clinical scenarios are not yet
well understood. Patients most suitable for this technique and
prognostic factors that may play a role in selecting optimal
population (e.g., SOFA) are controversial. Although CytoSorb®
exhibited some pessimistic results in prognosis, future research
could cultivate potential beneficial subgroups with longer
follow-up periods, larger sample sizes and standardized designs.

3.5 Liver failure

Liver failure can cause metabolic imbalances favoring hepatic
bilirubin production over enteric or uric clearance (82, 83).
of CytoSorb®
hemoadsorption, in the serum of liver failure patients is toxic and

Excessive bilirubin, a dominant target
can further cause extensive destruction of the liver, kidney, heart
and skin (82, 84, 85). Riva et al. demonstrated that CytoSorb® had
the superior adsorption capability for bilirubin and bile acids in
comparison with the molecular adsorbent recirculating system, the
fractionated plasma separation and adsorption system (86). In vitro
studies also showed that CytoSorb® exhibited an outstanding
ability to adsorb bilirubin (87, 88).

Following several successful case series (89-91), observational
studies investigated prospective outcomes of CytoSorb® in patients with
liver failure. Greimel et al. prospectively included 20 ICU patients with
cholestatic liver disorders and integrated CytoSorb® into the dialysis
circuit, measuring total and conjugated bilirubin levels (92). Initially,
the reduction ratios for total and conjugated bilirubin were —31.8% and
—30.3% and these ratios decreased to —4.5% and —4.8% respectively,
after 6 h (92). Another study including 33 acute liver failure patients
reported a median reduction ratio of total bilirubin of 22.8% after 1 day
of CytoSorb® therapy (93). Similarly, Haselwaner et al. retrospectively
analyzed 21 patients with acute-on-chronic liver failure and found that,
after CytoSorb® hemoadsorption, serum levels of bilirubin,
procalcitonin and IL-6 decreased significantly from 20.7 mg/L to
10.8 mg/L (p < 0.001), from 1.34 pg/L to 0.74 pg/L (p < 0.001), and
from 385 ng/L to 131 ng/L (p = 0.0182), respectively (94). In contrast,
a prospective, randomized, single-center, open-label, controlled pilot
trial (CYTOHEP) aimed to investigate the effect of bilirubin absorption
by CytoSorb® hemoadsorption (95). Patients with acute-on-chronic
liver failure were divided into three groups: CRRT with hemoadsorption,
CRRT alone, and no CRRT. After 72 h of extracorporeal hemoperfusion,
the median level of bilirubin in the combined CRRT and CytoSorb®
group was lowered by —8.0 mg/dL (p = 0.17) compared with that in the
CRRT alone group. When comparing CRRT with hemoadsorption to
no CRRT, the reduction was not significant (—9.4 mg/dL, 95% CI,
—20.8 to 2.1 mg/dL; p =0.0854). These results failed to prove the
efficacy of CytoSorb® in eliminating bilirubin for patients with acute-
on-chronic liver failure. Nevertheless, due to difficulties in recruiting
patients and ethical concerns, the CYTOHEP trial was terminated early
with only 9 patients, and the open-label study design may also influence
the results. Consequently, this study exhibited high risks and
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insufficiently provided robust evidence, which demanded further
exploration in RCTs and cohorts with larger sample sizes.

As for mortality, Grife et al. reported that CytoSorb®
hemoadsorption was not associated with improved survival rates in
82 patients with bilirubin levels greater than 10 mg/dL (96). RCTs with
mortality as primary outcome measure are thus needed in the future
to justify the use of CytoSorb® in patients with hyperbilirubinemia.

3.6 Rhabdomyolysis

Rhabdomyolysis refers to straited muscle damage or necrosis that
results in the leakage of intracellular components into the extracellular
fluid (97). During rhabdomyolysis, destroyed muscle cells can release
myoglobin and creatine kinase, which further disrupt renal tubular
integrity and ultimately trigger AKI through the Fenton reaction (98,
99). Early in 2015, Wiegele et al. reported the first use of CytoSorb®
hemoadsorption in a patient with legionella pneumonia-associated
rhabdomyolysis. They found that CytoSorb® treatment significantly
reduced plasma myoglobin from 18,390 to 10,020 ng/mL within 8 h
to preserve renal function (100). Since then, CytoSorb®
hemoadsorption has been implemented as a therapeutic alternative
for rhabdomyolysis in several case reports (101-103).

Scharf et al. subsequently performed a retrospective study
enrolling 43 critically ill rhabdomyolysis patients with myoglobin
levels higher than 5,000 ng/mL who underwent CytoSorb®
hemoadsorption for more than 90 min (104). They reported that there
was a significant correlation between creatine kinase and myoglobin
at all measurement points. In 21 patients without ongoing
rhabdomyolysis, the median circulating myoglobulin concentration
significantly decreased by 38% during CytoSorb® treatment.
Additionally, Albrecht et al. included 8 participants and randomly
assigned them into two equal groups (105). The area under the curve
for myoglobin concentration was significantly reduced at 24h
(42 £10% vs. 63 + 6%, p =0.029) and 48 h (26 £ 7% vs. 51 + 12%,
p=0.029) in patients treated with CytoSorb® (105). In contrast,
CytoSorb® hemoadsorption failed to reduce myoglobin levels in 22
patients with increased creatine kinase and ongoing rhabdomyolysis,
with a median relative reduction of only 4%.

In 2024, Graf et al. conducted a prospective study that included 20
severe rhabdomyolysis patients with plasma myoglobin levels higher
than 5,000 ng/mL to further determine the adsorption capacity and
saturation kinetics of myoglobin elimination (106). The median
myoglobin plasma clearance at 10 min after CytoSorb® treatment was
64.0 ml/min, decreasing rapidly to 29.1 mL/min, 16.1 ml/min, 7.9 mL/
min, and 3.7 mL/min after 1, 3, 6, and 12 h, respectively. In the following
year, a prospective cohort consist of 102 patients with rhabdomyolysis
and AKI who underwent treatment with CytoSorb in combination with
high-flux F60S dialyzer demonstrated significant improvement of SOFA
score despite elimination of myoglobulin (107). Similarly, Caroline et al.
investigated 35 matched pairs of patients with a myoglobin
concentration >10,000 ng/mL (108). After the 30-day follow-up, the
kidney recovery rate was significantly higher in the CytoSorb® group
compared to the control group (61.1% vs. 23.5%, p = 0.03). In general,
some cohorts considered potential effects from confounding factors and
kept intergroup comparability to offer convincing observational results
(106-108). However, the relatively small sample size, and selection bias
from retrospective study design were inevitable. Future research ought
to call on controlled prospective designs to sustain these findings.
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3.7 Burn injuries

Sepsis and septic shock are common complications of severe
burns and are associated with high mortality. Patients with severe
burns may also develop AKI due to inflammation and microcirculatory
dysregulation secondary to sepsis (109). It is well established that burn
patients experience an uncontrolled, dysregulated host response
characterized by significant changes in mediators such as IL-8,
MCP-1, and IL-6, as well as the activation of the apoptosis pathway
(110). Consequently, extracorporeal blood purification techniques
have been used to treat septic shock in burn patients, addressing both
AKI and hyperinflammation (110).

In 2017, the RESCUE trial enrolled 37 burn patients with septic
shock and AKI to evaluate the impact of high-volume hemofiltration
(HVHF) on hemodynamics and organ function (111). The study found
a reduction in vasopressor dependency after 48 h of HVHF treatment
at a dose of 70 mL/kg/h and a decrease in the MODS score at 14 days.
However, there were no significant differences in survival or changes in
inflammatory markers between the HVHF and control groups.

Recently, Mariano et al. conducted a retrospective analysis of the
impact of the adjunctive CytoSorb® cartridge in burn patients with
septic shock-associated AKI undergoing CRRT (112). The study
included 37 burn patients who developed septic shock-associated AKI
and received CRRT for more than 72 h. Among them, 11 patients were
treated with CytoSorb® as adjunctive therapy for refractory septic
shock (Hemoadsorption group), while 24 patients were not (Control
group). In the hemoadsorption group, CytoSorb® and CRRT were
coupled, with the CytoSorb® cartridge placed in a prefilter position
according to the manufacturer’s instructions. The CytoSorb® cartridge
and extracorporeal circuit were changed every 24 h. The results
showed patients in the hemoadsorption group had a significant
reduction in norepinephrine use compared with those in the control
group. The in-hospital mortality rates were 45.4 and 70.8% in the
hemoadsorption group and control group, respectively. However,
these findings, which are not conclusive, should be viewed as a starting
point for future randomized controlled trials aimed at clarifying the
role of CytoSorb® in the treatment of severe burn patients.

3.8 Detoxication

Due to its chemical affinity, CytoSorb® is also used for managing
drug overdoses and detoxification. Drugs with similar hydrophobic
structures can bind tightly to the polymer beads in the CytoSorb®
cartridge (113, 114). For example, lethal doses of digoxin and clozapine
can be effectively cleared (115-117). CytoSorb® hemoadsorption is
primarily an adjunctive treatment for emergencies and should not replace
direct antidote (113, 118-125) (Table 2). Given the differences in drug
properties, treatment duration, and blood flow, these parameters should
be individually adjusted for personalized treatment (2, 8, 126, 127).

4 Drug clearance during CytoSorb®
sessions
4.1 Anticoagulant removal

Previous studies have reported anticoagulants, including
rivaroxaban, edoxaban, apixaban, ticagrelor, and dabigatran etexilate,
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can be removed by CytoSorb® treatment (128-132). Therefore,
CytoSorb® is indicated for alleviating circulating anticoagulant levels
and risks for bleeding (Table 2). In patients undergoing cardiac
surgery, those treated with CytoSorb® experienced a significant
reduction in postoperative bleeding events, platelet transfusion
requirements, and postoperative chest tube drainage volume
compared to those receiving standard medical care (133-135). These
findings suggest that CytoSorb® can improve outcomes for patients
undergoing cardiac surgery. However, whether actively removing
anticoagulants can reduce serious perioperative bleeding in patients

10.3389/fmed.2025.1628241

undergoing urgent cardiac surgery requires further evaluation in
double-blind randomized studies.

4.2 Elimination of anti-infective drugs

The influence of CytoSorb® on the metabolism of anti-infective
drugs was reported in 2019. In a case involving a 14-year-old boy
with a methicillin-resistant Staphylococcus infection, the dose of
clindamycin used during CytoSorb® hemoadsorption had to

TABLE 2 Drugs that can be absorbed by CytoSorb® and possible effects after clearance.

Possible effect Drug classification = Pharmacal substance Reference
Digitoxin (116)
Positive inotropic drugs Digoxin (117)
Levosimendan (127)
Dabigatran (128)
Positive or negative effects (depending Endoxaban (129)
on indications and dose) Apixaban (127, 135)
Anticoagulants Ticagrelor (130)
Argatroban (127, 131)
Rivaroxaban (132)
Bivalirudin (142)
Quetiapine (119)
Antipsychotic drugs
Clozapine (115)
Lamotrigine (120, 127)
Anti-epileptic drugs Carbamazepine
(117,127)
Phenytonin
Venlafaxine (121)
Positive effects (mainly detoxication)
Antidepressants Amitriptyline (122)
Amitryptilin (123)
3,4-Methylenedioxy-methamphetamine (MDMA) (124)
Narcotics
Patent Blue V (diethylamino-4-phenyl) (125)
Aflatoxin B1 (114)
Toxins
Toxic Shock Syndrome toxin-1 (TSST-1) (13)
Levofloxacine
(139)
Ceftazidime
Vancomycin (140)
Antibacterial drugs Meropenem
(118)
Ciprofloxacin
Negative effects (disturb therapeutic Clindamycin (136)
pharmacokinetics) Linezolid
Fluconazole (137)
Antimycotic drugs
Posaconazole
Antiviral drugs Remdesivir (138)
Albumin (141)
Plasma components
Platelet (141)

The data are mainly collected from clinical trials and case series, and few come from in vitro experiments.
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be adjusted (136). Since then, in vitro experiments have
demonstrated that CytoSorb® can effectively remove anti-infective
drugs (118, 137-141) (Table 2). As for clinical evidence,
Scandroglio et al. investigated the impact of CytoSorb® on the
kinetics of vancomycin and bivalirudin in 89 patients who
underwent CytoSorb® treatment with no significant removal of
vancomycin or bivalirudin during CytoSorb® sessions (142). In
contrast, a prospective observational study including 7 patients
and 160 serum samples suggested that infusing 500 mg of
vancomycin over 2 h of CytoSorb® treatment is necessary to avoid
subtherapeutic concentrations due to the accelerated drug
elimination (10). Overall, CytoSorb® hemoadsorption may
accelerate unwanted drug elimination in critically ill patients.
However, the degree of clearance is heterogeneous among different
drugs, making further studies with emphasis on specific drug
targets essential (143).

5 Outlook

Activated host immune responses can cause cytokine storms,
leading to inflammatory injuries such as sepsis, post-cardiac
surgery complications, and ARDS, which are the most frequent
indications for CytoSorb® use (8, 126, 144). The affinity of
CytoSorb® to other biomolecules, including bilirubin, bile acids,
myoglobin and pharmaceutical agents, has widened its clinical
application in patients with liver dysfunction, rhabdomyolysis and
drug removal (Figure 4). Additionally, CytoSorb® has been also

10.3389/fmed.2025.1628241

reported to treat other diseases associated with hyperinflammation,
(145-147) and hemophagocytic
lymphohistiocytosis (148, 149). However, most of the evidence

including  pancreatitis

comes from case series and observational studies, with significant
intergroup imbalances and baseline differences (16, 150). These
limitations may be the primary reasons for current contradictory
conclusions in this field. The lack of standardized RCTs further
contributes to these controversies and makes it difficult to define
the universal efficacy of CytoSorb® hemoadsorption in ICU
settings. The uncertainty of its efficiency requires clinicians to
apply this technique with caution (151, 152). Beyond these, most
of small-sample observations present conflicted results with RCTs,
underlying publication bias toward positive outcomes and patient
selection bias may contribute to this difference. While other studies
employed CytoSorb® as an adjunctive therapy for more than 3 days
in peri-operative management, the REMOVE trail only utilized
CytoSorb® during cardiac surgeries for a few hours (64). Beyond
this, despite higher mortality in CytoSorb treatment observed in
the CYCOV trial, the baseline cytokine level was not comparable
(79), which assigned patients in CytoSorb treatment with sever
inflammation. These findings suggested that improper on-board
time, heterogeneous treatment duration and incomparable baseline
condition of illness may lead to these conflicted results.
Theoretically, initiating CytoSorb too late may significantly
compromise its therapeutic efficacy, whereas commencing
treatment too early or extending the treatment excessively may
increase the risk of exacerbating infections. The variations in
prescriptions based on different clinical experiences among
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TABLE 3 Ongoing clinical trials evaluating the safety and efficiency of CytoSorb® hemoadsorption in critical ill patients.

NCT
number

Current
status

Location

Study
population

Key outcomes

Estimated
enrollment

Dates of
termination

Frontiers in Medicine

10

NCT04812717 | Recruiting Netherlands Quadruple Patients with heart  Vascular resistance index, 36 31 January 2026
blinded RCT failure incidence of vasoplegia
NCT06079021 | Recruiting Belgium Observational Patients with acute | serum bilirubin removal; 20 30 June 2026
study on chronic live changes in ammonia and
failure severity of hepatic
encephalopathy
NCT05027529 | Recruiting Germany Quadruple Patients with Change in inotropic score 54 December 2024
blinded RCT cardiogenic shock  after 72h
and indication for
V-A ECMO
NCTO04013269 = Activate, not | Germany Open label RCT | Patients with Percentage of patients 32 December 2023
recruiting refractory septic with a reduction of
shock catecholamine dose of at
least 25% within the first
48 h of treatment;
Change in organ
dysfunction
NCT04963920 = Recruiting Germany Single blinded | Patients treated Percentage change in 260 May 2025
RCT with standard of noradrenaline dose 24 h
care and vasoplegic | after baseline
septic shock
NCT04596813 | Recruiting United Kingdom Double blinded | Scheduled for Increase in plasma IL-6 60 30 June 2025
RCT elective LVAD concentration and
implantation with | incidence of serious
the use of device related adverse
cardiopulmonary events
bypass
NCT04203004 = Activate, not | Italy Open label RCT | Patients with liver | Incidence of 20 31 December 2023
recruiting transplantation postreperfusion
syndrome and incidence
of early allograft
dysfunction
NCT05270902 = Recruiting Austria Single blinded Adult patients Difference in maximal 40 30 June 2024
RCT undergoing heart cytokine peak levels and
transplantation difference of
immunosuppression
NCT05146336 | Recruiting Germany; Italy; Observational Patients who are ICU mortality and in- 3,000 September 2032
Portugal and Spain study potentially hospital mortality
indicated to
CytoSorb®
NCT05077124 | Recruiting Austria; Belgium; Observational Patients with Bleeding complications 500 30 September 2025
Germany; Sweden and study thrombotic risks including requirements
United Kingdom for transfusions and
other blood products
NCT05526950 | Recruiting Sweden Open label RCT | Patients Cytokine reduction and 116 31 December 2029
undergoing double | PaO2/FiO2 ratio at 24 h,
lung 48hand 72 h
transplantation
NCT04048434 | Activate, not | Germany and Single blinded Patients with Levels of IL-6 34 September 2024
recruiting Switzerland RCT severe cytokine
release syndrome
(Continued)
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TABLE 3 (Continued)

NCT
number

Dates of
termination

Estimated
enrollment

Current  Location

status

Study
population

Key outcomes

NCT06261164 Patients with

diagnosis of SIRS,

Recruiting Bosnia and Herzegovina | Observational Development of 20 31 January 2025

study population
sepsis and/or septic

shock and

pharmacokinetic model

receiving treatment
of amikacin and/or

vancomycin

RCT, randomized controlled trail, ICU, intensive care unit, SIRS, systemic inflammatory response syndrome, LVAD, left ventricle assist device, V-A ECMO, venous-arterial extracorporeal

membrane oxygenation.

researchers in recent studies may hinder the reliability of the final
data. Consequently, reaching a standardized protocol concerning
the appropriate dose, timing, equipment manufacturing and
methods to patients with different indications is important. To
address these issues, future studies should concentrate on a single
indication under standardized study protocols, such as acutely
injured individuals with hypermyoglobinemia or COVID-19
patients with a cytokine storm, to identify the most suitable
syndromes or conditions for CytoSorb® treatment. Future high-
quality RCTs should also consider factors such as standard study
samples, change frequency of the adsorber, timing issues,
medication administration and monitoring during each session
and composite outcomes related to patient prognosis to better
define the core aspects of CytoSorb® hemoadsorption. Academic
authorities also should encourage publication of negative outcomes
based on serious study design and registration of study protocols
for alleviation of selective reports.

As shown in Table 3, there are several registered ongoing
clinical trials' aimed at evaluating the efficacy and safety of
CytoSorb® in various patient populations. These include patients
with septic shock (NCT04013269, NCT04963920 and
NCT06261164), hyperinflammation (NCT04048434), or increased
bleeding risks (NCT05077124). The trials also involve patients
undergoing cardiac surgeries (NCT04596813, NCT04203004,
NCT05270902 and NCT05526950) or ECMO (NCT05027529).
We believe that these studies will address the current research gaps
and refine clinical practice in the future.

6 Conclusion

CytoSorb® has a wide range of potential indications due to its
broad absorption on cytokines, bilirubin, bile acids, myoglobin and
drugs. Plenty of research delivered potential application prospects
of this device in rescuing critically ill patients in ICU settings.
However, its efficacy and safety remain inconclusive due to the
heterogeneity of current studies and a lack of high-quality
randomized controlled trials. Consequently, current findings should
be interpreted with caution and future investigations are necessary
to address these research gaps.

1 https://clinicaltrials.gov

Frontiers in Medicine

Author contributions

KL: Writing - review & editing, Writing - original draft. AC:
Writing - original draft, Resources. XA: Resources, Writing - original
draft. JG: Writing - review & editing. BS: Conceptualization,
Writing - review & editing. YL: Conceptualization, Writing — review
& editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This work was
financially sponsored by the National Natural Science Foundation
of China (Grant Nos. U21A2098, 82300848, and 82302211), the
Sichuan Science and Technology Program (Grant No.
2024YFFK0060), and the Chengdu Science and Technology
Program (2024-YF09-00013-SN).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or those
of the publisher, the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made by its manufacturer,
is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1628241
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://clinicaltrials.gov

Leietal.

References

1. Huang P, Zuo Q, Li Y, Oduro PK, Tan F, Wang Y, et al. A vicious cycle: in severe and
critically il COVID-19 patients. Front Immunol. (2022) 13:930673. doi:
10.3389/fimmu.2022.930673

2. Bidar F, Abrard S, Lamblin A, Rimmelé T. Hemoperfusion: Indications, dose,
prescription. Contrib Nephrol. (2023) 200:88-97. doi: 10.1159/000529294

3. Roggeveen LE, Guo T, Fleuren LM, Driessen R, Thoral P, van Hest RM, et al. Right
dose, right now: bedside, real-time, data-driven, and personalised antibiotic dosing in
critically ill patients with sepsis or septic shock-a two-Centre randomised clinical trial.
Crit Care. (2022) 26:265. doi: 10.1186/s13054-022-04098-7

4. Binneboessel S, Bruno RR, Wernly B, Masyuk M, Flaatten H, Fjolner J, et al.
Cytokine absorption in critically ill old COVID-19 patients with renal failure: a
retrospective analysis of 503 intensive care unit patients. Clin Hemorheol Microcirc.
(2022) 85:105-13. doi: 10.3233/CH-221579

5. Jansen A, Waalders NJB, van Lier DPT, Kox M, Pickkers P. Cytosorb hemoperfusion
markedly attenuates circulating cytokine concentrations during systemic inflammation
in humans in vivo. Crit Care. (2023) 27:117. doi: 10.1186/s13054-023-04391-z

6. Ricci Z, Romagnoli S, Reis T, Bellomo R, Ronco C. Hemoperfusion in the intensive
care unit. Intensive Care Med. (2022) 48:1397-408. doi: 10.1007/s00134-022-06810-1

7. Clark WR, Gao D, Lorenzin A, Ronco C. Membranes and sorbents. Contrib
NEPhrol. (2018) 194:70-9. doi: 10.1159/000485603

8. Poli EC, Rimmelé T, Schneider AG. Hemoadsorption with CytoSorb®4 Intensive
Care Med. (2019) 45:236-9. doi: 10.1007/s00134-018-5464-6

9. Poli EC, Alberio L, Bauer-Doerries A, Marcucci C, Roumy A, Kirsch M, et al.
Cytokine clearance with CytoSorb~ during cardiac surgery: a pilot randomized
controlled trial. Crit Care. (2019) 23:108. doi: 10.1186/s13054-019-2399-4

10. Scharf C, Weinelt E, Schroeder I, Paal M, Weigand M, Zoller M, et al. Does the
cytokine adsorber CytoSorb™ reduce vancomycin exposure in critically ill patients with
sepsis or septic shock? A prospective observational study. Ann Intensive Care. (2022)
12:44. doi: 10.1186/s13613-022-01017-5

11. Hellman T, Uusalo P, Jarvisalo MJ. Renal replacement techniques in septic shock.
Int ] Mol Sci. (2021) 22:10238. doi: 10.3390/ijms221910238

12. Kellum JA, Song M, Venkataraman R. Hemoadsorption removes tumor necrosis
factor, interleukin-6, and interleukin-10, reduces nuclear factor-kappaB DNA binding,
and improves short-term survival in lethal endotoxemia. Crit Care Med. (2004)
32:801-5. doi: 10.1097/01.ccm.0000114997.39857.69

13. Gruda MC, Ruggeberg KG, O’Sullivan P, Guliashvili T, Scheirer AR, Golobish TD,
et al. Broad adsorption of sepsis-related PAMP and DAMP molecules, mycotoxins, and
cytokines from whole blood using CytoSorb® sorbent porous polymer bead. PLoS One.
(2018) 13:¢0191676. doi: 10.1371/journal.pone.0191676

14. Houschyar KS, Pyles MN, Rein S, Nietzschmann I, Duscher D, Maan ZN, et al.
Continuous hemoadsorption with a cytokine adsorber during sepsis—a review of the
literature. Int J Artif Organs. (2017) 40:205-11. doi: 10.5301/ij20.5000591

15. CytoSorbents. CytoSorbTM 300 mL device - Instructions for use. New Jersey:
CytoSorbents Inc. (2012).

16. Becker S, Lang H, Vollmer Barbosa C, Tian Z, Melk A, Schmidt BMW. Efficacy of
CytoSorb®: a systematic review and meta-analysis. Crit Care. (2023) 27:215. doi:
10.1186/s13054-023-04492-9

17. Barker TH, Habibi N, Aromataris E, Stone JC, Leonardi-Bee ], Sears K, et al. The
revised JBI critical appraisal tool for the assessment of risk of bias for quasi-experimental
studies. JBI Evid Synth. (2024) 22:378-88. doi: 10.11124/JBIES-23-00268

18. Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2:
a revised tool for assessing risk of bias in randomised trials. BM]J. (2019) 366:14898. doi:
10.1136/bm.14898

19. Chousterman BG, Swirski FK, Weber GE. Cytokine storm and sepsis disease
pathogenesis. Sermin Immunopathol. (2017) 39:517-28. doi: 10.1007/500281-017-0639-8

20. Gotts JE, Matthay MA. Sepsis: pathophysiology and clinical management. BMJ.
(2016) 353:11585. doi: 10.1136/bmj.i1585

21. Martin GS. Sepsis, severe sepsis and septic shock: changes in incidence, pathogens
and outcomes. Expert Rev Anti-Infect Ther. (2012) 10:701-6. doi: 10.1586/eri.12.50

22.Klein DJ, Derzko A, Foster D, Seely AJ, Brunet F, Romaschin AD, et al. Daily
variation in endotoxin levels is associated with increased organ failure in critically ill
patients. Shock. (2007) 28:524-9. doi: 10.1097/shk.0b013e31805363c6

23.Harm S, Schildbock C, Hartmann J. Cytokine removal in extracorporeal blood
purification: an in vitro study. Blood Purif. (2020) 49:33-43. doi: 10.1159/000502680

24. Nierhaus A, Morales ], Wendt D, Scheier ], Gutzler D, Jarczak D, et al. Comparison
of the CytoSorb © 300 mL and Jafron HA380 hemoadsorption devices: an in vitro study.
Minim  Invasive  Ther  Allied  Technol. (2022) 31:1058-65.  doi:
10.1080/13645706.2022.2104617

25. Kasper R, Rodriguez-Alfonso A, Stindker L, Wiese S, Schneider EM. Major
endothelial damage markers identified from hemadsorption filters derived from treated
patients with septic shock - endoplasmic reticulum stress and bikunin may play a role.
Front Immunol. (2024) 15:1359097. doi: 10.3389/fimmu.2024.1359097

Frontiers in Medicine

12

10.3389/fmed.2025.1628241

26. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, et al.
Surviving sepsis campaign: international guidelines for management of sepsis and septic
shock 2021. Intensive Care Med. (2021) 47:1181-247. doi: 10.1007/s00134-021-06506-y

27. Hawchar F, Laszl6 I, 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) 49:172-8. doi: 10.1016/j.jcrc.2018.11.003

28. Berlot G, Samola V, Barbaresco I, Tomasini A, di Maso V, Bianco F, et al. Effects
of the timing and intensity of treatment on septic shock patients treated with
CytoSorb®: clinical experience. Int ] Artif Organs. (2022) 45:249-53. doi:
10.1177/03913988211073812

29. Brouwer WP, Duran S, Ince C. Improved survival beyond 28 days up to 1 year after
CytoSorb treatment for refractory septic shock: A propensity-weighted retrospective
survival analysis. Blood Purif. (2021) 50:539-45. doi: 10.1159/000512309

30. Schultz P, Schwier E, Eickmeyer C, Henzler D, Kéhler T. High-dose CytoSorb
hemoadsorption is associated with improved survival in patients with septic shock: A
retrospective cohort study. J Crit Care. (2021) 64:184-92. doi: 10.1016/j.jcrc.2021.04.011

31. Zuccari S, Damiani E, Domizi R, Scorcella C, D’Arezzo M, Carsetti A, et al.
Changes in cytokines, Haemodynamics and microcirculation in patients with Sepsis/
septic shock undergoing continuous renal replacement therapy and blood purification
with CytoSorb. Blood Purif. (2020) 49:107-13. doi: 10.1159/000502540

32.Paul R, Sathe P, Kumar S, Prasad S, Aleem M, Sakhalvalkar P. Multicentered
prospective investigator initiated study to evaluate the clinical outcomes with
extracorporeal cytokine adsorption device (CytoSorb™) in patients with sepsis and
septic shock. World J Crit Care Med. (2021) 10:22-34. doi: 10.5492/wjccm.v10.i1.22

33.Singh YP, Chhabra SC, Lashkari K, Taneja A, Garg A, Chandra A, et al.
Hemoadsorption by extracorporeal cytokine adsorption therapy (CytoSorb®) in the
management of septic shock: A retrospective observational study. Int J Artif Organs.
(2020) 43:372-8. doi: 10.1177/0391398819891739

34. Orban C, Bratu A, Agapie M, Borjog T, Jafal M, Sima RM, et al. To Hemoadsorb
or not to Hemoadsorb-do we have the answer yet? An updated Meta-analysis on the use
of CytoSorb in Sepsis and septic shock. Biomedicine. (2025) 13:180. doi:
10.3390/biomedicines13010180

35. Kogelmann K, Hiibner T, Schwameis E, 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. J Clin Med.
(2021) 10:2939. doi: 10.3390/jcm10132939

36. Scharf C, Schroeder I, Paal M, Winkels M, Irlbeck M, Zoller M, et al. Can the
cytokine adsorber CytoSorb™ help to mitigate cytokine storm and reduce mortality in
critically ill patients? A propensity score matching analysis. Ann Intensive Care. (2021)
11:115. doi: 10.1186/s13613-021-00905-6

37. Heymann M, Schorer R, Putzu A. The effect of CytoSorb on inflammatory markers
in critically ill patients: A systematic review and Meta-analysis of randomized controlled
trials. Crit Care Med. (2023) 51:1659-73. doi: 10.1097/CCM.0000000000006007

38. Mitzner S, Kogelmann K, Ince C, Molnér Z, Ferrer R, Nierhaus A. Adjunctive
Hemoadsorption therapy with CytoSorb in patients with septic/Vasoplegic shock: A best
practice consensus statement. J Clin Med. (2023) 12:7199. doi: 10.3390/jcm12237199

39.Bein B, Bachmann M, Huggett S, Wegermann P. SARS-CoV-2/COVID-19:
evidence-based recommendations on diagnosis and therapy. Geburtshilfe Frauenheilkd.
(2020) 80:491-8. doi: 10.1055/a-1156-3991

40. Ramasamy S, Subbian S. Critical determinants of cytokine storm and type
I interferon response in COVID-19 pathogenesis. Clin Microbiol Rev. (2021)
34:€00299-20. doi: 10.1128/CMR.00299-20

41. Chen G, Zhou Y, Ma J, Xia P, Qin Y, Li X. Is there a role for blood purification
therapies targeting cytokine storm syndrome in critically severe COVID-19 patients?
Ren Fail. (2020) 42:483-8. doi: 10.1080/0886022X.2020.1764369

42. Ruiz-Rodriguez JC, Plata-Menchaca EP, Chiscano-Camén L, Ruiz-Sanmartin A,
Ferrer R. Blood purification in sepsis and COVID-19: what’s new in cytokine and
endotoxin hemoadsorption. ] Anesth Analg Crit Care. (2022) 2:15. doi:
10.1186/s44158-022-00043-w

43. Wunderlich-Sperl E, Kautzky S, Pickem C, Hérmann C. Adjuvant hemoadsorption
therapy in patients with severe COVID-19 and related organ failure requiring CRRT or
ECMO therapy: A case series. Int ] Artif Organs. (2021) 44:694-702. doi:
10.1177/03913988211030517

44. Mehta Y, Mehta C, Nanda S, Kochar G, George JV, Singh MK. Use of CytoSorb
therapy to treat critically ill coronavirus disease 2019 patients: a case series. ] Med Case
Rep. (2021) 15:476. doi: 10.1186/s13256-021-03021-y

45. Nassiri AA, Hakemi MS, Miri MM, Shahrami R, Koomleh AA, Sabaghian T. Blood
purification with CytoSorb in critically ill COVID-19 patients: A case series of 26
patients. Artif Organs. (2021) 45:1338-47. doi: 10.1111/a0r.14024

46. Ruiz-Rodriguez JC, Chiscano-Camén L, Ruiz-Sanmartin A, Palmada C, Paola
Plata-Menchaca E, Franco-Jarava C, et al. Cytokine Hemoadsorption as Rescue
therapy for critically ill patients with SARS-CoV-2 pneumonia with severe respiratory
failure and Hypercytokinemia. Front Med. (2021) 8:779038. doi:
10.3389/fmed.2021.779038

frontiersin.org


https://doi.org/10.3389/fmed.2025.1628241
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3389/fimmu.2022.930673
https://doi.org/10.1159/000529294
https://doi.org/10.1186/s13054-022-04098-7
https://doi.org/10.3233/CH-221579
https://doi.org/10.1186/s13054-023-04391-z
https://doi.org/10.1007/s00134-022-06810-1
https://doi.org/10.1159/000485603
https://doi.org/10.1007/s00134-018-5464-6
https://doi.org/10.1186/s13054-019-2399-4
https://doi.org/10.1186/s13613-022-01017-5
https://doi.org/10.3390/ijms221910238
https://doi.org/10.1097/01.ccm.0000114997.39857.69
https://doi.org/10.1371/journal.pone.0191676
https://doi.org/10.5301/ijao.5000591
https://doi.org/10.1186/s13054-023-04492-9
https://doi.org/10.11124/JBIES-23-00268
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1007/s00281-017-0639-8
https://doi.org/10.1136/bmj.i1585
https://doi.org/10.1586/eri.12.50
https://doi.org/10.1097/shk.0b013e31805363c6
https://doi.org/10.1159/000502680
https://doi.org/10.1080/13645706.2022.2104617
https://doi.org/10.3389/fimmu.2024.1359097
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1016/j.jcrc.2018.11.003
https://doi.org/10.1177/03913988211073812
https://doi.org/10.1159/000512309
https://doi.org/10.1016/j.jcrc.2021.04.011
https://doi.org/10.1159/000502540
https://doi.org/10.5492/wjccm.v10.i1.22
https://doi.org/10.1177/0391398819891739
https://doi.org/10.3390/biomedicines13010180
https://doi.org/10.3390/jcm10132939
https://doi.org/10.1186/s13613-021-00905-6
https://doi.org/10.1097/CCM.0000000000006007
https://doi.org/10.3390/jcm12237199
https://doi.org/10.1055/a-1156-3991
https://doi.org/10.1128/CMR.00299-20
https://doi.org/10.1080/0886022X.2020.1764369
https://doi.org/10.1186/s44158-022-00043-w
https://doi.org/10.1177/03913988211030517
https://doi.org/10.1186/s13256-021-03021-y
https://doi.org/10.1111/aor.14024
https://doi.org/10.3389/fmed.2021.779038

Leietal.

47.Paisey C, Patvardhan C, Mackay M, Vuylsteke A, Bhagra SK. Continuous
hemadsorption with cytokine adsorber for severe COVID-19: A case series of 15
patients. Int J Artif Organs. (2021) 44:664-74. doi: 10.1177/03913988211023782

48. PengJY, Li L, Zhao X, Ding E Hou X, Peng Z. Hemoperfusion with CytoSorb® in
critically ill COVID-19 patients. Blood Purif. (2022) 51:410-6. doi: 10.1159/000517721

49. Alavi Darazam I, Kazempour M, Pourhoseingholi MA, Hatami F, Rabiei MM,
Javandoust Gharehbagh F, et al. Efficacy of Hemoperfusion in severe and critical cases
of COVID-19. Blood Purif. (2023) 52:8-16. doi: 10.1159/000524606

50. Jakopin E, Knehtl M, Hojs NV, Bevc S, Piko N, Hojs R, et al. Treatment of acute
kidney injury with continuous renal replacement therapy and cytokine adsorber
(CytoSorb®) in critically ill patients with COVID-19. Ther Apher Dial. (2024) 28:941-50.
doi: 10.1111/1744-9987.14182

51. Stockmann H, Thelen P, Stroben E Pigorsch M, Keller T, Krannich A, et al.
CytoSorb Rescue for COVID-19 patients with Vasoplegic shock and multiple organ
failure: A prospective, open-label, randomized controlled pilot study. Crit Care Med.
(2022) 50:964-76. doi: 10.1097/CCM.0000000000005493

52. Jarczak D, Roedl K, Fischer M, de Heer G, Burdelski C, Frings DP, et al. Effect of
Hemadsorption therapy in critically ill patients with COVID-19 (CYTOCOV-19): A
prospective randomized controlled pilot trial. Blood Purif. (2023) 52:183-92. doi:
10.1159/000526446

53. Wei S, Zhang Y, Zhai K, Li J, Li M, Yang J, et al. CytoSorb in patients with
coronavirus disease 2019: a rapid evidence review and meta-analysis. Front Immunol.
(2023) 14:1067214. doi: 10.3389/fimmu.2023.1067214

54. Wang Y, Bellomo R. Cardiac surgery-associated acute kidney injury: risk factors,
pathophysiology and treatment. Nat Rev Nephrol. (2017) 13:697-711. doi:
10.1038/nrneph.2017.119

55. Harky A, Badran A. Reducing antithrombotic-related bleeding risk in urgent and
emergency cardiac surgery. Br J Cardiol. (2021) 28:26. doi: 10.5837/bjc.2021.026

56. Saemann L, Hoorn F, Georgevici Al Pohl S, Korkmaz-Icoz S, Veres G, et al.
Cytokine adsorber use during DCD heart perfusion counteracts coronary microvascular
dysfunction. Antioxidants. (2022) 11:2280. doi: 10.3390/antiox11112280

57. Piskovatska V, Navarrete Santos A, Kalies K, Korca E, Stiller M, Szabé G, et al.
Proteins adsorbed during intraoperative hemoadsorption and their in vitro effects on
endothelium. Healthcare. (2023) 11:310. doi: 10.3390/healthcare11030310

58. Nemeth E, Soltesz A, Kovacs E, Szakal-Toth Z, Tamaska E, Katona H, et al. Use of
intraoperative haemoadsorption in patients undergoing heart transplantation: a proof-
of-concept randomized trial. ESC Heart Fail. (2024) 11:772-82. doi: 10.1002/ehf2.14632

59. Saller T, Hagl C, Woitsch S, Li Y, Niedermayer S, Born F, et al. Haemadsorption
improves intraoperative haemodynamics and metabolic changes during aortic surgery
with hypothermic circulatory arrest. Eur J Cardiothorac Surg. (2019) 56:731-7. doi:
10.1093/ejcts/ezz074

60. Nemeth E, Kovacs E, Racz K, Soltesz A, Szigeti S, Kiss N, et al. Impact of
intraoperative cytokine adsorption on outcome of patients undergoing orthotopic heart
transplantation-an observational study. Clin Transpl. (2018) 32:e13211. doi:
10.1111/ctr.13211

61.Boss K, Jahn M, Wendt D, Haidari Z, Demircioglu E, Thielmann M, et al.
Extracorporeal cytokine adsorption: significant reduction of catecholamine requirement
in patients with AKI and septic shock after cardiac surgery. PLoS One. (2021)
16:€0246299. doi: 10.1371/journal.pone.0246299

62. Haidari Z, Leiler S, Mamdooh H, Fittkau M, Boss K, Tyczynski B, et al. Effect of
intraoperative haemoadsorption therapy on cardiac surgery for active infective
endocarditis with confirmed Staphylococcus aureus bacteraemia. Interact Cardiovasc
Thorac Surg. (2023) 36:ivad010. doi: 10.1093/icvts/ivad010

63. Santer D, Miazza ], Koechlin L, Gahl B, Rrahmani B, Hollinger A, et al.
Hemoadsorption during cardiopulmonary bypass in patients with endocarditis
undergoing valve surgery: A retrospective single-center study. J Clin Med. (2021) 10:564.
doi: 10.3390/jcm10040564

64. Diab M, Lehmann T, Bothe W, Akhyari P, Platzer S, Wendt D, et al. Cytokine
Hemoadsorption during cardiac surgery versus standard surgical Care for Infective
Endocarditis (REMOVE): results from a multicenter randomized controlled trial.
Circulation. (2022) 145:959-68. doi: 10.1161/CIRCULATIONAHA.121.056940

65. Gleason TG, Argenziano M, Bavaria JE, Kane LC, Coselli JS, Engelman RM, et al.
Hemoadsorption to reduce plasma-free hemoglobin during cardiac surgery: results of
REFRESH 1 pilot study. Semin Thorac Cardiovasc Surg. (2019) 31:783-93. doi:
10.1053/j.semtcvs.2019.05.006

66. Kreutz ], Harbaum L, Barutcu CB, Rehman AS, Patsalis N, Mihali K, et al.
CytoSorb® Hemadsorption in cardiogenic shock: A real-world analysis of
hemodynamics, organ function, and clinical outcomes during mechanical circulatory
support. Biomedicine. (2025) 13:324. doi: 10.3390/biomedicines13020324

67. Rao P, Khalpey Z, Smith R, Burkhoff D, Kociol RD. Venoarterial extracorporeal
membrane oxygenation for cardiogenic shock and cardiac arrest. Circ Heart Fail. (2018)
11:¢004905. doi: 10.1161/CIRCHEARTFAILURE.118.004905

68. Napp LC, Lebreton G, De Somer E Supady A, Pappalardo E. Opportunities,
controversies, and challenges of extracorporeal hemoadsorption with CytoSorb during
ECMO. Artif Organs. (2021) 45:1240-9. doi: 10.1111/a0r.14025

Frontiers in Medicine

13

10.3389/fmed.2025.1628241

69. Akil A, Napp LC, Rao C, Klaus T, Scheier J, Pappalardo E. Use of CytoSorb©
Hemoadsorption in patients on Veno-venous ECMO support for severe acute
respiratory distress syndrome: A systematic review. J Clin Med. (2022) 11:5990. doi:
10.3390/jcm11205990

70. Napp LC, Ziegeler S, Kindgen-Milles D. Rationale of Hemoadsorption during
extracorporeal membrane oxygenation support. Blood Purif. (2019) 48:203-14. doi:
10.1159/000500015

71. Millar JE, Fanning JP, McDonald CI, McAuley DF, Fraser JE. The inflammatory
response to extracorporeal membrane oxygenation (ECMO): a review of the
pathophysiology. Crit Care. (2016) 20:387. doi: 10.1186/s13054-016-1570-4

72. Pieri M, Bonizzoni MA, Belletti A, Calabro MG, Fominskiy E, Nardelli P, et al.
Extracorporeal blood purification with CytoSorb in 359 critically ill patients. Blood
Purif. (2023) 52:759-67. doi: 10.1159/000530872

73. Trager K, Skrabal C, Fischer G, Schroeder J, Marenski L, Liebold A, et al.
Hemoadsorption treatment with CytoSorb™ in patients with extracorporeal life support
therapy: A case series. Int ] Artif Organs. (2020) 43:422-9. doi: 10.1177/0391398819895287

74. Kogelmann K, Scheller M, Driiner M, Jarczak D. Use of hemoadsorption in sepsis-
associated ECMO-dependent severe ARDS: A case series. ] Intensive Care Soc. (2020)
21:183-90. doi: 10.1177/1751143718818992

75. Akil A, Ziegeler S, Reichelt ], Rehers S, Abdalla O, Semik M, et al. Combined use
of CytoSorb and ECMO in patients with severe Pneumogenic Sepsis. Thorac Cardiovasc
Surg. (2021) 69:246-51. doi: 10.1055/s-0040-1708479

76. Rodeia SC, Martins FL, Fortuna P, Bento L. Cytokine adsorption therapy during
extracorporeal membrane oxygenation in adult patients with COVID-19. Blood Purif.
(2022) 51:791-8. doi: 10.1159/000518712

77. Lovri¢ D, Pasali¢ M, Krizanac S, Kovaci¢ K, Skori¢ B, Jurin H, et al. The addition
of Cytosorb in patients on VA-ECMO improves urinary output and ICU survival. Ther
Apher Dial. (2024) 28:103-11. doi: 10.1111/1744-9987.14064

78. Jabayeva N, Bekishev B, Lesbekov T, Nurmykhametova Z, Kaliyev R, Faizov L,
et al. Impact of extracorporeal haemoadsorption during prolonged cardiopulmonary
bypass on the incidence of acute kidney injury. J Extra Corpor Technol. (2024) 56:45-54.
doi: 10.1051/ject/2024004

79. Supady A, Weber E, Rieder M, Lother A, Niklaus T, Zahn T, 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) 9:755-62. doi: 10.1016/S2213-2600(21)00177-6

80. Supady A, Zahn T, Kuhl M, Maier S, Benk C, Kaier K, 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) 173:169-78. doi: 10.1016/j.resuscitation.2022.02.001

81. Monard C, Bianchi N, Poli E, Altarelli M, Debonneville A, Oddo M, et al. Cytokine
hemoadsorption with CytoSorb® in post-cardiac arrest syndrome, a pilot randomized
controlled trial. Crit Care. (2023) 27:36. doi: 10.1186/s13054-023-04323-x

82. Sullivan JI, Rockey DC. Diagnosis and evaluation of hyperbilirubinemia. Curr
Opin Gastroenterol. (2017) 33:164-70. doi: 10.1097/MOG.0000000000000354

83. Olusanya BO, Kaplan M, Hansen TWR. Neonatal hyperbilirubinaemia: a global
perspective. Lancet Child Adolesc Health. (2018) 2:610-20. doi: 10.1016/S2352-4642(18)30139-1

84. Vitek L, Hinds TD, Stec DE, Tiribelli C. The physiology of bilirubin: health and disease
equilibrium. Trends Mol Med. (2023) 29:315-28. doi: 10.1016/j.molmed.2023.01.007

85. Sarin SK, Choudhury A. Acute-on-chronic liver failure: terminology, mechanisms
and management. Nat Rev Gastroenterol Hepatol. (2016) 13:131-49. doi:
10.1038/nrgastro.2015.219

86. Riva I, Marino A, Valetti TM, Marchesi G, Fabretti F. Extracorporeal liver support
techniques: a comparison. J Artif Organs. (2023) 27:261-8. doi: 10.1007/s10047-023-01409-9

87. Acar U, Gokkaya Z, Akbulut A, Ferah O, Yenidiinya O, Agik ME, et al. Impact of
cytokine adsorption treatment in liver failure. Transplant Proc. (2019) 51:2420-4. doi:
10.1016/j.transproceed.2019.01.167

88. Dominik A, Stange J. Similarities, differences, and potential synergies in the
mechanism of action of albumin Dialysis using the MARS albumin Dialysis device and
the CytoSorb Hemoperfusion device in the treatment of liver failure. Blood Purif. (2021)
50:119-28. doi: 10.1159/000508810

89. Tomescu D, Popescu M, David C, Sima R, Dima S. Haemoadsorption by
CytoSorb® in patients with acute liver failure: A case series. Int ] Artif Organs. (2021)
44:560-4. doi: 10.1177/0391398820981383

90. Dhokia VD, Madhavan D, Austin A, Morris CG. Novel use of Cytosorb™
haemadsorption to provide biochemical control in liver impairment. J Intensive Care
Soc. (2019) 20:174-81. doi: 10.1177/1751143718772789

91. Hui WE, Cheung WL, Hon KL, Ku SW. The application of hemoadsorption for
hyperbilirubinemia and its impact on bilirubin removal kinetics in critically ill children.
Int J Artif Organs. (2023) 46:241-7. doi: 10.1177/03913988231163608

92. Greimel A, Habler K, Grife C, Maciuga N, Brozat CI, Vogeser M, et al.
Extracorporeal adsorption of protective and toxic bile acids and bilirubin in patients
with cholestatic liver dysfunction: a prospective study. Ann Intensive Care. (2023) 13:110.
doi: 10.1186/513613-023-01198-7

frontiersin.org


https://doi.org/10.3389/fmed.2025.1628241
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1177/03913988211023782
https://doi.org/10.1159/000517721
https://doi.org/10.1159/000524606
https://doi.org/10.1111/1744-9987.14182
https://doi.org/10.1097/CCM.0000000000005493
https://doi.org/10.1159/000526446
https://doi.org/10.3389/fimmu.2023.1067214
https://doi.org/10.1038/nrneph.2017.119
https://doi.org/10.5837/bjc.2021.026
https://doi.org/10.3390/antiox11112280
https://doi.org/10.3390/healthcare11030310
https://doi.org/10.1002/ehf2.14632
https://doi.org/10.1093/ejcts/ezz074
https://doi.org/10.1111/ctr.13211
https://doi.org/10.1371/journal.pone.0246299
https://doi.org/10.1093/icvts/ivad010
https://doi.org/10.3390/jcm10040564
https://doi.org/10.1161/CIRCULATIONAHA.121.056940
https://doi.org/10.1053/j.semtcvs.2019.05.006
https://doi.org/10.3390/biomedicines13020324
https://doi.org/10.1161/CIRCHEARTFAILURE.118.004905
https://doi.org/10.1111/aor.14025
https://doi.org/10.3390/jcm11205990
https://doi.org/10.1159/000500015
https://doi.org/10.1186/s13054-016-1570-4
https://doi.org/10.1159/000530872
https://doi.org/10.1177/0391398819895287
https://doi.org/10.1177/1751143718818992
https://doi.org/10.1055/s-0040-1708479
https://doi.org/10.1159/000518712
https://doi.org/10.1111/1744-9987.14064
https://doi.org/10.1051/ject/2024004
https://doi.org/10.1016/S2213-2600(21)00177-6
https://doi.org/10.1016/j.resuscitation.2022.02.001
https://doi.org/10.1186/s13054-023-04323-x
https://doi.org/10.1097/MOG.0000000000000354
https://doi.org/10.1016/S2352-4642(18)30139-1
https://doi.org/10.1016/j.molmed.2023.01.007
https://doi.org/10.1038/nrgastro.2015.219
https://doi.org/10.1007/s10047-023-01409-9
https://doi.org/10.1016/j.transproceed.2019.01.167
https://doi.org/10.1159/000508810
https://doi.org/10.1177/0391398820981383
https://doi.org/10.1177/1751143718772789
https://doi.org/10.1177/03913988231163608
https://doi.org/10.1186/s13613-023-01198-7

Leietal.

93. Scharf C, Liebchen U, Paal M, Becker-Pennrich A, Irlbeck M, Zoller M, et al.
Successful elimination of bilirubin in critically ill patients with acute liver dysfunction
using a cytokine adsorber and albumin dialysis: a pilot study. Sci Rep. (2021) 11:10190.
doi: 10.1038/s41598-021-89712-4

94. Haselwanter P, Scheiner B, Balcar L, Semmler G, Riedl-Wewalka M, Schmid M,
et al. Use of the CytoSorb adsorber in patients with acute-on-chronic liver failure. Sci
Rep. (2024) 14:11309. doi: 10.1038/541598-024-61658-3

95. Sekandarzad A, Graf E, Prager EP, Luxenburger H, Staudacher DL, Wengenmayer
T, et al. Cytokine adsorption in patients with acute-on-chronic liver failure
(CYTOHEP)-A single center, open-label, three-arm, randomized, controlled
intervention pilot trial. Artif Organs. (2024) 48:1150-61. doi: 10.1111/aor.14774

96. Grife C, Paal M, Winkels M, Irlbeck M, Liebchen U, Scharf C. Correlation between
bilirubin elimination with the cytokine adsorber CytoSorb™ and mortality in critically
ill patients with hyperbilirubinemia. Blood Purif. (2023) 52:849-56. doi:
10.1159/000532059

97.Stahl K, Rastelli E, Schoser B. A systematic review on the definition of
rhabdomyolysis. J Neurol. (2020) 267:877-82. doi: 10.1007/s00415-019-09185-4

98. Chavez LO, Leon M, Einav S, Varon J. Beyond muscle destruction: a systematic
review of rhabdomyolysis for clinical practice. Crit Care. (2016) 20:135. doi:
10.1186/s13054-016-1314-5

99. Bosch X, Poch E, Grau JM. Rhabdomyolysis and acute kidney injury. N Engl ] Med.
(2009) 361:62-72. doi: 10.1056/NEJMra0801327

100. Wiegele M, Krenn CG. Cytosorb™ in a patient with Legionella pneumonia-
associated rhabdomyolysis: a case report. ASAIO J. (2015) 61:e14-6. doi:
10.1097/MAT.0000000000000197

101. Rauch S, Borgato A, Gruber E, Leggieri C, Bock M, Seraglio PME. Case report:
prevention of rhabdomyolysis-associated acute kidney injury by extracorporeal blood
purification  with Cytosorb®. Front  Pediatr.  (2021)  9:801807.  doi:
10.3389/fped.2021.801807

102. Dilken O, Ince C, van der Hoven B, Thijsse S, Ormskerk P, de Geus HRH.
Successful reduction of Creatine kinase and myoglobin levels in severe rhabdomyolysis
using extracorporeal blood purification (CytoSorb®). Blood Purif. (2020) 49:743-7. doi:
10.1159/000505899

103. Padiyar S, Deokar A, Birajdar S, Walawalkar A, Doshi H. Cytosorb for
Management of Acute Kidney Injury due to rhabdomyolysis in a child. Indian Pediatr.
(2019) 56:974-6. doi: 10.1007/513312-019-1661-9

104. Scharf C, Liebchen U, Paal M, Irlbeck M, Zoller M, Schroeder 1. Blood
purification with a cytokine adsorber for the elimination of myoglobin in critically ill
patients with severe rhabdomyolysis. Crit Care. (2021) 25:41. doi:
10.1186/s13054-021-03468-x

105. Albrecht E Schunk S, Fuchs M, Volk T, Geisel ], Fliser D, et al. Rapid and effective
elimination of myoglobin with CytoSorb~ hemoadsorber in patients with severe
rhabdomyolysis. Blood Purif. (2024) 53:88-95. doi: 10.1159/000534479

106. Graf H, Grife C, Bruegel M, Zoller M, Maciuga N, Frank S, et al. Myoglobin
adsorption and saturation kinetics of the cytokine adsorber Cytosorb™ in patients with
severe rhabdomyolysis: a prospective trial. Ann Intensive Care. (2024) 14:96. doi:
10.1186/s13613-024-01334-x

107. Friebus-Kardash J, Omar J, Jahn M, Scharf C, Schonfelder K, Gaeckler A, et al.
Extracorporeal myoglobin elimination using the adsorber CytoSorb or the high-flux
HF80 dialyzer for patients with severe rhabdomyolysis: a comparative study. Clin Kidney
J. (2025) 18:71. doi: 10.1093/ckj/sfaf071

108. Grife C, Liebchen U, Greimel A, Maciuga N, Bruegel M, Irlbeck M, et al. The
effect of cytosorb® application on kidney recovery in critically ill patients with severe
rhabdomyolysis: a propensity score matching analysis. Ren Fail. (2023) 45:2259231. doi:
10.1080/0886022X.2023.2259231

109. Jeschke MG, Chinkes DL, Finnerty CC, Kulp G, Suman OE, Norbury WB, et al.
Pathophysiologic response to severe burn injury. Ann Surg. (2008) 248:387-401. doi:
10.1097/SLA.0b013e3181856241

110. Abraham P, Monard C, Schneider A, Rimmelé T. Extracorporeal blood
purification in burns: for whom, why, and how? Blood Purif. (2023) 52:17-24. doi:
10.1159/000525085

111. Chung KK, Coates EC, Smith DJ, Karlnoski RA, Hickerson WL, Arnold-Ross AL,
et al. High-volume hemofiltration in adult burn patients with septic shock and acute
kidney injury: a multicenter randomized controlled trial. Crit Care. (2017) 21:289. doi:
10.1186/s13054-017-1878-8

112. Mariano E Greco D, Depetris N, Mella A, Sciarrillo A, Stella M, et al. CytoSorb®
in burn patients with septic shock and acute kidney injury on continuous kidney
replacement therapy is associated with improved clinical outcome and survival. Burns.
(2024) 50:1213-22. doi: 10.1016/j.burns.2024.02.028

113. Mitrovic D, Huntjens DW, de Vos EAJ, van Tellingen M, Franssen EJF.
Extracorporeal hemoadsorption with the CytoSorb device as a potential therapeutic
option in severe intoxications: review of the rationale and current clinical experiences.
J Clin Pharm Ther. (2022) 47:1444-51. doi: 10.1111/jcpt.13724

114. Ruggeberg KG, O’Sullivan P, Kovacs TJ, Dawson K, Capponi V], Chan PP, et al.
Hemoadsorption improves survival of rats exposed to an acutely lethal dose of aflatoxin
B1. Sci Rep. (2020) 10:799. doi: 10.1038/s41598-020-57727-y

Frontiers in Medicine

14

10.3389/fmed.2025.1628241

115. Hartjes A, Machnik M, Kubasta C, Schrattbauer K. Severe clozapine poisoning
treated by extracorporeal blood purification therapy. Case Rep Nephrol Dial. (2023)
13:84-9. doi: 10.1159/000531130

116. Breuer TGK, Quast DR, Wiciok S, Labedi A, Ellrichmann G. Successful treatment
of severe Digitoxin intoxication with CytoSorb~ Hemoadsorption. Blood Purif. (2021)
50:137-40. doi: 10.1159/000510292

117. Reiter K, Bordoni V, Dall'Olio G, Ricatti MG, Soli M, Ruperti S, et al. In vitro
removal of therapeutic drugs with a novel adsorbent system. Blood Purif. (2002)
20:380-8. doi: 10.1159/000063108

118. Konig C, Rohr AC, Frey OR, Brinkmann A, Roberts JA, Wichmann D, et al. In
vitro removal of anti-infective agents by a novel cytokine adsorbent system. Int J Artif
Organs. (2019) 42:57-64. doi: 10.1177/0391398818812601

119. Giuntoli L, Dalmastri V, Cilloni N, Orsi C, Stalteri L, Demelas V, et al. Severe
quetiapine voluntary overdose successfully treated with a new hemoperfusion sorbent.
Int ] Artif Organs. (2019) 42:516-20. doi: 10.1177/0391398819837686

120. Reuchsel C, Gonnert FA. Successful treatment of severe lamotrigine intoxication
with CytoSorb Hemoadsorption. Blood Purif. (2022) 51:679-82. doi: 10.1159/000519167

121. Hoffmann M, Akbas S, Kindler R, Bettex D. Successful use of extracorporeal life
support and hemadsorption in the context of venlafaxine intoxication requiring
cardiopulmonary resuscitation: a case report. J Artif Organs. (2023) 27:167-71. doi:
10.1007/s10047-023-01399-8

122. Paland M. Use of CytoSorb in cases of acute amitriptyline intoxication. J Clin
Pharm Ther. (2021) 46:1476-9. doi: 10.1111/jcpt.13373

123. Zickler D, Nee J, Arnold T, Schroder T, Slowinski T, Eckardt KU, et al. Use of
hemoadsorption in patients with severe intoxication requiring extracorporeal
cardiopulmonary support-a case series. ASAIO J. (2021) 67:e186-90. doi:
10.1097/MAT.0000000000001362

124. Lang CN, Sommer MJ, Neukamm MA, Staudacher DL, Supady A, Bode C, et al. Use
of the CytoSorb adsorption device in MDMA intoxication: a first-in-man application and
in vitro study. Intensive Care Med Exp. (2020) 8:21. doi: 10.1186/s40635-020-00313-3

125. Taccone FS, Gardette M, Creteur ], Brasseur A, Lorent S, Grimaldi D.
Hemoadsorption to treat severe iatrogenic intoxication with patent blue: a case report.
J Med Case Rep. (2021) 15:63. doi: 10.1186/s13256-020-02657-6

126. Kohler T, Schwier E, Praxenthaler J, Kirchner C, Henzler D, Eickmeyer C.
Therapeutic modulation of the host defense by Hemoadsorption with CytoSorb™~ -basics,
indications and perspectives-A scoping review. Int ] Mol Sci. (2021) 22:12786. doi:
10.3390/ijms222312786

127. Kortge A, Kamper C, Klinkmann G, Wasserkort R, Mitzner S. In vitro assessment
of drug adsorption profiles during hemoadsorption therapy. Blood Purif. (2025)
54:218-25. doi: 10.1159/000545120

128. Angheloiu AA, Angheloiu GO. Removal of dabigatran using sorbent
hemadsorption. Int J Cardiol. (2019) 293:73-5. doi: 10.1016/j.ijcard.2019.06.078

129. Angheloiu AA, Tan Y, Ruse C, Shaffer SA, Angheloiu GO. In-vitro sorbent-
mediated removal of edoxaban from human plasma and albumin solution. Drugs R D.
(2020) 20:217-23. doi: 10.1007/s40268-020-00308-1

130. Jackson R, Trus RM, El-Diasty M. Hemadsorption for removal of ticagrelor and
direct oral anticoagulants in cardiac surgery. Expert Rev Cardiovasc Ther. (2022)
20:141-50. doi: 10.1080/14779072.2022.2044306

131. Koster A, Warkentin H, von Dossow V, Morshuis M. Use of the CytoSorb® filter
for elimination of residual therapeutic argatroban concentrations during heparinized
cardiopulmonary  bypass for heart transplantation.  Perfusion. (2022)
38:02676591221093875. doi: 10.1177/02676591221093875

132. Mair H, Jilek C, Haas B, Lamm P. Ticagrelor and rivaroxaban elimination with
CytoSorb Adsorber before urgent off-pump coronary bypass. Ann Thorac Surg. (2020)
110:e369-70. doi: 10.1016/j.athoracsur.2020.03.108

133. Hassan K, Briining T, Caspary M, Wohlmuth P, Pioch H, Schmoeckel M, et al.
Hemoadsorption of rivaroxaban and Ticagrelor during acute type A aortic dissection
operations. Ann Thorac Cardiovasc Surg. (2022) 28:186-92. doi: 10.5761/atcs.0a.21-00154

134. Hassan K, Geidel S, Zamvar V, Tanaka K, Knezevic-Woods Z, Wendt D, et al.
Intraoperative ticagrelor removal via hemoadsorption during on-pump coronary artery
bypass grafting. JTCVS Open. (2023) 15:190-6. doi: 10.1016/j.xjon.2023.04.013

135. Hassan K, Thielmann M, Easo J, Kamler M, Wendt D, Haidari Z, et al. Removal
of Apixaban during emergency cardiac surgery using Hemoadsorption with a porous
polymer bead sorbent. J Clin Med. (2022) 11:5889. doi: 10.3390/jcm11195889

136. Poli EC, Simoni C, André P, Buclin T, Longchamp D, Perez MH, et al. Clindamycin
clearance during Cytosorb™ hemoadsorption: A case report and pharmacokinetic study. Int
J Artif Organs. (2019) 42:258-62. doi: 10.1177/0391398819831303

137. Schneider AG, André P, Scheier J, Schmidt M, Ziervogel H, Buclin T, et al.
Pharmacokinetics of anti-infective agents during CytoSorb hemoadsorption. Sci Rep.
(2021) 11:10493. doi: 10.1038/s41598-021-89965-2

138. Biever P, Staudacher DL, Sommer M]J, Triebel H, Neukamm MA, Bode C, et al.
Hemoadsorption eliminates remdesivir from the circulation: implications for the
treatment of COVID-19. Pharmacol Res Perspect. (2021) 9:¢00743. doi: 10.1002/prp2.743

139. Bottari G, Goffredo BM, Marano M, Maccarrone C, Simeoli R, Bianco G, et al.
Impact of continuous kidney replacement therapy and hemoadsorption with CytoSorb

frontiersin.org


https://doi.org/10.3389/fmed.2025.1628241
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1038/s41598-021-89712-4
https://doi.org/10.1038/s41598-024-61658-3
https://doi.org/10.1111/aor.14774
https://doi.org/10.1159/000532059
https://doi.org/10.1007/s00415-019-09185-4
https://doi.org/10.1186/s13054-016-1314-5
https://doi.org/10.1056/NEJMra0801327
https://doi.org/10.1097/MAT.0000000000000197
https://doi.org/10.3389/fped.2021.801807
https://doi.org/10.1159/000505899
https://doi.org/10.1007/s13312-019-1661-9
https://doi.org/10.1186/s13054-021-03468-x
https://doi.org/10.1159/000534479
https://doi.org/10.1186/s13613-024-01334-x
https://doi.org/10.1093/ckj/sfaf071
https://doi.org/10.1080/0886022X.2023.2259231
https://doi.org/10.1097/SLA.0b013e3181856241
https://doi.org/10.1159/000525085
https://doi.org/10.1186/s13054-017-1878-8
https://doi.org/10.1016/j.burns.2024.02.028
https://doi.org/10.1111/jcpt.13724
https://doi.org/10.1038/s41598-020-57727-y
https://doi.org/10.1159/000531130
https://doi.org/10.1159/000510292
https://doi.org/10.1159/000063108
https://doi.org/10.1177/0391398818812601
https://doi.org/10.1177/0391398819837686
https://doi.org/10.1159/000519167
https://doi.org/10.1007/s10047-023-01399-8
https://doi.org/10.1111/jcpt.13373
https://doi.org/10.1097/MAT.0000000000001362
https://doi.org/10.1186/s40635-020-00313-3
https://doi.org/10.1186/s13256-020-02657-6
https://doi.org/10.3390/ijms222312786
https://doi.org/10.1159/000545120
https://doi.org/10.1016/j.ijcard.2019.06.078
https://doi.org/10.1007/s40268-020-00308-1
https://doi.org/10.1080/14779072.2022.2044306
https://doi.org/10.1177/02676591221093875
https://doi.org/10.1016/j.athoracsur.2020.03.108
https://doi.org/10.5761/atcs.oa.21-00154
https://doi.org/10.1016/j.xjon.2023.04.013
https://doi.org/10.3390/jcm11195889
https://doi.org/10.1177/0391398819831303
https://doi.org/10.1038/s41598-021-89965-z
https://doi.org/10.1002/prp2.743

Leietal.

on antimicrobial drug removal in critically ill children with septic shock: a single-center
prospective study on a pediatric cohort. Antibiotics. (2023) 12:1395. doi:
10.3390/antibiotics12091395

140. Dimski T, Brandenburger T, MacKenzie C, Kindgen-Milles D. Elimination of
glycopeptide antibiotics by cytokine hemoadsorption in patients with septic shock: a
study of three cases. Int ] Artif Organs. (2020) 43:753-7. doi: 10.1177/0391398820917151

141. Brozat CI, Zoller M, Frank S, Bruegel M, Grife C, Rebholz D, et al. 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. doi: 10.1159/000542009

142. Scandroglio AM, Pieri M, Nardelli P, Fominskiy E, Calabro MG, Melisurgo G,
et al. Impact of CytoSorb on kinetics of vancomycin and bivalirudin in critically ill
patients. Artif Organs. (2021) 45:1097-103. doi: 10.1111/a0r.13952

143. Scheier J, Nelson PJ, Schneider A, Colombier S, Kindgen-Milles D, Deliargyris
EN, et al. Mechanistic considerations and pharmacokinetic implications on concomitant
drug administration during CytoSorb therapy. Crit Care Explor. (2022) 4:¢0688. doi:
10.1097/CCE.0000000000000688

144. Saldafa-Gastulo JJC, Llamas-Barbaran MDR, Coronel-Chucos LG, Hurtado-Roca
Y. Cytokine hemoadsorption with CytoSorb® in patients with sepsis: a systematic review
and meta-analysis. Crit Care Sci. (2023) 35:217-25. doi: 10.5935/2965-2774.20230289-en

145. Rasch S, Sancak S, Erber J, Wiefiner ], Schulz D, Huberle C, et al. Influence of
extracorporeal cytokine adsorption on hemodynamics in severe acute pancreatitis:

results of the matched cohort pancreatitis cytosorbents inflammatory cytokine removal
(PACIFIC) study. Artif Organs. (2022) 46:1019-26. doi: 10.1111/a0r.14195

Frontiers in Medicine

15

10.3389/fmed.2025.1628241

146. Huber W, Algil H, Lahmer T, Mayr U, Lehmann M, Schmid RM, et al.
Pancreatitis cytosorbents (CytoSorb) inflammatory cytokine removal: A prospective
study (PACIFIC). Medicine (Baltimore). (2019) 98:¢13044. doi:
10.1097/MD.0000000000013044

147. Tomescu D, Popescu M, David C, Dima S. Clinical effects of hemoadsorption
with CytoSorb™ in patients with severe acute pancreatitis: A case series. Int | Artif
Organs. (2019) 42:190-3. doi: 10.1177/0391398818823762

148. Bottari G, Murciano M, Merli P, Bracaglia C, Guzzo I, Stoppa E et al.
Hemoperfusion with CytoSorb to manage multiorgan dysfunction in the spectrum of
hemophagocytic lymphohistiocytosis syndrome in critically ill children. Blood Purif.
(2022) 51:417-24. doi: 10.1159/000517471

149. Frimmel S, Hinz M, Schipper ], Bogdanow S, Mitzner S, Koball S. Cytokine
adsorption is a promising tool in the therapy of hemophagocytic lymphohistiocytosis.
Int ] Artif Organs. (2019) 42:658-64. doi: 10.1177/0391398819857444

150. Supady A, Brodie D, Wengenmayer T. Extracorporeal haemoadsorption: does
the evidence support its routine use in critical care? Lancet Respir Med. (2022)
10:307-12. doi: 10.1016/S2213-2600(21)00451-3

151. Putzu A, Schorer R. Hemoadsorption in critically ill patients with or without
COVID-19: A word of caution. ] Crit Care. (2021) 65:140-1. doi:
10.1016/j.jcrc.2021.06.007

152. Papazisi O, Arabkhani B, Palmen M. Unexpected negative results for CytoSorb
during left ventricular assist device implantation: interpret with caution. Artif Organs.
(2022) 46:1709-10. doi: 10.1111/a0r.14322

frontiersin.org


https://doi.org/10.3389/fmed.2025.1628241
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3390/antibiotics12091395
https://doi.org/10.1177/0391398820917151
https://doi.org/10.1159/000542009
https://doi.org/10.1111/aor.13952
https://doi.org/10.1097/CCE.0000000000000688
https://doi.org/10.5935/2965-2774.20230289-en
https://doi.org/10.1111/aor.14195
https://doi.org/10.1097/MD.0000000000013044
https://doi.org/10.1177/0391398818823762
https://doi.org/10.1159/000517471
https://doi.org/10.1177/0391398819857444
https://doi.org/10.1016/S2213-2600(21)00451-3
https://doi.org/10.1016/j.jcrc.2021.06.007
https://doi.org/10.1111/aor.14322

	The use of CytoSorb hemoadsorption in critically ill patients: a narrative review
	1 Introduction
	2 Methods
	2.1 Databases and search strategy
	2.2 Screening process and article selection
	2.3 Quality assessment

	3 Clinical application of CytoSorb® Hemoadsorption in critically ill patients
	3.1 Sepsis
	3.2 COVID-19
	3.3 Cardiac surgery
	3.4 Extracorporeal membrane oxygenation
	3.5 Liver failure
	3.6 Rhabdomyolysis
	3.7 Burn injuries
	3.8 Detoxication

	4 Drug clearance during CytoSorb® sessions
	4.1 Anticoagulant removal
	4.2 Elimination of anti-infective drugs

	5 Outlook
	6 Conclusion

	References

