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Abstract 

Multiple organ failure following a septic event derives from immune dysregulation. Many of the mediators of this 
process are humoral factors (cytokines), which could theoretically be cleared by direct adsorption through a process 
called hemoperfusion. Hemoperfusion through devices, which bind specific molecules like endotoxin or theoretically 
provide non-specific adsorption of pro-inflammatory mediators has been attempted and studied for several decades 
with variable results. More recently, technological evolution has led to the increasing application of adsorption due to 
more biocompatible and possibly more efficient biomaterials. As a result, new indications are developing in this field, 
and novel tools are available for clinical use. This narrative review will describe current knowledge regarding techni-
cal concepts, safety, and clinical results of hemoperfusion. Finally, it will focus on the most recent literature regarding 
adsorption applied in critically ill patients and their indications, including recent randomized controlled trials and 
future areas of investigation.
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Pathophysiology of sepsis

Sepsis is a complex clinical and biological syndrome 
defined as life-threatening organ dysfunction caused by 
a dysregulated host response to infection [1]. It begins 
as an infection that produces an inflammatory response 
in the host, triggered by the interaction between multi-
ple soluble mediators [2]. The inflammatory response 
to infection by innate immunity is usually controlled, 
localized, and protective [3]. The interaction between 
resistance (inflammatory response) and resilience (lim-
iting inflammation by the adaptive immunity) is the key 
to survival, but in some circumstances not completely 
understood, this complex and delicate balance is lost, and 
sepsis syndrome may develop. In this process of dysregu-
lated response, both the infected and distal organs may 
be injured, leading to a life-threatening clinical condition 

[1]. Such a process tends to cause excessive production or 
suppression of cytokines and other mediators that affect 
vital organ function and triggers further inflammatory 
and counter-inflammatory pathways [4, 5]. The dominant 
clinical phenotypes of these biological events are sepsis 
and septic shock where patients may die due to intracta-
ble inflammation or persistent immunoparalysis.

The blood purification hypothesis
Blocking or attenuating the impact of soluble mediators 
offers protection in acute animal models of fulminant 
infections [6]. Thus, manipulating the soluble compo-
nents of the host response is theoretically attractive. This 
approach represents the target of several studies although 
remaining controversial [3]. Previous attempts to modu-
late the immune response by targeting single cytokines 
have failed [7]. Thus, the blood purification concept 
based on the non-specific manipulation of several media-
tors’ plasma levels has been proposed [8, 9]. Hemoperfu-
sion can theoretically deliver non-specific treatment, as 
discussed below.
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The rationale for hemoperfusion
Insufficient clearance of soluble pro-inflammatory medi-
ators may be one of the reasons for the lack of significant 
evidence of clinical efficacy of adjuvant extracorporeal 
blood purification for sepsis [10]. One may speculate that 
direct contact of blood with highly adsorptive resins in 
an extracorporeal circuit (hemoperfusion) should logi-
cally increase clearance compared to indirect removal by 
dialysis or hemofiltration-based approaches. Hemoperfu-
sion is a modality for blood purification in which solute 
removal is achieved by binding molecules to adsorbent 
materials [11] although the evidence supporting this 
approach is inconclusive, so far. This mechanism is only 
partially present during continuous renal replacement 
therapies (CRRT) but its clinical relevance is likely neg-
ligible, except, perhaps, for membranes with specific 
designs, like polymethylmethacrylate or  oXiris® (Baxter, 
Meyzieu, France) [12].

Clearance of specific substances does not only depend 
on perfusion but also on the surface characteristics of the 
materials used and their interaction with specific sub-
stances. Devices containing sorbent beds present large 
surface areas and optimal biocompatibility and provide 
highly efficient removal of solutes especially in the mid-
dle to high molecular weight range [13]. Extracorporeal 
blood purification can be performed by direct hemoper-
fusion or by plasma-perfusion after plasma separation. 
The possibility of conducting such hemoperfusion or a 
plasma-perfusion treatment depends on the biocompat-
ibility of the sorbent particles and the possibility to place 
the sorbent in direct contact with the cellular component 
of blood without causing cell damage [14].

Technical concepts of adsorption
Sorbents can be composed of natural (e.g., carbons) 
or synthetic materials (e.g., polymers) [12] (Table  1). 
Sorbents are generally prepared as beads, granules, 
flakes, fibers, spheres, cylindric pellets ranging from 
50  μm to 1.2  cm. They are characterized by a high 
surface area to mass ratio, varying from 300 to 1200 
 m2/g, which helps to magnify their adsorptive capac-
ity [15]. Beads are contained in a plastic cartridge pro-
vided with ports for plasma/blood inflow and outflow 
and specific screens to avoid dissemination of parti-
cles into the circulation. Once the solvent flows into 
the sorbent, solute removal occurs through several 
phases (Fig. 1): (a) the convective movement from the 
bulk fluid to the external surface of the bead, which 
requires a further diffusive step through a “bound-
ary layer”; (b) the internal mass transfer of the solute 
from the outer surface of the sorbent into the internal 
porous structure through a diffusive mechanism, and 

(c) the final binding (adsorption) of the solute onto the 
porous surface [15].

The final binding is governed by the density and 
diameter of the pores of the sorbent structure (pore 
diameter ranges generally 20–500  Å). Hydrophobic 
binding is the main mechanism of solute removal from 
the extracorporeal circulation [14]. Although other 
forces are involved such as van der Waals and ionic 
bonds, the hydrophobic affinity of the sorbent with the 
target solutes represents the main mechanism of cur-
rently available sorbent cartridges [15]. Once binding is 
complete, this part of the cartridge is saturated and is 
no longer available for blood purification, which is why 
sorbents have a limited lifespan and should be changed 
once fully saturated. The analysis of adsorption iso-
therms describes the phase of saturation as a dynamic 
equilibrium between adsorption and desorption (i.e., 
the release of adsorbed compound). This turnover 
however represents a small component of the dynamic 
process that occurs when van der Waals forces and 
ionic bonds are involved. Because these forces are not 
as strong as the hydrophobic forces, the links can be 
reversible, and part of the adsorbed solute can return to 
the fluid phase if the equilibrium for diffusion and the 
chemical gradients favor this process. However, this is 
of limited biological impact, and the sites become satu-
rated immediately again. Dynamic turnover (adsorp-
tion/desorption) represents in most cases 5–7% of total 
mass removal [14, 15].

The design of each sorbent cartridge should consider 
several aspects, such as the cost of the polymers, high 
resistance to fouling, maximal biocompatibility, and 
the absence of undesirable side effects. Furthermore, 
the combination of porosity, polymers, and inter-
nal pathways inside the cartridge should be designed 
to maximize the mass transfer along the sorbent bed 
[15]. Another important aspect to consider is the flow 
rate into the cartridge. In most cases, suggested blood 
flow ranges between 100 and 200 mL/min, but the role 
of different blood flows in affecting system efficiency 
should be further elucidated. Finally, the selectivity of 
the adsorption for the target solutes is a fundamental 

Take‑home message 

Although technology has significantly evolved and current car-
tridges for hemoperfusion can be safely used with many potential 
applications, current evidence is insufficient to recommend routine 
use in all patients presenting indications.
Further research is needed, including a better refinement of the 
indications for extracorporeal blood purification techniques and 
improved selectivity of target solutes, especially once immunophe-
notypes of septic patients can be specifically identified and moni-
tored.
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aspect of this technology. All these aspects (i.e., poly-
mer type, design, packing of the sorbent, flow, satu-
ration) can be varied and combined into different 
products, significantly affecting the clinical effects of 
adsorption-based extracorporeal blood purification and 
their indications [16].

Available sorbents
Charcoal and resins
The first applications of sorbent hemoperfusion in acute 
patients have been in the treatment of drug intoxication 
and poisoning because, in specific cases, adsorption is by 
far more efficient than hemodialysis [17]. Generally, this 
has been achieved with charcoal adsorption or resins. 
Such devices typically contain between 100 and 300 g of 
activated charcoal or between 300 and 650 g of resin. The 
blood flow for efficient drug removal is approximately 
300 mL/min, up to 450 mL/min and intermittent hemop-
erfusion is usually performed for 4 h. Beyond this treat-
ment time, additional clearance is unlikely to occur due 
to device saturation and double pool kinetics in the body.

Retrospective studies have shown that hemoperfusion 
is associated with increased survival in case of paraquat 
ingestion when performed early [18], and that hemop-
erfusion sometimes provides better clearance than 
high-flux hemodialysis [19]. Hemoperfusion can also 
be indicated in other intoxications, including Amanita 
phalloides mushroom intoxication, overdose with barbi-
turates, valproic acid, theophylline, aluminum, and car-
bamazepine [20]. Nevertheless, hemodialysis may be of 
some benefit for theophylline [21], valproic acid [22] bar-
biturates [23], and carbamazepine [24] intoxication.

Polymyxin B hemoperfusion
An adsorbent cartridge composed of polystyrenic fib-
ers bound to polymyxin B (PMX)® (Toray Medical 
Co.Ltd., Tokyo, Japan) has been marketed in Japan and 
in Europe for the removal of endotoxins during sep-
sis and septic shock [25]. Endotoxin levels decrease 

in vitro within minutes after starting PMX hemoperfu-
sion (PMX-HP) [26]. This treatment requires sessions 
of 2 h of hemoperfusion and heparin anticoagulation 
to deliver a complete treatment without circuit clotting 
with a blood flow rate ranging between 80 and 120 mL/
min. The first randomized controlled trial (EUPHAS) 
of PMX HP enrolled 64 patients with septic shock 
and intra-abdominal Gram-negative infections and 
showed improvements in hemodynamics (mean arte-
rial pressure, catecholamine dose), respiratory func-
tion, sepsis-related organ failure scores and mortality 
in treated patients [27]. The second trial (ABDOMIX) 
included 243 septic shock patients with peritonitis [28]: 
during this study, patients were randomized based of 
the presence of an abdominal infection and regardless 
of the presence of Gram-negative bacteria. This study 
reported a non-significant difference in mortality rate 
of 27% in the PMX HP group and 19.5% in the conven-
tional group. This study however was questioned due to 
low mortality in the control group and low percentage 
of patients completing the intervention in the studied 
group. Finally, a third large randomized, double-blind, 
controlled trial (EUPHRATES) found no mortality 
benefits with this therapy [29]. For the first time, this 
study applied, as a criterion to enroll patients, the esti-
mation of circulating endotoxin levels through a point-
of-care test (endotoxin activity assay [EAA]). This 
interesting approach makes this treatment potentially 
open to monitoring because a laboratory endpoint can 
be repeatedly measured and targeted during therapy. 
In fact, the measurement of endotoxin may be more 
important than the type of bacteria in determining 
response to therapy. For example, in the EUPHRATES 
study, 20% of patients had an infection with Gram-pos-
itive bacteria and still displayed endotoxemia and many 
patients without bacterial isolates had a positive EAA 
and some clinical benefit from the therapy [29].

A recent post-hoc study, published after the results 
of the EUPHRATES randomized trial, showed a 10% 

Table 1 Currently available technologies

Sorbent polymer Commercial name (manufacturer) Amount of sorbent Coating

Norit charcoal Adsorba (Gambro) 100–300 g Cellulose acetate

Polymyxin B Toraymyxin (Estor) – –

Spherical charcoal Hemosorba (Asahi) 170 g Polyhema

Polystyrene divinyl
benzene

HA 130/230/330
(Jafron)

– None

Polystyrene divinyl
benzene

Cytosorb (Aferetica) 300 g None

Ultra-high molecular weight polyethylene beads 
with end-point-attached heparin

Seraph-100 (ExThera Medical) – –
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reduction in 28-day mortality, after adjusting for organ 
failure scores and baseline mean arterial pressure, for 
patients with EAA values from 0.6 to 0.89 [30]. Patients 
with EAA reductions above 13% were shown to have 
improved mortality. However, there was no difference 
in EAA reductions between patients undergoing PMX-
HP and controls, raising questions about the clinical 
impact of this strategy and the utilization of EAA as a 
reliable endpoint [30] (Table 2).

In response to the above findings, a further rand-
omized controlled trial is being conducted in North 
America (the TIGRIS trial, ClinicalTrials.gov Identi-
fier: NCT03901807). The study has planned for a sam-
ple size of 150 patients specifically including those with 
EAA within the range of ≥ 0.60 to < 0.90. In light of the 
above considerations, until the data from such a trial is 

available, PMX-HP efficacy on mortality is still under 
discussion.

In addition, a recent observation with a mass spec-
trometry methodology, found that a "lipopolysaccha-
ride burden”, presumably translocated from the human 
gut, is also present in healthy controls [31]. However, 
spikes of endotoxemia appear to occur in septic shock 
critically ill patients, possibly because of a higher bacte-
rial load, vascular-gut barrier alteration, or a decrease 
in lipopolysaccharide clearance capacity [31]. Improved 
opportunities to monitor specific septic clinical states 
and severity with biomarkers might significantly opti-
mize the application of extracorporeal blood purifica-
tion. In fact, a specific and sensitive biomarker could 
theoretically improve our capacity to apply these treat-
ments in a selective and timely manner, track their 

Fig. 1 The process of adsorption of a solute dissolved or dispersed in the fluid phase (blood) occurs in subsequent steps: (1) Permeation of blood 
into the interparticle space available inside the cartridge. This is the space between the beads and corresponds to a series of tortuous channels 
in parallel characterized by the dimensions of the beads and the packing density of the sorbent. The flow condition depends on the interparticle 
porosity and the viscosity of blood, the blood flow and the relative blood flow velocity in each cross section of the cartridge. This step is governed 
by complex physical laws such as Darcy’s law and the Karmann–Cozeny equation. (2) The external (interphase) mass transfer of the solute from the 
bulk fluid by convection through a thin film or boundary layers, to the outer surface of the sorbent. (3) The internal (intraphase) mass transfer of 
the solute by pore diffusion from the outer surface of the adsorbent to the inner surface of the internal porous structure. This also implies a surface 
diffusion along the porous surface and adsorption of the solute onto the porous surface
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clinical effectiveness over time, and allow timely cessa-
tion of the extracorporeal circulation.

Coupled plasma filtration adsorption
Although initial encouraging results were obtained 
with this technique, coupled plasma filtration adsorp-
tion (CPFA) is not currently recommended in patients 
with septic shock or hyperinflammation after the nega-
tive results of the COMPACT [32] and COMPACT-2 
[33] trials. Such studies, in fact, showed no significant 
benefit of CPFA and possible potential harm, particu-
larly in patients without acute kidney injury or CRRT 
requirements.

CytoSorb® hemoperfusion
The  CytoSorb®  (CytoSorb®, CytoSorbents Inc, New 
Jersey, USA) device is a cartridge intended for direct 
hemoperfusion that has repeatedly displayed a high safety 
profile in terms of biocompatibility and ease of use [34]. 
It is composed of polystyrene divinylbenzene and poly-
vinylpyrrolidone copolymers and targets molecules in 
the 5–50 kDa range, which includes the molecular mass 
of several cytokines [35]. Treatment with  CytoSorb®, 
according to the Food and Drug Administration, can be 
prolonged up to 24 h with the view that solute spillover 
is negligible even with such prolonged treatment time. 
Maximum effectiveness in terms of sorbent saturation 
has been reported at around 12 h [https:// www. fda. gov/ 
media/ 136866/ downl oad]. The recommended blood flow 
rate is 150–500 mL/min, and the device can be run both 
as a stand-alone treatment and in series with CRRT. The 
cartridge can also be applied during extracorporeal mem-
brane oxygenation (ECMO) or cardiopulmonary bypass. 
In this case,  CytoSorb® placement should be in a shunt 
which comes off the main flow component of the circuit 
as is current practice with hemoconcentrators, and flow 
monitoring (≤ 700 mL/min.) is recommended.

A decrease in cytokine levels in septic patients treated 
with  CytoSorb® has been reported [36], and interleu-
kin-6 (IL-6) has been identified as a diagnostic tool and, 
frequently, as a potential clinical target of  CytoSorb® 
treatment [37, 38]. However, many of these studies have 
been uncontrolled, and the ultimate demonstration of 
 CytoSorb® effects should be tested in a large, controlled, 
adequately sized trial verifying the target solute modifi-
cation in treated patients versus controls. Such evidence 
is currently lacking. A propensity study by Scharf et  al. 
showed that the decrease in IL-6 in critically ill patients 
with hypercytokinemia was not significantly different 
between patients treated with  CytoSorb® and those man-
aged without [39]. Nevertheless, it is possible that this 
heterogenous patient population may need to be further 
stratified in terms of specific indications, risk of death, 
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and clinical and laboratory endpoints [40, 41]. Of inter-
est,  CytoSorb® can be used as a second element in series 
into another extracorporeal circuit, such as CRRT [42], 
cardiopulmonary bypass [43], ECMO [44]. However, a 
longitudinal cytokine profiling study before and after 
ECMO start in patients with coronavirus disease 2019 
(COVID-19) found that ECMO does not imply a signifi-
cant cytokine increase and that, even if patients seem to 
show a decrease in IL-6, IL-10, and TNF-gamma, patients 
without  CytoSorb® hemoperfusion also display a decrease 
in cytokine concentration [45]. This study clearly revealed 
our inadequate understanding of cytokine kinetics in dif-
ferent clinical conditions, and the need for improved 
knowledge to optimize the modulation of cytokine lev-
els. In fact, the treatment of COVID-19 patients with 
extracorporeal blood purification and specifically with 
 CytoSorb® hemoadsorption has been recently investi-
gated [46, 47], discussed and questioned [48].

Even if several case series have shown promising results 
[35, 44], at least four randomized trials have not shown 
any benefit in terms of mortality [37, 43, 46, 49], and 
two prospective studies (a matched controlled one and 
a randomized trial) have described potential harm [41, 
47] (Table 2). According to the above studies,  CytoSorb® 
does not appear to significantly affect vasopressor 
requirement, measured cytokine levels, organ dysfunc-
tion, and mortality of adult critically ill patients with 
signs of hyperinflammation due to cardiac surgery, infec-
tion, sepsis, or COVID-19. In response to the above find-
ings of such studies, a recent editorial openly criticized 
public funding of  CytoSorb® treatment in Germany and 
highlighted the absence of convincing literature support-
ing its effectiveness and unjustified costs [50].

Some reports have recently described the application 
of hemoadsorption in the pediatric setting. Both DH-
PMX [51] and  CytoSorb® have been safely used in cases 
series of septic shock [52], hemophagocytic lymphohis-
tiocytosis [53], and multi-organ failure (MOF) [54], but 
pediatric randomized trials are not currently planned. 
More information on this delicate population will need to 
be provided by large prospective databases.

Both in children and in adults,  CytoSorb® has been 
used to significantly and effectively reduce bilirubin 
and myoglobin serum concentrations, proving itself as 
a potential tool for patients with different forms of liver 
failure with hyperbilirubinemia [55, 56] and rhabdomy-
olysis [57, 58].

Jafron HA series for hemoperfusion/plasmaperfusion
A group of novel cartridges for hemoperfusion have 
recently been developed: neutro-macroporous res-
ins made of styrene–divinylbenzene copolymer, called 
HA130, HA230, and HA330 (Jafron Biomedical, 

Guangdong, China) [59]. The pore size distributions of 
the resins are 500 D–40 kD in HA130, 200 D–10 kD in 
HA230, and 500 D–60 kD in HA330/HA380. HA130 is 
mainly used in chronic conditions in combination with 
hemodialysis during one or more sessions of the week. In 
such conditions, the additional role of adsorption seems 
to induce a significant benefit in symptoms such as pru-
ritus, muscular weakness, appetite, and anemia [59]. 
The HA230 is mostly indicated in acute intoxications 
especially in cases of a drug overdose, pesticides, and 
industrial toxin poisoning [59]. The HA330 and HA380 
cartridges are mostly indicated in acute inflammatory 
conditions such as sepsis, trauma, burns, pancreatitis and 
various cytokine release syndromes (CAR-T cell therapy, 
severe COVID-19, hemophagocytic syndrome) [59]. A 
small, randomized study in subjects with sepsis and acute 
lung injury and treated for 3 days with 2 h-long sessions 
of HA330, compared with usual care, selected cytokine 
levels fell. Moreover, the study showed significant 
improvements in patient oxygenation and 28-day mor-
tality (67% in treated patients vs 28% in control patients) 
[60]. Similar results but with no effect on mortality were 
shown in another small, randomized trial where the 
treatment was combined with pulse high-volume hemo-
filtration [61]. Blood flow rate with HA330 cartridge 
is typically the same than the flow used during routine 
CRRT and can therefore range from 150 to 250 mL/min.

It should be noted that a specific adsorbing resin for 
bilirubin and bile acids is incorporated into a cartridge 
to be used in a technique called DPMAS (double plasma-
filtration molecular adsorption system). This sorbent has 
been used alone or in combination with the HA330-II 
cartridge to achieve the removal of cytokines and biliru-
bin /bile acids in acute liver failure and fulminant hepati-
tis in adults and children [62, 63]

Seraph‑100 microaffinity pathogen binder
Of particular interest, the Seraph-100® (ExThera, Mar-
tinez, CA) cartridge was designed to remove pathogens 
from the bloodstream [64]. It contains ultra-high molec-
ular weight polyethylene beads with end-point-attached 
heparin, which is considered able to immobilize patho-
gens similarly to the action of heparan sulfate on the cell 
surface [65]. It can be run both as a standalone treat-
ment and in series with a CRRT circuit. Blood flow rates 
range from 150 to 350 mL/min and treatment time may 
be extended up to 24  h at the discretion of the attend-
ing clinicians [https:// www. fda. gov/ media/ 137105/ downl 
oad]. If future controlled studies confirm its effectiveness 
in septic patients and those with complicated COVID-
19 infections, it could warrant a multi-modal approach 
to the treatment of dysregulated inflammation, not only 
by removing cytokines from the bloodstream but also 

https://www.fda.gov/media/137105/download
https://www.fda.gov/media/137105/download
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by acting on bacteremia and viremia (including damage 
associated molecular patterns, associated with cytokine 
hyperproduction).

Open questions: research methodology, 
unwanted drug clearance, timing, dose, duration, 
anticoagulation, and costs
More research is needed to establish the real and effec-
tive role of extracorporeal blood purification therapies 
in the critical care setting. The evidence for the clinical 
effectiveness of adsorption therapies requires a well-
structured research agenda. We should also consider 
that initial randomized controlled trials should assess 
different primary endpoints rather than mortality to also 
assess other important effects of extracorporeal blood 
purification such as ventilation-free days, vasopressor-
therapy-free days, invasive organ support-free days or 
intensive care unit-free days (Fig.  2). More mechanis-
tic studies must be conducted to better understand 
which molecules should be targeted in a specific clinical 

condition. Some authors suggest that variability in host 
immune-phenotypes and clinical responses should be 
fully appraised and urgently considered as the focus of 
future investigations in this setting [48]. Another impor-
tant black box is the removal of protein-bound molecules 
vs free molecules. Until these issues have been clearly 
addressed, positive randomized trials of hemoperfusion 
seem unlikely.

A recent updated systematic review on extracorporeal 
cytokine adsorption therapy [66] explicitly concluded 
that the efficacy and safety of this strategy in combination 
with standard care in patients with sepsis/septic shock 
and undergoing cardiac surgery has not been established.

Evidence assessing the pharmacokinetic behavior 
of antibiotics typically used in patients undergoing 
hemoperfusion is limited, and only a few data exist 
coming from small and heterogeneous studies [67–72]. 
Due to the critical importance of optimal antimicro-
bial treatment in sepsis, it seems crucial to understand 
and compensate for such extracorporeal loss during 

Fig. 2 Clinical trials for the assessment of efficacy of hemoperfusion in septic patients should apply the explanatory approach. This includes a 
highly selected homogenous patient population. Enrichment criteria such as applying genetic signature and molecular biomarkers allow the 
identification of clinical subphenotypes. The intervention must be delivered by a multidisciplinary team of trained personnel. The aim is to maximize 
the signals for efficacy and safety. In a homogenous cohort, confounding uncontrolled variables are less likely to exist. Trials with highly selected 
populations have a high internal validity but poor generalizability. The parallel design described in the figure is robust and usually is required by 
regulatory agencies for the approval of a new treatment. Allocation concealment and randomization are key to minimize bias such as confirma-
tion bias, observer bias. The Intervention should be delivered following strict protocols. Any deviation from the protocol negatively influences the 
potential effects of the therapies. Surrogates such as cytokine measurement are adequate primary outcomes in phase 3 trials with small sample 
size because there is a higher likelihood of finding positive results. Once a trial shows positive results concerning surrogate markers, a rationale for 
another phase 3 trial exploring clinical outcomes is built, justifying the allocation of financial sources to the intended trial
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hemoperfusion. Unselective solute clearance and the 
potential benefit of hemoperfusion “rebalancing immu-
nity” can be neutralized by side effects where the indis-
criminate removal of “good” solutes may play a central 
role in determining patient outcomes. Such unselected 
drug clearance in patients with sepsis is an under-
researched area. In 2002, an investigation assessed a 
biocompatible sorbent cartridge  (Betasorb®, Renal 
Tech) [67], specifically manufactured for high-effi-
ciency removal of substances in the middle molecular 
weight range, like ß2-microglobulin and cytokines [68]. 
It applied such treatment to uremic blood and found 
effective removal of glycopeptides and other non-anti-
microbial agents (digoxin, theophylline, phenobarbital, 
phenytoin, carbamazepine, valproic acid, tacrolimus, 
and cyclosporine A). In contrast, aminoglycosides were 
less affected by the cartridge. A recent in  vitro study 
evaluated the adsorption capacity of  CytoSorb® for 
many common antimicrobial drugs: vancomycin, gen-
tamicin, meropenem, flucloxacillin, piperacillin, cip-
rofloxacin, rifampicin, fluconazole and voriconazole 
[67]. The study showed that all investigated drugs were 
adsorbed to the surface of the  CytoSorb® cartridge in 
a non-linear fashion leading to saturation of the adsor-
bent surface and a progressive reduction in clearance 
over time. Consequently, additional extra doses of 
antimicrobials must be administered within the first 
few hours of initiation of hemoperfusion to maintain 
a clinically adequate steady-state serum concentration. 
A recent prospective observational study, designed to 
quantify the adsorption of vancomycin (as a continu-
ous infusion with a preceding loading dose over 2  h) 
by  CytoSorb®, demonstrated significant adsorption of 
vancomycin with a linear decrease during  CytoSorb® 
treatment [69]. A total of 160 vancomycin serum sam-
ples from 7 patients with septic shock were included in 
the analysis and 15% of the samples were collected dur-
ing CytoSorb® treatment. The study showed significant 
adsorption of vancomycin by the  CytoSorb® device 
(max. 572  mg) and the necessity to administer extra 
doses to achieve therapeutic exposure. An interven-
tional experimental study investigated hemoadsorption 
performed with  CytoSorb® on 17 drugs: clindamycin, 
fluconazole, linezolid, meropenem, piperacillin, anidu-
lafungin, ganciclovir, clarithromycin, posaconazole, 
teicoplanin, tobramycin, ceftriaxone, ciprofloxacin, 
metronidazole, liposomal amphotericin B, flucloxacil-
lin and cefepime [70]. The only drug not affected by 
hemadsorption was ganciclovir. The remaining drugs 
had an effective clearance, declined over time, consid-
ered as moderate for fluconazole (282%) and linezolid 
(115%), mild for liposomal amphotericin B (75%), posa-
conazole (32%) and teicoplanin (31%) and negligible 

for all other drugs. Finally, it has been demonstrated 
in  vitro that many other drugs can be actively elimi-
nated by  Cytosorb® including remdesivir, dabigatran, 
edoxaban, rivaroxaban, and ticagrelor [71, 72].

Another open question related to the dosing of hemop-
erfusion. It is possible that some patients would require 
“higher doses” and repeated cycles of adsorption [73], 
with frequent and sequential changes of the cartridges. 
Again, we currently do not know how early and how long 
the treatment session should be (i.e., the timing to start 
and the timing to stop), nor whether the anticoagulation 
regime has an impact (e.g., by ensuring effective perfu-
sion, prolonging cartridge use, or reducing inflammatory 
triggering through the coagulation cascade). Finally, the 
high cost of these devices must be definitively justified in 
terms of clinical effectiveness (i.e., reduction of hospital-
centered outcomes), particularly in times of economic 
restraints.

Considering current limited knowledge and avail-
able evidence regarding hemoperfusion techniques 
and devices, we should strongly recommend a focused 
research agenda. Some patients may benefit from adsorp-
tion-based extracorporeal blood purification, but we 
need to identify such individuals or group of patients 
using adequate biomarkers or phenotype identification 
techniques. For the moment these technologies should 
probably be considered experimental and in the context 
of a specific research protocol.

Conclusion
Evolution of extracorporeal blood purification has pro-
ceeded constantly over the last two decades. Hemoperfu-
sion and the design of biocompatible cartridges with the 
potential for customizing the target solutes and imple-
menting safe and selective treatments are currently driv-
ing the development of the latest generation of blood 
purification devices. Our understanding of critical care 
pathophysiology and hyperinflammatory diseases has 
also evolved, and it is now clear that each patient requires 
a tailored approach. It appears likely that hemoperfusion 
research will switch from large-scale randomized trials 
to tailored, adaptive studies that include only patients 
meeting specific and objective criteria (i.e., biomarkers, 
clinical phenotypes) that offer plausible indications for 
treatment and/or endpoints for the assessment of the 
biological efficacy of blood purification.
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