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Abstract
Extracorporeal blood purification techniques have emerged 
and evolved in the recent years as a potential therapy for the 
purpose of immunomodulation in acute conditions like sep-
sis. Understanding the extent of immune system dysregula-
tion involved in the pathophysiology of these conditions, 
resulted in the development of such treatment strategies 
aiming at restoring a balanced inflammatory response. Be-
yond conventional continuous renal replacement therapy, 
high volume hemofiltration, high cut-off membranes, ad-
sorption alone and coupled plasma filtration adsorption are 
well-described techniques in the literature. The evidence to 
support their routine use, however, is conflicting and insuf-
ficient at this stage. Despite the low-quality level of evidence 
in favor of utilizing these techniques, studies to further ex-

plore their effectiveness, safety, and potential novel applica-
tions, continue to evolve. Our review aims at focusing on ad-
sorption therapy, particularly using the adsorption columns 
Cystosorb. © 2019 S. Karger AG, Basel

Background

The use of extracorporeal blood purification tech-
niques for the purpose of immunomodulation in acute 
inflammatory states (such as sepsis, cardiac surgery, and 
autoimmune disease) has evolved in the recent years. Be-
yond conventional continuous renal replacement thera-
py, high volume hemofiltration, high cut-off membranes, 
adsorption alone, and coupled plasma filtration adsorp-
tion are well-described techniques in the literature. The 
evidence to support their use is conflicting at this stage; 
however, studies looking at effectiveness, safety, and po-
tential novel applications continue to evolve [1]. Among 
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the more rapidly evolving areas is adsorption therapy. 
Adsorption cartridges/columns with enhanced features 
continue to be developed. We here, aim to review, the 
published literature on the use of the adsorption columns 
Cystosorb (CS).

The CS device was approved in Europe in 2011 [2] and 
can actually be used as a stand-alone therapy or in com-
bination with extracorporeal circuits, both in pre-dialyz-
er and post-dialyzer mode (Fig. 1).

CS is made up of biocompatible, highly porous, poly-
vinyl-pyrrolidone-coated polystyrene-divinyl-benzene 
polymer bead. Its estimated size is 300–800 μm with a to-
tal surface area of more than 40,000 m2. The large surface 
area gives greater capacity for clearance than available di-
alyzers. Substances removal from whole blood is based on 
pore capture and surface adsorption. CS use is compatible 
with both systemic heparin and regional citrate anti-co-
agulation. The typical duration of therapy is up to 24 h 
per session, daily for 2–7 consecutive days. Blood flow is 
set in the range of 150–700 mL/min.

CS use is indicated in clinical conditions with cyto-
kines elevation. It is effective in targeting middle-mo-
lecular-weight uremic and low-molecular-weight tox-
ins with a wide range of molecular weights (∼5–60 
kDa). It however, does not capture endotoxins and in-
terleukin (IL)-10, as generally adsorption is effective in 
pore size-dependent manner [3]. Of note, in an in vitro 
study testing the removal of a broad spectrum of toxic 
pathogen-associated molecular patterns and damage-
associated molecular patterns [4], except for the tumor 
necrosis factor (TNF)-α trimer, hemoadsorption (HA) 
using CS reduced the levels of a broad spectrum of cy-
tokines, damage-associated molecular patterns, patho-
gen-associated molecular patterns, and mycotoxins by 
> 50%.

Cytosorb Use in the Context of Sepsis

Several cytokines along with their soluble receptors, in 
addition to chemokines, cell adhesion molecules have 
been implicated in the development of systemic inflam-
matory response syndrome and sepsis. These include 
TNF-α, IL-1β, IL-4, IL-6, IL-8, IL-10, IL-13, interferon-α, 
and transforming growth factor-β. Elevated circulating 
concentrations of several cytokines, including TNF-α, IL-
1β, IL-6, IL-8, and IL-10 have been linked to morbidity 
and mortality in patients with sepsis. In response to the 
inflammatory mediators, anti-inflammatory cytokines, 
and cytokine antagonists are produced. The anti-inflam-

matory cytokines IL-4, IL-10, and IL-13 inhibit the pro-
duction of cytokines by native leukocytes.

The rational of utilizing adsorption therapy in the con-
text of sepsis is to restore a balanced proinflammatory 
and anti-inflammatory mediators’ response.

Observational data suggest improved hemodynamics 
and a trend toward improved mortality with the use of CS 
in septic patients. In the study by Friesecke et al. [5], 25 
septic shock patients were treated with a single session of 
adsorption (pre-hemodialysis filter), and it was repeated 
as needed. This was associated with decreased vasopres-
sors (compared to pre-hemoperfusion [HP]) and shock 
resolution in 13 of 20 cases (65%). It was also associated 
with increased lactate clearance, and significant reduc-
tion in IL-6. No significant side effects were reported.

Furthermore, Kogelmann et al. [6] reported treatment 
of 16 septic shock patients with CS in addition to con-
tinuous veno-venous hemodialysis in the pre-filter mode 
(1–5 treatments). Treatment with CS was associated with 
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c

Fig. 1. CytoSorb circuit: (a) as a stand-alone therapy, (b) in the 
pre-dialyzer mode, (c) in the post-dialyzer mode (Source: Cyto-
Sorbents Europe GmbH).
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decreased 28-day, intensive care unit (ICU) and hospital 
mortality compared to predicted mortality by Acute 
Physiology and Chronic Health Evaluation II score in the 
overall patient population, (61.54, 73.08, and 80.77%, re-
spectively, vs. 89.9%). It was also associated with de-
creased vasopressors (compared to pre-HP) in the survi-
vors. Similar to previous studies, there were no significant 
side effects.

As far as randomized controlled trials, Schädler et al. 
[7], evaluated 43 septic shock patients with acute lung 
injury. Patients were randomized to standard of care ver-
sus standard of care plus HP. There was significant re-
duction in the inflammatory mediators in the interven-
tion group compared to controls IL-6 (–49.1%, p = 0.01), 
monocyte chemotactic proteins-1 (–49.5%, p = 0.002), 
IL-1ra (–36.5%, p = 0.001), IL-8 (–30.2%, p = 0.002). 
However, this was not associated with improvement in 
survival (28-day mortality 28 vs. 24% control, p = 0.84 
and 60-day mortality 39 vs. 32% control, p = 0.75). Apart 
from modest reduction in platelet count (< 10%) and al-

bumin (< 5%), there were no reported side effects [7]. In 
a later randomized controlled trial by the same authors 
[8], this time involving 97 septic shock patients with 
acute lung injury or acute respiratory distress syndrome, 
HP (in addition to renal replacement therapy [RRT] 
when indicated) was compared to no HP. There was sig-
nificant reduction in IL-6 (5–18% per pass of blood 
through the device) compared to no reduction in the 
standard of care group. Similar to their previous study, 
there was no reduction in the 28-day-mortality in the 
treatment group, and in fact, it was higher than the con-
trols (36.2 vs. 18.0%, p = 0.073). There was also a higher 
60-day-mortality in the treatment group (44.7 vs. 26.0%; 
p = 0.039). Important to note, RRT requirement was 
higher in the treatment group (38.9 vs. 17.9%), which 
may reflect a sicker population in this group, and hence 
the higher mortality. Overall, the study was not powered 
to examine mortality. Finally, CS use was not associated 
with significant side effects. Studies describing the use of 
CS in sepsis are summarized in Table 1.

Table 1. The main studies describing the use of Cytosorb in sepsis

Schädler et al. [7] 2013 Friesecke et al. [5] 2017 Schädler et al. [8] 2017 Kogelmann et al. [6] 2017

Study design RCT Prospective interventional RCT Case series 

Population, n 43 septic patients with ALI 25 septic shock patients 97 septic patients with 
ALI or ARDS

16 septic shock patients

IL-6 measurement, 
pg/mL

– >1,000 Average of 565 –

Dose ST vs. ST + HP (6 h/day for 7 days) One session in the 
Pre-filter mode 
(further treatments 
as needed)

HP vs no HP (6 h/day for 
up to 7 days) RRT as 
clinically indicated

HP in the pre-filter mode (1–5 
treatments)

Outcomes 28-day mortality 28% in the 
treatment group vs. 24% in the 
controls (p = 0.84)

60-day mortality 39% in the 
treatment group vs. 32% the 
controls (p = 0.75)

Significant reduction in 
VP requirements 
compared to baseline

28-day mortality 36.2% in 
the treatment group 
vs. 18.0% in the controls 
(p = 0.073)

60-day mortality of 44.7% 
in the treatment group 
vs. 26.0% in the controls 
(p = 0.039)

The actual 28-day, ICU and hospital 
mortality was 61.54, 73.08 and 80.77%, 
respectively, compared with 89.9% as 
predicted by APACHE II score

Significant reduction in VP requirements 
compared with baseline

Change in IL-6 Significant reduction in IL-6 Significant reduction 
in IL-6

IL-6 reduction in the 
HP group compared 
with no HP

–

Adverse events Modest reduction in platelet 
count (<10%) and albumin (<5%)

No AE 1 drop in platelets in the 
treatment group

No AE

RCT, randomized controlled trial; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; IL-6, interleukin-6; ICU, intensive care unit; AE, 
adverse events; ST, standard therapy; HP, hemoperfusion; RRT, renal replacement therapy; APACHE II, acute physiology and chronic health evaluation II; 
VP, vasopressors.
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Cytosorb Use in the Contexts of Cardiac Surgery

In contrast to the studies evaluating CS therapy in pa-
tients with sepsis, studies looking at CS use in cardiac sur-
gery patients showed inconsistent results. A retrospective 
case series by Träger et al. [9], involved 16 patients with 
severe post-cardiopulmonary bypass (CPB) systemic in-
flammatory response syndrome, and acute kidney injury. 
CS in combination with continuous RRT resulted in a 
considerable reduction in IL-6 and IL-8 compared to 
baseline, paralleled by improved hemodynamic stability, 
and a reduction in vasopressor requirement.

On the other hand, in the study by Bernardi et al. [10], 
the use of CS in 37 blinded patients undergoing elective 
CPB surgery (19 patients in the HA group versus 18 pa-
tients in the control group), did not result in reduction of 
the pro-inflammatory response or changes in the periop-
erative course. The modest elevation of cytokines level in 
the setting of elective surgery in comparison to the much 
higher levels in active infection/sepsis may explain the 
discrepancy between the results of this study and prior 
reports. Another caveat is treatment duration, (average 
191 ± 56 min, compared to treatment lasting for up to 
7 days in other studies). This emphasizes the importance 
of both, initial level of cytokines, and treatment frequen-
cy/duration on the extent of cytokines reduction.

The potential improved effectiveness of CS thera-
py when initial cytokines levels are significantly elevat-
ed was supported by the study of Träger et al. [11]. In 
this study, 39 cardiac surgery patients with infective en-
docarditis (hence significantly elevated level of cyto-
kines) undergoing valve replacement plus intraopera-
tive HA were compared to 28 historical patients with 
infective endocarditis undergoing CPB with no 
HA. Treatment with CS was in fact associated with cy-
tokines reduction and improved hemodynamic stabili-
ty.

In a more recent retrospective case series by Calabrò 
et al. [12], involving 40 cardiac surgery ICU patients 
with multiple organ failure mainly due to cardiogenic 
shock (28/40), patients received at least one CS treat-
ment. The average length of treatment was 3 days, with 
a median number of filters used of 2. In this cohort, 30-
day mortality was 55% and ICU mortality was 52.5% as 
compared to an expected ICU mortality of 80%. There 
was significant reduction of the vasoactive inotropic 
score after 48 h of treatment as compared to baseline (20 
vs. 10, p = 0.009). Furthermore, CS treatment was effec-
tive in reducing bilirubin, lactate, and lactate dehydro-
genase. No device-related adverse events were observed. 
Studies describing the use of CS in cardiac surgery are 
summarized in Table 2.

Table 2. The main studies describing the use of Cytosorb in cardiac surgery

Träger et al. [9] 2016 Bernardi et al. [10] 2016 Träger et al. [11] 2017 Calabrò et al. [12] 2018

Study design Retrospective case series RCT Retrospective case series Retrospective case series

Population, n 16 patients with severe 
post-CPB SIRS, and AKI

37 blinded patients 
undergoing elective CPB 
surgery (HP group 19 
vs. control group 18)

39 patients with IE 
undergoing CS with HP vs. 
28 historical patients with 
IE undergoing CPB with no HP

40 cardiac surgery ICU patients 
with MOF

Dose CS in combination with 
CRRT

Average duration 
191±56 min

Average duration 64–445 
(median 132) minutes

At least one CS treatment
Average length of treatment = 3 day
Median number of filters = 2

Outcomes Reduction in IL-6 and 
IL-8 compared to baseline

Improvement of 
hemodynamics

Reduction in VP 
requirement

No differences in: 
IL-6 level

VP requirement

30-day mortality

Reduction in cytokines

Improvement of hemodynamics

Reduction in 30-day mortality 55% 
and ICU mortality 52.5% vs. 
expected ICU mortality of 80%

Reduction in VP requirement

CPB, cardiopulmonary bypass; SIRS, systemic inflammatory response syndrome; AKI, acute kidney injury; CS, cytosorb; RCT, randomized 
controlled trial; IL-6, interleukin-6; IL-8, interleukin-8; IE, infective endocarditis; ICU, intensive care unit; MOF, multi-organ failure; HP, 
hemoperfusion; CRRT, continuous renal replacement therapy; VP, vasopressors.
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Cytosorb Use in the Context of Organ Transplant

In the study by Nemeth et al. [13], 84 orthotopic heart 
transplantation patients were separated into HA group 
or controls. Intraoperative HA treatment was associated 
with reduced vasopressor demand and less frequent 
RRT.

Furthermore, Kellum et al. [14] examined the possible 
role of CS therapy in the reduction of organ dysfunction 
(resulting from elevated inflammatory cytokines) in 
brain-dead potential transplant donors. Four hours of CS 
therapy was applied to potential donors, with measure-
ment of pre/post treatment cytokines levels. Removal was 
significant for IL-6, 28% (p = 0.006), less significant for 
TNF, 8.5% (p = 0.13), but not for IL-10. It was a feasibil-
ity study that showed a potential role, for CS therapy for 
this purpose. Although TNF and IL-6 increased after the 
first hour (indicating ongoing production), the rate of in-
crease in both cytokines was less than expected [14].

Cytosorb Use in Other Contexts

Another potential application is the reduction of bile 
acids in liver failure patients. This was tested in an in vitro 
setting, and adsorption-based techniques (including CS) 
were more effective than high flux dialysis in the removal 
of hydrophilic bile acids [15].

Drug removal is another area where HP using CS was 
found to be effective. As an example, CS has been shown 
to be effective in the removal of rivaroxaban in an in vi-
tro study. Within 1 h of HP using CS, 91.6% of the riva-
roxaban from citrate-anticoagulated human whole 
blood was removed. The same recirculation system 
without a CS column showed only minor depletion over 
a test period of 5 h [16]. Another example is tricagrelor. 
CS was tested in the removal of tricagrelor from both 
bovine serum albumin and human blood. CS showed an 
excellent capacity of sorbents to bind and remove ti-
cagrelor (> 99% in plasma and whole blood as well as 
bovine serum albumin) [17]. There was minor drop in 
albumin (< 10%). Furthermore, in bench experiments, 
CS has also been shown to absorb up to 96% of radio-
contrast [18].

It should be noted that drug removal is considered 
both, a potential therapeutic application (as in the case of 
overdose) and also a potential side effect of therapy. The 
possible removal of antibiotics, for example, in the case of 
sepsis, should be carefully monitored for and antibiotics 
doses may need to be adjusted. This was demonstrated in 

an in vitro study examining the removal of wide range of 
medications (including antibiotics) [19]. Uremic blood 
spiked with a range of therapeutic drugs was recirculated 
for 2 h in an in vitro HP circuit containing a Betasorb de-
vice for HP. The drug concentrations before and after the 
passage through the cartridge were measured and the to-
tal amount removed was calculated. The sorbent material 
showed effective removal of antibiotics (including vanco-
mycin, amikacin, tobramycin, gentamicin), digoxin, the-
ophylline, phenobarbital, phenytoin, carbamazepine, and 
valproic acid. Furthermore, it demonstrated moderate re-
moval of tacrolimus and cyclosporine. Aminoglycosides 
were on the other hand removed to a small extent only. 
Overall, adsorption therapy represents a promising strat-
egy in cases of overdose/intoxication. On the other hand, 
drug level monitoring should be performed when utiliz-
ing this technique for other clinical purposes. Medication 
doses may need to be adjusted to account for undesired 
losses.

Where Do We Stand?

The body of evidence to support the safety and effec-
tiveness of CS continues to grow. A clinical registry on the 
use of CS involving 22 countries has been developed [20] 
and according to its most recent report, the use of CS in 
135 septic patients was not associated with side effects. 
The observed mortality was 65% compared to a predicted 
risk of death of 78% based on the Acute Physiology and 
Chronic Health Evaluation II score. Marked reduction in 
IL-6 levels was also observed. Similarly, 17 CPB surgery 
patients had lower observed mortality (29%) compared to 
predicted mortality (31%).

Conclusions

Sorbents offer clear advantages compared to other ex-
tracorporeal techniques – first, the capacity for removal 
of a wide range of molecular weights and second, en-
hanced clearance due to large surface area of sorbents ma-
terial. Third, sorbents do not rely on the removal of fluid 
for the clearance of toxins, potentially avoiding the time 
limitations of dialysis and the replacement fluid require-
ments of hemodiafiltration [21]. There are important ca-
veats when considering using this technique: first, the 
proportionate relationship between the initial level of the 
target molecule for removal and the degree of clearance 
(higher initial levels result in better clearance); second, 

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Ankawi/Xie/Yang/Xie/Xie/RoncoBlood Purif6
DOI: 10.1159/000500013

the role of frequent therapy, to account for possible ongo-
ing production/rebound; lastly, the importance of drug 
level monitoring to account for possible undesired losses. 
Thus, adsorption therapy may be of utmost benefit when, 
applied early in the course, for an adequate duration, and 
frequently repeated until hemodynamic stability is 
achieved. As highlighted above, among the important po-
tential side effects associated with the use of sorbents in 
general, including CS columns, is the removal of antibiot-
ics, and other beneficial molecules. As such, patients un-
dergoing adsorption therapy should be carefully moni-
tored with drug levels (when possible), and supplemented 
with additional doses as needed. Furthermore, adsorp-
tion therapy has been associated with thrombocytopenia 
and leukopenia (as highlighted in the above described 
studies), that is typically mild and transient; however, 
close monitoring is essential.

We agree with the general consensus, that the evi-
dence to support the use of extracorporeal blood purifi-
cation techniques (in general) in sepsis/other acute con-
ditions is insufficient at this point. However, the poten-
tial benefits of adsorption therapy (control of the 
exaggerated immune response in particular, which typi-
cally translates into hemodynamic stability) cannot be 
ignored. We often think of this type of therapy as a bridge 
to stabilize critically ill patients, until more definitive 
therapies take place. The availability of adsorption de-
vices with different removal capacities as demonstrated 
in the in vitro study by Malard et al. [22] could enable 
treatment to be more tailored to patients’ conditions re-
sulting in better response.

Overall, adsorption therapy using CS columns seems 
to be safe and effective. Further studies to expand our 
knowledge on novel indications, such as management 

of the cytokine release syndrome, which complicates 
adoptive immunotherapies such as chimeric antigen re-
ceptor T cells [23] are warranted. Furthermore, criteria 
to start therapy and judge response needs to be better 
defined.
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