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Abstract

INTRODUCTION: Due to the COVID-19 (infectious disease
caused by the SARS-CoV-2 virus) pandemic, we had to take
a completely different approach to the nature of critical con-
ditions. The pandemic also made us reconsider many views
about it. Moreover, that contributed to the development
of new practical approaches for treatment and prevention,
including the ones in the field of extracorporeal hemocor-
rection. OBJECTIVE: Methods for purification of blood
and plasma began to be considered as an independent link
for the treatment of organ disorders or as a part of extra-
corporeal support for the life support of the body. MATERI-
ALS AND METHODS: The article consists of three sections:
a description of the role of extracorporeal hemocorrection
methods in intensive care, their classification and main char-
acteristics; the concept of sequential targeted extracorpore-
al therapy for a treatable symptom in sepsis; extracorporeal
hemocorrection as part of the concept of extracorporeal life
support. This article uses literary sources published from Jan-
uary 1, 2022 to July 1, 2023. Materials related to COVID-19
and other specific pathologies (poisoning, acute liver fail-
ure, itching, systemic diseases, etc.), requiring separate dis-
cussion, are intentionally excluded. RESULTS: Technologies
in extracorporeal hemocorrection provide support and/or
replacement of organ functions; restoration of body resis-
tance and balance between inflammatory and anti-inflam-
matory response; restoration of body tolerance (metabo-
lism and regeneration). Nevertheless, despite the convincing
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Pegpepam

AKTYANBHOCTb: dnugemus COVID-19 (nHbeKumoHHoe
3aboneBaHue, Bbi3biBaeMoe BUpycoM SARS-CoV-2) 3acta-
BW/1A COBEPLIEHHO MO-MHOMY B3r/IAHYTb Ha NPUPOAY Kpu-
TUYECKUX COCTOAHMM, MNEpPeoCMbICIUTb MHOrMe B3rnafbl
M cnocobcTBoBasa pa3paboTKe HOBbIX MPAKTUYECKUX MOA-
XO/I0B K /Ie4eHMI0 M NPOdUNAKTUKE, B T. 4. U B 06/1aCTH 3KC-
TpaKoOpnopasibHOW reMOKOppeKLnn. MeToabl O4NCTKU KpO-
BW 1 M1a3Mbl CTa/IM pacCMaTPMBaTLCA KaK CaMOCTOATeIbHOE
3BEHO Tepanuu opraHHbIX pacCTPOMCTB MAM KaK 4acCTb IKC-
TPaKoprnopanbHON MOAAEPHKKM HKM3HeobecneyeHUs opra-
Hu3sMa. UEJIb UCCNEAOBAHUA: O603HayeHMe HOBbIX
HanpaB/eHWNA, KOHEYHbIX TOYEK WU MEeTOAO0NOMMN Hay4HbIX
NCcCnefoBaHWi, a TaKKe NpakTUYecKux nNoAxonos B obna-
CTW 3KCTpaKopnopanbHoW remokoppekunn. MATEPUAIbI
N METO/bl: CTaTbsa COCTOUT U3 Tpex pa3zesios: onncaHue
PO MeTOA0B 3KCTPAKOPMNOPabHON reMOKOPPEKL MM B UH-
TEHCMBHOM Tepanuu, ux KnaccuduKauma U OCHOBHblE Xa-
PaKTEPUCTUKM; KOHLeNuMa nocaefoBaTe/IbHON TapreTHom
3KCTPaKOpMNopaabHOM Tepanumn U3N1e4nMoro NpusHaKa npu
cencuce; 3KCTpaKopnopanbHas reMOKOppPeKUMA KaK 4acTb
KOHLLenuumn 3KCTPaKOprnopanbHOM MOAAEPHKMN KM3Heobe-
cneyeHunA. B gaHHOWM cTaTbe UCMO/b30BaHbl ANTEpPaTYypHble
MCTOYHMKK, ony6mKoBaHHble ¢ 1 AnBapsa 2022 r. no 1 utons
2023 r. HaMepeHHO MCK/l0YeHbl MaTepuainbl, CBA3aHHbIE
¢ COVID-19 n gpyrummn cneumpmuyeckumMy naTonornamm
(oTpaBneHus, ocTpas MeyeHOYHas HeAOCTaTOYHOCTb, 3y4,
CMCTeMHble 3a60/1€BaHMA 1 T.4.), Tpebylolwme OTAeNbHOrOo
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pathophysiological rationale for the use of these methods
in critical conditions, evidence of its effectiveness is limited.
Current trends indicate that future research should be pri-
marily aimed at finding biomarkers that can simultaneously
designate specific biological processes; characterize different
subgroups of patients; allow targeted choice for the meth-
od of therapy. The modulation of biomarkers under the in-
fluence of this therapy can show its effectiveness for this
particular subgroup of patients at this stage of the disease.
CONCLUSIONS: Methods of extracorporeal blood purifi-
cation should be aimed at prevailing biological processes,
at this stage of pathogenesis, and, accordingly, evaluat-
ed by the effectiveness of the impact on these processes.
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obcyaenna. PE3YJIbTATbI: Texnonorum skcTpakoprno-
panbHON reMOKOppeKLnn obecneymBatoT MNOAAEPHKKY W/
NN 3amelleHne GyHKLMIN OpraHoBs; pecTaBpauuio pesun-
CTEHTHOCTW OpraHmsMa 1 6anaHca Mexkay BoCrnaanTeIbHon
M MPOTMBOBOCNANNTENLHON peaKuMeln; BOCCTaHOB/EHMe
TONIEPAHTHOCTY OpraHm3Ma (MeTabonn3M 1 pereHepaums),
HO, HecMOTpA Ha ybeauTenbHOe MNaTOPU3NONOTUYECKOe
060CHOBaHVe NpYMeHeHNA AaHHbIX METOAOB MPU KpUTKYe-
CKMX COCTOAHUAX, [0Ka3aTenbctea 3GpdeKTMBHOCTU orpa-
Hu4eHbl. COBPeMeHHble TeHAEHLMN YKa3bliBAIOT Ha TO, YTO
6yaylve nccnegoBaHna A0/MKHbI 6bITb B MEpBYIO ovepesb
HaLeneHbl Ha NoncK 6oMapKepoB, KoTopble Morau 6l 060-
3HayaTb cneunduyeckre 6MONOrNYeCcKMe MpoLeccsl. ITu
MapKepbl [O/KHbl [aBaTb XapaKTepUCTUKY Pas/iMyHbIM
noArpynnaM nauMeHToB, No3BONATbL CAenaTb BbI6Op MeTo-
Aa Tepanuu LeneHanpasieHHbIM, U UX U3MEHEHUA A0/IKHbI
CNYXNUTb OLEHKOW 3$PeKTUBHOCTU NPUMEHAEMON Tepanum
Yy AaHHOW KOHKPETHOM MOArpynmbl NaLMEHTOB Ha AaHHOW
ctagun 6onesuun. BbIBO/bl: MeTogbl akcTpakopnopasib-
HOWM OYMCTKM KPOBW AO/MKHbI ObiTb HaLe/feHbl Ha MnpeBsa-
JVpylolLMe Ha AaHHOM 3Tane natoreHesa 6uosoruyeckue
MpOLEeCcChl U, COOTBETCTBEHHO, OLeHMBATLCA MO 3P PeKTMB-
HOCTW BO3/4eMCTBMA Ha 3TU NPOLLECChI.

KZTFOYEBbLIE C/IOBA: remonepdysua, CenTu4ecKni
LIOK, reMO®UNbTPaLIMA, MHTEHCMBHAA Tepanus,
remoazcopbuus
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Great disasters have always produced great abundance.
They make people want to live.
G.G. Marquez

Introduction

The beginning of the third decade of the 21st centu-
ry was characterized by a global catastrophe for humani-
ty in the form of the COVID-19 epidemic (the infectious
disease caused by the SARS-CoV-2 virus), which forced
us to take a completely different look to the nature of crit-
ical conditions, rethink many views and contributed
to the development of new practical approaches to treat-
ment and prevention [1-3]. It became clear that the body’s
physiological response to exposure is extremely individual,
can be characterized by several options and combinations,
has dynamic variability, and the recognized clinical syn-
dromes represent a mixture of biological heterogeneous
conditions. In this regard, modern concepts of diagnosis
and treatment, based on clinical signs, and not on the bi-
ological processes that cause them, do not fully reflect
the complexity of critical conditions; the technologies used
cannot be assessed by evidence-based methods and often
do not show their effectiveness, despite their full theoret-
ical validity [4].

The first blood purification procedure was bloodlet-
ting, popular in the 19th century [5]. Extracorporeal blood
purification has been studied and developed since the cre-
ation of the artificial kidney by Willem Johan Kolff in 1945,
and it was among the early methods of extracorporeal life
support and was at the origins of critical care medicine.
Despite such a long period of development, the presence
of numerous technologies and widespread use in intensive
care units for various clinical conditions, at the moment
extracorporeal hemocorrection (EH) does not have clear
indications, evidence of its effectiveness and it is not in-
cluded in clinical recommendations.

The lack of new knowledge about the nature of the de-
velopment and correction of multiple organ failure,
the deadlock in the treatment of sepsis and number of oth-
er clinical conditions, as well as changes that affected
both the fundamental and practical foundations of inten-
sive care, could not lead to the formation of new views
and strategies in the field of EH, which will be discussed
in this review.

Objective

The aim of this study is to describe new directions
of scientific research and clinical practice in the field of ex-
tracorporeal hemocorrection in patients with multiple organ
dysfunction.

Materials and methods

This article consists of three parts: a description
of the role of extracorporeal hemocorrection methods
in intensive care, their classification and main characteris-
tics; the concept of sequential target extracorporeal therapy
for a treatable symptom in sepsis; extracorporeal hemo-
correction as part of the concept of extracorporeal life
support. The work uses the most interesting, in the opin-
ion of the authors, literary sources published from January
01, 2022 to July 01, 2023 (including books, clinical studies,
randomized clinical trials, meta-analyses, reviews and reg-
ular reviews), which discuss promising scientific directions
of evidence-based research; and specific EH technologies
are proposed for implementation.

Materials related to COVID-19 and other specific pa-
thologies (poisoning, acute liver failure, itching, systemic
diseases, etc.), requiring separate discussion, were inten-
tionally excluded from the analysis.

Extracorporeal hemocorrection in intensive care

The development of organ dysfunction is directly related
to a progressive clinical and biological syndrome that occurs
under the influence of a high pathogenic and/or toxic load,
characterized by hyperinflammation and/or immune paral-
ysis refractory to therapy, accompanied by endotheliopathy
and damage to the coagulation system [6]. Intensive therapy
involves supporting and/or replacing organ functions; resto-
ration of the body’s resistance and balance between the in-
flammatory and anti-inflammatory response; restoration
of the body’s tolerance (metabolism and regeneration), in or-
der to prevent and prevent multiple organ failure. All these
areas of intensive care correspond to the technology of extra-
corporeal life support and direct EH methods [7].

EH can be performed by direct hemoperfusion or plas-
ma purification. The possibilities of various options for pro-
cedures depending on the molecular weight of the substanc-
es being eliminated are shown in Fig. 1. Extracorporeal
blood purification can be achieved using diffusion (hemo-
dialysis), convection (hemofiltration), or a combination
of both (hemodiafiltration). The third mechanism is based
on the adsorption of dissolved substances by the sorbent [7].

Classification and nomenclature

In the Russian Federation, the nomenclature current-
ly used is approved by Order of the Ministry of Health
and Social Development of the Russian Federation dated
October 13,2017 N 804n. (valid from 01/01/2018, as amend-
ed by Order of the Ministry of Health of Russia dated March
5, 2020 N 148n (including as amended, entered into force
on 04/18/2020, as amended for 2023) [8].

In 2022, a draft of a new Order of the Ministry of Health
of the Russian Federation “On approval of the range of med-
ical services” was published (prepared by the Ministry
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Fig. 1. The modified scheme of sequential extracorporeal hemocorrection with the designation of the relationship between the molecular
weight of substances dissolved in the blood and the possibilities of extracorporeal blood purification methods

Pathogen — microorganism; PAMPs — pathogen-associated molecular patterns; TNF — tumor necrosis factor; DAMPs — damage-associated

molecular patterns; HMGB1— high-mobility group protein B1 or amphoterin; kD — kilodalton; PMX-HP — polymyxin-B hemoperfusion.

of Health of Russia on 04/07/2022) [9]. In this document,

EH included in section 05 (other diagnostic and therapeutic

manipulations and procedures; type of action in section 05

DIA blood) is planned to be divided into two types:

s 05.DIA. 18 — extracorporeal hemocorrection asso-
ciated with the receipt and/or processing of blood
plasma and its fractions:

001.006 plasmapheresis;

002.006 plasma exchange;

003.006 lipid filtration;

004.006 cascade plasma filtration;

005.006 selective plasma filtration;

s 05.DIA.19 — extracorporeal hemocorrection asso-
ciated with perfusion of whole blood through a sor-
bent:

e 001.006 hemosorption;

e 002.006 selective hemosorption;

e 003.006 selective hemosorption of cytokines;

e 004.006 elective hemosorption of lipopolysac-

charides;

009.006 plasma sorption;

e 010.006 selective plasma sorption.

Hemofiltration

The principle of hemofiltration is the convective remov-
al of water and solutes, including mediators, from the blood-
stream using a synthetic membrane with a threshold value
of ~50-60 kDa (kilodaltons), which are also used in renal
replacement therapy (RRT).

Over the past year and a half, no new revolutionary data
have been obtained to improve various modalities of RRT.
The use of mass exchange devices with membranes with in-
creased sorption properties and/or high permeability (more
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than 30-60 kDa) showed a significant decrease in the lev-
el of cytokines, stabilization of hemodynamics, a decrease
in the dose of vasopressors, an increase in PaO,/FiO,
(the ratio of the partial pressure of oxygen in arterial blood
to the fraction of inspired oxygen) and reducing the severity
of organ dysfunction [10, 11].

The oXiris filter (Baxter, Meyzieu, France) contains
a modified AN69 membrane associated with a positively
charged polyethylenimine polymer capable of absorbing
both endotoxin and several different septic mediators from
the bloodstream while simultaneously providing the ef-
fects of RRT. Due to low or very low quality of evidence,
it is not yet possible to reliably evaluate the effectiveness
of oXiris filters. In addition, there was no significant differ-
ence in 90-day mortality, ICU mortality, or length of hospital
stay [12]. As stated by Li et al. [13], obtaining reliable results
is hampered by the heterogeneity of patients and various ad-
ditional conditions that create background noise.

A study by Kishikawa et al. [10] analyzed the effect
of a polymethyl methacrylate and polysulfone membrane
on the adsorption of 48 different cytokines in human plas-
ma. Seventy-nine percent (38/48) of cytokines were more
efficiently adsorbed onto the PMMA membrane than onto
the polysulfone membrane, indicating the high cytokine ad-
sorption capacity of the membrane. Adsorption rates tend
to be higher for lower molecular weight cytokines, and a sig-
nificant correlation has been observed between cytokine
molecular weight and adsorption rates. Electron micros-
copy revealed that the PMMA hollow fiber membrane has
a uniform internal structure from the inner to the outer lay-
ers of the membrane and nanopores within the membrane,
which possibly facilitate the adsorption of proteins with
a certain molecular weight range.
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Hemoadsorption (hemoperfusion)

Hemoperfusion (HP) involves the adhesion of substanc-
es circulating in the blood to the surface of a membrane
capable of trapping them. There are no established indica-
tions, as well as evidence-based randomized clinical trials,
yet, however, there are several biological and pathophysio-
logical rational indications that are quite actively discussed
in the literature [14-16]. As stated above, only the problems
of multiple organ dysfunction and sepsis will be discussed
here.

Sepsis and septic shock
Selective sorption of endotoxin (lipopolysaccharide (LPS)

The most widely studied and used therapy for endotox-
in elimination in the treatment of sepsis and septic shock
(SS) is polymyxin hemoperfusion (PHP) (Toraymixin,
Toray Industries, Tokyo, Japan). In 2023, a post-hoc analysis
of two previously completed studies, JSEPTIC-DIC (1911
patients) and EUPHRATES (286 patients), was published
to determine the subgroup of patients most likely to benefit
from PMX-HP. It was revealed that in a group of patients
with sepsis and high endotoxin activity (endotoxin activi-
ty assay (EAA) more than 0.6), coagulopathy (prothrom-
bin time and normalized international ratio > 1.4) and hy-
perlactatemia (lactate > 3 mmol/l), PMX-HP contributed
to an increase in 28-daily survival rate 68 %, compared with
control 52 %; treatment effect of PMX-HP, +16 % [95% CI
+2.2 % to +30 %], p = 0.02. Japanese authors demonstrated
that selective RMS-HP may be most beneficial for patients
with SOFA scores of 7-12 (28-day mortality was significant-
ly lower than in the control group) [17].

A new trial called TIGRIS (Clinical Trials.gov identifier:
NCT03901807) is currently being conducted in 150 patients
with endotoxemic SS (EAA > 0.60 and < 0.90). At the time
of writing, according to Spectral Medical (Toronto,
Canada), 64 patients were included in the study group [18].

At the Hitachi General Hospital Medical Center, a ret-
rospective multicenter study “Studying the optimal tim-
ing of starting PMX-HP” (with an assessment of the effect
on the need for catecholamines) was launched (the PMX-
OPTIC study, 600 patients). The purpose of this study
is to examine the maximum dose of vasopressor admin-
istered before and after the initiation of direct RMS-HP
and examine its relationship with patient outcomes [19].

Non-selective hemoperfusion

A cartridge containing a synthetic resin consisting of mi-
crospheres of polystyrene and divinylbenzene (Cytosorb,
Cytosorbents Corporation, Monmouth Junction, NJ, USA;
Aferetica s.r.l., Bologna, Italy) with a significant adsorption
surface (~40,000 m2), capable of adsorbing hydrophobic
pro- and anti-inflammatory drugs mediators with a molec-
ular weight of 5 to 60 kDa, represents an evolution of cou-
pled plasma filtration and adsorption, since it uses the same
binding resin that is located in microtubules [16, 20].

Two randomized controlled trials of the Cytosorb
device were published in 2022 (one of them focused
on COVID-19 and was therefore not included in the discus-
sion). They studied HP during cardiac surgery for infective
endocarditis with a device integrated into the cardiopulmo-
nary bypass circuit. There were 142 patients randomized
to Cytosorb versus 146 to usual care, and there was no dif-
ference in the primary outcome SOFA score or any other
clinical outcome, including mortality (21 % vs. 22 %), com-
pared with 73 % in the control group [16, 21-23].

A systematic review and meta-analysis by Dr. Becker S.
et al., published in 2023 [23] was aimed to evaluate the ef-
fects of Cytosorb in all previously described conditions.
The primary endpoint was recorded mortality. In addi-
tion, length of ICU stay, norepinephrine requirements,
IL-6 and lactate levels were compared. Mortality rate was
not significantly different between the Cytosorb group
and the control group for all studies pooled (odds ratio
(OR 1.07 [0.88, 1.31]) and in the subgroups (OR 0.98 [0.74,
1.31]): operations with cardiopulmonary bypass (RR 0.91
[0.64, 1.31]); 1.29]), severe disease (RR 0.95 [0.59, 1.55])
and COVID-19 (RR 1.58 [0.50, 4.94]). Patients with cardi-
ac arrest showed a significant survival advantage compared
with untreated patients from the control group (HR 1.22
[1.02, 1.46]). Results for ICU mortality, in-hospital mor-
tality, or 30-day mortality were similar. The length of stay
in the intensive care unit between Cytosorb and the control
group was not significantly different for all studies com-
bined or for subgroups with different diagnoses. There was
no significant difference in norepinephrine dose (pg/kg/
min) or mean arterial pressure at baseline. SOFA, SAPS-
2 (Simplified Acute Physiological Score), and APACHE-2
(Acute Physiological Score and Chronic Health Evaluation),
none of these scores showed significant differences between
the Cytosorb and control groups. C-reactive protein levels
did not differ significantly at baseline or at the first mea-
surement after treatment. This meta-analysis, including
data from 34 studies (1297 patients treated with Cytosorb
compared with 1314 control patients) showed no significant
changes with Cytosorb [16, 22-24].

HP cartridges (Jafron Medical, Zhuhai, China) made
of styrene-divinylbenzene copolymer contain macroporous
adsorbent resin beads and are non-selective adsorption
devices. The device was designed for use in clinical situa-
tions characterized by elevated cytokine levels. The resin
pore size distribution ranges from 500 to 60 kDa and allows
the removal of molecules from 10 to 60 kDa. Cartridges have
been studied in randomized clinical trials in combination
with conventional treatment for SS and have been shown
to benefit hemodynamics, markers of lung injury, duration
of mechanical ventilation and continuous renal replacement
therapy, reduced length of stay in the intensive care unit,
and effective reduction of cytokine levels; one trial found
a significant effect on mortality [24, 25].

The HP procedure using the Seraph 100 Microbind
Affinity Blood Filter (ExThera, Martinez, CA) has been ap-
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proved by the USA Food and Drug Administration (FDA)
with Emergency Use Authorization for the treatment of se-
vere COVID-19. This device contains ultra-high molecular
weight adsorption beads that in vitro remove SARS-CoV-2
virus, bind toxins, bacteria and antithrombin III, removing
them from the bloodstream. Recently, Eden G. et al. [26]
demonstrated rapid resolution of bacteremia in a group
of patients with chronic renal failure who underwent RRT.

In 2022, a randomized controlled multicenter study
LASSO (Lipopolysaccharide adsorption in septic shock)
was conducted in the Russian Federation to evaluate the use
of multimodal LPS hemosorbent (Efferon LPS). It was
found that the use of the device was accompanied by a sta-
tistically significant improvement in hemodynamics and gas
exchange, a decrease in the severity of organ dysfunction
and markers of systemic inflammation, a faster resolu-
tion of SS, a decrease in the need for RRT and the length
of hospital stay. At the same time, there were no significant
differences in 28-day mortality: 47.4 % compared to 55 %
in the control group [27]. Active distribution of this product
in clinics of the Russian Federation contributed to the con-
duct and registration of a number of studies devoted
to the study of the effectiveness and safety of the technique
in the treatment of rhabdomyolysis [28], acute pancreati-
tis [29] and in obstetric practice [30]. The results demon-
strated that combined with RRT or isolated early use of HP
as part of complex intensive therapy for toxic rhabdomy-
olysis complicated by the development of acute kidney in-
jury is accompanied by an earlier and significant decrease
in the levels of laboratory markers and frequency, compared
with standard treatment, as well as shorter treatment peri-
ods in ICU and in hospital [29, 30].

Experimental devices

The Aethlon Hemopurifier (USA) is an investigational
device for eliminating life-threatening glycosylated virus-
es that are resistant to other therapies and has not yet re-
ceived FDA approval. The company currently has an open,
FDA-approved expanded access protocol for the treatment
of Ebola patients in the USA and an approval of Health
Canada (the Ministry of Health of Canada). Hemopurifier
has the potential to destroy many viruses that are pathogenic
to humans, including hepatitis C virus, human immunodefi-
ciency virus, SARS-CoV-2 and Ebola [31].

Plasma processing methods

Therapeutic apheresis involves removing plasma (plas-
mapheresis) or blood cells (cytapheresis) from the patient’s
blood. Therapeutic plasma exchange (TPE) serves to re-
move pathogenic substances and/or to introduce large
quantities of plasma components, the absence of which
is considered responsible for dysfunction (eg., ADAMTS 13
(metalloproteinase of the peptidase protein family) for pa-
tients with thrombotic thrombocytopenic purpura). Ideally,
a substance that is best suited for removal by TPE should
have a high molecular weight, a low volume of distribution,
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a long half-life, and a low turnover rate. Under stationary
conditions, 3-5 sessions with an exchange of 1-1.5 volumes
of plasma are sufficient to remove most molecules to a lev-
el below 90 %. However, if substances are predominantly
in the bloodstream (eg., immunoglobulin M), even a single
session with a large turnover may be satisfactory and can re-
move 86 to 92 % [32].

Theoretically, any condition caused by a known or sus-
pected circulating factor could benefit from its elimination.
Diseases and syndromes such as sepsis, hemophagocytic
lymphohistiocytosis, cytokine release syndrome, and pan-
creatitis share the phenotypic features of systemic hyperin-
flammation with endothelial dysfunction and coagulopathy.
Excessive release of damage-associated molecular moieties
(DAMPs), cell-free DNA (deoxyribonucleic acid) and neu-
trophil extracellular traps, together with a decrease in pro-
tective plasma factors, are involved in many pathophysio-
logical processes.

In sepsis, TPE may modulate biological endpoints relat-
ed to inflammation, coagulation, microcirculation, and en-
dothelial function. It has been shown that restoring the bal-
ance between decreased ADAMTS 13 activity and increased
VWEF to a normal ratio can improve microvascular perfusion
and blood flow. Likewise, TPE can replace consumed anti-
coagulant proteins such as protein C.

The use of TPE in the treatment of heparin-induced
thrombocytopenia, sepsis-mediated disseminated intravas-
cular coagulopathy has been repeatedly reported. A recent
prospective study found improvements in platelet count,
coagulation function, and even survival after pulmonary
embolism, consistent with observations in patients with or-
gan failure, disseminated intravascular coagulation, menin-
gococcal septicemia, Capnocytophaga canimorsus infection,
and scorpion stings [33].

A randomized clinical trial of 40 patients [36] demon-
strated a trend toward better survival and reduced severity
of multiorgan dysfunction in patients treated with a single
session of TPE removing > 3000 mL of plasma compared
with controls receiving RRT alone; as expected, reductions
in sepsis biomarkers and replenishment of plasma-supplied
factors, including protein C, protein S, and ADAMTS 13,
were observed in the TPE group but not in the control
group.

A panel of 18 experts articulated the advantages of this
method, as well as challenges for future research, based
on the belief that plasma exchange could be beneficial when
used in correcting homeostasis disturbances in SS [34].

Economic costs associated with extracorporeal
hemocorrection

The article “Clinico-economic assessment of the use of se-
lective sorption methods of extracorporeal hemocorrection
in patients of the intensive care unit” [35] shows that the use
of EH in the intensive care program for patients with sepsis,
although accompanied by an increase in direct and indirect
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financial costs, in the medium term leads to saving of budget
funds. According to the authors of the article, which is based
on an analysis of 38 patients from the LASSO study, the use
of the Efferon LPS column has the least burden on the budget.
The study, “Cost-Effectiveness of Polymyxin B
Hemoperfusion for Septic Shock: An Observational Study
Using the Japanese National Administrative Database
for 2018-2021", based on an analysis of 19238 patients with
a SOFA severity score of 7-12, also demonstrated a posi-
tive result in prolonging life expectancy adjusted for quality
of life, as well as an increase in budget costs (by 6935 eu-
ros). Due to the fact that in Japan, the treatment of patients
with SS is paid for by the insurance company in the amount
of 38,462 euros, thus, the use of RMH-HP fits well within
the budgetary allocations and is considered effective [36].

Clinical guidelines

In 2022, the Federation of Anesthesiologists
and Resuscitators and the Association of Anesthesiologists
and Resuscitators of the Russian Federation, with the partic-
ipation of various public medical organizations, developed
and submitted for consideration to the Ministry of Health
two draft clinical recommendations: “Sepsis in adults”,
“Septic shock in adults”. It should be noted that in con-
trast to the 2021 recommendations of the Surviving Sepsis
Campaign, where extracorporeal cleansing methods are
not recommended for routine use due to the lack of evi-
dence, both Russian documents define groups of patients,
severity of condition, laboratory parameters, methods
and characteristics of procedures for possible use to replace
renal function and influence the systemic inflammatory re-
sponse [37, 38].

The concept of sequential targeted extracorporeal
therapy for sepsis

The events that develop during sepsis are associated
with a number of biological processes. Invasion of micro-
bial hosts; formation of a focus of infection; opsonization
by bacterial products (eg. LPS); recognition of pathogens
leading to an immune response; cellular and humoral effects
of circulating pathogens and pathogen products; immune
dysregulation and endocrine effects of cytokines; damage
to the endothelium and organs leads to the development
of multiple organ dysfunction, and in the absence of correc-
tion, to multiple organ failure [6].

Each of these biological processes may be a potential
target for a specific extracorporeal therapy: selective re-
moval of pathogens from the bloodstream using affinity
cartridges; selective elimination of endotoxin by PMX-HP;
non-selective removal of cytokines by cartridges with sor-
bents or using adsorbent membranes; extracorporeal organ
support using various methods (CO, removal, membrane
oxygenation), kidney support (hemofiltration, hemodialysis
or ultrafiltration) [6] (Figure 1).

The work of Claudio Ronco and John Kellum et
al. [6] is not the first of their strong recommendations
to shift the emphasis of scientific and practical research
and the choice of trial endpoints towards a step-by-step
assessment of the effectiveness of each of the EH methods
used, rather than mortality. This approach, according to ex-
perts, will bring EH into the world of evidence-based med-
icine and develop current recommendations.

The concept of selecting methods of extracorporeal
hemocorrection based on cause-and-effect
relationships

The choice of EH methods should not be aimed at cor-
recting heterogeneous clinical syndromes, but should
be carried out taking into account cause-and-effect rela-
tionships: a provoking factor causing a shift in physiological
disorders (causality factor); a specific physiological disor-
der (“treatable symptom, condition”), characterized by bio-
markers that determine a predictable response to a specific
therapy. These predictors allow us to identify a subgroup
of patients and select the technology most suitable for influ-
encing a specific treatable symptom [1].

Research shows that different triggers and the damage
they cause can start the activation of identical molecular
signaling pathways. The same biomarker can change as a re-
sult of several different causes, and molecular signals caused
by different triggers can trigger different patterns of sys-
temic response. The biological processes that characterize
the disease mechanism may be common to various clinical
conditions, regardless of cause. The concept of a treatable
condition (a physiological state and its corresponding bio-
markers) implies that the chosen therapy is directly related
to a positive effect on an understood physiological mecha-
nism [1].

Endotoxemia and, accordingly, the level of endotoxin
activity in the blood, is one of the treatable conditions that
can be diagnosed and quantified.

Assessing the degree of endotoxemia

Endotoxin, being a classical pathogen-associated mol-
ecule (PAM), activates the release of cytokines and other
biologically active components. Therefore, clinicians need
an accurate laboratory diagnostic tool to detect endotox-
in in order to initiate specific treatment in a timely man-
ner. Quantitative methods for measuring endotoxin levels
in blood have been known for over 50 years [39] and are
based on the use of an endotoxin assay using amebocyte
lysate from the horseshoe crab Limulus polyphemus. This
method has some serious limitations, one of the most im-
portant being the low specificity for LPS [40].

The endotoxin activity test is a rapid whole blood test
(40 minutes). The test to assess the activity of endotoxin
is based on the biological reaction of neutrophils in the patient’s
blood to the immunological complex of endotoxin and exog-
enous antibodies; LPS of gram-negative bacteria participates
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in the reaction, and there are no cross-reactions with elements
of the cell membrane of gram-positive bacteria and other mi-
croorganisms. When used with other diagnostic tests, the test
is performed to exclude the presence of gram-negative bacterial
infections; it can help assessing the risk of detection and pro-
gression of sepsis in patients in the intensive care unit. EAA
levels below 0.4 represent a low risk of developing severe sepsis
and in most cases confirm the absence of severe gram-negative
infection. Values in the range of 0.4-0.59 are considered average
and correspond to an increased risk of sepsis. EAA levels of 0.6
or more represent a high risk of mortality and SS [40].

Endotoxin activity levels greater than 0.65 have been
found to indicate increased 28-day mortality and the pres-
ence of other clinical signs of severe infection. The assess-
ment of EAA as predictors of 28-day mortality is of great-
er importance than the level of procalcitonin, which can
be used as a criterion for the initiation of specific treatment,
including the earlier introduction of selective adsorption
of LPS into the treatment complex. [40]

The significance of determining this biomarker
is shown in the multicenter randomized observational
study EUPHAS2-G50 published by a group of European
authors and its subsequent additional analysis. In critically
ill patients with SS and EAA > 0.6 treated with PMX-HP,
EAA decreased and SOFA score improved within 120 hours.
In those with high EAA resolved within 48 hours, vasopres-
sor dose reduction was more rapid and the need for RRT
was lower compared with patients with EAA T48 > 0.6 [41].

In the Russian Federation, determination of endotoxin ac-
tivity is available in 28 laboratories in different regions, includ-
ing 11 clinics in Moscow. However, most studies do not use
any assessment of endotoxemia at all or use an amoebocyte
lysate test from the horseshoe crab Limulus polyphemus [27].

In the described clinical observation from the Russian
Scientific Center for Surgery named after. ak. B.V. Petrovsky

Surgical rehabilitation
l Antibiotic

N

RESISTANCE

[42] demonstrated that the use of EAA, as an additional di-
agnostic tool and as a “treatable sign” that is a target for ther-
apy, in a patient with progressive multiple organ dysfunc-
tion against the background of sepsis refractory to antibiotic
therapy, allowed for a timely response on the emergence
of new foci of infection and effectively use extracorporeal
therapy methods to prevent the occurrence of SS.

Extracorporeal hemocorrection as part of the concept
of extracorporeal life support

The course of multiple organ disorders must be consid-
ered not only as dysfunction/damage caused by pathogens
and/or mechanisms of immune resistance, but also from
the position of tolerance to the disease as a key regulator
of the progression of the process [34, 35].

Functionally, disease tolerance is a product of tissue
damage control mechanisms. Damage control mechanisms
counteract the stress associated with infection, help main-
tain homeostasis, and as such establish disease tolerance
and limit disease severity. This is a protective strategy that,
by restructuring immune and parenchymal metabolism,
promoting adaptive homeostasis, allows vital organs to with-
stand the functional limitations associated with severe disor-
ders. EH as part of extracorporeal life support or temporary
replacement of the function of various organ systems fits
well into the new strategy aimed at preserving and restor-
ing the physiological mechanisms used by tissues and organs
to limit damage and dysfunction [43] (Figure 2).

The protective strategy of the body is formed by maintain-
ing homeostasis (tolerance) by supporting/replacing organ func-
tion and ensuring resistance function: sanitization of the source
of infection, antibiotic therapy, sequential EH. The ultimate goal
of an extracorporeal life support strategy is to preserve metabo-
lism, tissue regeneration, and restore organ function [43].

TOLERANCE

pH pO, ExCO, Protein
The focus Pathogens PAMPs DAMPs SIRS ~ ,
of infection/damage ﬁ 2 |
HP HF | RRT co ECMO

2

« restoration of metabolic feedbacks
« tissue regeneration

Fig. 2. The place of extracorporeal hemocorrection in the complex of extracorporeal life support, taking into account the effect on protective

mechanisms

Pathogens — microorganisms; PAMPs — pathogen-associated molecular patterns; DAMPs — damage-associated molecular patterns; HP —

hemoperfusion; PE — plasma exchange; HF — hemofiltration; RRT — renal replacement therapy; CO, — extracorporeal carbon dioxide removal;
ECMO — extracorporeal membrane oxygenation; pH — pH value; pO, — partial pressure of oxygen; ExCO, — carbon dioxide released; Protein —

protein metabolism.
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Conclusion

The study of extracorporeal life support strategies
and, in particular, EH reflects a progressive understanding
of the philosophy of interaction between the environment
and human, micro- and macroorganisms-hosts. Despite
the compelling pathophysiological rationale for the use
of EH in critical illness, evidence of effectiveness is currently
limited and based on clinical experience.

One of the fundamental issues underlying the con-
cept of removing harmful mediators from the bloodstream
is the consideration that their removal alone may not be bene-
ficial, since even a significant increase in levels may be an evo-
lutionary protective compensatory strategy of the body
for a given disease state. Also, de novo response of cytokine
production or redistribution from the third spaces can vary
greatly and influence plasma cytokine levels and modulate
their levels in organs and tissues depending on the underlying
disease and the extent of extracorporeal removal [6].

In contrast to signaling molecules, seeded microorgan-
isms and their toxins (endotoxin and other PAMPs), as well
as molecules released due to cytolysis/necrosis (DAMPs),
indicate the specific cause and severity of the development
of systemic inflammation; their concentration/activity
is quantifiable; and, already at the present moment, they
can be subject to targeted (and non-selective) effective re-
moval, especially after sanitization of the source of infection
and antibiotic therapy.

It has been proven that infectious and non-infectious caus-
es provoke the development of several endotypes of the sys-
temic inflammatory response of the body with different char-
acteristics and, accordingly, distinguishable clinical conditions
[2]. This allows you to target the search for specific biomarkers
(including using omics and genetic technologies), and make
them surrogate research endpoints. The choice of targeted
methods of EH and assessment of its effectiveness should
be carried out taking into account the effect on a specific bi-
ological process. It is planned that well-designed randomized
clinical trials will evaluate whether sequential application of dif-
ferent EH methods (acting in stages on different biological pro-
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