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Summary

We present a case of mechanical hemolysis as a complication of extracorporeal membrane oxygenation
(ECMO) occurring in a COVID-19 patient as a result of pump head thrombosis. After emergency extracor-
poreal circuit replacement, hemoadsorption was initiated to address the negative hemolysis effects and
plasma free hemoglobin rise in the setting of rapid clinical deterioration and impaired renal function.
During therapy hemolysis severity reduced, the lactate dehydrogenase (LDH) levels decreased, while the
P/F ratio increased two-fold. The patient was discharged from hospital on day 54 without the need for ei-
ther oxygen therapy or dialysis. In the discussion section we addressed frequent issues of choosing therapy

for ECMO complications.

Conclusion. The timely, properly chosen, and clinically relevant use of hemoadsorption combined with
advanced high-technology therapeutic procedures can have a positive impact on the patient’s outcome.
Keywords: ECMO; COVID-19; mechanical hemolysis; free hemoglobin; hemoadsorption; plasma exchange
Conflict of interest. The authors declare no conflict of interest.
Read the full-text English version at www.reanimatology.com

Introduction

Extracorporeal membrane oxygenation (ECMO)
is one of the most high-tech accepted methods of
life support in patients with refractory hypoxia who
do not respond to standard ventilation techniques [1].
According to a systematic review and meta-analysis,
which reviewed ECMO in COVID-19 patients and
included 134 papers, ECMO procedure may be ap-
propriate and effective in the treatment of patients
with ARDS due to coronavirus infection [2]. According
to the World Health Organization guidelines, the
use of ECMO should be considered as a possible
therapeutic option in patients with ARDS and severe
COVID-19 [3].

The concept of ECMO is quite simple: it is
based on a temporary maintenance of gas exchange
in patients with ARDS, however, the technical im-
plementation of this procedure presents a number
of multidimensional tasks and can be associated
with complications due to the mechanical effects
of the system on blood components [4, 5], as well
as overactivation of the complement system [6, 7].
One such complication is ECMO-associated me-
chanical hemolysis that develops due to damaging
pressure gradients in the ECMO cannulas and circuit
or thrombosis of various parts of the extracorporeal

circuit. According to ELSO, hemolysis worsens the
prognosis of the disease [8]. Due to impaired venous
drainage into the extracorporeal circuit, excessive
pressure is exerted on blood components. Damage
of blood elements and increase of free hemoglobin
concentration can result from this impact. Hemo-
globinemia, in turn, produces a damaging effect
on the kidneys and predicts the development of
acute kidney injury (AKI). These processes lead to
the activation of the immune response and con-
tribute to multiple organ failure (MOF) [9]. The lit-
erature indicates that high plasma level of free he-
moglobin is an independent predictor of mortality
among patients undergoing ECMO [10].

Hemoadsorption has been shown to be effective
in disregulated immune responses (including ones
during ECMO in patients with COVID-19 [11, 12]),
as well as in free hemoglobin removal [13, 14].

This paper presents a clinical observation of
the efficacy of hemoadsorption in the treatment of
ECMO-associated massive hemolysis in a patient
with COVID-19.

Clinical Observation

Patient T., female, 49 years old, height 165 cm,
weight 83 kg, body mass index (BMI) 30.4 kg/m?,
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and history of hypertension. She was on regular
therapy with Telpras (telmisartan, «Laboratorios
Lyconsa S.A.») and Concor (bisoprolol, «Merck
KGaA»). The patient was admitted to Moscow Clinical
Center for Infectious Diseases «Voronovskoe» on
the 8th day from the onset of symptoms complaining
of increased body temperature up to 38.5°C, malaise
and dry cough. On examination the patient was
found to have positive polymerase chain reaction
test (PCR test) for COVID-19, severity of lung in-
volvement according to chest computed tomography
(CT) was 50% on the right side and 45% on the left
side. Based on the history, physical examination
and laboratory data, the clinical diagnosis of novel
coronavirus infection caused by COVID-19 virus
was made. The complications included bilateral
multisegmental viral and bacterial pneumonia. First
stage hypertension was a comorbidity. The treatment
according to the standard protocol was given at the
infectious diseases department according to the
temporary guidelines for the treatment of novel
coronavirus infection [15] which included Ilsira
(levilimab, «Biocad») 324 mg, Methylprednisolone
(«Orion Pharma») 100 mg intravenously during an
hour, then 100 mg/day, Daltep (deltaparin, «Phar-
masintez») 5,000 IU 2 times/day. On day 11 of hos-
pitalization, due to progression of respiratory failure,
the patient was transferred to the ICU. On admission
to the ICU, the patient complained of dyspnea and
shortness of breath. Clinically, dyspnea up to 24
breaths per minute, blood oxygen saturation of
84%, moderate tachycardia up to 95 bpm at rest,
NEWS score of 9 points, SOFA score of 4 points
were observed. Blood pressure remained stable
(123/76 mm Hg). To control hypoxemia, high-flow
oxygen therapy (HFOT) was performed using the
SV300 apparatus (Mindray, China) with the following
parameters: flow rate 50 L/min, oxygen fraction in
the breathing mixture 70%. ROX index on admission
was 6.23. Prone position was used for 16 hours/day.
During the next 3 days, the patient required increased
respiratory support: the oxygen fraction in the
inhaled mixture (FiO,) during HFOT was increased
to 90%. ROX index when transferred to noninvasive
ventilation was 3.85. Noninvasive ventilation was
performed with the following parameters: FiO,
70-80%, positive end-expiratory pressure (PEEP)
8-10 cm H,O0. No effect of noninvasive ventilation
was observed after 18 hours, and the patient was
switched to mechanical lung ventilation (MLV) with
the following initial parameters: inspiration pressure
(Pinsp) 30 cm H»O, PEEP 10 cm H»0, FiO2 95%. The
respiratory failure deterioration was caused by in-
creasing severity of lung damage, according to chest
CT scan performed after switching to MLV, up to
75%/75% bilaterally. The P/F ratio during ventilation
was 53.5 mm Hg, dynamic compliance reached
21 ml/cm H,O, within 6 hours after transfer to MLV

we used «stepwise» selection of PEEP from 10 to
15 cm H,O, as well as prone position (without
effect). Murray scale score was 3. A decision was
made to transfer the patient to ECMO. Standard
femoral and jugular cannulation was performed
using 25 and 21 Fr cannulas (Medtronic Nextgen,
Ireland). Deltastream DP3 device and Hilite 7000LT
oxygenator (Medos Medizintechnik, Germany) were
used for ECMO with the following baseline settings
of ECMO device: flow rate 4 L/min at pump speed
6000 rpm, gas flow 4 L/min, FiO, 100%. During the
first day the patient's condition stabilized, saturation
was 94%. Tracheostomy was performed 12 hours
after ECMO initiation. The MLV was performed
using protective parameters: Pinsp 25 cm H,0O,
PEEP 10 cm H,O, tidal volume (Vt) 272 ml
(3.2 ml/kg), FiO, 60%. Myorelaxation was used for
72 hours. After sedation was canceled, the patient
was transferred to independent breathing using
high-flow oxygen therapy through tracheostomy.
After awakening, no pathological neurological
symptoms were observed, and the Glasgow Coma
Scale (GCS) score was 15.

On day 8 of ECMO impaired consciousness
(9 points GCS), dark-colored urine and blood oxygen
saturation reduction down to 74% were observed.
CT scans of the brain and chest, as well as laboratory
tests (blood chemistry) and coagulation tests were
performed to diagnose possible complications of
ECMO. Brain CT scan revealed no abnormalities,
while a series of chest CT scans showed 90% and
95% involvement of the right and left lung, respec-
tively, along with extensive «bacterial infiltrates» of
the posterior basal areas. Laboratory tests revealed
marked hemolysis with elevated LDH (7099 U/L)
and indirect bilirubin (55.2 pmol/L), anemia (he-
moglobin 78 g/L), increased creatinine (223 pmol/L)
and urea (31.2 mmol/L). Mechanical hemolysis as-
sociated with ECMO circuit thrombosis (thrombosis
of the centrifugal pump head, Fig. 1) was recognized
as the cause of deterioration. The extracorporeal
circuit was promptly replaced.

Hemoadsorption using CytoSorb adsorber (Cy-
tosorbents, USA) was started immediately after
ECMO circuit replacement to remove free hemo-
globin and reduce the negative effects of hemolysis.
The adsorber was installed in the circuit of RRT
Multifiltrate apparatus (Fresenius Medical Care,
Germany), operating in continuous veno-venous
hemodialysis mode with a blood flow rate of
200-250 ml/min before the filter, then the entire
system was connected to the lateral flow of ECMO
circuit (Fig. 2).

Three consecutive hemoadsorption sessions
of 24 hours each were performed. Laboratory con-
firmation of reduced hemolysis severity was ob-
tained: lactate dehydrogenase (LDH) level decreased
4.3-fold (from 7099 to 1640 units/1), bilirubin down
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Fig. 1. Thrombosis of the centrifugal pump head of ECMO device, after circuit change.

Fig. 2. View of the extracorporeal circuit. View of centrifuged plasma before and after the first session of hemoadsorption.

to 36.7 pmol/], and blood electrolytes returned back
to normal. The P/F ratio more than doubled (from
92.1 to 200 mm Hg). The patient's clinical condition
remained stable during the whole procedure (HR,
BB, SpO,, ECMO flow, blood gas parameters are given
in the table below), there were no adverse effects.
After ECMO flow stabilization, definition and setting

of alarm limits on the renal replacement therapy
(RRT) machine, the patient was put in a prone
position to ensure consistency of lung ventilation.
The duration of ECMO was 19 days. Continuous
veno-venous hemodialysis in the ECMO circuit was
maintained for 7 days. The patient was decannulated
on the 3rd day after ECMO disconnection. Urinary
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Changes in clinical and laboratory parameters at different stages of treatment.
Parameter Day
1 3 4 11 12 13 21 23 24 25
ECMO Hemoadsorption ECMO Decannu-
start, Start Continuation stopped lation
tracheo-

stomy
Heart rate, bpm 62 68 89 70 68 60 59 68 76 62
Blood pressure, mm Hg 121/78  134/77 128/77 168/92 114/69 110/60 131/75 130/72 128/78 120/68
SpO2, % 96/81 90 87 90 98 98 98 98 98 98
HFOT parameters: 50/70 50/90 50/95 60/60 50/50 40/45 60/65 60/55
flow, 1/min / O,, %
NIV parameters:
FiOz, % / PEEP, cm H,O 95%/8  95%/8
MYV parameters:
FiO», % / PEEP, cm H,O 95/10/30 50/15/15 50/8/24 50/8/24 50/8/20
H,O / Pinsp, cm H,O
Lung involvement, CT 50/45% 75/75% 90/95% 75/80%
ECMO initiation/ 1 1 Stopped
ECMO circuit replacement
ECMO flow, I/min 3.6 4 4 3.6 3.6 3.3
ECMO pump speed, rpm 6000 6000 6000 5600 5900 5600
ECMO sweep gas flow, I/min 3 5 4 3 2 0
RRT mode CVVHD CVVHD CVVHD CVVHD
Ultrafiltration, ml/24 h 1200 600 2700 1800
CytoSorb, h 24 24 24
Urine output, ml/day 300 1240 2000 3400 1000 400 1100 2500 2400 1300

Laboratory values

pH 7.293 7.278 7.338 7.365 7.454 7.283 7.244 7.268 7.152
pCO,, mm Hg 41.6 38.1 24.1 39.8 37.9 50 51.1 44.7 49.9
pO,, mm Hg 53.8 53.5 56.9 104 99.8 PvO,33 PvO,39 PvO,38.1 PvO,41.8
Hb, g/1 137 121 94 76 65 99 87 60 70
SpO3, % 86.2 85.4 87.5 98.1 98.6 Sv0,46.8 SvO,62.6 SvO,58.8 SvO,62.9
Lactate, mmol/l 1.8 1.2 1.5 0.9 1 1.1 0.8 1.2 0.7
HCO3, mmol/] 19.1 17.5 19 224 26.8 20.9 19.5 19 15.3
Base excess, mmol/l -5.9 -8.3 —6.8 2.3 2.6 —2.8 -4.9 -6 -10.5
P/F ratio, mm Hg 59.7 53.5 94.8 208 200 86.7
A-a, mm Hg 507.3 574.2 323.9 197.5 208.8 213.8
ALT, U/1 42.9 38.40 47.5 41 38.9 21.6
AST, U/1 30.5 29.1 93.7 25 22.7 14.2
CRP, mg/1 41.2 98.8 21.2
Bilirubin, mmol/1 9.6 18 55.2 36.7 17.2 18.6 11.5 12.1
Creatinine, mmol/1 60 75 60 223 190 148 173 389 175
Urea, mmol/l 6.6 6.1 5 15.3 14.3 11.6 16.5 39.9 19
LDH, U/l 1179 939 1144 7099 2510 732
Leukocytes, x10° 10.7 17.2 14.5 31.2 29.5 23.3 10.9 16.1 16.1 17.8
Platelets, x10° 273 320 309 145 120 112 90 92 80 67
D-dimer, ng/ml 1485 6266 32653 7740
Hemolysis ++++ ++ —
APTT, sec 24.4 26.3/68.3 error error 44.5 31.6 220 error 55.1

Note. HFOT — high flow oxygen therapy; NIV — non-invasive ventilation; PEEP — positive end-expiratory pressure;
P;sp — inspiratory pressure; CT — computed tomography; ECMO — extracorporeal membrane oxygenation; RRT —
renal replacement therapy; CVVHD — continuous veno-venous hemodialysis; Hb — hemoglobin; A-a — alveolar-
arterial difference in oxygen pressure; ALT — alanine aminotransferase; AST — aspartate aminotransferase; CRP —
C-reactive protein; LDH — lactate dehydrogenase; APTT — activated partial thromboplastin time.

output rate gradually increased during 7 days, how-
ever, creatinine and urea levels rose again, which
required continuation of hemodialysis sessions.
The patient received intermittent procedures (two
hemodialysis sessions were performed). The total
duration of the patient's stay in ICU was 27 days.
Renal functions were restored with fluid therapy
in combination with protein-free diet (Peptoproten
Nephro, Protenfarma, Russia). Full mobility returned
within 2 weeks after discharge from ICU during re-

habilitation in the infectious disease unit. The serial
chest CT scans demonstrated reduced involvement
down to 35% on both sides (Fig. 3).

The patient was discharged from the hospital
on day 54 and did not require oxygen therapy or
hemodialysis thereafter.

Discussion

Two extracorporeal treatments for the he-
molytic complications were reported in the liter-
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Fig. 3. The evolution of CT before (a) and after (b) the ECMO session lasting 19 days.

ature. They include therapeutic plasma exchange
and hemoadsorption [16, 17]. Plasma exchange
allows non-selective removal of toxic substances
together with plasma. This technique is often used
in autoimmune diseases therapy [18]. During the
COVID-19 pandemic there were reports of the use
of plasma exchange in the treatment of patients
with coronavirus infection [19]. Hemoadsorption
accomplishes two goals simultaneously: reduces
the severity of the immune response by removing
inflammatory mediators from whole blood and
lowers the free hemoglobin level. Both effects
occur without plasma separation [20, 21]. Publi-
cations describe the use of hemoadsorption in
the treatment of hemolysis [17] and hemoglo-
binemia [22]. According to the results of a multi-
center randomized controlled trial investigating
the effectiveness of CytoSorb hemoadsorption for
reducing free plasma hemoglobin during the car-
diopulmonary bypass, there was a significant re-
duction in free hemoglobin concentration in the
hemoadsorption group compared with the control
one [14]. The choice of extracorporeal therapy of
hemolysis in our clinical case was based on the
following considerations.

During plasma exchange large volumes of
blood products obtained from different donors are
used, and the massive transfusion itself increases
the immune burden on the recipient's body. Plasma
exchange is performed once a day, on average, three
sessions are required. During this time, the patient
receives from 18 to 27 units of blood components
from different donors. These significant volumes
promote further complications, while treatment of
patients without the use of donor plasma has a
positive impact on clinical outcome [23]. When

plasma exchange is performed along with ECMO, a
frequent replacement of extracorporeal RRT circuit
is required (for three sessions the circuit of plasma
exchange should be connected to ECMO system
three times, moreover, continuous hemodialysis
needs to be restarted after the end of plasma ex-
change). Each circuit replacement can cause an air
embolism. The human factor which could also
cause serious complications cannot be neglected.
The procedure is rather labor-intensive as well.
Thus, we considered inappropriate the use of plasma
exchange due to the higher immune burden on the
patient's body and poorly studied impact of this
technique on free hemoglobin concentrations in
blood plasma (during 2015-2021, only 2 clinical
observations were published in the available scientific
literature [24, 25]).

Activation of the immune response, increased
levels of damage-associated molecular patterns and
elevated blood free hemoglobin as a result of the
ECMO are direct indications for the use of hemo-
adsorption using the CytoSorb adsorber. The re-
duction of free hemoglobin concentration was
claimed by the manufacturer of the column and
confirmed in a multicenter RCT [14]. The effects of
reduction of inflammatory mediators have been
confirmed by an extensive body of evidence (more
than 370 papers in international peer-reviewed
journals) [26].

In our clinical observation, using hemoadsorp-
tion for the management of negative effects of ECMO-
associated mechanical hemolysis, the reduction of
hemolysis severity was confirmed by a more than 4-
fold decrease in LDH, stabilization of renal function,
an increase in P/F ratio by more than 2 times after
the first session of hemoadsorption.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2022, 18; 6



For Practitioner

Conclusion

In this clinical observation, the use of hemo-

adsorption in the treatment of ECMO-associated
mechanical hemolysis was safe and technically fea-
sible, and allowed rapid and safe resolution of

References

1.

KimmHanveckne pekomeHnmanuu. [I[prnmenenue
9KCTPAKOPIIOPATHLHON MeMOpaHHOU OKCHUTe-
Har. https: //transpl.ru/images/cms/data/pdf/
Klinicheskie-rekomendacii-membrannoj-oksi-
genacii.pdf?ysclid=1880u4rkir856984570. [Clinical
recommendations. The use of extracorporeal
membrane oxygenation. https: //transpl.ru/im-
ages/cms /data/pdf/Klinicheskie-rekomendacii-
membrannoj-oksigenacii.pdf? ysclid=188ou4rkir
856984570].

Bertini P, Guarracino E, Falcone M., Nardelli P,
Landoni G., Nocci M., Paternoster G. ECMO in
COVID-19 patients: a systematic review and
meta-analysis. /] Cardiothorac Vasc Anesth. 2022;
36 (8 Pt A): 2700-2706. DOI: 10.1053/j.jvca.2021.
11.006. PMID: 34906383.

World Health Organization. Clinical manage-
ment of severe acute respiratory infection (SARI)
when COVID-19 disease is suspected. March
13, 2020. (otkpnIiTOo/accessed 02. 04. 2022).
Zangrillo A., Landoni G., Biondi-Zoccai G., Greco
M., Greco T., Frati G., Patroniti N., Antonelli M.,
Pesenti A., Pappalardo E A meta-analysis of
complications and mortality of extracorporeal
membrane oxygenation. Crit Care Resusc. 2013;
15 (3): 172-178. PMID: 23944202.

Hlenyxun /].A., Ilasnos A.H., Epuios A.JI. Dkc-
TpakopIriopagbHast MeMOpaHHAsT OKCUTE€HAIIHST
y HaIMeHTOB C TAKeJI0M IbIXaTeJbHOU He-
JIOCTATOYHOCTBIO U IIePBBIH OIIBIT ee IpuMe-
HEeHWsI BO BpeMsl aBUAIIMOHHON MeTUIIMHCKOMU
sBakyauuu B Poccun. Meduko-6uonozuueckue
U COYUANbHO-NCUX0N02UUeckUe npodieMbl
be3onacHocmu 6 upe3ebluatiHblX CUMYAYUSX.
2015; (3): 24-34. DOI: 10.25016/2541-7487-
2015-0-3-24-34. [Shelukhin D.A., Paviov A.L,
Ershov A.L. Extracorporeal membrane oxygena-
tion for patients with severe respiratory failure.
Case report: first time in Russia inter-hospital
aeromedical transportation of the patient with
severe acute respiratory failure on extracorporeal
membrane oxygenation. Medico-Biological and
Socio-Psychological Problems of Safety in Emer-
gency Situations/ Mediko-Biologicheskiye i So-
cialno-Psikhologicheskie Problemy Bezopasnosti
v Chrezvychainykh Situaciyakh. 2015; (3): 24-34.
(in Russ.). DOI: 10.25016/2541-7487-2015-0-3-
24-34].

Ronco C., Reis T. Kidney involvement in
COVID-19 and rationale for extracorporeal ther-

ECMO pump head thrombosis, as well as fast im-
provement of kidney function. Timely, appropriate
and clinically relevant use of a complex combination
therapy resulted in the patient's recovery.

10.

11.

12.

13.

apies. Nat Rev Nephrol 2020; 16 (6): 308-310.
DOI: 10.1038/s41581-020-0284-7. PMID: 32273593.
Akil A., Ziegeler S., Reichelt ]., Rehers S., Abdalla
0., Semik M., Fischer S. Combined use of Cy-
toSorb and ECMO in patients with severe pneu-
mogenic sepsis. Thorac Cardiovasc Surg. 2021;
69 (3): 246-251. DOI: 10.1055/s-0040-1708479.
PMID: 32252114.

Barbaro R.R, MacLaren G., Boonstra PS., lwashy-
na TJ., Slutsky A.S., Fan E., Bartlett R.H., Tonna
J.E., Hyslop R., Fanning].]., Rycus PT., Hyer S.].,
Anders M.M., Agerstrand C.L., Hryniewicz K.,
Diaz R., Lorusso R., Combes A., Brodie D, Extra-
corporeal Life Support Organization. Extracor-
poreal membrane oxygenation support in
COVID-19: an international cohort study of the
Extracorporeal Life Support Organization reg-
istry. Lancet. 2020; 396 (10257): 1071-1078. DOL:
10.1016/S0140-6736 (20)32008-0. PMID:
32987008.

Materne L.A., Hunsicker O., Menk M., Graw J.A.
Hemolysis in patients with extracorporeal mem-
brane oxygenation therapy for severe acute res-
piratory distress syndrome — a systematic re-
view of the literature. Int J Med Sci. 2021; 18
(8):1730-1738. DOI: 10.7150/ijms.50217. PMID:
33746589.

Omar H.R., Mirsaeidi M., Socias S., Sprenker C.,
Caldeira C., Camporesi E.M., Mangar D. Plasma
free hemoglobin is an independent predictor
of mortality among patients on extracorporeal
membrane oxygenation support. PLoS One.
2015; 10 (4): e0124034. DOI: 10.1371/journal.
pone.0124034. PMID: 25902047.

Song T., Hayanga J., Durham L., Garrison L., Mc-
Carthy R, Barksdale A., Smith D., Bartlett R., Jaros
M., Nelson R, Molnar Z., Deliargyris E., Moazami
N. CytoSorb Therapy in COVID-19 (CTC) patients
requiring extracorporeal membrane oxygenation:
a multicenter, retrospective registry. Front Med
(Lausanne). 2021; 8: 773461. DOI: 10.3389/fmed.
2021.773461. PMID: 34988092.

Ruiz-Rodriguez J.C., Molnar Z., Deliargyris E.N.,
Ferrer R. The use of CytoSorb therapy in ctritically
ill COVID-19 patients: review of the rationale
and current clinical experiences. Crit Care Res
Pract.2021; 7769516. DOI: 10.1155/2021/7769516.
PMID: 34336280.

Tirilomis T. Blood purification during valve sur-
gery for endocarditis in an adolescent. Artif Or-
gans. 2021; 45 (1): 95-96. DOI: 10.1111/a0r.13754.
PMID: 32686097.

GENERAL REANIMATOLOGY, 2022, 18; 6

www.reanimatology.com

35



36

For Practitioner

14.

15.

16.

17.

18.

19.

Gleason T.G., Argenziano M., Bavaria J.E., Kane
L.C., Coselli ].S., Engelman R.M., Tanaka KA.,
Awad A., Sekela M.E., Zwischenberger ].B. He-
moadsorption to reduce plasma-free hemo-
globin during cardiac surgery: results of RE-
FRESH 1 pilot study. Semin Thorac Cardiovasc
Surg. 2019; 31 (4): 783-793. DOI: 10.1053/j.
semtcvs.2019.05.006. PMID: 31085219.
BpemenHble MeTOonUYeCKHE pPEKOMeEHIaluu
MUHUCTEPCTBA 3ipaBooxpaHenus Poccuiickoi
Penepanyu «IIpoduaakTuka, TUarHOCTUKA
U JeyeHrue HOBOU KOPOHABUPYCHOHN HH(peK-
nun» (COVID-19). Bepcusa 14 (27.12.2021).
https: //static-0.minzdrav.gov.ru/system/ at-
tachments/attaches/000/059/041/original/ BMP
_COVID-19_V14_27-12-2021.pdf. [Temporary
recommended practice of the Ministry of Health
of the Russian Federation «Prevention, diag-
nostics and treatment of new coronavirus in-
fection» (COVID-19). Version 14 (12/27/2021).
(in Russ.). https: //static-0.minzdrav.gov.ru/sys-
tem/attachments/attaches/000/059/041/orig-
inal/VMR_COVID-19_V14_27-12-2021.pdf].
Puraswani M., Khandelwal P, Saini H., Saini
S., Gurjar B.S., Sinha A., Shende R.P, Maiti TK,,
Singh A.K., Kanga U., Ali U., Agarwal 1., Anand
K., Prasad N., Rajendran P, Sinha R., Vasudevan
A., Saxena A., Agarwal S., Hari P, Sahu A., Rath
S., Bagga A. Clinical and immunological profile
of anti-factor H antibody associated atypical
hemolytic uremic syndrome: a nationwide data-
base. Front Immunol. 2019; 10: 1282. DOI:
10.3389/fimmu.2019.01282. PMID: 31231391.
Taghavi M., Jacobs L., Kaysi S., Mesquita M.C.FE
Hemolysis in a patient during hemodialysis.
Case Rep Nephrol Dial. 2021; 11 (3): 348-354.
DOI: 10.1159/000520559. PMID: 35083290.
Saheb S., Gallo A. Urgent therapeutic plasma
exchange. Transfus Apher Sci. 2020; 59 (6):
102991. DOI: 10.1016/j.transci.2020.102991.
PMID: 33221122.

Krzych t.J., Putowski Z., Czok M., Hofman M.
What s the role of therapeutic plasma exchange
as an adjunctive treatment in severe COVID-
19: a systematic review. Viruses. 2021; 13 (8):
1484. DOI: 10.3390/ v13081484. PMID: 34452349.

20.

21.

22.

23.

24.

25.

26.

Paul R., Sathe P, KumarS., Prasad S., Aleem M.,
Sakhalvalkar P Multicentered prospective in-
vestigator initiated study to evaluate the clinical
outcomes with extracorporeal cytokine adsorp-
tion device (CytoSorb®) in patients with sepsis
and septic shock. World J Crit Care Med. 2021;
10 (1): 22-34. DOI: 10.5492/wjccm.v10.i1.22.
PMID: 33505870.
Friesecke S., Tréiger K., Schittek G.A., Molnar Z.,
Bach E, Kogelmann K., Bogdanski R., Weyland
A., Nierhaus A., Nestler E, Olboeter D., Tomescu
D., Jacob D., Haake H., Grigoryev E., Nitsch M.,
Baumann A., Quintel M., Schott M., Kielstein
J.T., Meier-Hellmann A., Born E, Schumacher
U., Singer M., Kellum ]., Brunkhorst EM.
International registry on the use of the CytoSorb®
adsorber in ICU patients: study protocol and
preliminary results. Med Klin Intensivmed
Notfmed. 2019; 114 (8): 699-707. DOI:
10.1007/s00063-017-0342-5. PMID: 28871441.
Datzmann T, Trdger K. Extracorporeal mem-
brane oxygenation and cytokine adsorption. J
Thorac Dis. 2018; 10 (Suppl 5): S653-S660. DOTI:
10.21037/jtd.2017.10.128. PMID: 29732183.
Rasmussen S.R., Kandler K., Nielsen R.V,, Jakobsen
PC., Ranucci M., Ravn H.B. Association between
transfusion of blood products and acute kidney
injury following cardiac surgery. Acta Anaes-
thesiol Scand. 2020; 64 (10): 1397-1404. DOI:
10.1111/aas.13664. PMID: 32609377.
Hayes C., Shafi H., Mason H., Klapper E. Suc-
cessful reduction of plasma free hemoglobin
using therapeutic plasma exchange: a case re-
port. Transfus Apher Sci. 2016; 54 (2): 253-255.
DOI: 10.1016/j.transci.2015.08.005. PMID:
26388049.
Houston S., Patel S., Badheka A., Lee-Son K.
Clearance of severely elevated plasma free he-
moglobin with total plasma exchange in a pe-
diatric ECMO patient. Perfusion. 2022; 37 (5):
515-518. DOI: 10.1177/02676591211021946.
PMID: 34058891.
CytoSorb International Literature Database.
https://literature.cytosorb-therapy.com.
Received 27.04.2022
Online First 23.11.2022

www.reanimatology.com

GENERAL REANIMATOLOGY, 2022, 18; 6



