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Despite various therapies to treat sepsis, it is one of the leading causes of mortality in the intensive 
care unit patients globally. Knowledge about the pathophysiology of sepsis has sparked interest in 
extracorporeal therapies (ECT) which are intended to balance the dysregulation of the immune 
system by removing excessive levels of inflammatory mediators.

AIM 
To review recent data on the use of ECT in sepsis and to assess their effects on various inflam-
matory and clinical outcomes.

METHODS 
In this review, an extensive English literature search was conducted from the last two decades to 
identify the use of ECT in sepsis. A total of 68 articles from peer-reviewed and indexed journals 
were selected excluding publications with only abstracts.

RESULTS 
Results showed that ECT techniques such as high-volume hemofiltration, coupled plasma 
adsorption/filtration, resin or polymer adsorbers, and CytoSorb® are emerging as adjunct 
therapies to improve hemodynamic stability in sepsis. CytoSorb® has the most published data in 
regard to the use in the field of septic shock with reports on improved survival rates and lowered 
sequential organ failure assessment scores, lactate levels, total leucocyte count, platelet count, 
interleukin- IL-6, IL-10, and TNF levels.

CONCLUSION 
Clinical acceptance of ECT in sepsis and septic shock is currently still limited due to a lack of large 
random clinical trials. In addition to patient-tailored therapies, future research developments with 
therapies targeting the cellular level of the immune response are expected.

Key Words: CytoSorb®; Hemadsorbers; Inflammatory mediators; Extracorporeal therapies; Sepsis
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Core Tip: Sepsis is one of the leading causes of mortality in critically ill patients globally. Substantial 
progress is made in the field of extracorporeal therapies and sepsis. CytoSorb® is emerging as an adjunct 
therapy to improve hemodynamic stability. This device is an International Organization for Standard-
ization certified, European Conformité Européenne mark-approved class IIb medical device that is 
designed to remove excess inflammatory cytokines from the blood. There are extensive published reports 
of its use in the field of septic shock with improved survival rates and other improved biochemical 
parameters. However, clinical acceptance is still limited due to a lack of large random clinical trials.
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INTRODUCTION
Sepsis is a global major life-threatening syndrome causing multiple organ dysfunction syndrome 
(MODS)[1]. The World Health Organization described the global estimate of sepsis morbidity and 
mortality[2] in 2017, as 48.9 million cases with 11 million sepsis related deaths. This estimate accounts 
for 20% of deaths worldwide[3]. In the United States, the incidence of severe sepsis and septic shock is 
reported as 300 cases per 100000 individuals, costing more than 20 billion dollars per year[4]. In 2005, 
there were 430 cases of severe sepsis per 100000 people in Sweden. Furthermore, in clinical cohort 
studies involving 198 European intensive care unit (ICU), the incidence of sepsis is 11.8% in Australia 
and New Zealand, 14.6% in France, 27.1% in the United Kingdom, and 30% in the SOAP study. Sepsis 
has steadily increased in most developed countries over the last several decades[5,6].

The definition of sepsis has evolved over the years and is currently defined as a life- threatening 
organ dysfunction caused by a dysregulated immune response of the host to infection[1]. Over 
stimulation of the immune response leads to a cytokine storm, which may lead to septic shock, capillary 
leakage, and microcirculatory disturbances finally resulting in MODS. The dysregulated reaction, 

https://www.wjgnet.com/2220-3141/full/v12/i2/71.htm
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however, may also lead to a protracted phase of immunoparalysis, contributing to the risk of secondary, 
hospital acquired infections[7].

Conventional therapies for sepsis mainly focus on fluid resuscitation, source control measures and 
antimicrobial administration within 1 h of recognition[8]. New therapeutic strategies aim to restore the 
immune balance by eliminating/ deactivating inflammatory mediators[7,9]. Extracorporeal therapies 
(ECT), otherwise known as blood purification therapies target attenuation of the immune response by 
reducing the circulating levels of cytokines and triggers that potentiate the response (endotoxins, 
pathogen associated molecular patterns – (PAMPs), damage associated molecular patterns (DAMPs), 
and leukocytes), thereby trying to achieve immune balance/homeostasis[7].

ECT is a blood purification technique in which blood and its components are removed from the body, 
circulated in the EC circuit and treated with various technologies before being readministered to the 
patient[10]. Different ECTs include; hemofiltration, hemoperfusion, intermittent or continuous high 
volume hemofiltration (HVHF), hemadsorption and plasmapheresis[11].

The concept of ECT is based on the objective of nonspecific clearance of inflammatory mediators 
and/or toxins, attenuating the overwhelming systemic expression of inflammatory mediators in the 
early phase of sepsis[12]. As per the ‘cytokine peak concentration’ hypothesis, eliminating the peak 
cytokine concentration during the early stage of sepsis can halt the inflammatory cascade, thereby 
limiting the organ damage and decreasing the incidence of MODS[13,14].

MATERIALS AND METHODS
An extensive literature search was conducted for articles published in last two decades that provided 
information on the use of ECT in sepsis, using the key words “sepsis”, “septic shock”, “extracorporeal 
therapy”, “blood purification”, and “CytoSorb®”, that were in PubMed, MEDLINE, Cochrane Library, 
or Science Direct databases and with the filters “humans”, “English language”, “full text articles” 
(review articles, case reports, randomized controlled trials (RCTs) applied. Only articles published in 
peer-reviewed and indexed journals from 2002-2021 were selected; abstracts were excluded. The 
PRISMA diagram for inclusion and exclusion of articles is presented in Figure 1.

RESULTS
Pathophysiology of sepsis
Sepsis is a multi-layered disruption of the host immune balance. Its pathophysiology involves a 
complex interplay between the host and the infectious agent[15]. The first step in this process, is 
activation of the innate immune system (macrophages, monocytes, neutrophils and natural killer cells) 
which occur as a result of the binding of PAMPs and DAMPs such as adenosine triphosphate and 
mitochondrial DNA, to the specific pattern recognition receptors present on the immune cells, which 
include toll like receptors, C-type leptin receptors and nucleotide binding oligomerization domain like 
receptors[16]. This results in intracellular signal transduction and activation of pro-inflammatory 
cytokines, such as interleukin - IL1, IL6, IL12, IL18 and tumor necrosis factor alpha (TNF-α)[17]. 
Subsequently, cytokines cause activation of leukocytes, complement system, coagulation pathways, 
tissue factor production, chemokine expression and overexpression of endothelial adhesion molecules
[15,16]. Following this negative feedback, a compensatory anti-inflammatory response syndrome 
(CARS) is initiated, which down regulates the components of the adaptive immune system[17]. Upregu-
lation of both pro- and anti-inflammatory cytokines marks the early stage of sepsis[18]. A poorly 
regulated systemic inflammatory response syndrome (SIRS) and CARS can lead to a mixed antagonistic 
response syndrome leading to progressive tissue damage and potentially causing MODS[15,19].

Coagulopathy in sepsis occurs as a result of simultaneous activation of inflammatory and hemostatic 
pathways. It is thought to be driven by the release of tissue factor from damaged endothelial cells, 
leading to systemic activation of the coagulation cascade[20]. Activation of this cascade results in 
thrombin production, platelet activation and formation of fibrin clots leading to perfusion defects[16,
21]. In addition to this, procoagulant effects are further potentiated by suppression of natural antico-
agulants such as protein C, anti-thrombin, and thrombomodulin along with tissue plasminogen 
activator, leading to microvascular coagulation and ultimately MODS[21,22]. Pathophysiology of sepsis 
is detailed[15,16,23] in Figure 2.

Management of sepsis
Sepsis is a medical emergency and measures taken in the initial hours after its recognition have a 
significant impact on the outcomes, including survival. In 2018, the Surviving Sepsis Campaign (SSC) 
guidelines introduced an “Hour-1-Bundle”, replacing the previous recommendation of 3- and 6-hour 
bundles. The ‘Hour-1 Bundle’ consists of 5 clinical interventions, which prompt immediate initiation of 
sepsis management and fluid resuscitation measures[24]. Management of sepsis including screening 
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Figure 1 PRISMA diagram. ECT: Extracorporeal therapies.

Figure 2 Pathophysiology of sepsis. ATP: Adenosine triphosphate; DAMP: Damage associated molecular pattern.

and ICU standards of care is presented in Figure 3[7,16,25,26].

Blood purification therapies: MODS caused due to an excessive release of cytokines and inflammatory 
mediators is a major cause of ICU morbidity and mortality in sepsis[27]. Blood purification therapies 
(BPTs) are the strategies proposed to restore the immune balance by eliminating or deactivating the 
inflammatory mediators and originates as an off-shoot of renal replacement therapy (RRT). Various 
approaches have been identified to maximize the effect of RRT, which include HVHF, high cut-off 
membranes (HCO), hemadsorption techniques alone or in combination and coupled plasma filtration 
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Figure 3 Treatment algorithm for sepsis-screening to intensive care unit management. SIRS: Systemic Inflammatory Response Syndrome; NEWS: 
National Early Warning Score; MEWS: Modified Early Warning Score; qSOFA: Quick Sequential Organ Failure Assessment; Temp: Temprature; HR: Heart rate, RR: 
Respiratory rate; TLC: Total leukocyte count; MAP: Mean arterial pressure; PPV: Pulse pressure variation; SI: Stroke index.

adsorption (CPFA)[9,15,27]. Studies determining the efficacy of different modalities in cytokine and 
endotoxin removal are presented in Table 1[28-33].

EXTRACORPOREAL THERAPY IN SEPSIS
History of ECT
Extracorporeal BPTs such as hemodialysis, have been used traditionally to replace renal functions in 
critically-ill patients. Knowledge of solute and water transport through physico-chemical mechanisms in 
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Table 1 Studies showing efficacy of different devices for cytokine and endotoxin removal

Ref. Study type Population Modality Intervention Outcomes

Tapia et al
[28], 2012

Prospective cohort 
study

31 severe septic 
shock patients

HVHF, Cytokine 
removal

HVHF – single short term – 6 
h at 40 mL/kg/h

25/31 responded to HVHF. Decrease in 
NE dose and improvement in 
hemodynamic, metabolic and respiratory 
parameters were significantly improved 
by 4 h 

Joannes-
Boyau et al
[29], 2013

Prospective, 
randomized, open 
multicentre trial

137 septic shock 
patients (AKI < 
24 h)

HVHF, Cytokine 
removal

HVHF – 70 mL/kg/h vs 
standard volume 
hemofiltration at 35 
mL/kg/h 

No difference in hemodynamic stability, 
severity scores, 28-d mortality, length of 
stay and vasopressor free days

Livigni et al
[30], 2014

Prospective, 
randomized, 
multicentre parallel 
group trial

192 septic shock 
patients

CPFA, Cytokine & 
endotoxin removal

Conventional therapy (n = 
93) vs CPFA (n = 91)

Decreased mortality in patients receiving 
high dose of CPFA. No difference in 
length of ICU stay and new organ failures 
in 30 d

Atan et al
[31], 2018

Randomized 
controlled trial

76 critically ill 
patients with 
AKI

CVVH -
HCOCytokine 
removal

CVVH-HCO (n = 38) – cut off 
point 100 kDa vs CVVH -Std 
(n = 38) – cut off point 30 
kDa

No difference was observed in mortality, 
duration of hemofiltration, 
norepinephrine dose, serum albumin 
levels and filter life

Dellinger et 
al[32], 2018

Randomized, 
multicentre trial

449 septic shock 
patients

Polymyxin B 
hemoperfusion; 
Endotoxin removal

Polymyxin B hemoperfusion 
+ Standard therapy vs Sham 
hemoperfusion + Standard 
therapy

No significant difference in 28 d mortality 
in overall population or in patients with 
MODS score of > 9

Kaçar et al
[33], 2020

Prospective observa-
tional study

23 septic shock 
patients with 
AKI

HA 330 Cytokine 
removal

HA 330 hemoperfusion + 
CVVH for 2 h once daily for 
3 d

Increase in pH was observed after 1st 
application HA330 hemoperfusion; CRP 
and PCT levels decreased significantly 
after 2nd application

HVHF: High volume hemoperfusion; CPFA: Coupled plasma filtration adsorption; CVVH: Continuous veno-venous hemoperfusion; HCO: High cut off 
membrane; ICU: Intensive care unit; NE: Norepinephrine; AKI: Acute kidney injury; CRP: C-reactive protein; PCT: Procalcitonin.

dialysis forms the basis of extracorporeal (continuous) renal replacement techniques (CRRT) and ECT. 
Observations of recovering ICU septic patients treated with RRT sparked the idea of tilizing ECT in 
sepsis[34,35]. Different theories have been postulated to explain the effect of blood purification in 
restoring hemodynamic stability. Peak concentration hypothesis suggests that eliminating the peaks of 
cytokine blood concentrations during the early phase of sepsis could halt the inflammatory cascade, 
resulting in improved immune-dysregulation[14,36]. Variations in interstitial and tissue concentrations 
of inflammatory mediators cannot be explained by this theory. To combat the failure of peak concen-
tration theory, a new dynamic hypothesis “threshold immunomodulation” was developed by Honore and 
Matson, which correlated the removal of inflammatory mediators from the blood compartment to 
changes in interstitial and tissue mediator levels. According to this new theory, inflammatory mediators 
are gradually taken from interstitium and tissues after removal from the blood compartment until a 
threshold is reached, at which the inflammatory cascade comes to a halt preventing further organ 
damage. However, it is difficult to correctly determine this threshold as changes in inflammatory 
mediators in the interstitium and tissues might not be reflected accurately by changes in the blood 
compartment in different BPT[37]. To find out how blood purification affects the passage of mediators 
and cytokines from the tissue and interstitium into the blood compartment, a new hypothesis i.e., “
mediator delivery” hypothesis was proposed by Di Carlo and Alexander. This hypothesis suggested that 
use of high replacement volumes, (around 20 to 40 -fold increase in lymphatic volumes) might displace 
the inflammatory mediators in the blood compartment from where these could be removed during the 
blood purification process. Thus, high replacement volumes enhance the lymphatic transport between 
the blood compartments and tissue/interstitium[38]. However, Honore et al[37] developed a fourth 
cytotoxic hypothesis to explain the relationship between different compartments. This theory explained 
that removal of inflammatory mediators from central circulatory system required assistance of active 
transportation along with passive one. Peng et al[39] proposed a cytokinetic theory which suggested that 
the BPT restores immune function by regulating monocytes, neutrophils and lymphocytes at the cellular 
level. Many studies have reported that polymyxin B hemoadsorption could increase the expression of 
leukocyte surface markers such as HLA-DR making hemoadsorption a ‘re-programming system’ for the 
leukocytes. Another unique element proposed in this theory is that the concentration gradient from 
plasma to infected tissues can be restored by removing mediators from the plasma in systemic inflam-
mation. This concentration gradient has notable effects on leukocyte trafficking and bacterial clearance
[11,36,39].
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Mechanics and factors affecting ECT
Mechanisms involved in extracorporeal blood purification are either diffusion, convection or 
adsorption. With the diffusion process, the solute is transported through a semi permeable membrane 
down/across its concentration gradient, whereas in convection, solute transport happens as part of 
solvent drag, and ultrafiltration is driven by a transmembrane pressure gradient. In hemadsorption, 
blood is passed through sorbents which attract the solutes to adhere to them (adsorb), through a series 
of hydrophobic and ionic interactions[27,40]. Solute clearance by diffusion depends on molecular 
weight (MW), membrane permeability, dialysate flow and surface area. Various EC blood purification 
techniques are described in Figure 3[15,40,41].

Cytokine removal in sepsis
It has been postulated that sepsis induced organ injury can be mitigated by curtailing the inflammatory 
cascade. This could be achieved by disrupting the peak of inflammatory mediators[13]. BPT used for 
cytokine removal are the convection therapies [CRRT, HVHF, HCO, adsorption therapies (Polymixin B, 
CytoSorb® (hemadsorption)] and combination therapies[7,15].

HVHF: HVHF is defined as continuous hemofiltration at a rate of 50-70 mL/kg/h for 24 h or 100-120 
mL/kg/h intermittently for 4-8 h followed by conventional renal dose hemofiltration[42]. Circulating 
inflammatory mediators are water insoluble with a MW of < 60 kDa (kilodaltons), and can thus be 
effectively removed from the plasma via the convection method. Additionally, these membranes have 
adsorptive properties which further enhance molecular clearance[12]. Recent meta-analysis studies have 
observed improvements in hemodynamic variables and reduced mortality in critically ill patients with 
HVHF therapy[28,43]. However, HVHF has also shown contradictory results with no improvement in 
mortality or hemodynamic variables in randomized trials[29,44-46]. Potential drawbacks of HVHF are 
the loss of small molecules (vitamins, nutrients, antibiotics) and large volume replacement which may 
increase treatment costs and the risk of electrolyte imbalance[12,47]. In order to avoid the drawbacks of 
HVHF, the concept of cascade hemofiltration was introduced which allows selective removal of middle 
weight molecules. It includes two hemofilters with different cut off values incorporated into a single EC 
unit, through which only middle molecular weight molecules are filtered and the lower molecular 
weight molecules are reinfused into the blood circuit. However, in the study conducted by Quenot et al
[48] cascade hemofiltration failed to provide any beneficial effects in comparison to standard care.

Coupled plasma filtration and adsorption: In this technology, plasma is separated from the blood with 
the help of a high cut off filter and then passed through a sorbent cartridge for adsorption of cytokines 
and endotoxins. The filtrate plasma is then redirected to the dialyzer to combine with blood and used in 
RRT[7,49]. Several studies evaluating CPFA in sepsis and septic shock patients resulted in hemod-
ynamic improvement compared to Continuous Veno-Venous Haemofiltration (CVVH). However, the 
evidence was weak as the patient sample size was small[50,51]. Primary studies on efficacy of CPFA in a 
large multi-centric trial showed no improvement in mortality rate, however, secondary analysis showed 
encouraging results with lower mortality in comparison to controls[30].

CytoSorb® hemoadsorber: Hemoadsorption is a technique where the sorbents contained in cartridges 
are placed in direct contact with the blood via an EC circuit, removing toxins and inflammatory 
mediators[12,36]. The rationale of using adsorption therapy is to restore the (proinflammatory and anti-
inflammatory) immune balance[52].

Features: CytoSorb®(CytoSorbent, New Jersey, United States) hemoadsorption device is an Interna-
tional Organization for Standardization certified, European CE mark approved class IIb medical device, 
made up of biocompatible as well as hemocomaptible polystyrene divinylbenzene copolymer beads, 
designed to remove excess inflammatory cytokines from the blood (IL-1B, IL-6,8,10, TNFα monomer, 
TNFα trimer, IFN γ)[15,53,54]. It has a surface area of > 45000 m2, so in principle has a far greater 
capacity for adsorption than with dialyzers/hemofilters and provides size-selective removal of 
hydrophobic subtstances with a molecular cut-off size of 60kDa, thus resulting in adsorption of both pro 
and anti-inflammatory mediators, toxins and drugs. However, endotoxins are an exception, as their MW 
is 100kDa[7,11]. CytoSorb® is compatible with both citrate anticoagulation and systemic heparin, and the 
duration of therapy is up to 24 h/sessions/d for 2-7 consecutive days depending on the clinical situation 
with blood flow ranging between 150-700 mL/min[55]. CytoSorb® also eliminates proteins (myoglobin, 
free hemoglobin dimer, ferritin, free hemoglobin tetramer), metabolites (bilirubin and bile acids), 
PAMPs (aflatoxin, Staph. aureus hemolysin, Staph. aureus toxic shock toxin, Strept. pyogenes exotoxin, 
Clostr. perfringens toxin and Shiga-like toxin), DAMPs (C5A, S100 and HMGB-1), which may in part be 
responsible for the dysregulated inflammatory response[7,53,54]. Due to the size-selectivity substances 
such as immunoglobulins, albumin and coagulation factors are not adsorbed in a significant manner by 
CytoSorb® as shown in studies[56,57] CytoSorb® can be used as a standalone therapy on cardiopul-
monary bypass (CPB), or with CRRT and ECMO. CytoSorb® is approved for hemoperfusion/ 
hemadsorption and for intraoperative use in CPB surgery for removal of P2Y12-Inhibitor like Ticagrelor 
and/or the factor Xa-Inhibitor, Rivaroxaban[7,53,54].
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Clinical evidence: Various clinical publications support the use of CytoSorb® in septic shock patients 
and have shown promising results prompting the need for RCTs to conclude on the benefits of blood 
purification with CytoSorb® in critically ill patients[58]. Brouwer et al[59] observed in their retrospective 
analysis on patients in septic shock requiring CRRT a significantly improved 28-d mortality by adding 
CytoSorb® as an adjunctive therapy, when they applied the statistical Inverse Probability Treatment 
Weighting method to compensate for baseline differences. In a follow-up long-term analysis of the same 
patient cohort, the authors concluded that the addition of CytoSorb® to CRRT improved survival from 
28 d to 1 year. Lactate level > 6.0 mmol/L at the initiation of CytoSorb® therapy had a 79% positive predi
-ctive value for mortality, underlining the need for timely intervention[60]. Rugg et al[61] retrospectively 
analysed data of septic shock patients who received CytoSorb® +RRT in comparison to matched CRRT 
only controls. Despite matching, CytoSorb® group showed even higher sequential organ failure 
assessment (SOFA) scores (13 vs 12) and mean norepinephrine requirements (0.54 µg/kg/min vs 0.25 
µg/kg/min) at baseline compared to the control group. Moreover, catecholamine requirements as well 
as hospital mortality was reduced within 24 h in the CytoSorb® group compared to the control patients.

An international (130 centres from 22 countries) registry established in 2015 evaluated the use of 
CytoSorb® in critically-ill patients in the ‘real world’. The interim analysis reported an observed 
mortality of 65% in comparison to acute physiology and chronic health evaluation II (APACHE II) 
predicted mortality of 78%. No significant reduction was observed in SOFA. Moreover, a marked 
reduction in IL-6 levels was observed[52].

In a prospective single center study including 20 patients with refractory septic shock, CytoSorb® 
therapy led to significant reductions in norepinephrine requirements improvements in lactate clearance 
and resolution of shock in 65% of patients[62].

Studies conducted in India by Mehta et al[53] also reported a favourable outcome in sepsis or septic 
shock patients with the use of CytoSorb® therapy. A retrospective observational study showed a 
decrease in total leucocyte count, reduction in biomarkers such as procalcitonin (PCT) (65%), C-reactive 
protein (CRP) (27%), serum lactate (27%), bilirubin (43%), IL-6 (87%), IL-10 (92%) and TNF (24%) levels 
and decrease in SOFA scores by 16.2% post therapy. Mehta et al[53] developed a CytoSorb® Scoring (CS) 
system that categorized patients in < 8, 8-13 or > 13, where 8-13 scores based on 5 parameters repres-
enting 5 organ systems to determine the number of devices required for therapy. The score of 8-13 was 
observed as the most appropriate for initiating CytoSorb® therapy. Study results revealed that survivors 
had a mean score of 12, whereas non-survivors a mean score of 14.

Kogelmann et al[63] reported that the effects of hemadsorption therapy (hemodynamic stabilization 
and survival) using CytoSorb® was more pronounced in patients in whom therapy was started in < 24 h 
of sepsis onset, whereas a poor response was associated with a delay in therapy, in terms of vasopressor 
demand and survival. Further research is required to establish its use in treatment of sepsis[64]. 
CytoSorb® has shown promising results in sepsis both individually as well as an adjunct therapy by 
reducing SOFA scores, lactate levels, total leucocyte count, platelet count, IL-6, IL-10, TNF levels and 
improving survival[65-68] as presented in Tables 2[52,53,59,60-63,68,69] and 3[64,70-73].

However, other retrospective analysis did not support the above findings. Wendel Garcia et al[74] did 
not see differences in IL-6 or vasopressor needs in their analysis on the use of CytoSorb® in septic shock 
patients compared to historical control patients and even discussed an increased hazard of death 
associated with hemoadsorption. Similar Scharf et al[75] showed no difference in IL-6 reduction and 
hemodynamic stabilization, or mortality in patients with CytoSorb® treatment compared to a matched 
patient population.

De Wolf et al[76] in a recent meta-analysis suggested that the evidence with a low degree of certainty 
signified that administering CytoSorb® to critically ill patients with inflammatory conditions could even 
increase mortality. Adverse events were common, but they were not routinely evaluated and were also 
underreported. A need for high-quality RCTs to clarify mortality and adverse events related to 
CytoSorb® is suggested by the findings with significant uncertainty, which prevents drawing firm 
conclusions.

Regardless of the fact that all the included studies were not powered for mortality as an endpoint, it 
can also be discussed whether mortality is a reasonable endpoint for a single intervention in critically-ill 
patients with numerous potential causes for death.

However, considering the aspect that patient selection, timing and dosing was not always applied to 
the best possible manner or the current understanding respectively, might explain at least partly the 
contradictory results of the studies presented above. CytoSorb® should primarily be used in refractory 
cases where standard measures of care are not sufficient to stabilize the patient rapidly and start of the 
therapy should ideally be within the first 6-24 h after diagnosis of septic or vasoplegic shock. The 
therapy should be continued until sufficient stabilization. For this the adsorber should be replaced every 
12-24 h depending on the degree of hemodynamic stabilization being observed. With regard to 
adequate timing, Kogelmann et al[77] evaluated a dynamic scoring system intended to support initiation 
of CytoSorb® in septic shock patients. The study reported that earlier treatment was associated with a 
better outcome. Additionally, outcomes improved if CytoSorb® was applied within 12 h after diagnosis 
in patients with the highest CS score > 8.
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Table 2 Multiple logistic regression analysis to predict 30 d mortality

Ref. Study design Population Intervention Outcomes

Friesecke et 
al[62], 2017 

Prospective, single 
center study

20 septic shock 
patients

CytoSorb hemoperfusion Norepinephrinedose reduced after 6 and 12 h; Improved lactate 
clearance; SOFA scores unchanged; Shock reversal achieved in 
65% of patients; 28-d survival – 45%

Kogelmann 
et al[63], 2017

Case series 26 septic shock 
patients

CytoSorb+CVVHD Rapid hemodynamic stabilization; Reduction in Vasopressor 
dose by 67%; Decrease in blood lactate by 26.4%; Shock reversal 
in 38.5% patients; Decreased mortality than predicted by 
APACHE II; No adverse events reported

Friesecke et 
al[52], 2017

International 
registry

135 septic shock 
patients

CytoSorb hemoperfusion Reduced observed mortality of 65% than predicted by APACHE 
II of 78%; Marked reduction in IL6 levels; No significant 
reduction in SOFA scores; Safe and well tolerated without any 
adverse events

CytoSorb +CRRTBrouwer et al
[59], 2019

Retrospective, 
investigator-
initiated study

116 septic shock 
patients

CRRT alone

In CytoSorb group, the mean predicted mortality rate was 74.5%, 
while 28 d mortality rate was 47.8%; In CRRT group, the mean 
predicted mortality rate was 67.9%, while 28-d mortality was 
51.0%; CytoSorb group was associated with a reduced 28-d 
mortality in comparison to CRRT (53% vs 72.3%)

Long term follows 
up

CytoSorb +CRRTBrouwer et al
[60], 2021

Retrospective 
cohort study

116 septic shock 
patients

CRRT alone

CytoSorb was significantly associated with long term outcome 
compared to CRRT

Mehta et al
[53], 2020

Retrospective, 
observational 
study

40 septic shock 
patients

CytoSorb hemoperfusion 
(Survivor group vs non 
survivor group)

Improvement in MAP (62.82 ± 9.73mmHg); Reduction in 
vasopressor dose; Reduction IL-6 levels (87%) and TNF levels 
(24%); Decrease in SOFA scores by 16.2%

CytoSorb+ Standard therapyPaul et al
[68], 2021

Prospective, real 
time, observa-
tional multicentre 
study

45 septic shock 
patients

(Survivor vs non survivor 
group)

26 patients survived post therapy; Reduction in vasopressor dose 
(NE- 51.4%, Epinephrine – 69.4% and Vasopressin -13.9%); 52.3% 
reduction in IL-6 levels; Reduction in APACHE II and SOFA 
scores, 20.1 ± 2.47 and 9.04 ± 3.00 respectively

Akil et al
[69], 2020

20 patients with 
pneumogenic 
sepsis and ARDS

CytoSorb + Combined high 
flow veno-venous ECMO 
(CytoSorb group); ECMO 
therapy alone (Control group)

The 30-d mortality rate was 0% in CytoSorb group, whereas 57% 
was observed in control group; Significant reduction in procal-
citonin and C-reactive levels were observed in CytoSorb group 
in comparison to control group

Rugg et al
[61], 2020

Retrospective 
single center study

42 septic shock 
patients compared 
to 42 matched 
controls

Cytosorb +RRT Catecholamines requirements decreased to 0.26 µg/kg/min 
within 24 h of therapy with CytoSorb; In hospital mortality was 
significantly lower in CytoSorb group as compared to controls 
(35.7% vs 61.9%); Risk factors in CytoSorb group were high 
lactate levels and low thrombocyte counts proior to therapy. 
Lactate value of 7.5 mmol/L, predicted mortality with high 
specificicty (88.9%)

CVVHD: Continuous veno-venous hemodilation; NE: Norepinephrine; MAP: Mean arterial pressure; SOFA: Sequential organ failure assessment; 
APACHE: Acute physiology and chronic health evaluation; IL: Interleukin; TNF: Tumor necrosis factor; ARDS: Acute respiratory distress syndrome; 
CRRT: Continuous renal replacement therapy; RRT: Renal replacement therapy.

The CS still requires prospective validation and adapatibility. Nevertheless, more robust evidence is 
needed to better understand ideal patient selection, timing and dosing.

Novel use of CytoSorb®: CytoSorb® also has CE approval for the reduction of bilirubin and myoglobin 
in liver failure and severe trauma/rhabdomyolysis. It can also be used in severe acute pancreatitis and 
severe cardiogenic shock. Patients undergoing major aortic surgery with CytoSorb® incorporated in the 
CPB circuit demonstrated a promising therapeutic option for critically ill patients with multiorgan 
failure after cardiac surgery and may help in cytokine reduction with improved organ function[78]. In 
2020, CytoSorb® was also approved for the removal for two antithrombotic drugs – ticagrelor and 
rivaroxaban in emergent and urgent cardiothoracic surgery, in order to reduce the risk of intra- and 
post-operative bleeding.

Jafron HA-330 and HA-380 adsorber: (Jafron Biomedical Co., Ltd.No.98, Technology Sixth Road, High-
tech Zone, Zhuhai City, 519085, Guangdong, China).

The HA-330 (HA-380 is 15% bigger than HA-330) is a disposable hemoperfusion cartridge with an 
adsorbent material made up of neutral microporous resin and collodion coating. It is indicated for the 
removal of middle to large pathogenic substances from the blood (endogenous or exogenous), such as 
residual drugs, toxins and metabolic substances. It is used either as a stand alone or in combination with 
hemodialysis and hemoperfusion circuits. However, it is not clear if integration with ECMO is 
recommended or not.
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Table 3 Studies determining efficacy of CytoSorb in coronavirus disease 2019 infection

Ref. Study type Population Intervention Outcomes

Alharthy 
et al[70], 
2020

Retrospective 
case series

50 COVID-19 patients 
with AKI, ARDS, Sepsis 
and hyperinflammation

CytoSorb + CRRT [Survivors (n = 
35) vs non survivors (n = 15)]

Decreased SOFA score, lactate levels, ferritin, D-dimers, 
CRP and IL-6 levels in th survivor group after 2 ± 1 
sessions of CRRT + CytoSorb

Mehta et al
[64], 2021

Case series 3 critically ill COVID-19 
patients

CytoSorb hemoperfusion other 
prescribed medications 
(tocilizumab, antivirals, hydroxy-
chloroquine, azithromycin)

Significant improvement in biochemical parameters and 
clinical outcomes post CytoSorb therapy; Reduction in CRP 
levels by 91.5%, 97.4% and 55.75%, respectively; 
Improvement in MAP by 18%, 23% and 17% by 7th day 
post therapy

Nassiri et 
al[71], 
2021

Retrospective 
case series

26 COVID-19 patients 
with ARDS

CytoSorb hemadsorption therapy 21 patients survived; Significant decrease in NE 
requirement; PCT, CRP and ferritin reduced post therapy; 
Significant improvement in SOFA scores; Therapy was well 
tolerated

Paisey et al
[72], 2021

Retrospective 
case series

15 severely ill COVID-19 
patients

CytoSorb hemadsorption therapy Adjunctive treatment with CytoSorb lead to reduction in 
ferritin, CRP, PCT and lactate levels

Song et al
[73], 2021

Multicenter 
observational 
study

52 ICU COVID -19 
patients on ECMO

ECMO + CytoSorb 
hemadsorption therapy

ICU mortality was 17.3% on day 30, 26.9% on day 90, and 
30.8% at final follow up of 143 d; Lower baseline D-Dimer 
levels were observed among survivors (2.3 ± 2.5 vs 19.8 ± 
32.2 µg/mL) compared to non survivors; Borderline 
association observed between baseline D-Dimer levels and 
mortality with a 32% increase in risk of death per 1 µg/mL 
increase

COVID-19: Coronavirus disease 2019; CRRT: Continuous renal replacement therapy; SOFA: Sequential organ failure assessment; CRP: C-reactive protein; 
IL: Interleukin; AKI: Acute kidney injury; ARDS: Acute respiratory distress syndrome; MAP: Mean arterial pressure; NE: Norepinephrine; ECMO: 
Extracorporeal membrane oxygenation.

HA-330 (and HA-380) have limited options for circuit configurations and a shorter treatment time up 
to 4 h when used in conjunction with a dialyser. Moreover, HA-330 (and HA380) have a maximum 
blood flow and operating time depending on the mode of operation.

Both HA-330 and HA-380 adsorbers have a storage fluid considered to be extremely acidic, with a pH 
of 1.8, which, even after a careful and 45-min-long rinsing procedure, remains as low as pH 3.3. A case 
series conducted in septic pediatric patients with cancer and other hematological disorders has 
confirmed the efficacy of HA-330 and HA-380. However, detailed studies in a larger population was 
recommended by the authors[79]. Treatment with CytoSorb®, resulted in significant removal of IL-6 in a 
severely ill patient population with septic shock, ARDS, and multi-organ failure in a multicenter 
randomised study. This, however, had no effect on normalised IL-6-plasma levels[80,81]. A comparative 
in-vitro study was conducted on both the CytoSorbents and Jafron hemoadsorption technologies and 
showed that both systems can remove cytokines from whole blood, but the CytoSorb® 300 device 
appears to be more effective and dynamic in this regard. Therefore, in severe septic state where quick 
cytokine clearance is desired, it might be the preferred device[82]. HA-330 and HA-380 have very 
limited published articles (far less than 50) to support its therapeutic benefits and clinical experience.

Biosky MG 350 adsorber: (Biosun Medical Technology Co. Ltd, China). The Biosky MG350 adsorber is 
another disposable hemoperfusion cartridge made up of microporous adsorptive resin, recommended for 
application in sepsis and hyperinflammation. Published literature in the English language is extremely 
scarce, and currently limited to one case report. Sequential use of CytoSorb® and the MG350 filter was 
carried out in a coronavirus disease 2019 (COVID-19) patient with severe ARDS. After initial successful 
CytoSorb® use, an MG350filter was used in parallel to an ECMO circuit. The combination of an 
antibiotic regimen and Biosky filter resulted in decreased inflammatory markers (CRP, PCT, IL-6 and 
IL-2). However, the patient suffered with severe respiratory failure and later died[83]. Biosky MG350 
has a blood flow of 400 mL/min with an operating time of 2 h depending on the mode of operation. 
Compared to other adsorbers, Biosky MG350 requires a long rinsing procedure (Table 4[84-88]).

Miscellaneous: Several other cartridges available for adsorption include Hemofeel (Toray, Tokyo, 
Japan), a polymethyl methacrylate hemofilter, and Theranova 400/500 dialysers developed by Baxter. 
Multiple other cartridges that have an affinity to bind to bacteria and viruses are also under invest-
igation. The Seraph 100 Microbind Affinity blood filter (ExThera, California, United States) is an 
adsorbing technology which consists of non-porous heparin coated beads designed to reduce blood-
borne pathogens during bloodstream infections. Hemopurifier (Aethlon Medical, California, United 
States) and FcMBL (Opsonix Inc, United States) is also other make that is also available[7].
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Table 4 Multiple logistic regression analysis to predict 30 d mortality

Feature CytoSorb 300[84,85,86] Jafron HA-series (80, 130, 180, 230, 280, 330, 380)
[87] Biosky MG-Series[88]

Manufacturer CytoSorbents™ Inc, United States Jafron Biomedical Co., Ltd. No. 98, Technology Sixth Road, 
High-tech Zone, Zhuhai City, 519085, Guangdong, China

Biosun Medical Technology Co. 
Ltd, China

IFU version October 1, 2021[87] 11-Sep-19 1-Aug-18

Adsorbent Crosslinked Divinylbenzene Neutral Macroporous Resin Medical Neutral Macroporous 
Synthetic Resin

Coating Polyvinylpyrollidone Collodion No data

Adsorbent 
Surface

> 45000 m2 100000m2 No data

Storage fluid Isotonic saline Water for injection Sterile water

Use 
time/cartridge

24 h, Can be administered up to 7 
consecutive days

Depending on mode of operation: Hemoperfusion 100-250 
mL/ min; Dialysis < 320 ml/ min with use upto 4 h; CRRT 
150-250 mL/min with use upto 12 h; CPB up to 700 mL/ 
min with use upto 2.5 h

120-180 min, Not suggested to use 
more than 3 times within 24 h

Blood flow 100-700 mL/min, Recommended > 
150 mL/min

100-700 mL/min 100-400 mL/min; Highest rate is 
250 mL/min

Pmax 760 mmHg 750 mmHg 750 mmHg

Mode of 
operation 
covered

Hemoperfusion, Intermittent 
hemodialysis, CRRT, Cardiopul-
monary bypass (CPB) ECMO

Hemoperfusion; Hemodialysis; CRRT; CPB Hemoperfusion; Hemodialysis; 
CRRT; CPB only as comment in 
anticoagulation, not in setup

Shelf life 3 yr 2 yr 2 yr

Safety report 
status

As of 2021: > 162000 treatments 
distributed without confirmed 
serious device related events

No data No data

IFU: Instructions for use; CRRT: Continuous renal replacement therapy; CPB: Cardiopulmonary bypass; ECMO: Extracorporeal membrane oxygenation.

Endotoxin removal in sepsis
Lipopolysaccharide (LPS) an endotoxin, is a component of gram-negative bacteria that induces an 
inflammatory response. A dysregulated host response to LPS might lead to multiple organ failure or 
fatal septic shock if unchecked. Endotoxin activity (EA) levels are measured on a scale of 0 to 1: low (< 
0.4 units), intermediate (0.4-0.6 units), high (> 0.6 units). More than 80% of septic shock patients have 
intermediate or high EA levels indicating the function of endotoxin as a critical activator of the sepsis 
cascade. Clinical evidence for LPS is obtained from case series in critically ill patients reporting a 
reduction in endotoxin levels and improvement in hemodynamics with no significant adverse effects
[89-91].

Polymyxin B: A polymyxin B-(PMX) immobilised fiber column (Toraymyxin: Toray, Tokyo, Japan) has 
been extensively used for endotoxin removal. The findings of a subsequent RCT in Europe, the 
EUPHAS study, which was carried out in Italy, were published in 2009, demonstrating that PMX has a 
significant effect on sepsis-related mortality[92]. The EUPHRATES RCT trial compared Polymyxin B 
hemoperfusion to a combination of sham hemoperfusion and standard therapy (n = 226) showing no 
significant difference in 28 d mortality among the overall population[32]. Subsequently, a post hoc 
analysis of the EUPHRATES trial demonstrated a significant reduction in 28 d mortality and impro-
vement in MAP and ventilator free days in patients with an endotoxin assay of 0.6–0.9[93]. The ABDO-
MIX trial had inconclusive results on efficacy of the polymyxin B-immobilised fiber column for 
removing endotoxins and improving mortality rates in patients with septic shock[94].

Alteco LPS adsorber: The Alteco LPS adsorber (Alteco Medical; Sweden) is an endotoxin adsorber 
cartridge, consisting of polyethylene plates with peptides which have a high affinity to adsorb LPS. A 
multicentre feasibility trial of the Alteco LPS adsorber –the ASSET trial was terminated early due to 
patient recruitment difficulties[95].

Combined endotoxin and cytokine removal
oXiris membrane: The oXiris filter is a modified AN69ST membrane which has an affinity to adsorb 
both endotoxins and cytokines. Initially, it was approved in 2009 in Europe, and in 2017 the indication 
was extended for patients requiring blood purification, CRRT and in conditions with excessive levels of 
inflammatory mediators and endotoxins[96]. It was also authorised by the FDA for emergency use for 
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COVID-19 treatment[97]. However, its use is only indicated with the Prismaflex unit. Evidence 
supporting the use of oXiris comes largely from case series. In the study conducted by Shum et al[98], 6 
patients with septic AKI received oXiris-CVVH and were compared to historical controls with a similar 
disease severity (n = 24). Results showed a significant reduction in SOFA scores by 37% after the use of 
oXiris-CVVH for 48 h whereas there was a 3% increase in the control group. However, there was no 
significant difference observed in length of ICU stay and hospital mortality. A single centred 
prospective study by Premužić et al[84] showed the efficacy of oXiris filters in reducing IL-6 and SOFA 
score severity in ICU patients. Improvement in respiratory status, chest X-ray severity score and other 
clinical symptoms were also reported in this study. Russell et al[85] used a hybrid purification system in 
fifteen critically ill sepsis patients. Treatment involved RRT with the oXiris filter and a CytoSorb® 
adsorbent cartridge also included in RRT system. Procalcitonin, IL6, cardiorespiratory function and 
endotoxins were monitored at baseline and at the completion of treatment. It was concluded that RRT 
with the oXiris filter and CytoSorb® cartridge were associated with improved hemodynamic stability, 
inflammatory response and renal function.

In an in-vitro comparison of three different blood purification devices – oXiris, polymyxin B, and 
CytoSorb®, oXiris showed a similar reduction in endotoxins and cytokines in comparison to polymyxin 
B and CytoSorb®, respectively[86]. Feri et al[99] pointed out the flaws in this in-vitro investigation, 
including the fact that the in-vitro comparison was carried out for two hours using 500 mL plasma 
solutions, pre-incubated with pathological quantities of inflammatory mediators. As stated by Feri et al
[99], all the three devices (oXiris, polymyxin B, and CytoSorb®) work with whole blood and not just 
plasma, and the volume utilised by Malard et al[86] was very limited (500 mL), in humans the devices 
work with blood volume of 5 L. Furthermore, the concentration of inflammatory mediators was low, as 
was the duration of the experiment.

Feri et al[99] further stated that the actual application time of CytoSorb® and oXiris is 24 h and 72 h, 
respectively. Potential advantages and comparable results in endotoxin and cytokine clearance is 
limited to case series/reports, and no large, randomized trials exist thus far[96]. However, several 
ongoing trials have recently been completed and it is expected that oXiris may provide some new 
insights in the management of sepsis and septic shock. Studies showing the efficacy of oXiris in 
endotoxin and cytokine removal are presented in Table 5[49,96,98,100].

Novel therapeutic advances
Renal assisting device (RAD) is a cell-based therapy containing human proximal tubular cells. It was 
developed based on the concept that the kidney also have metabolic, immune and endocrine functions 
during sepsis[51]. RAD was found to be beneficial in replacing solute and water clearance along with 
active reabsorptive transport and metabolic functions[101]. However, its development was discontinued 
due to manufacturing and distribution issues. A selective cytopheretic device (SCD) is another 
therapeutic strategy targeting activated leucocytes. With a CRRT circuit, it results in sequestration of 
activated leucocytes. Evaluation of SCD was carried out in a randomized trial of 134 AKI patients. No 
significant differences in mortality were found between the treated (SCD) and control populations 
(CRRT)[102]. Molecular adsorbent recirculating system (MARS™) is another extracorporeal system 
which supports the liver by removing albumin-bound toxins from the blood. Short-term benefits of 
MARS have been evaluated in 3 prospective randomized studies showing improvement in survival 
rates of patients with hepato-renal syndrome and hepatic encephalopathy[103].

DISCUSSION
Based on SSC guidelines, evidence of ECT efficacy is evolving and has a sound rationale based on our 
current understanding of sepsis pathophysiology. Overall, however, hard evidence based on 
prospective RCTs is still scarce. As with every therapy proper patient selection, timing and dosing is 
crucial for therapeutic success. ECT has to be seen as an adjunctive therapy aiming at restoring 
homeostasis in hyperinflammatory conditions. In the light of the critically-ill patients with numerous co-
morbidities usually treated with ECT in multi-nodal approach, one should not target mortality as the 
primary endpoint of such trials, but rather consider the improvements in organ dysfunction. 
Additionally, the challenge of patient heterogeneity usually mentioned in many of these trials and 
coming from the fact that sepsis is a syndrome rather than a specific disease, has to be taken into consid-
eration for trial planning, too.

Challenges and limitations of ECT
In clinical practice, timing of ECT is still often delayed as doctors see it too much as a final rescue 
therapy. So better guidance in regard to patient selection, timing and dosing has to compiled and 
provided to the user at the bedside. Importantly and with regard to the different ECT systems available 
in the market, it has to be stated that clinical results, but particularly safety relevant aspects, are not 
transferable between various hemoadsorption products due to technical differences[104].
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Table 5 Studies determing oxiris efficacy for removal of endotoxins and cytokines

Ref. Study type Population Intervention Outcomes

Shum et al
[98], 2013

Prospective case series 
with historical controls

6 patients with 
septic AKI

oXiris + CVVH Significant reduction in SOFA scores by 37% after 48 h of 
therapy

Ugurov et al
[96], 2020

Single centre case series 15 COVID -19 
patients

oXiris hemofilter Early initiation of oXiris was associated with stable or 
reducing levels of IL-6,8,10 and TNFα

Zhang et al
[49], 2021

Case series 5 COVID-19 
patients 

CRRT followed by oXiris 
hemofilter therapy

Reduced levels of cytokines, haemodynamic stabilization 
and improvement of organ function was observed with 
oXiris.

Rosalia et al
[100], 2020

Prospective cohort study 44 COVID 19 
cases

CVVH + oXiris Reduction in CRP, ferritin, fibrinogen and other inflam-
matory mediators were observed 

COVID-19: Coronavirus disease 2019; CRRT: Continuous renal replacement therapy; SOFA: Sequential organ failure assessment; CRP: C-reactive protein; 
IL: Interleukin; CVVH: Continuous veno venous hemofiltration; TNFα: Tumornectrosis factor alpha.

Future directions
Hemodynamic improvements, length of ICU stay and decreasing mortality were among the frequently 
studied end-points in most of the studies that have evaluated different ECT modalities. Further sepsis 
trials should target patient populations as homogeneous as possible and therefore focus on patient 
pheno- and endotypes including biomarker-based approaches to try to obtain more consistent outcomes 
of the therapy, thereby increasing the understanding of optimal therapy management and reducing the 
possibility of conflicting results.

CONCLUSION
Substantial progress has been made in the field of ECT therapies and sepsis. Among the presented 
technologies in this review, CytoSorb® seems to currently represent the most investigated and clinically 
established procedure. However, more robust evidence is still needed. Additionally, the achievement of 
beneficial clinical effects of these adjunct modalities in routine use requires identification of the right 
patient, right timing and right dose. Therefore, high quality RCTs are needed to provide definitive 
answers for these questions and also to facilitate individualised ECT treatments of critically ill patients.

ARTICLE HIGHLIGHTS
Research background
Sepsis is one of the main causes of mortality in patients in critical care units worldwide, despite the fact 
that it can be treated with a variety of medications. Extracorporeal treatments (ECT), which aim to 
balance the dysregulation of the immune system by eliminating high quantities of inflammatory 
mediators, have drawn attention as a result of knowledge about the biology of sepsis.

Research motivation
The biology of sepsis has brought attention to extracorporeal therapies (ECT), which try to regulate 
immune system dysregulation by removing large amounts of inflammatory mediators.

Research objectives
To analyze new research on ECT use in sepsis and evaluate its impact on key inflammatory and clinical 
outcomes.

Research methods
To find the usage of ECT in sepsis, a thorough search of the English literature from the previous two 
decades was done for this review. The selection process excluded publications that had only abstracts 
and resulted in a total of 68 articles from peer-reviewed and indexed journals.

Research results
The findings demonstrated the emergence of ECT approaches such as high-volume hemofiltration, 
coupled plasma adsorption/filtration, resin or polymer adsorbers, and CytoSorb® as adjuvant therapy 
to enhance hemodynamic stability in sepsis. With findings on increased survival rates and decreased 
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sequential organ failure assessment scores, lactate levels, total leucocyte count, platelet count, 
interleukin-IL-6, IL-10, and TNF levels, CytoSorb® has the most published evidence in relation to its 
usage in the field of septic shock.

Research conclusions
The absence of significant random clinical trials currently limits the clinical adoption of ECT in sepsis 
and septic shock. Future research breakthroughs with treatments aiming at the cellular level of the 
immune response are anticipated, in addition to patient-tailored medicines.

Research perspectives
To achieve more consistent treatment outcomes, future clinical trials involving patients with sepsis 
should be as homogeneous as feasible and focus on patient phenotypes and endotypes, including 
biomarker-based techniques. This will not only increase our grasp of how to handle proper therapy, but 
it will also lessen the possibility of inconsistency.
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