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Background
Several extracorporeal blood purification techniques 
have been proposed in critically ill patients with sepsis 
and sepsis-like syndromes. Despite theoretical benefits, 
recent Surviving Sepsis Campaign guidelines have not 
formulated a recommendation in favour of or against 
such techniques and urged for further research [1]. In 
this context, CytoSorb® (CytoSorbents Corporation, NJ, 
USA) was recently licensed for extracorporeal cytokine 
removal within the European Union (EU).

Cytosorb® cartridges contain biocompatible poly-
styrene divinylbenzene copolymer beads capable of 
adsorbing molecules of medium molecular weight 
using a combination of size exclusion and hydropho-
bic interactions [2]. They can be used in stand-alone 
mode (hemoperfusion) or inserted within a continu-
ous renal replacement therapy (CRRT) circuit (associ-
ated with a conventional hemofilter), a cardiopulmonary 
bypass (CPB) or an extracorporeal membrane oxygena-
tion circuit. CytoSorb® (Fig. 1) removes a wide range of 
molecules from the blood: pro- and anti-inflammatory 
cytokines, bilirubin, myoglobin, exotoxins, but also drugs 
[2–4].

Cytosorb® is currently marketed in 53 countries world-
wide. Its utilization has considerably expanded over 
recent years, with 211 centres currently participating in 
an international CytoSorb® registry. However, if unse-
lective blood purification could be beneficial through 
removal of “bad humours”, it could equally be deleteri-
ous through the removal of other important molecules. 
In addition, CytoSorb® cartridges are costly and require 
therapeutic anticoagulation. Therefore, high-quality 

evidence must be obtained before widespread utilization 
of the device can be recommended.

This article reviews the existing evidence related to 
Cytosorb® utilization in various clinical situations.

Available evidence
Sepsis
Septic animal models have demonstrated the ability of 
CytoSorb® to clear key cytokines from the blood and 
improve survival [5, 6]. However, only one multicentre 
randomized controlled trial (RCT) has evaluated its effi-
cacy in human sepsis [7]. In this trial, 97 patients with 
septic shock and either acute lung injury or acute res-
piratory distress syndrome were randomized to either 
standard of care or CytoSorb® hemoadsorption (HA) 6 
h per day during a maximum of seven consecutive days. 
The authors found no difference between the two groups 
in IL-6 (primary endpoint) or other key cytokine plasma 
levels; in addition, only a modest (5–18% per blood pass) 
cross-adsorber IL-6 clearance was measured. There was 
no sign of improved multiple organ dysfunction score in 
the CytoSorb® group. Finally, unadjusted mortality was 
higher in the Cytosorb® group, although this difference 
disappeared after adjustment for baseline imbalances.

Besides its small sample size, this study has several 
limitations worth mentioning. First, by study design, 
the therapy was delivered in the form of short (6  h) 
daily therapies. This strategy might not be adequate as 
full saturation of the sorbent is believed to require 24 h 
of running time and therapy-free intervals might enable 
rebound in cytokine levels [5]. Second, baseline median 
IL-6 levels were 552 [162–874] pg/ml (CytoSorb® group) 
and 590 [125–2147]  pg/ml (control group), values con-
sidered low in sepsis. As cytokine removal by CytoSorb® 
is concentration dependent, it is possible that a combina-
tion of short therapy time and low IL-6 levels may have 
impeded any potential beneficial effects.

All other studies are observational. The largest cohort is 
based on an international registry including 198 patients 
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(68% with sepsis) [8]. In these patients, CytoSorb® 
HA was associated with a decrease in IL-6 levels and a 
lower than predicted hospital mortality. Two case series 
reported decreased noradrenaline need and lactate levels 
in respectively 20 and 26 septic patients with CytoSorb® 
HA combined with CRRT [9, 10]. The validity of these 
observational studies is largely limited by the absence of 
a control group.

Cardiac surgery
Cardiac surgery has been shown to produce a complex 
inflammatory response possibly associated with negative 
postoperative outcomes. Hence, by analogy with sepsis, it 
has been suggested that cytokine removal in the periop-
erative period might improve outcomes.

A single RCT has compared intraoperative CytoSorb® 
HA with standard operative management in 32 patients 
undergoing elective cardiac surgery. It failed to demon-
strate a benefit in terms of perioperative cytokine levels 

or clinical outcomes. The therapy was associated with 
higher levels of IL-10 after CPB, suggesting a long-last-
ing anti-inflammatory effect [11]. Of note, similar to the 
aforementioned study in sepsis, observed cytokine levels 
were low (median peak IL-6 levels (2h post-CPB) 120.8 
[49.0–160.8]  pg/ml in the HA group and 118.7 [68.4–
255.9]  pg/ml in the control group, p = 0.68), perhaps 
explaining the lack of demonstrated cytokine removal.

Small case-control series have suggested improved 
clinical outcomes with CytoSorb® during heart trans-
plantation [12], surgical management of acute infective 
endocarditis [13] or in patients with post-CPB severe sys-
temic inflammation response syndrome [14].

Drug removal
The effect of CytoSorb® HA on drugs requires particu-
lar attention. Indeed, unselective removal might translate 
into decreased blood levels of potentially life-saving med-
ications such as antibiotics in sepsis. In  vitro data have 
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Fig. 1  Scope of adsorption by CytoSorb®. Figure mostly based on in vitro data. The clinical relevance of CytoSorb® hemoadsorption for the major-
ity of those molecules remains to be evaluated. DAMPs damage-associated molecular patterns, FGF fibroblast growth factor, HMGB-1 high-mobility 
group box 1, MCP-1 monocyte chemoattractant protein 1, MIP macrophage inflammatory protein, PAI-1 plasminogen activator-inhibitor 1, PAMPs 
pathogen-associated molecular patterns, PCT procalcitonin, SpeB streptococcal pyrogenic exotoxin B, S100-A8 S100 calcium-binding protein A8, 
suPAR soluble urokinase-type plasminogen activator receptor, T3 triiodothyronine, TSST-1 toxic shock syndrome toxin 1
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suggested marginal removal of aminoglycosides, and 
nearly complete removal of vancomycin and teicoplanin 
[15] but reliable clinical data on the topic is still crucially 
missing. Given the importance of adequate antibiotic 
levels in sepsis, therapeutic drug monitoring is strongly 
advised during CytoSorb® HA.

On the other hand, the potential of CytoSorb® to 
remove medications might be beneficial in  situations of 
intoxication (Fig. 1) with venlafaxine, dabigatran, ticagre-
lor, rivaroxaban or others. The relevance of this invasive 
therapy in these indications remains to be confirmed.

Other
According to in vitro and experimental data, CytoSorb® 
HA is able to remove myoglobin, bilirubin and bile acids 
from the blood and was recently approved within the EU 
for these indications. Nevertheless, besides observational 
reports, no data is available to confirm clinical benefit in 
these indications.

Safety
Post-marketing surveillance has not suggested major 
adverse events after more than 20,000 patients treated 
around the world. No adverse effect was reported in the 
Bernardi trial [11], while Schädler et al. [7] reported one 
case of severe thrombopenia potentially linked to the 
device. As already mentioned, the potential removal of 
certain drugs and antibiotics might be problematic in 
certain situations and requires particular attention.

Conclusions and considerations for future studies
Numerous publications have assessed the efficacy of 
CytoSorb® HA in various clinical situations. Experi-
mental models and observational series have suggested 
dramatic clinical improvement, while RCTs have not 
demonstrated any clinical benefit so far. However, their 
limited number and size as well as the relatively low 
severity of included patients preclude any final conclu-
sion being drawn. Hence, further studies should focus on 
populations with very high inflammatory response ideally 
enriched with a pre-intervention test. Adequate target 
population determination is essential for future assess-
ment of the device in order to prevent either abuse of its 
use or its fallacious abandonment. While we wait more 
evidence from these RCTs, the use of Cytosorb in clini-
cal practice should take into account the absence of clear 
evidence for benefit, the potential for adverse effects and 
the cost.
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