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Purpose. To assess changes in the degree of pulmonary injury in patients with Sars-CoV-2 after extracorpo-
real hemocorrection methods (ECHCM).

Material and methods. 27 patients with Sars-CoV-2 underwent 48 ECHCM procedures - plasma separation,
nonselective cytosorption hemoperfusion, dialysis-filtration techniques. After arriving in the hospital all patients
underwent MSCT of the chest organs. The examination was conducted according to the standard protocol of MSCT
of the chest organs and reconstruction of soft and high-resolution on a Philips Ingenuity CT 64 multi- detector
computed tomograph. The following scanning parameters were used for the standard protocol: 64 x 0.625 collima-
tion, 1 mm reconstruction, 0.5 mm increment. The patient was lying on his back with his arms thrown back behind
his head during the procedure. A scan area including the chest was planned by the plan scan. Assessment of the
scans was carried out in the Dicom-images viewing module of medical hardware- software complex “ArchiMed”
(Med-Ray. Russia, 2004). The percentage of lung parenchyma lesions as well as the severity (CT-1-4) were evalu-
ated according to the recommendations “Radiation diagnosis of coronavirus disease (COVID-19): organization,
methodology, interpretation of the results”. CT examinations were compared not earlier than 4 days before ECHCM
and not later than 5 days after.

Result. With isolated plasmaseparation, the “ground glass” zones passed into the consolidation zones, the
total volume of the lesion decreased and the pneumatization increased. In isolated hemoperfusion the dynamics is
multidirectional: there are more consolidation zones, less ground glass zones in general, the process is stabilized
and the zones of lung tissue damage are reduced. With isolated hemodiafiltration, the consolidation zones
decreased, the pneumatization of the lung tissue increased, and subsequently the volume of the lesion and the
consolidation zones increased significantly. By combined procedures there are multidirectional dynamics.

Conclusion. The effect of ECMGC use on the degree and volume of lung tissue damage in patients with Sars-
CoV-2 was not revealed.
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Introduction

During the ongoing COVID-19 pandemic, more
than 13.8% of cases are severe and 6.1% are critical
[1]. Hypercytokinemia or “cytokine storm” with
capillary leak syndrome and dysfunction of the lungs,
heart and kidneys can develop by patients of these
groups [2]. Among other mediators, interleukin-6
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usually increases with ferritin and C-reactive protein,
and this is also considered a risk factor for the
development of acute respiratory distress syndrome
(ARDS) [3].

The available modern data indicate the logic of
using the methods of extracorporeal hemocorrection
(ECHCM) to purify the blood from pro-inflammatory
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agents and fight the cytokine storm [4]. A large meta-
analysis of the use of plasmapheresis for the treatment
of severe acute respiratory syndrome caused by
SARS-CoV, the 2009 H1N1 influenza A pandemic,
H5N1 avian influenza and other viral infections
showed a statistically significant reduction in mortality
(OR 0.25, 95% CI 0.14-0.45), and no significant side
effects [5]. WHO assumed this method to be
promising for MERS, but its effectiveness also
remained questionable due to the lack of adequate
studies [6]. In the recommendations of the
Association of Anesthesiologists and Intensive Care
Physicians of the Russian Federation on the use of
ECHCM, three scenarios of their use are identified [7],
which are partially included in the 7th Temporary
Recommendations for the Treatment of Coronavirus
Infection of the Ministry of Health of the Russian
Federation [8]. In our Covid-19 intensive care
practice, we have used various ECHCM membrane
technologies in critically ill patients on mechanical
ventilation (ALV).

Purpose

To assess changes in the degree of pulmonary
injury in patients with Sars-CoV-2 after extracorporeal
hemocorrection methods (ECHCM).

Material and methods

During the SARS-CoV-2 coronavirus pandemic,
the Institute of Surgery. A.V. Vishnevsky was reassigned
to a hospital to treat patients with a new coronavirus
infection. 150 specialized (i.e., having centralized
oxygen supply points) beds were deployed in
4 infectious wards, including 28 resuscitation beds
and intensive care (ICU), with the possibility
of mechanical ventilation and non-invasive ventilation
(NIV) or high-flow oxygenation (HFO). The average
age is 69 = 11.3 (min 24, max 97) years, of which 21
(>80 years) are senile age (according to the WHO
classification), which was 13.5% of all ICU patients.
The severity of the condition on admission according
to the National Early Warning Score (NEWS) scale is
6.9 £ 2.7 (min 4, max 9), in the ICU according to the
Sequential Organ Failure Asessmen (SOFA) scale
8.1 £ 3.1 (min 3, max 16). Extended mechanical
ventilation was carried out in 84 (20.3% of all admitted
patients, or 50.6% of those admitted to the ICU)
patients. The diagnosed severity of lung lesions at the
CT-4 level in 94 patients (60.2%). Upon admission to
the hospital, PCR, CT, ECG, clinical and biochemical
studies were performed. Basic therapy was prescribed
according to versions 5 and 6 of the temporary
recommendations of the Ministry of Health of the
Russian Federation for the treatment of coronavirus
infection [8]. All patients received three-way basic

antiviral therapy (lopinavir / ritonavir + hydroxy-
chloroquine + azithromycin); ascorbic acid 0.1 g / kg;
paracetamol up to 4 g / day; vitamin complex
containing D3; H blockers; enoxaparin in a therapeutic
dosage. The strategy of sequential respiratory support
included: variable presence of patients in prone
position with monitoring not only saturation, but also
the gas composition of arterial and / or venous blood.
With the deterioration of ventilation parameters on
nasal or mask oxygenation in the prone position, they
switched to VPO, if ineffective — NIV, then intubation
and transfer to forced ventilation. Weaning from
mechanical ventilation using non-invasive techniques
in reverse order. When arrived at the hospital, all
patients underwent MSCT of the chest organs.
The examination was conducted according to the
standard protocol of MSCT of the chest organs and
reconstruction of soft and high-resolution on a Philips
Ingenuity CT 64 multi- detector computed tomograph.
The following scanning parameters were used for the
standard protocol: 64 x 0.625 collimation, 1 mm re-
construction, 0.5 mm increment. The patient was
lying on his back with his arms thrown back behind his
head during the procedure. A scan area including the
chest was planned by the plan scan. Assessment of
the scans was carried out in the Dicom-images
viewing module of medical hardware- software
complex “ArchiMed”(Med-Ray. Russia, 2004).
Postprocessing was performed by means of Philips
IntelliSpace Portal software (Philips Medical Systems,
Cleveland). The percentage of lung parenchyma
lesions, as well as the severity (CT-1-4) were
evaluated according to the recommendations
“Radiation diagnosis of coronavirus disease
(COVID-19): organization, methodology, interpretation
of the results” of the Moscow State Budgetary
Healthcare Institution “Scientific and Practical Clinical
Diagnostic Center and telemedicine technologies of
the Moscow Health Department “version 2
(04.17.2020) [9]. Except for the primary CT-scan,
follow-up examinations were carried out every 4 days
or when clinical presentation changed.

Results and discussion

The methods of extracorporeal correction of
homeostasis were used in 27 patients aged 67 + 9.7
(min 38, max 87), including 15 men, 12 women.
Comorbid pathology in 100% of cases, more often
two or more diseases: diabetes mellitus — 17 (62.9
%); essential hypertension — 19 (70.4%); chronic
obstructive pulmonary disease — 8 (29.6%); chronic
kidney disease — 6 (22.2%); chronic heart failure —
4 (14.8%); residual period of acute cerebrovascular
accident (ACVA) - 2 (7.4%). The indications for
initiating the procedure were: cytokine storm / septic
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Fig. 1. Patient X. Isolated plasmaseparation. When comparing the primary study from 05.05.2020 to the control study
from 09.05.2020, the “ground glass” zones turned into the consolidation zones, the total lesion volume slightly decreased,

and pneumatization increased.

(“viremic”) shock —in 17 cases (10.9% in ICU, or 4.1%
of all); acute respiratory distress syndrome (ARDS) /
overhydration without signs of shock — in 5 cases
(3.2% in ICU); progression of chronic renal failure /
acute renal failure — in 5 cases (3.2% of all in the ICU,
or 1.2% of all). Used hemoprocessors “MultiFiltate”
and “Aquarius” with hemofilters “Toray” Filtryzer BK
U-2,1; Evaclio EC-3C20; Ultraflux AV 1000; Aquamax
HF, Jafron HA-330-1in various combinations. From the
moment of admission to the specialized covid-19
department (hospital) to the beginning of ECMHC,
it was 4.9 + 1.9 (min 1, max 6)days. A total of 48
ECMGC sessions were performed in 27 patients
(30 filtration procedures, 18 cytosorptions in different
variations — hemoperfusion and plasma separation).
Duration of procedures from min 6 hours to max
64 hours. Changes in the severity of pulmonary injury
in patients with Sars-CoV-2 after ECHCM were
assessed based on the results of MSCT studies of the
chest organs. CT-examinations were compared not
earlier than 4 days before ECHCM and not later than
5 days after. Of the 27, 4 patients died before the
second CT examination, so a total of 46 primary
and follow-up CT examinations were analyzed in
23 patients. On the images of CT studies, the volume
of lung tissue lesions before and after ECHCM was
assessed, as well as changes in the structure of the
lesion were analysed: whether the number of “ground
glass” zones and consolidations increased or
decreased after the procedure. It is assumed, that in
critically ill patients selective plasmafiltration is most
effective [10], which removes pathogenic circulating
molecules, pro-inflammatory cytokines and replaces
protective plasma proteins necessary for coagulation
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(activated protein C, antithrombin), fibrinolysis
(proteases that break down von Willebrand factor),
counteracting inflammation and vascular damage
(angiopoietin-1, vascular endothelial growth factor)
[11]. During the SARS epidemic in 2005, a non-
randomized study of 1775 patients was conducted,
80 of whom were treated with plasmapheresis in
conjunction with antiviral drugs — there was a lower
mortality (12.5%) compared to the total mortality from
SARS (17%), no side effects were recorded [12].
Isolated plasmaseparation was performed for three
patients with COVID19: two in 2 sessions and one in
1 session. Lung damage was assessed according to
the primary study and the second control study after
2 or 1 sessions. After 2 procedures, the percentage
of lung tissue damage decreased slightly (from 72%
to 60% and from 80% to 76%). After 1 procedure,
a control study without changes in the volume of the
lesion. In all cases, the “ground glass” zones passed
into the consolidation zones (Fig. 1).

In all three patients who were in shock,
hemodynamics were stabilized during the procedure
and acceptable ventilation parameters with a satis-
factory oxygenation index were achieved; however,
6-8 hours after the end, two cases had a relapse that
required the procedure to be resumed.

Since we can’t constantly monitor the level of
cytokines, a reasonable approach may be to remove
them nonspecifically, provided that the cytokines with
the highest concentration are removed at a faster rate
[13].

The strategy of cytokine sorption on various
hemoperfusion sets has been used worldwide in 58
countries with a positive result of reducing organ
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Fig. 2. Patient X. Isolated hemoperfusion. In the primary examination from 29.04.2020, the volume of the lesion is 92%, the
areas of “groud glass” predominate, during the first control examination from 08.05.2020, the percentage of damage
increases, the areas of “groud glass” partially turned into consolidation. On a CT scan from 12.05.2020, the dynamics are
multidirectional: there are more consolidation zones, fewer “groud glass” zones. On a study from 18.05.2020 there are
negative dynamics, the airiness of the lung tissue decreases. A study dated 21.05.2020 demonstrates the stabilization of the
process and a decrease in the areas of lung tissue damage.

dysfunction in COVID-19 [14]. We underwent isolated
hemoperfusion in two patients using a Jafron HA330
hemofilter. As aresult of a single session, the dynamics
of the patient’'s CT images were not revealed. After
treatment in 6 sessions, which was assessed on the
primary and four control CT scans of the lungs: after
the 1st, after the 2nd, 3rd and 4th sessions, after the
5th and after the 6th sessions, the dynamics was
multidirectional (Fig. 2).

As in the case of plasmaseparation, with stabili-
zation of hemodynamic and ventilation parameters,
no significant dynamics in the volume and degree
of damage to the lung tissue after isolated
hemoperfusion was registered.

After isolated hemodiafiltration procedures for
classical “renal” indications in 4 patients with
decompensation of chronic kidney disease, 8 studies
were assessed (each had one before and one after),
and in 1 patient after 4 procedures three CT studies in
dynamics were analysed: up to the 1st, after the 1st
and 2nd and after the 4th sessions.

As a result, in two patients the lesion volume
increased due to emergence of new areas of “ground
glass” with the transition of severity from CT3 to
CT4 (Fig. 3), and in two patients - the percentage of
the lesion volume did not change, but the

consolidation zones passed into the “ground glass”
zones, which can be regarded as an improvement.
In a patient with chronic renal failure and chronic
heart failure who underwent 4 sessions, at first, after
the 1st and 2nd sessions, there was a slight decrease
in the consolidation zones and the percentage of lung
damage from 85% to 80%. After 4 sessions, there was
the increase in the consolidation zones and the volume
of the lesion up to 90%, 13 days from the 1st and 9th
days after the 4th session, the patient died (Fig. 4)
against progression of heart failure and bilateral
polysegmental pneumonia.

In general (17 patients) were used combined
techniques — hemosorption with CVVHDF. Since it has
been shown that isolated procedures can quickly stop
shock and stabilize hemodynamics, but deterioration
of the condition can be expected after due to tissue
release. A combination of methods allows to avoid this
deficiency and regulate hydration and temperature
[15]. Three patients underwent combined hemo-
perfusion once. After it, CT scans showed both
positive and negative dynamics, and its absence in
terms of the percentage of lung tissue damage.
For others, combined hemoperfusion was performed
in 2 or 3 sessions. In one of them, a control CT scan
was performed only after the 1st session with negative
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18.04.2020 23.04.2020

Fig. 3. Patient X. Isolated hemodiafiltration. In the primary CT scan dated 18.04.2020 areas of consolidation of the lung
tissue were determined on the right and left. In the control study of 23.04.2020, there is a “spreading” of the consolidation
areas and the appearance of new “ground glass” zones.

29.05.2020

Fig. 4. Patient X. Isolated hemodiafiltration. On the first control CT scan, the consolidation zones decreased, the
pneumatization of the lung tissue increased. On the second control CT examination, the lesion volume and consolidation
zones increased significantly.
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dynamics compared to the previous study, in two
others, after the last one (2nd and 3rd) session — with
positive dynamics. Generally, in our practice, we used
non-selective cartridges differing in cut-off points for
the adsorption of various substances; nevertheless,
significant clinical results were obtained in ARDS and
shock, including a significant improvement in the
oxygenation index, which is also confirmed by other
authors [16].

The main mechanism of pulmonary injury in Sars-
CoV-2 is considered to be direct vascular and
endothelial injury, which causes microvascular clot
formation and angiopathy [17]. Therefore, we assume
that even with the demonstrated effectiveness of
ECMHC in relieving shock conditions, they do not
significantly affect the dynamics of the process in the
lung tissue. Probably, the changes in CT of semiotics
are due to the natural course of the process during
regression of lesions and complications during
deterioration. Some authors also prefer p,0,/FO,over
oxygen saturation as the best marker of oxygenation
in acute respiratory injury [18]. It should be noted that
the majority of surviving patients receiving ECMHC
(70.4%) were transferred during treatment with
mechanical ventilation to spontaneous breathing and
extubated when the oxygenation index p,0,/FO, >
200, while in 8 patients (29.6%) with MSCT remained
the degree of CT4 lesion.
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MEJIMHCKAS BH3YATHBALA

Llenb uccnepoBaHus: OLEHUTb N3MEHEHNS CTEMEHW NEFOYHOr0 NMOBPEXAEHUS Y NaumeHToB ¢ Sars-CoV-2
nocne NPOBEAEHNS 3KCTPAKOPNOPabHbIX METOAOB reMokoppekummn (OKMIK).

Martepuan u metoabl. 27 naumeHtam ¢ Sars-CoV-2 nposeneHo 48 npoueayp OKMIK — nnasamocenapaumm,
HEeCeJIeKTVBHbIE LIUTOCOPOLUMOHHBbIE remonepdy3un, Ananu3Ho-GuibTpauoHHble MeToavku. MNpu noctynneHun
BbinonHanace MCKT opraHoB rpyZLHON KNETKW C UCMOJIb30BAHMEM CTAHOAPTHOrO MPOTOKOMA U PEKOHCTPYKLMMU
soft n high-resolution Ha Tomorpade Philips Ingenuity CT 64. MNMapameTpbl ckaHMpoBaHus: konnnmaums 64 x 0,625,
PEKOHCTPYKUMS 1 MM, nHkpeMeHT 0,5 mMMm. OueHka noslydYeHHbIX 13006paxkeHnii B Moayne npocmotpa Dicom-
n3obpaxenuii “ApxuMen” (Med-Ray, Poccus, 2004). MNMpoLeHT nopaxeHusl IEFOYHOW NapeHXMMbI, a TakXe CTe-
neHb TsxkecTn (KT1-4) 6biv oueHeHbl C MCNONL30BaHMEM peKOMeHaaLmMi “JlydeBas AMarHocTuka KOpoOHaBUpPYC-
Hoi Gone3Hn (COVID-19): opraHusaumsi, MeToAoorusi, MHTepnpetauus peaynstatoB”. CpaBHUBaNMCh
KT-uccnepoBaHua He paHee yem 3a 4 gHsa 0o OKMIK n He no3gHee 5 gHen nocne.

Pesynbrart. Npun n30a1MpoBaHHOM NnasmocenapaLmm 30Hbl “MaToBOro CTekna” NepeLuiv B 30Hbl KOHCONMAa-
Li1, 06LLMIA 06BbEM NMOPaAXKEHUS YMEHBLUWCS, MHEBMaTN3aLMs noBbicunack. MNpun n3onvpoBaHHON remonepdysnm
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OMHamMuka pasHoHanpaBieHHas: 30H KoOHcomaaumii 6onblue, 30H “MaToBOro cTeksia” MeHbLLUe, B LiesIoM cTabunn-
3auus nMpouecca U yMeHbLUEHVE 30H MOPaXeHUs NEroYHor TkaHu. Mpu M3onMpoBaHHON reMoavadunbTpaumm
30Hbl KOHCONUAALIMM YMEHbLLUUIMCh, MHEBMATMU3ALMS JIErO4YHOW TKaH NOBbLICUIIACH, B AaJbHELIEM 06beM nopa-
XEHWS 1 30Hbl KOHCONIMAALMIA 3HAYUTESIBHO YBENNUYMANC. [py KOMOMHNMPOBAHHLIX MPOoLLeAypPax pa3HoHanpaBieH-

Hada JMHaMuKa.

BaknioueHue. BansHus npymeHeHns 3KMIK Ha cTeneHb 1 06beM NMOBPEXAEHNS TEFOYHOW TKAHW Y NMaLUeH-

TOB € Sars-CoV-2 He BbISIBNEHO.

KnioueBble cnoea: skCTpakoprnopanbHele MeToAbl nedeHuns, Covid-19, MCKT opraHoB rpyHOM KNeTku, KOHCONnaa-

ums, “maToBoe cTekno”

ABTOpPbI NOATBEPXAAIOT OTCYTCTBME KOH(JIMKTOB UHTEPECOB.

Ana umntnpoBanua: Pesumwsunn A.LU., Kapmasanosckuin T, MnotHmkos IM., 3amatuHa K.A., Teinse A.B.,
FanctaH A.B., Py6uos M.C. JuHamuka nero4Horo noBpexaeHns n akcTpakoprnopanbHble MeTOAbl FeMOKOPPEKLIMN
y naumeHToB ¢ Sars-Cov-2. MeanuunHckasi Budyanusaums. 2020; 24 (3): 12-25.

https://doi.org/10.24835/1607-0763-2020-3-12-25

MocTtynuna B pepakuumio: 20.08.2020.

BeBepeHue

Bo Bpems npogonmxatowenca naHgemun COVID-19
6onee 13,8% cnyyaeB 3ab60neBaHUA ABNSAIOTCS TaXe-
nbiMn, 6,1% — kputndeckumm [1]. Y naumeHToB oaH-
HbIX NOArPYNN BO3MOXHO PasBUTME MMNEPLUTOKMNHE-
MUK, NN “UUTOKMHOBOTO WwTopma” [2], C CUHAPOMOM
KanunasipHom yTeykn n guchyHKLMen nerkux, cepaua
1 noyek. Cpeamn opyrux meamaTopoB NHTEPNIEAKNH-6
00bI4HO YBENUYMBAETCS BMecTe C (DEPPUTUHOM U
C-peakTnBHbIM BENIKOM, 1 3TO Takxe cumMTaeTcsa dak-
TOPOM puUCKa Pas3BUTMS OCTPOro PECNUPaTOpPHOro
ouctpecc-cuHagpoma (OPAC) [3]. Umetowmecs coB-
PEMEHHbIE [aHHbIE YKAa3blBAOT HA JIOTMYHOCTb UC-
NoSb30BaHNsi METOA0B 3KCTPAKOPNOpanbHON remMo-
koppekumm (SKMI'K) gns ouncTkmn KpoBM OT MPOBOC-
NannTeNbHbIX areHToB U 60pbObl C “UUTOKWMHOBLIM
wtopmoM” [4]. Bonblion MeTaaHanM3 NPUMEHEHUS
nnasmadepesa ans neyeHns TSKenoro ocTporo pe-
CNMpPaTopHOro cuHAapoma, BbidBaHHOro SARS-CoV,
nasgemumn 2009 rpmnna A H1N1, nTnybero rpunna
HSN1 n gopyrux BUPYCHbIX MH@EKLMI Nokasan ctaTu-
CTMYECKM 3Ha4YMMOE CHUXeHne cMmepTHocTn (OR 0,25,
95% CI 0,14-0,45), a Takke OTCYTCTBME 3HAYUMBIX
no6oyHbIX apPekTor [5]. BO3 npegnonarana gaHHbIn
mMeTon MHoroobewatowmm npu MERS, Ho addekTnB-
HOCTb TaKXe 0CTaBanaCb COMHUTENbHOMN N3-32 OTCYT-
CTBUS afieKBaTHbIX nccnenoBaHuii [6]. B pekomeHna-
umsix Accoumauunm aHecTe3nonoroB-peaHnmaTono-
roB P® no ncnonb3oraHmio AKMIK onpeneneHs! Tpu
cueHapus nx NnpuMeHeHus [7], 4acTu4yHO BoLleaLne
1 B 7-e BpemeHHble pekoMeHaaumin no Ne4eHnio Ko-
poHaBupycHon nHdekumm Munsgpasa Poccun [8]. B
Hallen NpakTuke MHTeHcBHOM Tepanuun Covid-19 mbl
NCMNONb30BaNN PasfinyHbie MeMOpPaHHbIE TEXHONOIM
OKMI'K 'y naumeHToB B KPUTUYECKOM COCTOSHUN, Ha-
XOOMBLUMXCS HA MCKYCCTBEHHOW BEHTUNALMN NIErKUX
(nBn).

Mpunara k nevyatu: 31.08.2020.

Ony6nukoBaHa online: 30.09.2020.

Llenb uccnepoBaHua

OLI,eHl/ITb ONHAMUKY M3MEHEHWNIN CTENEeHWN Neroy-
HOro NoBpexXaeHus y nauneHToB ¢ Sars-CoV-2 nocne
npoeeneHns SKMIK.

MaTtepuan n metoabl

B nepvoa naHaemum kopoHaesupyca SARS-CoV-2
NHeTuTyT xupyprun nmenn A.B. BuHEBCKOro Obin
nepenpoGuUIMPOoBaH B rocnuTasb AN Ne4eHns naum-
€HTOB C HOBOW KOPOHaBMPYCHOW nHdekuunen. boino
paseepHyTo 150 cneunann3vMpoBaHHbIX (T.e. MMEB-
LIMX TOYKWM LeHTPaInM30BaHHOM Mofadyun kucnopona)
KOeK B 4 MHPEKLIMOHHbIX OTAENEHUSX, U3 HUX 28 pea-
HUMAaLNOHHbIX KOEK M MHTEHCMBHOM Tepanum (OPUT),
C BO3MOXHOCTbIO NpoBefeHus annapatHon WBJI
1 HemHBa3nBHOWN BeHTUNAUMK (HVBJT) nnu BbiICOKO-
noto4yHon okcureHauumn (BMO). CpenHuin Bo3pacT
nauneHToB coctaBun 69 £ 11,3 (min 24, max 97)
roga, M3 HUX B CTap4yeckom (no knaccudukaumm
BO3) - 21 (>80 neT), 4to coctaBuno 13,5% oT BCEX
nauneHToB B OPUT. TaxecTb COCTOSIHMSA NpWU NOCTY-
nneHnn no wkane National Early Warning Score
(NEWS) 6,9 £ 2,7 (min 4, max 9), B8 OPUT no wkane
Sequential Organ Failure Asessmen (SOFA) 8,1 + 3,1
(min 3, max 16). MNpoanexnHas WBJ1 npoBoaunach
84 (20,3% ot BCcex nocTynmBLUKX, ar 50,6% oT nocTy-
nuewnx B OPUT) naumeHTam. CTeneHb THXeCTn nopa-
xeHus nerkux KT4 gmarHoctuposaHa y 94 (60,2%)
naumeHToB. [py nocTynneHnn B CTaumoHap BbINO-
Hanuck nccneposanusa MUP, KT, 3K, knMHuko-6mo-
XMMUyeckme nccnenosaHus. basosaa Tepanusa Ha-
3Hayanacb COrnacHo 5-i n 6-1 Bepcusim BpemMeHHbIX
pekoMeHpaumnin MmHagpasa PP no neveHunto kopoHa-
BUPYCHON uHbeKumn [8]. Bce mauuneHTbl nonydanu
TPEXKOMIMOHEHTHYIO 6230BYl0 MPOTUBOBUPYCHYIO Te-
panuio (JIonuMHaBup,/PUTOHABUP + rAPOKCUXIIOPOXUH
+ asuTpomuLmH); ackopbuHoBylo kucnoty 0,1 r/kr;
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napauetamon go 4 r/CyT; BUTAMUHHbIA KOMMJEKC,
BKtoyaBLwnii Dy; H-GnokaTopbl; SHOKCanapuH B ne-
4yebHOI [03MPOBKE. Mcnonb3oBaHa cTpaTervs no-
Clefl0BaTeNIbHOM PECNNPATOPHON MNOAAEPXKMN: Nepe-
MEHHOE HaXOXAEHWe MNauMEHTOB B MPOH-NO3ULMK
C MOHUTOPWHIOM He TOJIbKO caTypaumm, HO U raso-
BOr0 COCTaBa apTepuanbHOM /UM BEHO3HOW KPOBU.
Mpun yxyAalweHuM BEHTUASLMOHHBIX nokasaTenen Ha
Ha3albHOM WA MaCO4YHOM OKCUreHaumm B MPOH-
nosuuumn nepexoamnun k BrO, npyu HeaddekTUBHO-
ctn — HABJ1, nanee — nHTybauma n nepesos, Ha npu-
HyauTenbHYlo BeHTunsumo. OtnyyeHne ot UIBJT ¢ nc-
Nosb30BaHMEM HEVMHBA3MBHbLIX METOAMK B 0OPATHOM
nocnepoBatenbHOCTU. [py NOCTyNNEHUN BCeM Naum-
eHTaM BbinonHsanace MCKT opraHoB rpyiHON KNeTKN.
NccnepoBaHne npoBOAMNIOCHL C MCMOJIb30OBAHUEM
cTaHpapTHoro npotokona ana MCKT opraHoB rpya-
HOWM KNeTKn MU pekoHCTpyKkumn soft n high-resolution
Ha MyNbTUAETEKTOPHOM KOMMbIOTEPHOM TOMOrpade
Philips Ingenuity CT 64. 1na ctTaHAapTHOrO NPOTOKO-
na OblM MCMONb30BaHbl cnegylowme napameTpbl
CKaHMpoBaHua: konanmaums 64 x 0,625, pekoHCTPyK-
umsa 1 MM, MHKpeMeHT 0,5 mm.

NccnepgoBaHme NpoBOAMAN B MONOXEHUN BONbHO-
ro fiexa Ha CrvHe C 3anpoKMHYTbIMM 3a FONI0BY pyKa-
mMu. Mo ckaHorpaMmme nnaHMpoBanm 30Hy CKaHMPOBa-
HWS, BKOYaBLUYO B cebs rpyaHyto knetky. OueHka
NoJTy4eHHbIX N306paxeHWI MPoOM3BoAuIack B Moayne
npocmoTpa Dicom-n3obpaxeHunii MeauLUMHCKOro
annapaTHO-nNporpaMmMHOro kommnnekca “ApxuMen”
(Med-Ray, Poccusi, 2004). NMocTnpoLeCccnHroByto 00-
paboTKy OCYLLECTBASAM C WUCNOJIb30BAHWEM MPO-
rpammHoro obecnedenust Philips IntelliSpace Portal
(Philips Medical Systems, Cleveland).

MpOLLEHT NopaXxeHWs NeroYHON NapeHXnMbl, a Tak-
Xe cteneHb TsxecTn (KT1-4) 6binn oueHeHbl C 1C-
nosfb30BaHMEM pekomMeHaaumi “Jlyyesas AMarHocTu-
Ka KopoHaBmpycHon 6one3Hn (COVID-19): opraHmsa-
LUMs, MEeTOoOO0JIOrns, UHTepnpeTauns pesynbratos”
BY3 ropoga Mocksbl “Hay4yHO-NpakTUYECKUiA Kn-
HUYECKUIA LEHTP AMArHOCTUKM U TenemMeauuuHCKMX
TexHonormn lenaptameHTa 34paBOOXPAHEHUsI FTOPO-
na Mockebl” Bepcus 2 (17.04.2020) [9]. Kpome nep-
Bn4yHoro KT-uccneposaHnsg, NpoOBOAMANCH UCCNEno-
BaHUS B AUHAMUKe Yepes 4 OHS Ui Npyu NU3MEeHEHU
KIIMHUYECKOW KapTUHbI.

P93yﬂbTaTbl N nx OGCV)K.CI,EHVIe

MeToanKM 3KCTpakoprnopanbHOW KOPPEKLMN ro-
MeocTasa NpUMeHsNNCL y 27 nauveHToB B BO3pacTe
67 + 9,7 (min 38, max 87) roga, n3 HUX MyX4uH 15,
XeHuwwmH 12. KomopbugHaa natonorus Habaoganacb
B 100% cnyyaes, Yalle age 1 6onee: caxapHsblil ana-
et — 17 (62,9%); runepToHnyeckas 60Ne3Hb —
19 (70,4%); xpoHMYeckass 0OCTPYKTMBHAA GONe3Hb
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nerkmx — 8 (29,6%); xpoHuyeckasi 60/1€3Hb Noyek —
6 (22,2%); xpoHuyeckass cephedyHass HepocTaToy-
HOCTb — 4 (14,8%); pe3uayanbHbii nepuog, OHMK -
2 (7,4%). MokasaHMAMM K MHMLUMALMX Npouenypbl
CNYXWUNKU: “LUMTOKUHOBBIV LWITOPM”/CenTnieckuii (“Bu-
pemMunyecknin®) wok — B 17 cnayyasx (10,9% B OPUT,
vnn 4,1% ot Bcex naumeHToB); OPOC/runepruapa-
Taunsi 6e3 npu3HakoB Woka — B 5 cnydasax (3,2%
B OPUT); nporpeccupoBanme XIMH/OlMH - B 5 cnyya-
ax (3,2% ot Bcex naumeHtoB B OPUT, nnn 1,2%).
Mcnonb3oBanucb remonpoueccopbl  “MultiFiltate”
n “Aquarius” ¢ remodunstpamn “Toray” Filtryzer BK
U-2,1; Evaclio EC-3C20; “Ultraflux AV 1000”; Aquamax
HF, Jafron HA-330-1 B pasnuyHbix KOMOUHAUUAX.
C momeHTa noctynnexus B npodunsHoe Covid-19-
oToeneHue (ctaumoHap) ao Hadana AKMIK B cpen-
Hem npoxoamno 4,9 £ 1,9 (min 1, max 6) cyt. Bcero
npoBeaeHo 48 ceaHcoB OKMIK-neyeHuss 27 60nb-
HbIM (30 PunbTPaUMOHHbIX Npoueayp, 18 umtocopb-
LMIA B pasdHbIX Bapnaumsx — remonepdysnm n nnas-
Mocenapauun). naMTenbHOCTb npouenyp OT min 6 4
00 max 64 4. I3MeHeHns CTENEHN TIErO4HOr0 NoBpe-
XaeHus y naumeHToB ¢ Sars-CoV-2 nocne nposene-
Hua AKMIK ougHnBanuck no pesynsratam Uccneno-
BaHM MCKT opraHoB rpygHoi knetku. CpaBHMBanmcCh
KT-nccneposaHusa He paHee 4em 3a 4 gHsa 0o OKMIK
N He no3gHee 5 gHen nocne. M3 27 nauneHToB
4 ymepnun oo BTOPOro ougeHo4Horo KT-nccnenosaHus,
NO3TOMY BCEro MnpoaHanM3MpoBaHO 46 NepBUYHbIX
N KOHTPOJSbHbIX KT-uccnepoBaHuii 23 MNauUMEHTOB.
Ha unsobpaxeHusx KT-uccnenoBaHuin OLLEHMBANUCH
006bEM MOPaXeHNs JIEFOYHOW TKaHM A0 U NOce Npo-
BefeHus AKMIK, a Takke n3mMeHeHus CTPYKTYpbI Mo-
paxeHus: nepexon 30H “MaTtoBOro Ctekna” B 30HbI
KOHcoNMaaumin nnn, HaobopoT, Noce Npouenyps.l.
MpeononaraeTcs, 4TO Y NAUMEHTOB B KPUTUYeE-
CKOM COCTOSIHMM Hambonee addeKTMBHA CENEKTUB-
Hag nnasmodunstpaumsa [10], obecneumnsarowias
yOaneHne naTtoreHHbIX LMPKYINPYIOLWMX MOJSEKy,
NPOBOCMNANNTENbHBIX LUTOKMHOB M 3aMeLLleHne npo-
TEKTUBHbIMU MIa3MeHHbIMKU Oenkamm, HeobXxoanMbl-
MU ONS Koarynsauum (akTMBMpPOBaHHbIN 6enok C, aH-
TUTPOMOMH), dnbpMHONM3a (NPoTeassbl, pacLuennso-
wme dakTop Bunnebpanpa), NpoTMBOLENCTBYIOLLME
BOCMaNeHno U COCYaNCTOMY MOBPEXOEHMIO (aHTMO-
noaTtuH-1, dakTop pocTta aHgoTenusa cocynos) [11].
Mpwu anupemun SARS B 2005 . NPOBOANIOCH HEPAH-
OOMU3NPOBaHHOE uccnenoBaHne 1775 naumeHToB,
80 n3 koTopbIX Nnevnnun nnasmadepe3om COBMECTHO
C NPOTMBOBMPYCHBIMM NMpenapaTamu, — Habnoganach
bonee HM3kas cMepTHOCTb (12,5%) no cpaBHeHUtO
C obuwen CMepPTHOCTbIO OT aTUMUYHON MHEBMOHUMU
(17%), noboyHble addekTbl 3apermcTPUpPOBaHbl He
Obinn [12]. NI3onupoBaHHasa nnasmocenapaumsa Bbi-
nosHanack TpouMm 3aboneswum COVID-19: aBoum
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B 2 ceaHca 1 ogHomy B 1 ceaHc. OueHnBanock nopa-
XeHne Nerkmx no NepB1UYHOMY UCCNEeA0BaHUIO U BTO-
POMY KOHTPOJIbBHOMY MCCEeA0BAHNIO NOCE ABYX UNX
OfHOro ceaHCoB. [locne OByx npouenyp MNPOUEHT
NMOPAXEHUS JIEFOYHOM TKAHW HEMHOIO YMEHbLUMUIICH
(c 72 0060% 1 c 80 oo 76%). Mocne ogHoOM Npoueny-
pbl KOHTPOJILHOE MCCneaoBaHve 0e3 AMHaAMKKK Mo
06beMy nopaxeHusi. Bo Bcex cny4yasix 30Hbl “MaToBO-
ro cTekna” nepewunv B 30Hbl KOHCOAMaaumm (puc. 1).

Y BCex Tpex NauMeHTOB, HAXOAMBLUMXCS B LUOKO-
BOM COCTOSIHMM, YOanoCb B TeYeHue npouenypbl
cTabunnanpoBaTtb remoaMHamuky U gobutbes npu-
emMnemblx napameTpos VIBJ1 ¢ yooBneTBOpUTENbHBIM
WHOEKCOM OKCUreHaumm, ogHako 4epe3 6-8 4 no
OKOHYaHMM Mnyia3mocenapaumm B AByX ciydasx Obi
peunamB, noTpeboBaBLUN BO30OHOBNEHUS MpoLie-
Aypel.

Tak KaKk Mbl HE MOXEM MOCTOSIHHO KOHTPONMPO-
BaTb YPOBEHb LIUTOKWHOB, Pa3yMHbI NOAX04, MOXET
3aK04aThCsl B HeCNeundmnyeckoM yaaneHmm nx npu
YCNOBUW, YTO LIUTOKUHBI C CAMOWN BbICOKOM KOHLEHT-
pauuein ypansioTca ¢ 6osiee BbICOKOA CKOPOCTbIO
[13]. CTtpaTerns UMTOKMHOBOW copOLUMM Ha pas3nny-
HbIX remMonepdy3nMOHHbIX CeTax MNpPUMeHsNacb Mo
BCEMY MUPY B 58 CTpaHax C NONOXUTENbHbIM Pe3yib-
TaTOM CHUXEHUS OpraHHon aucoyHkum npn COVID-19
[14]. Hamu y oByx naumeHToB Oblia BbINOJIHEHA N30-
nmMpoBaHHag remonepdysuns Ha remopunbTpe Jafron
HA330. B pesynbrate €AMHUYHOrO CeaHca AMHamMu1Ka
Ha KT-cHuMkax 3aboneBllero He Oblna BbiSIBNEHA.
MNocne 6 ceaHCOB neYeHns, KOTOPOE OLIEHNBANOCh Ha
NepBMYHOM W YeTblpex KOHTPOJIbHbIX KT-uccneno-

..-‘-"‘ﬂ-_
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BaHuax nerkux: nocne 1-ro, nocne 2, 3 n 4-ro, nocne
5-ro n nocne 6-ro ceaHcoB AnHamuka Oblia pa3HoHa-
npaBfieHHON (puC. 2).

Kak n npu nnasmocenapaumm, npy ctabunmsaumnm
reMoAaMHaMNYeCKNX N BEHTUNISILMOHHbIX MOKasaTenemn
CYLLIECTBEHHOW ANHAMMKN B 0ObeME U CTENEHM nopa-
XEHUS NIErOYHOM TKaHW Nocie N30IMPOBAHHON remMo-
nepdysnn He 3aperncTPMpPoOBaHo.

lMocne npoueayp M30AMpPoBaHHOM remoanadusb-
Tpaumn y 4 naumeHToB MO MokKa3aHusM Mo nosoay
OEKOMMEHCAaLMM XPOHMYECKOM B60oe3Hn NoYek oue-
HUBanNMCb 8 nccnenoBaHuii (OAHO A0 U OAHO Mocne),
y 1 naumeHta — nocne 4 ceaHcoB no Tpem KT-
ncenenoBaHuaM B guHamuke: oo 1-ro, nocne 1-ro
n 2-ro u nocne 4-ro ceaHcos. B pesynerate y AByx
naunueHToB 00beM MOPaXeHUs YBENMYUIICHA 3a CHeT
HOBbIX Y4aCTKOB “MaTOBOro CTekna” ¢ nepexoaom u3
KT3 B KT4 (puc. 3), y ABYX NpOLIEHT 0ObemMa nopaxe-
HUS HE UBMEHWIICS, HO 30HbI KOHCONMOALUNM NepeLLn
B 30Hbl “MaTOBOro CTEKA”, YTO MOXHO pacLeHnBaTb
Kak ynydwenue. Y 6onbHoro ¢ XIMH n XCH, kotopomy
OblI0 BbINONHEHO 4 ceaHca, cHadvana nocne 1-ro
1 2-ro CeaHCOB OTMEYasioCb HE3HAYNTENbHOE YMEHb-
LUeHMe 30H KOHCONMMAAUUi 1N NPOLEHTa NopaxeHus
nerkux ¢ 85 go 80% . Mocne 4 ceaHCOB 30HbI KOHCO-
nmpaunin n oobem nopaxeHus yseamdnnmuce 0o 90%,
yepes3 13 cyt o1 1-ro n 9 cyt nocne 4-ro ceaHcoB na-
LUMeHT ymep (puc. 4) Ha ¢oHe nporpeccmpoBaHus
cepaeyvyHom HegOCTaTOYHOCTU U ABYCTOPOHHEN Nonn-
CEermMeHTapHOM NHEBMOHUM.

B ocHoBHOM (17 nauMeHTOB) MCMOJb30BaNCh
KOMOMHMPOBAHHbIE METOAMKM — remMocopOuus

Puc. 1. MauneHT X. N3onmpoBaHHasa nna3mocenapaums. Mo cpaBHeHWIO ¢ NepBUYHbIM nccnegoBaHnemM ot 05.05.2020 npwu
KOHTpOsIbHOM uccnegoBaHum ot 09.05.2020 30HbI “MaTOBOro cTekna” nepeliv B 30Hbl KOHCONMAauUMi, obwmini o6bem
NnopaxeHusi HEMHOIO YMEHbLUUIICS, MHEBMATN3ALLMS MOBbLICUNACh.
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Puc. 2. MauueHT X. I30nnpoBaHHas remonepdysus. Mpu nepsryHoM nccneposandmmn ot 29.04.2020 06bem nopaxeHus
92%, npeobnafaoT 30HbI “MaToOBOro CTeksa”, Npyu NEPBOM KOHTPOSIbHOM mccnenosanmm oT 08.05.2020 npoLeHT nopaxe-
HMS NMOBBILLIAETCS, 30HbI “MaTOBOro cTeksa” YacTUYHO nepexoasT B koHconmaaumm. Mpu KT-uccneposaHum ot 12.05.2020
OVHaMKMKa pasHoHanpaBfieHHas: 30H KOHconuaaumii 6onblie, 30H “MaTOBOro CTekna” MeHblle, Npu uccnenoBaHun ot
18.05.2020 oTpuuatenbHas aMHaMmka, BO3AYLLHOCTb JIErO4YHOM TKaHU cHmuxkaeTcs. Miccneposanme ot 21.05.2020 peMoH-
CTpUpyeT cTabunmnaaumio NpoLecca 1 yMeHbLUEeHVEe 30H NOPaXeHUs IerO4HOM TKaHM.

¢ CVVHDF. Bbino nokasaHo, 4TO N30IMPOBaHHbIE NPO-
ueaypbl NO3BONSIOT ObICTPO KyNMPOBaThb SBAEHUS
Loka 1 cTabunmampoBaTtb reMoguHamMumKy, HO nocre
HUX MOXHO OXWAaTb YXYALIEeHWEe COCTOSHUS 3a CYeT
TKaHeBoro Bblbpoca. KoMmOGuHauus MeToaoB MO3BO-
nseT wm3beratb 3TOr0 HefocTaTka M PerynmpoBatb
rngpataumio n Temnepatypy [15]. Tpem naumeHtam
KOMBUHMpPOBaHHas remonepdysuns Oblna BeINOAHEHA
no ogHomy pagay. lMocne Hee Ha KT-CHMMKax no npo-
LEHTY MOpPaXeHUsi NEroYHON TKaHW y HMX Habnoga-
flacb 1 NONOXMTESbHASA, U OTpULATeNbHaa AMHAMUKa,
M ee oTcyTCcTBME. [pyrnm nauneHTam fieyeHue npo-
BOAMIOCH B 2 nnu 3 ceaHca. Y OAHOIr0 U3 HUX KOHT-
ponbHoe KT-nccnepgosaHue 6bin0 BbIMOJIHEHO TOJIbKO
nocrfie 0OHOro ceaHca C OTPULATENBHOM OUHAMUKON
No CpPaBHEHWIO C nNpeablaylWmnM UCCNefOBaHNEM,
y ABYX APYrnx nocne nocneaHero (2-ro n 3-ro) ceaH-
ca — C MNOJIOXUTENbHOW AMHAMUKOW. B OCHOBHOM
B HALLE NpaKTMKe MCMNOJIb30Ba/IMCh HECENEKTUBHbIE
KapTpUOXW, pasnuMyaiolmecs no To4kam OTCEe4YeHUs
Ons ancopbumm pasnnyHbIX BELLECTB, TEM HE MeHee
NoOJlyYeHbl CYLLECTBEHHbIE KIIMHUYECKNE PEe3yNbTaThbl
npu OPOC un woke, BKIOYas 3HAYMMOE yiyylleHue
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MHAEKCA OKCUreHaumm, YTO NOATBEPXAAETCS U OpY-
rMmn agTopamm [16].

OCHOBHbIM MEXaHM3MOM JIEFOYHOro MoBpexae-
Husa npu Sars-CoV-2 cuntaeTcs npsaMoe noBpexae-
HMe COCYOB U1 3HO0TENMS, Bbi3blBatoLwee 06pasosa-
HMUE MUKPOCOCYAMUCTbIX CTYCTKOB W aHruonatuio [17].
MoaTomMy Mbl Npegnonaraem, 4To gaxe npu nokasaH-
Hon addpekTnHocTM SKMIK B KynupoBaHUM LWOKO-
BbIX COCTOSIHUA OHW HEe OKa3blBAlOT CYLLLECTBEHHOIO
B/INSIHMS HA OVMHAMMKKY MPOLLECCa B JIEFOYHOW TKaHW.
BepoaTHo, nameHeHnss KT-ceMUOTUKM 0OYCIOBJIEHDI
€CTECTBEHHbIM TEYEHMEM MpPOLLecca Npu perpeccumn
NOPAXEHUA W OCHOXHEHUAMU NPU  YXYALIEHUSIX.
HekoTopble aBTOpPblI TakXke MpeanoynuTalT nokasa-
Tenb p,0,/F0,, a He HachbILLEeHNne KUCNOPOAOM, Kak
JIYHLIMIA MapKep OKCUreHaummn npu ocTpom pecnupa-
TopHOM noBpexzaeHun [18]. CnegyeT OTMETUTD, 4TO
OONbLIMHCTBO BbDKMBLUMX MALMEHTOB, MOyYaBLUNX
OKMTIK (70,4%), nepeBeneHbl B npoLecce nevyeHns
¢ MIBJ1 Ha camocTosATeNbHOE AblXxaHue 1 3KCTyOMpo-
BaHbl NP OOCTUXEHUM MHAEKCA okcureHaumm p,0,/
F.O, >200, npmn atom y 8 (29,6%) naumeHTOB npu
MCKT ocTtaBanacb cteneHb nopaxeHus KT4.
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Puc. 4. NauneHt X. M3onmposaHHas remogmadunstpaumsa. Ha nepBom KOHTPOSbHOM KT-CHMMKE 30HbI KOHCOMAALMMU
YMEHBLLWINCh, MHEBMATU3AUMNS NEro4YHOM TKaHu noBbicKMnack. Mpu BTOpoM KOHTponbHOM KT-mnccnegosaHum o6bem nopa-
XEHMS N 30HbI KOHCONMAAUMI 3HAYUTENBHO YBENNYUINCD.

18.04.2020 23.04.2020

)

Puc. 3. MNauneHTt X. M3onuposaHHaa remoamadunstpaums. Mpu nepeuyHom KT-uccneposanHum ot 18.04.2020 cnpasa
1 CneBa Onpeaensnnch y4acTkn KOHCONMAALMM NErO4HOM TKaHW. MNpu KOHTPONbHOM nccnenoaHum ot 23.04.2020 otmeva-
eTca “pacnpasneHne” y4acTKOB KOHCONMAALMN U NOSIBAEHNE HOBbIX 30H “MaTOBOr0 cTekna”.
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METULIHCKAS BU3YATHBALINA

3aknoyeHue

Haw Heb6osbLIOoN ONbIT HE NMoKa3an BANSHUS Npu-
MEHEHMSI 3KCTPaKoPnopanbHbiX METOO0B reMOKOop-
pekumm (Npu OTHOCUTENBLHO YAOBAETBOPUTENbHbLIX
KIIMHUYECKNX pe3ynbTatax C Mo3uLumyM KOppekLuumu
NONIMOPraHHON AMCOYHKLUMN) HA CTeneHb U 00bem
NOBPEXAEHNS NIEFrOYHOW TKaHW y NauMeHTOB C Sars-
CoV-2.

OrpaHuquvm uncceneposaHusa

Hanbonee BaxHbIMW OrpaHMYEHUsIMU 3TOrO UC-
cnepoBaHus Oblnv OTCYTCTBUE KOHTPOJILHOM Fpynnbl,
Manblii pa3mMep BbIOOPKM MCCReayeMOol Nonynsumm,
OTCYTCTBME nokasartener 6anaHca XMAKOCTU y naum-
€HTOB W OTCYTCTBME BO3MOXHOCTWN KOHTPOJIA LIUTOKN-
HOBOro nNpoduns.
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