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POJIb EKCTPAKOPMOPAJIbHUX METO/AIB TEPAMNIT Y MALIEHTIB 3 SARS-
COV-2 B KPUTUYHUX CTAHAX

A.B. leii3e, A.O. Kneysosiu, I.I1. MnotHikos, M. C. Py6uoB

Mema. IlpoananisyBaTu [OCBij, 3aCTOCYyBaHHS eKCTPAKOPIOPaJbHUX METOJIB Ji-
KyBaHH# nanieHTiB 3 SARS-CoV-2. Memodu. [IpoBeseHo 48 ekcTpaKopIiopajbHUX
npoueayp 27 naieHTam 3 JabopaTopHo nigTBepakeHUM SARS-CoV-2, 1Bo6iuHO0
MTHEBMOHIEIO Ta PI3HUMHU CYNTyTHIMH XPOHIYHUMHU 3aXBOPIOBaHHAMMU. Bci nanientn
MaJTu cepe/iHiu 6an 3a mkanoto SOFA 8,1 + 3,1 [minimym 3, makcumy™m 16] mig yac
Ha/IXO/KeHHs [0 BiafineHHs iHTeHcuBHOI Tepamii. 19 nanienTiB (70,4%) manu
TSDKKe YIIKO/PKeHHs JIeTeHiB 6iblie 75% 3a JaHUMU KOMIT'I0TepHOi ToMorpadil
rpyzHoi KaiThHU. [lokasaHHS /0 MoYyaTKa eKCTPaKopIopaabHOi Tepanii BKJIIOYa-
JIU IJUTOKIHOBUU IUTOPM, NOB'SI3aHUN 3 TOCTPUM pecIlipaTOPHUM AUCTPEC-CHUH-
ApomoMm (T'PAC) i cenTuunuM mokoM. Ompumani pesysbmamu. B 1isoMy KoxeH
NalieHT NPOUILIOB K MiHIMyM OJIHY NpOLelypy eKCTpaKkopnopaabHoi Tepamil. 11
MalieHTiB NpoUIIK Bif 2 10 6 ceaHCiB. [30/1boBaHe BiJi/IeHHS MJIa3MU i reMo-
nepdysisa J03BOJMIN 3HU3UTHU Ba30NPECOPHY/Kapi0OTOHIYHY HiATPUMKY, JAelLo
MOJINIUUTHU [TapaMeTpy BeHTUJIALI], 30 3HaYHOI BUPA3HICTIO, ajle He TPUBAJIUM
3HIDKEHHSIM PiBHS MapKepiB 3anasieHHs. HalGinbiu panioHaJbHUM BHUSBHUJIOCS
MOEAHAHHS METO/AIB, 110 3a6e3Meyy0Th MIBUJKE BUJAJIEHHSI areHTiB, TpUBaLy
KOpEeKILil0o roMeocTasy i JIeTOKCHKallilo, KOHTPOJIbOBaHYy TeMIepaTypHY peakliio
i rizpaTanito. EkcTpakopnopasibHa Tepallig He BIUIMHYJA Ha 06CAT i BUpa3HicThb
YIIKO/KeHHs napeHximMu JsiereHi. 19 (70,4%) nauieHTiB, ki OTpUMyBaIu eKCTpa-
KopIiopaJibHy Tepamnito, 6y nepeBesieHi 3 [1IBJl Ha camMmocTiliHe JUXaHHS, TOAI K
8 (29,6%) marieHTiB Ma/iM BaXKKi ypa)keHHs JiereHb nmoHaz 75% 3a JaHUMU TO-
BTOpHOI KoMI'toTepHOiI ToMorpadii rpyaHoi kaiThuHu. CepefjHa TPUBAIICTb nepe-
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OyBaHHS y BiJiliJieHHI iHTEHCHBHOI Tepamil cepe THX, 1[0 BUXKHUJIH, CKJaia 9 + 3,5
[xB. 4 Mmakc. 22]. 28-aeHHa JIeTa/lIbHICTb i rocniTasbHa JieTalbHICTb ck1aau 25,9%
(7). BucHosok. TpuBasia eKcTpakopropaJjbHa Teparis y nanieHTiB 3 SARS-Cov-2
MpOJleMOHCTpYBaJa ePeKTUBHICTb B KopeKuii guchyHKLiH opraHiB i mOKOBHUX
CTaHiB, ajle He IpU3BeJia [0 3HAYHOT0 NMOJIiNIIeHHS BUPA3HOCTI TAXKKOCTI OLIKO-
JPKeHOI IapeHXiMU JiereHi.

KirouoBi cioBa: excrpakopnopasibHa Teparis, COVID-19, remonepdyais, nozin
miasmy, remofiadinprparnii, MCKT rpyaHoi K/IiTKH, yliJibHEeHHS], 3aTeMHEHHS 110
THUILy MaTOBOI'O CKJIA
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ROLE OF EXTRACORPOREAL THERAPIES IN CRITICALLY ILL PATIENTS
WITH SARS-COV-2
A.V. Geyze, A.A. Kleuzovich, G.P. Plotnikov, M.S. Rubtsov

Aim. To analyze the experience of using extracorporeal therapies to treat patients
with SARS-CoV-2. Methods. 48 extracorporeal procedures were performed in 27
patients with a laboratory confirmed SARS-CoV-2, bilateral pneumonia, and various
concomitant chronic diseases. All patients had the mean SOFA score of 8.1 + 3.1
[min 3, max 16] at admission in the ICU. 19 patients (70.4%) had severe lung injury
over 75% according to the chest CT scans. Indications for extracorporeal therapies
initiation included cytokine storm associated with acute respiratory distress
syndrome (ARDS) and septic shock. Results. Overall, each patient received at least
one extracorporeal therapy. 11 patients underwent 2 to 6 sessions. Isolated plasma
separation and hemoperfusion allowed reducing vasopressor / cardiotonic support,
slightly improved ventilation parameters, with a significant, but not prolonged
decrease in the levels of inflammation markers. The combination of methods that
provide rapid elimination of agents, with prolonged correction of homeostasis and
detoxification, with controlled temperature response and hydration, appeared to be
the most rational. Extracorporeal therapy did not improve the volume and severity
of damaged lung parenchyma. 19 (70.4%) patients who received extracorporeal
therapy were transferred from mechanical ventilation to spontaneous breathing,
whereas 8 (29.6%) patients had severe lung lesions over 75% according to the
repeated chest CT scans. The mean length of stay in the ICU among survivors was
9 £ 3.5 [min 4 max 22]. The 28-day mortality and in-hospital mortality rate was
25.9% (7). Conclusion. Prolonged extracorporeal therapy in patients with SARS-
Cov-2 have demonstrated efficacy in relieving organ dysfunctions and shock states,
but did not significantly improve the severity of damaged lung parenchyma.

Keywords: extracorporeal therapy, COVID-19, hemoperfusion, plasma separation,
hemodiafiltration, chest MSCT, consolidation, ground-glass opacities

Background. Over 13.8% of patients infected with SARS-CoV-2 are severe and 6.1%
are critical during the ongoing COVID-19 pandemic [1]. Patients of these subgroups
may develop hypercytokinemia or so-called cytokine storm [2] with the systemic capil-
lary leak syndrome and dysfunction of the lungs, heart, and kidneys. The production of
interleukin-6 increases along with ferritin and C-reactive protein. Elevated biomark-
ers are considered as a risk factor for developing acute respiratory distress syndrome
(ARDS) [3]. The available medical data suggest the beneficial potential of extracorpor-
eal therapy to purify the blood from pro-inflammatory agents and fight the cytokine
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storm [4]. Despite WHO has suggested the favorable effects of extracorporeal therapy
for treating MERS, its effectiveness for SARS-CoV-2 remains debatable [5]. The guide-
lines released by the Association of Anesthesiologists and Intensivists of the Russian
Federation defines three scenarios of extracorporeal therapy for treating patients in-
fected with coronavirus [6], that are partially included in the Temporary Guidelines of
the Ministry of Healthcare of the Russian Federation for Treating SARS-CoV-2, version 7
[7]. We present our experience of using various extracorporeal therapies to treat criti-
cally ill patients on mechanical ventilation in the intensive care unit.

Aim. To analyze the accumulated experience of using extracorporeal therapy in pa-
tients with SARS-CoV-2.

Methods. 27 critically ill patients underwent 48 extracorporeal procedures in the
Infectious Disease Hospital for SARS-CoV-2 at the Center of Surgery. All patients had
confirmed SARS-CoV-2 infection, bilateral pneumonia, and several concomitant chronic
diseases. 17 patients (62.9%) suffered from diabetes mellitus, 19 patients (70.4%) from
hypertension, 8 patients (29.6%) from chronic obstructive pulmonary disease, 6 pa-
tients (22.2%) from chronic kidney disease, and 4 patients (14.8%) from chronic heart
failure. Two patients (7.4%) had a prior stroke. At admission to the ICU, all patients
had the SOFA score of 8.1+3.1 [min 3, max 16]. 19 patients (70.4%) had severe lung
injury of >75%. 24 (88.9%) patients undergoing extracorporeal therapy required pro-
longed mechanical ventilation. Three (11.1%) patients underwent non-invasive ventila-
tion before extracorporeal therapy was initiated. All patients received standard medical
therapy recommended by the Temporary Guidelines of the Ministry of Healthcare of
the Russian Federation for Treating SARS-CoV-2, versions 5 and 6 [7]. Upon admission
to the hospital, all patients underwent the SARS-CoV-2 RT-PCR test. ECG was record-
ed in all patients. Clinical and biochemical studies were performed according to the
adopted protocols. Chest MDCT was performed according to the standard protocol on
a Philips Ingenuity CT 64 multidetector computed tomography. Imaging postprocess-
ing was performed using Philips IntelliSpace Portal software (Philips Medical Systems,
Cleveland). Extracorporeal procedures were performed using Multifiltrate (Fresenius
Medical Care, Germany) and Aquarius (Nikkiso Aquarius RCA, Great Britain) hemofil-
tration machines. The statistical analysis was not performed because of the absence of
the control group. The effectiveness of the selected treatment was considered based on
the clinical and laboratory data.

Results and Discussion. The overall duration of extracorporeal therapy was
4.94£1.9 [min 1 max 6] days, including 56.6 + 14.2 [min 2 max 144] hours from admis-
sion to the ICU. Indications for extracorporeal therapy in (77.8% of cases included the
cytokine storm with acute respiratory distress syndrome (ARDS) and septic shock. Pa-
tients with COVID-19 pneumonia have a high risk of thrombotic complications, and a
critical increase in D-dimer and fibrinogen degradation products (FDP) are predictors
of death [8,9]. Since FDPs cannot be removed by filtration due to their molecular weight
of >240 kDa, plasma exchange or plasma separation is the method of choice [10]. Sev-
eral researchers have shown lower mortality in patients with high levels of markers
for hypercoagulation at baseline undergoing plasmapheresis than those who did not
receive it (45.7% vs. 58.3%) [11]. Other research groups have noted that mortality in
patients present with COVID-19 pneumonia who received plasma exchange as an ad-
ditional method of treatment was 47.8% versus 81.3% in the standard therapy group
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(p <0.05). Therefore, they recommend it to use at earlier stages not limiting only to
anti-shock therapy [12].

Selective plasma filtration was used in 3 (11.1%) patients with the cytokine storm
on an Evaclio, EC-3C20 filter (Kawasumi Laboratories, Inc., Japan) in a volume of
3700+900 mL with 20% albumin replacement and donor anticoid plasma. In all cases,
we were able to relatively stabilize the hemodynamic parameters with a decrease in the
dosages of vasopressor or cardiotonic support and to improve or soften the ventilation
parameters. A decrease in the levels of inflammatory markers was significant, but not
prolonged. D-dimer and ferritin decreased to the upper limit of the reference values and
remained the same after. Two patients were switched to spontaneous breathing on days
4 and 6 after the procedure. They were discharged from the ICU on days 9 and 19. Both
patients were subsequently discharged upon recovery. One patient with pre-existing
POCD (33.3%) died because of the progression of respiratory failure and decompen-
sated CHFE. After two procedures, the percentage of lung injure decreased from 72% to
60% and from 80% to 76%, respectively. After one procedure, no positive changes were
found during the control study. In all cases, ground-glass opacities changing to consoli-
dations were found in these patients suggesting a positive trend.

The strategy of cytokine sorption on various hemoperfusion sets has been used
worldwide in 58 countries with a positive result of reducing organ dysfunction in
COVID-19 [13]. We performed isolated hemoperfusion on a Jafron HA330 hemofilter
(China) in two critically ill patients who were admitted to the intensive care unit. The
procedure lasted for 6 hours with the replacement of the hemoperfusion cartridge. The
blood flow rate was 150 mL/min. One patient demonstrated a decrease in the severity
of organ dysfunction and improved hemodynamic parameters after the procedure. The
dosage of vasopressors was decreased. Ventilation parameters improved along with the
levels of inflammatory markers and hemostasis parameters. After 5 days, the patient
was switched to spontaneous breathing and transferred to the department ward. The
second patient was admitted with viral/bacterial pneumonia, hemodynamic instability,
and persistent hypoxemia, followed by the onset of sepsis, septic shock. The patient
required long-term intensive therapy and mechanical ventilation through the trache-
ostomy tract. The patient was transferred to another hospital when the SARS-CoV-2
hospital was closed. The patient had more consolidations than ground-glass opacities
according to the CT scan findings. These findings suggested a tendency towards recov-
ery with a decrease in the zones of lung tissue damage (Fig. 1).

Figure 1. Chest MSCT scan of the patient with selective hemoperfusion
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Hemodiafiltration (HDF) was the main method of extracorporeal therapy, includ-
ing its combination with hemoperfusion. We noted the effect of tissue release in those
patients who underwent isolated hemoperfusion or plasma separation. After a short
period (4-6 hrs), an increase in the levels of inflammatory markers and fibrinogen deg-
radation products was reported. Therefore, a combination of methods providing rapid
elimination of agents, with prolonged correction of homeostasis and detoxification,
controlled temperature response, and hydration seemed to be rational. 20 cases of com-
bined techniques (hemoperfusion + hemofiltration or hemodiafiltration) - 20 (Jafron
HA-330-1 + “Toray” Filtryzer BK U-2.1) were used in 17 patients with the cytokine storm
and bilateral viral/ bacterial pneumonia with subsequent sepsis and multiple organ
dysfunction syndrome. The mean time of dialysis and filtration procedures was 12+9.3
[min 6 max 36] hours, effluent 35-40 mL/kg/h [min 25 max 150]. The procedures were
initiated at admission to the ICU. The venovenous access was used in all cases. Anti-
coagulation with heparin 500 U/h was performed in 95.8% of cases. Two procedures
were completed without heparinization. Taking into account the presence of initial cy-
tolysis in patients receiving three-component antiviral therapy, we did not use citrate
anticoagulation. Citrate is known to metabolize mainly in the liver and skeletal muscles
in the systemic circulation [14], proceeds anaerobically and can be limited in respira-
tory and heart failure with low cardiac output [15]. A single replacement of sets was re-
quired during HDF without anticoagulation due to a critical increase in transmembrane
pressure. Changes in laboratory parameters during combined methods are presented
in Table 1.

Table 1
Changes in the laboratory data using the combined extracorporeal therapies
SOFA PaOZ/ PCT ng/ D-dimer, CPR, Lactate,  Ferritin,
n=20  scores FiO, WB(x10° mL  PLT,x10“ Mg/ L mg/L mmol/L  ng/mL
Before 9,9 81,3 12,9 4,11 330 5760 173,7 8,9 672,5
[7:11] [72;104] [10,7;18,9] [3,45;5,2] [297;385] [4055:6183] [151;181] [4,9;5,95] [474:756]
After 6,9 138 14,7 2,7 226 2178 152 2,3 372

[5,3;9,1] [100;145] [9,9;18,2] [1,9:3,6] [185;290] [1660;2300] [137;166] [1,753,3] [217;415]

SOFA - Sequential Organ Failure Assessment; Pa02/ FiO, - oxygenation index; WBC - white blood cells;
PCT - procalcitonin; PLT - platelets. CRP - C-reactive protein.

The use of prolonged combined procedures allowed achieving positive results in
patients with ARDS and shock, including a significant improvement in the oxygenation
index and improved pulmonary injury according to the CT scan. Obtained data are con-
sistent with the results previously reported by other research groups [16]. However, we
assume that the main mechanism underlying the lung injury in SARS-CoV-2 is the direct
damage of the vessels and endothelium, causing the formation of microvascular clots
and angiopathy [17]. We suppose that the demonstrated effectiveness of extracorporeal
therapy in relieving shock states does not have a significant influence on the improve-
ment of the lung injury. Positive CT changes may be explained by the natural course of
the process during regression of lesions and complications.
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Conclusion. Our experience has not shown positive effects of using extracorporeal

therapy on the severity and volume of damage to the lung tissue in patients with SARS-
CoV-2. Prolonged extracorporeal therapy for treating patients with SARS-CoV-2 is effec-
tive in relieving organ dysfunctions and shock.
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