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Summary

Aim of the study. To evaluate the value of predictors of hemoadsorption clinical efficacy in patients with
COVID-19.

Materials and methods. This study analyzed the results of treatment of 62 patients with severe COVID-19
in the intensive care unit using selective hemoadsorption of cytokines. All patients with severe COVID-19 were
admitted to the intensive care unit within 14 days from the disease onset were subdivided into two groups.
Group 1 patients (n=32) received on a top of standard treatment the hemoperfusion (HP) procedure for 4 hours,
for 2-3 days in a row, using a cytokine sorption column composed of mesoporous styrene-divinylbenzene
copolymer matrix. Group 2 patients were not subjected to extracorporeal blood purification. All patients re-
ceived IL-6 inhibitors at a baseline in accordance to the temporary guidelines. We evaluated factors of unfa-
vorable outcomes by analyzing changes in biochemical markers of systemic inflammatory response and mor-
tality rates in patients of both groups.

Results. Initiation of HP later than 10 days from NCI onset (P < 0.001), length of stay in the ICU, extent
of lung damage (P = 0.036) and the SOFA (Sequential Organ Failure Assessment) score (P = 0.009) were the
most powerful predictors of unfavorable outcome. Levels of systemic inflammatory response markers (in-
terleukin-6, CRP, D-dimer) in both groups did not significantly affect the survival rates and length of hospital
stay (P > 0.05). HP group demonstrated better survival (P < 0.05). Mean hospital stay was 31 and 27 days,
ICU stay — 11 and 8 days for Groups 1 and 2, respectively (P < 0.05).

Conclusion. Treatment of severe COVID-19 patients with HP using novel hemoperfusion device com-
posed of styrene-divinylbenzene copolymer resulted in decrease in CRP levels on the first day after appli-
cation and, with early onset, contributed to a significant increase in survival and decreased hospital and
ICU stay. Additional studies are warranted to clarify the optimal timing of the initiation of HP in severe

COVID-19 patients.

Keywords: hemoadsorption, cytokines; COVID-19; styrene-divinylbenzene copolymer matrix; Efferon CT
Conlflict of interest. The authors declare no conflict of interest.
Read the full-text English version at www.reanimatology.com

Introduction

Recent experience with intensive therapy of
severe novel coronavirus infection COVID-19
highlights the importance of pathogenetic treat-
ment (including efferent therapy), which is par-
ticularly relevant given the lack of evidence for
clinical efficacy of available etiologic treatments [1,
2]. High levels of circulating cytokines («cytokine
storm») are important pathophysiological elements
of COVID-19 progression, play a significant role
in the development of multiple organ failure and
poor outcome, and are associated with persistent
post-COVID disease [2]. Cytokine adsorption and
other methods of extracorporeal detoxification
have been proposed in current version of tempo-
rary clinical guidelines to control cytokine storm
when medical therapy is unsuccessful and respi-

ratory failure progresses [3]. There are several re-
ports in the literature on the successful use of cy-
tokine adsorption alone and in combination with
other efferent therapies in the treatment of severe
COVID-19 [4, 5]. However, the actual use of these
methods in infectious disease clinics is limited
due to the lack of a clear understanding of the
optimal timing, duration, and frequency of cy-
tokine adsorption. In our study, we evaluated the
changes in systemic inflammatory response and
treatment outcomes in ICU patients with severe
COVID-19 who underwent hemoperfusion to re-
move cytokines from the circulation in relation
on the timing of the procedure.

Aim. To determine the significance of predictors
of clinical efficacy of cytokine hemoperfusion in
patients with COVID-19.
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Material and Methods

A retrospective, single-center, case-control
clinical study was conducted to evaluate the effi-
cacy of extracorporeal anti-cytokine hemoperfu-
sion (EACH) in combination with interleukin-6 re-
ceptor antibody therapy for severe COVID-19.

The study included 62 patients with severe and
critical COVID-19 (7 or more points on the NEWS
[National Early Warning Score] scale) admitted to the
intensive care unit. In the first group, 32 patients
each underwent a 4-hour hemoperfusion treatment
using the Efferon® CT adsorber with styrene-divinyl-
benzene copolymer adsorbent beads. No other ex-
tracorporeal detoxification methods were used.
Within this group, patients were divided into two
subgroups: those who underwent hemoperfusion
during the first 10 days after severe disease develop-
ment and those with alonger duration of this period.

According to the temporary clinical guidelines,
extracorporeal treatments are indicated for progres-
sive respiratory or multiple organ failure due to cy-
tokine storm that persists despite pharmacother-
apy [3]. Vascular access was established with a dual
lumen central venous dialysis catheter. The circuit
was stabilized by microjet injection of sodium cit-
rate (ACD-A). The procedure was repeated for 2-3
consecutive days (depending on patient condition,
reduction of inflammatory mediator levels, oxygen
and inotropic requirements).

In the second subgroup of 30 retrospectively
selected patients («control»), no extracorporeal
detoxification was performed.

At baseline and during intensive therapy, we
evaluated changes in laboratory parameters such as
ferritin, C-reactive protein, IL-6, D-dimer. All pa-

Table 1. Baseline patient characteristics.

tients received anticytokine therapy (with recombi-
nant humanized monoclonal antibodies against the
human interleukin-6 receptor, such as tocilizumab
400-800 mg, sarilumab 400-800 mg, or levilimab
648-1296 mg) and anti-inflammatory therapy (dex-
amethasone up to 24 mg/day) according to current
temporary clinical guidelines. Plasma cytokine lev-
els were measured by enzyme-linked immunosor-
bent assay. Analysis of mortality, ICU and total hos-
pital length of stay for patients was performed. The
characteristics of the patients in the groups are
shown in Table 1.

The clinical efficacy of EACH was evaluated sta-
tistically by intergroup differences. Parametric and
non-parametric statistical methods were applied.
Data collection, correction, primary processing, and
presentation were performed using MS Office
Excel 2010. Statistical analysis was conducted using
Jamovi Desktop software (version 2.3.18) with assess-
ment of distribution normality by the Shapiro-Wilk
method, determination of mean values, mean
square deviation, medians, lower and upper quar-
tiles, maximum and minimum values. The values in
the two independent groups were compared using
the Mann-Whitney test. In addition, regression
analysis with OR (odds ratio) estimation and survival
analysis with competing risks curve plotting were
used to assess the significance of the differences be-
tween the groups. The P-value< 0.05 was used as the
threshold for significance.

Results and Discussion

Several patterns were observed when evaluating
the impact of various predictors on the clinical effi-
cacy of EACH therapy (Table 2). Significantly elevated

Parameter Values in groups P-value
Control, N=30 EACH, N=32

Sex (male), % 57 58 1

Age, years 61 (56-69) 64 (54-68) 0.86

Body weight, kg 94 (82-00) 87 (78-93) 0.06

SOFA score, points 3(3-4) 3(2.5-4) 0.21

CRP, mg/1 41 (10-165) 122 (84-200) 0.09

IL-6, pg/ml 416 (280-600) 423 (230-820) 0.67

Ferritin, pg/1 1190 (660-1850) 800 (437-1770) 0.38

D-dimer, ng/ml 590 (330-970) 510 (330-1730) 0.75

Table 2. Ranking of predictors of clinical efficacy of EACH therapy in COVID-19 patients.

Parameter OR 95% CI P-value (LR) 50% survival AUC

Age, years 1.007 (0.97-1.07) 0.33

Body weight, kg 0.997 (0.99-1.02)  0.75

CRP, mg/1 0.996 (0.98-1.01) 0.13

D-dimer, ng/ml 1.000 (1.00-1.00) 0.25

Ferritin, pg/1 1.000 (1.00-1.00) 0.35

IL-6, pg/ml 1.001 (0.99-1.01) 0.086 < 522 0.62

Severity of lung involvement, % 1.14 (1.01-1.25) 0.036 < 77% 0.60

SOFA score, points 3.261 (1.39-7.61) 0.009 < 3 0.66

ICU stay, days 1.11 (1.07-1.16) <0.001 < 16 0.75

Time to adsorption*, days 0.76** (0.54-0.96) 0.016 < 7 0.58
Model based on both significant parameters

Time to adsorption* 0.79** (0.69-0.90) <0.001 0.85

ICU stay, days 1.31 (1.28-1.34) <0.001
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Fig. 1. Incidence curves of competing risks.

Table 3. Treatment results.

Parameter Values in groups P-value
Control Hemoperfusion

Survival 53% 72% 0.19

ICU stay in survivors, days 8 11 0.45

Hospital stay, days 27 31 0.028

Table 4. Cox's competing risk model based on a length of hospital stay prior to the EACH treatment initiation

Event SHR (day 10) P-value (y?, df=1) SHR (1/t) 95% CI ¥? (Wald)
Transfer 1.18 0.002 4.8 (1.8-12) 9.6
Discharge 1.17 0.002 5.2 (1.9-14.6) 9.8
Death 0.80 0.042 0.11 (0.013-0.92) 4

Note. SHR — sub-distributed hazard ratio.

levels of CRP, D-dimer, ferritin, and interleukin-6,
traditionally used in the clinic to initiate adsorption
therapy, had a less significant effect on the likelihood
of discharge than did baseline disease severity as
assessed by the SOFA scale (P = 0.009) and the
severity of lung involvement (P = 0.036) (Table 2).
However, there was a significant increase in adverse
outcomes when the watchful waiting strategy was
used and extracorporeal therapy was initiated at a
later stage of the disease (P < 0.001), when inflam-
matory markers were significantly elevated and fur-
ther deterioration of patients with progression of
multiple organ failure was observed.

Notably, delaying extracorporeal detoxification
until anti-inflammatory therapy has failed is not
specified in the temporary clinical guidelines [3].

The results of treatment of patients are shown
in Table 3. Analysis of the data characterizing the
effect of extracorporeal procedures on mortality
and duration of hospitalization in patients with
COVID-19 allowed us to determine the most favor-
able period of EACH initiation from the onset of
disease manifestations and hospitalization. Figure 1
shows mortality rates in relation to the time of ini-

tiation of EACH treatment and the onset of clinically
significant signs and symptoms.

The interval of 1-10 days from the manifestation
of the disease to the beginning of EACH treatment
was optimal. The clinical outcome of EACH started
within this period of hospitalization and the overall
treatment efficacy are shown in Table 4.

Data demonstrate that patients who started
EACH during the first 10 days were:

* 18% more likely to be discharged from the
ICU to the ward (P =0.002)

* 17% more likely to be discharged from the
ICU to home (P =0.002)

* 20% less likely to die (P=0.042)

Literature data exist on the importance of
timely initiation of efferent therapy. For example,
Amir Ahmad Nassiri et al. (2021) observed the rela-
tionship between mortality and the timing of he-
moadsorption initiation [6], while Ali Esmaeili Var-
danjani et al. (2021) evaluated the efficacy of the
procedure during the early period of ICU stay [7]
(not based on specific time limits, but rather on the
course of the disease, i.e. before clinical deterioration
or need for mechanical ventilation). In the study
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Fig. 2. Changes in systemic inflammatory response and coagulation parameters during ECH.

by Haleh Mikaeili et al. (20-21), evaluating the
efficacy of cytokine adsorption in comparison with
a control group of patients without efferent therapy,
the average time of treatment initiation was 7 days
after the onset of signs and symptoms [8], which
confirms our findings.

Notably, several authors report the efficacy of
early hemoperfusion to remove cytokines from the
circulation [6-10], but the available data do not pro-
vide sufficient information on the timing of treatment
initiation. Only one of these papers reports that pa-
tients were in the ICU for 9 days, without specifying
the time from admission to hemoperfusion [6].

In order to exclude the influence of other factors
on the described effect of the time of initiation of
EACH, which reduce the effectiveness of the procedure
when performed later, a comparative analysis of the

changes in SIR (systemic inflammatory response)
markers was made in the subgroups of timely and
late extracorporeal blood purification (Fig. 2).

In both subgroups, there was a rapid and sig-
nificant decrease in IL-6 and C-reactive protein after
each EACH procedure, which is consistent with the
literature [4, 5], but no significant differences were
found between patients who received hemoperfusion
within 10 days of disease onset and those who
received it later. As expected, CRP levels decreased
significantly after the first session and correlated
strongly with interleukin-6 levels (K=0.89). These re-
sults reflect a significant contribution of adsorption
to the control of SIR and provide a rationale for its
use, including in combination with biological therapy.

Since coagulopathy in patients with COVID-19
is a predictor of disease severity, whereas coagulation

GENERAL REANIMATOLOGY, 2023, 19; 1
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parameters are traditionally associated with the evo-
lution of SIR syndrome, we examined the changes in
D-dimer and fibrinogen levels in both groups [11,
12]. Evaluating the temporal changes in D-dimer
(Fig. 2), we observed an increase in this parameter in
the subgroup of patients with early EACH initiation.

Such a trend has been described in the litera-
ture and is probably associated with severe disease
and progressive coagulopathy [13], as well as with
an imbalance of factors controlling systemic fibri-
nolysis, which could also be due to their removal
with adsorption.

In addition, the mean fibrinogen level de-
creased with treatment in both subgroups (from
6.4 g/l to 4.25 g/1), which can be considered an
additional indicator of effective correction of sys-
temic inflammation [14].

The significant increase in the probability of
death in the subgroup of patients who started treat-
ment at a later stage of the disease is also noteworthy.
The subgroup differences in the likelihood of dis-
charge from the ICU to the ward (18% higher,
P=0.002), the likelihood of discharge to home (17%
higher, P=0.002) and the likelihood of death (20%
lower, P = 0.042) start to emerge after day 10 of
disease onset, suggesting that this period can be
considered critical for the decision to start cytokine
adsorption.

Hypercytokinemia is a potentially detrimental
factor leading to the onset and progression of mul-
tiple organ failure (MOF) [15-19]. According to the
available data, cytokines directly or indirectly stim-
ulate coagulopathy, endothelial destruction and in-
creased catabolism. Their levels correlate with the
severity of COVID-19 and prognosis and influence
the efficacy of medical therapy [20-24]. Biologic
therapy only partially solves this problem because
it selectively targets a specific group of cytokines
and their receptors without affecting other equally
important inflammatory factors, does not prevent
further production of cytokines and their new re-
ceptors, and has a long-term immunosuppressive
effect, especially with repeated use, as well as sig-
nificantly increases the cost of treatment.

Cytokine adsorption alone and in combination
with immunobiologic therapy can be an important
adjunct in the treatment of patients with both
COVID-associated sepsis and infection-related organ
dysfunction of other etiologies, but as shown by
our and similar studies, should be initiated in a
timely manner (7, 25, 26]. In particular, we did not
differentiate the contribution of adsorption and bi-
ological drugs in the regression of systemic inflam-
mation, because we believe that these methods
should be used together.

Our study has several limitations. We conducted
a single-center, nonrandomized study. The delay
in EACH initiation may have been influenced by
exacerbating factors (e. g., hematoma development,
thrombocytopenia, etc.), which may have worsened
the treatment outcome. Further studies are needed
to better understand the indications for optimal
initiation of EACH procedure in COVID-19 patients.

Conclusion

Cytokine adsorption with the Efferon® CT ex-
tracorporeal adsorber has shown its clinical efficacy
in patients with severe COVID-19 when performed
earlier (up to 10 days) after the onset of the disease,
reducing mortality and shortening the duration of
hospitalization.

The most important predictors of adverse out-
come are the later initiation of EACH treatment
(10 days and later after the onset of coronavirus in-
fection) and the severity of multiple organ failure.

The level of CRP decreased significantly after
the first hemoperfusion session and correlated
strongly with the level of interleukin-6.

In the follow-up period, the levels of IL-6, CRP,
ferritin, D-dimer did not change significantly in
the course of anti-inflammatory medical therapy
after the EACH.

Initiation of EACH therapy should be considered
in combination with conservative anti-inflammatory
treatment, but not as an alternative or «last resort»
method.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2023, 19; 1



Clinical Studies

References

1.

Ourun C.C., Camotinos A.C., Yoanos I0./1., Kpye-
askose H.M., baeaxcanos I'H. 9 HeRTUBHOCTD
7 6e30T1aCHOCTh PUMEHEHUS T171a3M00OMeHa
B JiedeHnd Tsskeaoi popmel COVID-19. Ane-
cme3uoao2usi u peaHumamonozus. 2021; (4):
48-53. [Ochkin S.S., Samoylov A.S., Udalov Yu.D.,
Kruglyakov N.M., Bagzhanov G.I. Efficiency and
safety of plasma exchange in the treatment of
severe COVID-19. Anesthesiol. Reanimatol /
Anesteziologiya i Reanimatologiya. 2021; (4):
48-53. (In Russ.)].

Apycmosckuii M.B., Illykesuu /.JI., Yuarosa
H.JI., Cokonos A.A., Peii C.H. BO3MOXHOCTHU U
MOKa3aHUsI K MPUMEHEHUIO METOJIOB 9KCTPa-
KOPIIOPAJbHON FeMOKOPPEKIIUY B KOMILJIEKC-
HOM JIeYeHWHU ITalli€HTOB C HOBOH KOpOHaBH-
pycHOU nH(dernme. Anecmesuonozus u pea-
Humamonozus. 2020; (5): 47-55. [Yaroustovsky
M.B., Shukevich D.L., Ushakova N.D., Sokolov
A.A., Rey S.I. Blood purification methods in
complex treatment of patients with a new coro-
navirus infection. Anesthesiol. Reanimatol/
Anesteziologiya i Reanimatologiya. 2020; (5):
47-55. (In Russ.)].

BpeMeHHbIE METOIMYECKHE PEKOMEH AU T10
JIEYEHUIO0 KOPOHABUPYCHOU mHpeKun M3
P®. Bepcus 13 ot 14.10.2021. Ccbliika akTABHA
Ha 18.11.2021. [Temporary guidelines for the
treatment of coronavirus infection of the Min-
istry of Health of the Russian Federation. Version
13, dated 14.10.2021. Accessed on 18.11.2021. ]
Honywun 10.C., Akmanosa PB., Cokonos /I.B.,
Bosryn U.B., Iaspunosa E.I, [[1nvik U.B., [lap-
wun E.B., Jlanun C.B., Tkauenxo O.10. V13me-
HEHHE YPOBHSA HEKOTOPBIX HUTOKHWHOB IIpU
HCII0JIb30BAaHUU reMO(UITBTPAIIIY C COPOITHE
y nanuenTos ¢ COVID-19. BectHuk anecre-
3U0JIOTUY U peaHuMarosoruu. 2021; 18 (2):
31-39 [Polushin Yu.S., Akmalova R.V., Sokolov
D.V., Bovkun L.V., Gavrilova E.G., Shlyk LV.,
Parshin E.V., Lapin S.V., Tkachenko O.Yu.
Changes in the levels of some cytokines when
using blood purification in COVID-19 patients.
Messenger of  Anesthesiology and
Resuscitation/Vestnik Anesthesiologii i Reani-
matologii. 2021; 18 (2): 31-39. (In Russ.)].
Coronos A.A., Cokonose /I.B., Ilee3nep /I.B.,
Ionos A.B., /loHckux B.B. MeTOABI 9KCTPaKOP-
MOPaJIbHON TeMOKOPPEKIINY B KOMIIJIEKCHOM
JIeueHUH HOBOM KOPOHABUPYCHOH MH(ERITNN:
0030p BO3MOJKHOCTeH. BecTHWK aHecTe3no-
Joruu u peanumaroJioruu. 2020; 17 (4): 31-40.
[Sokolov A.A., Sokolov D.V., Pevzner D.V., Popov
A.V., Donskikh V.V. Extracorporeal blood pu-
rification in the complex treatment of the novel
coronavirus infection: the review of opportu-
nities. Messenger of Anesthesiology and Resus-

10.

11.

12.

13.

citation/Vestnik Anesthesiologii i Reanimatologii.
2020; 17 (4): 31-40. (In Russ.)].

Nassiri A.A., Hakemi M.S., Miri M.M., Shahrami
R., Koomleh A.A., Sabaghian T. Blood purification
with CytoSorb in critically ill COVID-19 patients:
a case series of 26 patients. Artif Organs. 2021;
45(11): 1338-1347. DOI: 10.1111/a0r.14024.
PMID: 34152629

Vardanjani A.E., Ronco C., Rafiei H., Golitaleb
M., Pishvaei M.H., Mohammadi M. Early hemo-
perfusion for cytokine removal may contribute
to prevention of intubation in patients infected
with COVID-19. Blood Purif. 2021; 50 (2): 257-260.
DOI: 10.1159/000509107. PMID: 32594085
Mikaeili H., Taghizadieh A., Nazemiyeh M.,
Rezaeifar P., Vahed S.Z., Safiri S., Ardalan M.,
Ansarin K. The early start of hemoperfusion
decreases the mortality rate among severe
COVID-19 patients: a preliminary study. He-
modial Int. 2022; 26 (2): 176-182. DOI:
10.1111/hdi.12982. PMID: 34907633

Surasit K., Srisawat N. The Efficacy of early ad-
ditional hemoperfusion therapy for severe
COVID-19 patients: a prospective cohort study.
Blood Purif. 2022; 5(11): 879-888. DOI: 10.
1159/000521713. PMID: 35139519
Ramirez-Guerrero G., Cifuentes V.T., Herndndez
R.B., Cortés F.V., Doll S.R., Alarcon R.O., Cordova
C.L., Fernandez P.F., Coloma O.G. Early cytokine
removal in critical COVID-19 patients with ex-
tracorporeal therapies (HA-380 plus high volume
hemofiltration) may prevent progression of
acute respiratory distress syndrome: case report.
Blood Purif. 2021; 50 (4-5): 575-577. DOL:
10.1159/000512982. PMID: 33264786

LiuY., Gao W., Guo W., Guo Y., Shi M., Dong G.,
Ge Q., Zhu J., Lu J. Prominent coagulation dis-
order is closely related to inflammatory response
and could be as a prognostic indicator for ICU
patient with COVID-19. Yang Liu at al. ] Thromb
Thrombolysis. 2020; 50 (4); 825-832. DOI:
10.1007/s 11239-020-02174-9. PMID: 32761495
Gorlinger K., Dirkmann D., Gandhi A., Simioni
P. COVID-19-associated coagulopathy and in-
flammatory response: what do we know already
and what are the knowledge gaps? Anesth Analg.
2020; 131(5): 1324-1333. DOI: 10.1213/ANE.
0000000000005147. PMID: 33079850

Kymenos /I.E., Ilacvko B.I, laspunos C.B., Xa-
wyroesa M.X. OnbIT IpUMeHEeHUsI 9KCTPAKOP-
MTOPaJTHHBIX METOJIOB IETOKCUKAIIIH Y OOJIbHBIX
COVID-19. Kpemaescras meduyuna. Kaunu-
yeckuti eecmnuk. 2020; 3: 27-32. [Kutepov D.E.,
Pasko V.G., Gavrilov S.V., Khashukoeva I.Kh.
Experience in the use of extracorporeal methods
of detoxification in patients with COVID-19.
Kremlin Medicine. Clinical Bulletin /Krem-
levskaya meditcina. Klinicheskii vestnik. 2020;
3:27-32 (In Russ.)]. DOI:10.26269/jttd-d019.

GENERAL REANIMATOLOGY, 2023, 19; 1

www.reanimatology.com

25



26

Clinical Studies

14.

15.

16.

17.

18.

19.

20.

21.

Hadid T., Kafri Z., Al-Katib A. Coagulation and
anticoagulation in COVID-19. Blood Rev. 2021;
47: 100761. DOI: 10.1016/ j.blre.2020.100761.
PMID: 33067035

Rampino T., Gregorini M., Perotti L., Ferrari F.,
Pattonieri E.F., Grignano M.A., Valente M., Gar-
roneA., Islam T., Libetta C., Sepe V., Albertini R.,
Bruno R., Belliato M. Hemoperfusion with Cy-
toSorb as adjuvant therapy in critically ill patients
with SARS-CoV2 pneumonia. Blood Purif. 2021,
50 (4-5): 566-571. DOI: 10.1159/000511725.
PMID: 33181508

Al Shareef K., Bakouri M. Cytokine blood filtra-
tion responses in COVID-19. Blood Purif. 2021;
50 (2): 141-149. DOI: 10.1159/ 000508278. PMID:
32464624.

Shadvar K., Tagizadiyeh A., Gamari A.A., Soleiman-
pour H., Mahmoodpoor A. Hemoperfusion as a
potential treatment for critically ill COVID-19
patients with cytokine storm. Blood Purif. 2021;
50 (3): 405-407. DOI: 10.1159/000511391. PMID:
33171470.

Iannaccone G., Scacciavillani R., Del Buono
M.G., Camilli M., Ronco C., Lavie C.]., Abbate
A., Crea F., Massetti M., Aspromonte N. Weath-
ering the cytokine storm in COVID-19: thera-
peutic implications. Cardiorenal Med. 2020; 10
(5): 277-287. DOI: 10.1159/000509483. PMID:
32599589

Koc S., Uysal H. Literature review of hemad-
sorption therapy in severe COVID-19 cases: a
narrative review. Clin Lab. 2022; 68 (2). DOI:
10.7754/Clin.Lab.2021.210839. PMID: 35142202.
Stockmann H., Keller T., Biittner S., Jorres A.,
Kindgen-Milles D., Kunz J.V., Leebmann J., Spies
C., Tréiger K., Treskatsch S., Uhrig A., Willam C.,
Enghard P., Slowinski T.; CytoResc Trial Inves-
tigators. CytoResc — «CytoSorb» Rescue for
critically ill patients undergoing the COVID-19
cytokine storm: a structured summary of a
study protocol for a randomized controlled
trial. Trials. 2020; 21 (1): 577. DOI:
10.1186/s13063-020-04501-0. PMID: 32586396
Fagqihi F., Alharthy A., Alodat M., Asad D., Aletreby
W., Kutsogiannis D.]., Brindley P.G., Karakitsos
D. A pilot study of therapeutic plasma exchange
for serious SARS CoV-2 disease (COVID-19): a
structured summary of a randomized controlled

22.

23.

24.

25.

26.

trial study protocol. Trials. 2020; 21(1): 506.
DOI: 10.1186/s13063-020-04454-4. PMID:
32513290
Song P., Li W., Xie J., Hou Y., You C. Cytokine
storm induced by SARS-CoV-2. Clin Chim Acta.
2020; 509: 280-287. DOI: 10.1016/j.cca.2020.06.017.
PMID: 32531256
Ye Q., Wang B., Mao ]. The pathogenesis and
treatment of the ~Cytokine Storm' in COVID-19.
J Infect. 2020; 80 (6): 607-613. DOI: 10.1016/
j.jinf.2020.03.037. PMID: 32283152
Tufan A., Giiler A.A., Matucci-Cerinic M. COVID-
19, immune system response, hyperinflamma-
tion and repurposing antirheumatic drugs. Turk
J Med Sci. 2020; 50 (SI-1): 620-632. DOI:
10.3906/sag-2004-168. PMID: 32299202
Mazomedos M.A., Kum T.I., Macoaumun C.B.,
Apanan A.B., Kaaunun E.1O., Ilucapes B.M. Vic-
MToJIb30BaHMe COPOEeHTa Ha OCHOBE CBEPXCIITH-
TOTO CTUPOJI-TUBUHUIOEH30JIbHOTO COTIOJIN-
Mepa c tMMoOnIM30BaHHBIM JITIC-cesleKTUB-
HBIM JIMTAHJIOM IIpU reMoriepysuu 1 jieue-
HUsI TTAIFIEHTOB C CENTHYECKUM ITOKOoM. Obujast
pearnumamonozus. 2020; 16 (6): 31-53. Magome-
dov M.A., Kim T.G., Masolitin S.V., Yaralian
A.V., Kalinin E.Yu., Pisarev V.M. Use of sorbent
based on hypercrosslinked styrene-divinylben-
zene copolymer with mmobilized LPS-selective
ligand in hemoperfusion for treatment of pa-
tients with septic shock. General Reanimatol-
0gy/Obshchaya Reanimatologiya. 2020; 16 (6):
31-53. (In Russ. & Engl.)]. DOI: 10.15360/1813-
9779-2020-6-31-53.
Moposos A.C., becconos H.B., Hysxcouna A.B.,
Hucapes B.M. CopOeHTBI JIsT 9KCTPAKOPIIO-
pajbHOrO yAaJleH!s1 TOKCUYeCKUX BellleCTB U
MOJIEKYJI C He’KesaTeJTbHOU OMOJIOTHYeCKON
aKTUBHOCTHIO (0030p). Obwas peanumamo-
ao2usa. 2016; 12 (6): 82-107. [Morozov A.S.,
Bessonov I.V., Nuzhdina A. V., Pisarev V.M. Sor-
bents for extracorporeal removal of toxic sub-
stances and molecules with adverse biological
activity (Review). General Reanimatology/ Ob-
shchaya Reanimatologiya. 2016; 12 (6): 82-107.
(in Russ.)].

Received 24.05.2022

Accepted 20.12.2022

www.reanimatology.com

GENERAL REANIMATOLOGY, 2023, 19; 1



