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ens. OneHuTs mIoTHOCTH TiedyeHu Tipu HatuBHOU KT y 601pHBIX COVID-19 B 3aBUCUMOCTH OT CTETIEHU IMTOPAKEHUS
JIETOYHOU TMapeHXWMBI ¥ Ha3HAYeHHOTO JICUeHUsI, CPABHUTH NaHHBIE C OMOXMMHWYECKUMU TTOKA3aTeIsIMU, a TaKXke
TPOIEMOHCTPUPOBATH N3MEHEHMSI TUTOTHOCTU B TUHAMUKE.

Marepuan u metoasl. PerpoctiektuBHo aHanmu3upoBaiy gaHHbie KT nerkux 200 mamuentoB ¢ COVID-19. ¥V Bcex
TMAIIMeHTOB M3MEPWIN IIOTHOCTh TIEUeHU, CEIe3eHKU, MOAKOXHOU kupoBoi kietdyatku ([12KK) Ha Bomemmmx
B 30HY CKAaHMPOBAaHMS N300paXKEHMSIX BEPXHUX OTHEJIOB OPIOIITHONM TTosIocTh. M3yuniii oTHOIIEHUE TUIOTHOCTH TIede-
HU K cene3eHke n K miotHoctr [12KK. [Mokazatenn cpaBHUINM MeXIy cO0O# B IBYX IPYIITax MOPaXXEHUS JIETOUHOMN
tkaHu: KT 1-2 u KT 3—4. [eransHo paccmorpenu rpyrnmny KT 3—4: TuroTHOCTh medeHU u3ydeHa B JTUHAMUKE,
a ee CBSI3b C OMOXUMUIECKMMHU TTOKA3aTeISIMU — TIPU TIEPBUYHOM HCClIeNOBaHUU. TakKe BHITIOJTHEHO CPaBHEHUE IBYX
TIO/ITPYTIIT: TTAIIMEHTOB, TPUHUMABIINX TOMIN3YMa0, 1 6e3 Ha3HAuYeHUsI TOIMIN3yMaba.

Pe3syabratel. YMeHbIIIEeHNE TUIOTHOCTU TeYeHU W KO3 dUIMEHTa COOTHOIIEHUS IIOTHOCTH TMEYeHW K TIOTHOCTH
cesle3eHKM 0OTMeUYeHO Yy 35,5 1 47,5% naliieHTOB COOTBETCTBEHHO. [1JI0THOCTh MeYeHn 1 KO3 HOUIIMEHT COOTHOIIECHUST
TUTOTHOCTH TTEYEHM K TUIOTHOCTH ceJie3eHKH Ol MeHbIIe B rpymnme KT 3—4, yem B rpynme KT 1—-2, n cocTaBisiii
43,9 HU no cpaBuenuio ¢ 49,3 HU (p < 0,008) u 0,9 o cpaBHenuto ¢ KT 1 coorBeTcTBeHHO (p < 0,014). ITpm mep-
BUYHOM KCCJIEN0BaHUY OblIa mojaydeHa ymepeHHas (» = —0,30; p < 0,05) u cimabas (r= —0,26; p < 0,05) orpuiarebHas
KOpPPEJISILUS [IOTHOCTU MEeYeHU U KO3 (UIIMEeHTAa COOTHOUIEHUS IUIOTHOCTU TMEYEHU K IUIOTHOCTU CEJIE3€HKU
C YPOBHEM CBIBOPOTOYHOTO abOymMuHa. [1pu olieHKe B AmHaMuKe y manneHToB B rpymmne KT 3—4 ¢ KaxkmbM mocie-
QYIOIIUM HCCIIeIOBAaHUEM OTMETWJIA YBeIMUeHUEe TUIOTHOCTU TTapEHXUMBI TIeYeHN U Ko UITMEeHTa COOTHOIICHUST
TUTOTHOCTH TTEYeHU K TUIOTHOCTH ceJie3eHKU. PazHuIa MeX Iy cpeTHUMM ITOKa3aTeIsIMU TUTOTHOCTY TICUEHU TIPY TTep-
Boii 1 ripu yeTBepToii KT cocraBuma 11,85 HU. [itoTHOCTHBIE TTOKa3aTe/ I TIeY€H He 3aBUCENIN OT JICYSHMST TOTVIIH -
3ymMaboM.

3akiovenne. 3HaYSHUS IJIOTHOCTH IeYeHU ObUT MeHbIe y 60bHBIX COVID-19 mpu mopaXkeHnu JIeTOYHON TTapeH-
xuMbl KT 3—4, yBemuanBaavch Bo BpeMst JIEUSHUS U He 3aBUCETN OT Ha3HaueHUsI Tolmin3ymaba. OleHKa TUIOTHOCTH
TIeYeHU U U3yIeHUe B TUHAMUKE MOXET CTaTh MOJIE3HBIM TTApaMETPOM B OTIPEIeIEHUH TSKECTH TeueHUsl 3a00JeBa-
HUst. CWIBHOU B3aMMOCBSI3M MEXITY TUIOTHOCTBIO TIpH TiepBrYHON KT 11 GMOXMMUYECKUMU TTOKa3aTeIsIMUA He BBISIB-
JeHo. HeoGxommm GoJiee TeTabHbBIN aHAJIN3 3TUX U3MEHEHWI B IMHAMUKE, KOTOPBIil, BO3MOXKHO, TIO3BOJIUT MIPEITO-
JIOKUTH TIPEBATUPYIONINI MeXaHU3M mopaxkeHus rmederHu mpu COVID-19.
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Purpose. To assess the liver density according to the data of native CT studies in patients with COVID-19, depending
on the severity of the pulmonary parenchyma damage and the prescribed treatment, to compare the data with
biochemical indicators, and also to demonstrate changes in density indicators over time.

Material and methods. Lung CT data from 200 patients with COVID-19 were retrospectively analyzed. The density of
the liver, spleen, and subcutaneous fat tissue was measured in all patients on the images of the upper abdominal cavity
that entered the scan area. The ratio of the density of the liver to the spleen and to the density of the fat tissue was
assesed. These indicators were compared with each other in two groups of lung tissue damage: CT 1—2 and CT 3—4.
The CT 3—4 group was assessed in detail: the density indicators of the liver were studied in dynamics, and their
relationship with biochemical indicators — during the initial study. A comparison was also made between two
subgroups: patients taking tocilizumab and those without tocilizumab.

Results. A decrease in liver density and the ratio of liver density to spleen density was observed in 35.5% and 47.5% of
patients respectively. Liver density and the ratio of liver density to spleen density were lower in the CT 3—4 group than
in the CT 1-2 group, and amounted to 43.9 HU versus 49.3 HU (p < 0.008) and 0.9 versus 1.0 respectively (p < 0.014).
In the initial study, there were a moderate (» = —0.30; p < 0.05) and weak (= —0.26; p < 0.05) negative correlation of
liver density and the ratio of liver density to spleen density with serum albumin. When assessing the dynamics in
patients in the CT 3—4 group, with each subsequent study, an increase in the density of the liver parenchyma and the
ratio of liver density to spleen density was noted. The difference between the mean values of liver density at the first
and at the fourth CT examinations was 11.85 HU. Liver density values were independent of treatment with
tocilizumab.

Conclusion. Liver density values were lower in patients with COVID-19 with the degree of lung parenchyma lesion CT
3—4, increased during treatment and did not depend on the prescription of tocilizumab. Evaluation and monitoring
of the dynamics of liver density could become a useful parameter in determining the severity of the disease course.
No strong relationships were found between the density parameters during primary CT and any of the biochemical
parameters. A more detailed analysis of these changes in dynamics is required, which may suggest the prevailing
mechanism of liver damage in COVID-19.
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BBenenne

COVID-19 nipeacrapisier co00ii OCTPYIO pecriu-
paTopHyI0 WHQEKINIO, BBI3BAHHYIO [-KOpOHa-
BupycoM SARS-CoV-2 [1]. Ilo cocrostHuIO Ha
21 wona 2020 . B MUpe 3aperucTpupoBaHoO OoJiee
14 MAH TIOATBEPXKIOEHHBIX CJydyaeB WHQEKINH,
603 691 meranpHbIN Mcxon. B Poccuu Ha Ty ke maty
3aperucTpupoBaHo 777 486 TIOATBEp>KIECHHBIX Ha-
omonenuit COVID-19 u 12 427 cMepTeabHbIX HC-
x010B [2]. [Ins COVID-19 xapakTepHbl TUXOpajka,
KallleJib, OBIIIKA, YTOMJISIEMOCTb. ¥ OOJIbIITMHCTBRA
MMaleHTOB HaOIIoOMaloT 0eCCUMMMTOMHOE, JIETKOe

WIW yMEpEeHHOe TeueHue 3aboseBaHMsI, OJHAKO
B 5—10% wHabmoaeHNI pa3BUBACTCS ITHEBMOHMS
C TUINIOKCHUEM, OCTPbIM PECHUPATOPHBIN AUCTPECC-
CUHJPOM U TIOJMOpraHHasi HeloCcTaTouHOCTh [3].
JlaHHble JuTepaTypbl MOKa3bIBAlOT, YTO MOMUMO
JjierouHbix mnposipieHuidr npu COVID-19 moxert
MPOUCXOUTH TIOpaXkKeHUe TeYeHU, 00YCIOBJIEHHOE
COBOKYITHOCTBIO Pa3JIMYHbIX MEXaHU3MOB, Cpeau
KOTOpPbIX Ha3HAuYeHWE TOTEHUUAIbHO TeNaToOTOK-
CUYHBIX JIEKAPCTBEHHBIX TperapaToB, CUCTEMHBbIN
BOCHAJIUTEJIbHBIN OTBET, TMIIOKCHSI, BbI3BaHHAS pec-
MUPATOPHBIM JIUCTPECC-CUHAPOMOM, U MOJUOPTaH-
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Has HegocTaTouyHOCTh [4]. Juarnoctuxky COVID-19
TIPOBOISAT C TIOMOIIBIO COBOKYITHOM OIIEHKH 3ITHIE-
MMOJIOTUYECKOTO aHaMHe3a, KJIMHUYEeCKOW KapTu-
HbI, PE3YJIBTaTOB JIy4eBbIX U J1aOOPATOPHBIX UCCIIe-
noBaHuii [5]. KT opraHoB rpyaHo# KJIeTKU Mokasajia
JYBCTBUTEIHLHOCTH 0 98% B BBISIBICHUN M3MEHE-
Huil B nerkux npu COVID-19 (mHeBMoOHUM) y na-
LIMEHTOB C oTpuuaregbHbiM pesyasratoMm [T1IP,
kpome Toro, KT TO3BONISIET OLIEHUTH 3TH U3MEHe-
HUS B IMHAMUKe [6, 7].

C 17 anpens nio 10 utons 2020 .. HMU L xupyp-
ruv uM. A.B. BuniHeBckoro ObL1 repenpoduinpo-
BaH B LleHTp oKa3aHUS MeTUITMHCKON ITOMOIIHN TTa-
LIMEHTaM C HOBOM KOPOHABUPYCHOUW MHQEKIIUEIH.
ITpu mocryrieHUMM BceM MalMeHTaM BBITTOJIHSUIU
KT opraHoB rpyaHoil KJeTKA. 3aKOHOMEPHO, UTO
B 00J1aCTh MCCJIEIOBAHUST BXOJWJIM BEPXHUE OTAEIIbI
TIeYeHN U ceJie3eHKH. Ha ocHOBaHMM TIpOIIeHTA T10-
paXkeHUsl JIETOYHOU MapeHXWMBI MTallueHTaM OIIpe-
nensu crerieHb TsokecTr oT KT 1 1o KT 4 cornmacHo
pekoMeHmansIM HayJdHo-TIpaKTUIecKOro KIIMHU-
YECKOTO IIEHTpa TMAaTHOCTUKU M TeJIEMEIUIIMHCKIX
texHosioruit J13 r. Mocksbl [8]. Kpome niepBuyHoOI
KT, npoBoauyin uccienoBaHusl B IMHAMUKE — yepe3
3—4 nHSA WIM TIpU U3MEHEHUU KJIMHUYECKOU Kap-
tuHBL. AHanu3 KT-mpu3HakoB MmopaxeHUs MapeH-
xuMbl Jierkux npu COVID-19 yxe ObL1 mpoBeneH
panee [9]. Hacrosimiass paboTa mocssiiieHa BHeJse-
TOYHbBIM TTPOSIBJICHUSIM 3a00JIeBaHUsI, @ UMEHHO U3-
YUEHUIO U3MEHEHUI ITapeHXUMEBI TICUCHMU.

ITpu ananuze KT mauueHTOB, roCUTAIM3UPO-
BaHHBIX B Iiepuop padotel Llentpa ¢ COVID-19,
HEPEeJKO BbISBJISIA COMYTCTBYIOILIME 3a00jieBaHus,
Cpeu KOTOPBIX YacCTO OTMeYasIu MPU3HAKU XKUPO-
BOro remarosa B Bujae Au¢@y3HOro yMeHbIIEHUS
IUIOTHOCTU mapeHxuMbl ItedeHn <45 HU. Ouenka
B IMHAMUKe, KaK MpaBUJIO, I€MOHCTPUPOBaJia yBe-
JIMYeHWEe TUIOTHOCTU IeUYeHU BO BpeMs JieUeHMUs.
Kpowme TOr0o, y MHOTHX TAIIMEHTOB ITPH OMOXUMMYe-
CKOM aHaJIu3e ChIBOPOTKM KPOBU OTMevaan yBeJIu-
yenue aktuBHOCTU AJNAT, AcAT, JIJI, ypoBHs
C-peaktusHoro 6eska (CPB), D-numepa u deppu-
TUHA, a TaKXKe YMEHbIIIeHUE YPOBHS aJIbOyMUHA.

BoabmMHCTBY malMeHTOB Ha3Hayajlu CTaH-
JapTHYIO TPEXKOMIMOHEHTHYIO Tepaluio COIJIACHO
“BpeMeHHBIM METOIMYECKUM PEKOMEHIALUSIM 10
npoduaakTUKe, NMarHOCTUKE U JICUEHUIO HOBOK
KopoHaBupycHoit nHpekuuu (COVID-19)” MuH-
3npaBa P®, KoTopast BKIIo4Yaia THAPOKCUXIIOPOXIH,
JIOMMHABUDP (puTOHaBUMp) U azutpomuivH [10].
[Tocne oTMeHbI TPEXKOMITOHEHTHON Teparnuu Takxke
HazHavyalu W Jpyrue aHTUOMOTHUKM Pas3sIUUHbIX
rpy1nn ((TOPXMHOJIOHBI, KapOarneHeMbl, aMUHOTJIU -
KO3U[Ibl, MEHULIWIMHBL U 11e(haToCIOPUHBI B KOM-
OWHAIIMK ¢ THTUOUTOPOM 3-JTakTama3s u zip.). Kpome
TOTO, TIPYU HAJMYMU COOTBETCTBYIOLIMX MOKA3aHUI
MO JaHHBIM KJIMHUKO-J1a0OpaTOPHBIX MCCIIEI0Ba-
HUI HEKOTOPBIM TMallMeHTaM Ha3Hayaay TOLWIU3Y-
Mab — peKOMOMHAHTHOE TYMaHU3UPOBAHHOE MOHO-
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KJIOHAJIbHOE aHTUTEJIO K YeJI0BEYECKOMY PELEIITOPY
nHTepiaciiknHa-6 (MJ1-6) n3 momkiacca MMMYHO-
mooymuHoB IgG 1 [11].

Lenp paGoThl — OLIEHUTH IMJIOTHOCTh MEYEHU IO
nmaHHbIM HatuBHOU KT y 6onpHBEIX COVID-19 B 3a-
BUCHUMOCTH OT CTETICHU TSKECTU ITOPAXKEHMUSI JIETOU-
HOM TapeHXWMbI, OMOXMMUUYECKUX IToKa3aTejei
M Ha3HAYaeMOrO JICUECHUsI, a TaKXe IMPOIAEMOHCT-
pUpOBaTh M3MEHEHMST TUIOTHOCTHBIX IOKa3aTesei
MeYeHU B JUHAMUKE.

Marepuana u MeTOAbI

AnanusupoBaiu aaHHble KT rpynHoll KieTKu
200 mamueHToB, cpear KOTOPBIX ObLIO 87 XKEHIIUH
B Bo3pacTe 23—93 meT (cpemHmit Bo3pact 62 roma)
u 113 myxxuuH 21-89 net (cpenHuii Bo3pact 57 Jjier).
HMccnenoBaHue mpoBOAWIM 10 CTaHAAPTHOMY MPO-
tokoisy st KT opraHoB rpyTHOM KIETKU U PeKOH-
crpykuuu high-resolution Ha MyJIbTUIETEKTOPHOM
KoMIbloTepHOM ToMorpade Philips Ingenuity CT 64
B IOJIOXKEHUU OOJILHOTO JIeXKa Ha CIIMHE C pyKaMu 3a
rojioBoit. JIas1 cTraHAapTHOTO TPOTOKOJA HMCMOJIb-
30BaJIM ClEAyOlIMe TMapaMeTpbl CKaHWPOBAHUSI:
koumManus 64 x 0,625, peKOHCTpyKUMsT 1 MM,
uHkpeMeHT 0,5 MM. ITo ckaHorpamMe TIaHUpoOBaIn
30HY CKAHMPOBaHUSI, BKJIIOUAIONIYIO IPYIHYIO KJIeT-
Ky. AHaJlu3 TOJIyYeHHbIX M300paKeHUU OcCyllecT-
BJISUIM B MojyJe npocMmoTpa Dicom-uzo0paxkeHuit
MEIUILIMHCKOTIO anmnapaTHO-IPOTPaMMHOIO0 KOM-
iekca “ApxuMen” (Med-Ray, Poccusi, 2004).

B 3aBUCuUMOCTM OT MakCUMaJIbHOM CTEIeHU Tsi-
JKECTU TMopakeHus JierodHoil mapeHxumbl no KT,
OTMeyvaBliIeiics 32 BpeMsl TOCIUTaIn3aluu, TTallueH-
TOB pazneawiu Ha e rpymnnbl. B rpynmy KT 1-2
Oobuti BKMoueHbl 53 mamuenta (27 ¢ KT 1 u 26
¢ KT 2), a B rpynity KT 3—4 — 147 nmauumeHTOB
(81 ¢ KT 3 m 66 ¢ KT 4). KpureprieM BKITIOUCHUS
B rpynny KT 3—4 takke cuMTaiu HAJIMYue He MeHee
Tpex UcciieloBaHuM B fuHamuKe. Bo Bcex uccieno-
BaHUSIX B 30HY CKAaHUPOBAHUSI BXOJWJIU BEpXHUE
oTnesibl eyeHu u ceneseHku. ITo nanHbiM KT Bcem
nalyeHTaM ObLIM BLITIOJIHEHBI CIEAYIOLINE U3Mepe-
HUS: IUIOTHOCTb TPABO U JIEBOM HOJIEN TEYEHMU,
IUIOTHOCTD cesie3eHKu. 1o pedynbrataMm IByX U3Me-
peHUii OblIa BbIYMCIEHA CPEAHSISl TIJIOTHOCTD Teve-
HU U C YYeTOM TIOJIYYeHHbBIX JaHHBIX pacCUMTaH
KO3 (MUIIMEHT COOTHOLIEHUS TUIOTHOCTU IeUYeHU
K TJIOTHOCTU ceJie3eHKU. [ToCKObKY Y HEKOTOPBIX
MalueHTOB ObLIM OTEKM TOAKOXHOW KUPOBOM
kaetdyatku (IT2XKK), a 3HauuT, HE MCKIIIOUEH Bapu-
AHT BO3JEUCTBUSA TKAHEBOW U MEXTKAHEBOW KUIKO-
CTU Ha TJIOTHOCTDb MEYEHU U CeJIE3eHKU, TakKKe U3-
Mepwiu miotHocTh [T2KK Ha mepenHeit OproiiHoi
CTeHKe U Ha OOKOBOW MOBEPXHOCTU BOJU3U Cpei-
Hell moambliieyHoi JuHuu. [lo pesynbsrataM nByX
U3MEPeHUU Oblla BbIUMCIEHA CPEIHSISI TJIOTHOCTD
IT2KK 1 ¢ yyeToM MoJiydeHHBIX JaHHBIX paccuuTaH
KO3(hGULIMEHT TJIOTHOCTU TIeYeHU K TUIOTHOCTHU
ITKK (prcyHOK). DTH IToKkazaTeau CpaBHWIM B IBYX
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Pucynok. KomneiotepHass Tomorpamma. M3mepeHue mior-
HOCTM neveHu, cenedeHku u [12KK, Boieniieit B 30Hy cka-
HUPOBAHUSI.

rpymriax, YToObl yCTAaHOBUTDH, 3aBUCUT JIM YMEHbIIIe-
HUE TUIOTHOCTU TTeYeHU OT CTEINeHU TSIXKECTH Mopa-
JKeHUs JierouHoi napeHxuMbl 1o KT.

Ha Bropom aTarne uccienoBaHus 6oJiee 1eTalbHO
a”anusupoBanu rpynmny KT 3—4. [Ins Bcex mauueH-
TOB ObLIM COOpaHbl PE3yJbTaThl OMOXUMMYECKUX
HCCIIeIOBAaHWM, BBIMOJHEHHBIX B IEHb TIEPBUYHOTO
KT-uccnenoBanusi. bbuin T1ojlydeHbl 3HAYEHUS
aktuBHOCTH ANTAT, AcAT, JIAT, yposust CPb, D-au-
Mepa U (peppuTHHA IS OLIEHKHU CBSI3U MEXY TIJI0T-
HOCTBIO TE€UYEeHU M pe3yJbTaTaMu JiabopaTOpHBIX
UCCaedOBaHUN.

Ha tpeTtbeM 3Tare uccieqoBaHus OLEHUIN, Kak
1 HACKOJIbKO U3MEHSIIOTCS TJIOTHOCTHBIE TTOKa3aTe-
1 B AnHaMuke npu nocaenyromux KT vy mauueH-
toB rpynibl KT 3—4.

Ha dJerBepTOM 3Tame TMalMEHTOB CO CTETICHBIO
TsikecTu o KT 3 unu KT 4 paznenunu Ha aBe rpym-
mel. B mepByro Tpymiy BKIoumian 91 manmenTa,
KOTOpOMY OblJla Ha3zHayeHa TPEeXKOMITOHEHTHas
Teparnus 1 aHTUOMOTUKU. Bo BTOpYIO rpyIimy BOLLIA
30 manMeHTOB, KOTOPBIM ITOMUMO BBIIIETICPEYNC-
JICHHBIX MperapaToB TakXKe Ha3Hayald TOLMIM-
3ymMab. YcaoBUSIMU 11 €r0 Ha3HaueHUsl CUMTaIu
couetanne gaHHbiX KT. 3HauMTENbHBIH 00BEM
YIJIOTHEHHOW JIETOUHOW TKaHu W (Wjiu) pacrpo-
CTPaHEHHOCTH MTopaxXeHus JIeTKnx 50—75% mnx 06b-
eMa (KT 3 u 6osiee) ¢ nByms 1 6ojiee MpuU3HaAKaMu:
cHmkenueM SpQO,, mosbeiieHueM CPB >60 mr/n
unu pocroM ypoBHsi CPb B 3 paza Ha 8—14-i1 nHu
Oone3Hu, auxopankoir >38 °C B TeueHHUE 5 mHEIA,
nerikomenueit <3,0—3,5 x 10°/a1, numdoneHuein
<1 x 10°/m m (mm) <15% [12]. [lepeuncieHHbIE
IJIOTHOCTHBIE MoKa3aTelnd, U3MEepeHHble KakK Tpu
TIEPBUIHOM MWCCJICIOBAaHWM, TaK M B ITWHAMUKE,
CPaBHUJIU B IBYX TpyIIIiax.

CraTucTuueckuii aHajlu3 BBIMOJIHSUIM C TOMO-
IBIO TIporpaMmhl Statistica (Statistica for Windows,
Copyringht® by StatSoft, 1994 nulIeH3MOHHBI)
C TpUMEHEHMEM METOJOB OINHucaTe/IbHON CTaThC-

T™MKN U t-Kputepust CThIOmeHTa TSI CpaBHEHMUS
CpPemHUX 3HAYCHMI B ABYX IMOATPYIMax. Pazmmams
CYNTAJIN CTATUCTUYECKN 3HAUMMBIMU TIpHr p < 0,05.
s aHanm3a 3aBUCHMOCTH TIOTHOCTHBIX TTOKa3a-
TeJel TeYeHW OT pPe3YJIbTaTOB OMOXUMHYECKUX
HCCIIeIOBAaHNN MCITOB30Ba KO3(MPUIIMEHT KOP-
penxsiumm [Mupcona.

Pe3yabratsl

Cpenu 200 mauneHToB npu nepsuaHoit KT y 71
(35,5%) otMedeHO YMEHBITICHNE TUIOTHOCTY TICUeHU
MeHee 45 HU. N3 Hux MakcuMalibHasi CTeNeHb TsI-
xectu ipu KT 1 ormeuena y 5 (7%) maumeHTOB,
mpu KT 2 —y 9 (12,7%), ipu KT 3 —y 30 (42,3%) u
pu KT 4 —y 27 (38%). YMmensbIeHre Ko3buim-
€HTa COOTHOIIICHUS TUIOTHOCTHU TTeYeHU K TTIOTHO-
ctu cene3eHkn <1 otMeueHo y 95 (47,5%) GONbHBIX:
mpu KT 1 —y 5 (5,2%), npu KT 2 —y 12 (12,6%),
mpu KT 3 —y 40 (42,1%) n ipu KT 4 —y 38 (40%).
[lpw cpaBHEHNN CpemHUX 3HAYCHUI TUIOTHOCTHBIX
rnokasaresei MjiIoTHOCTh nedyeHu B rpynne KT 3—4
Oblla 3HaUYMMO MeHbliie, yeM B rpynmne KT 1-2,
u cocrasisuia 43,9 HU no cpaBuenuto ¢ 49,3 HU
cootBeTcTBeHHO (p < 0,008). KoadppuumeHr coor-
HOIIIEHWST TUTOTHOCTHU TI€YeHM K TUIOTHOCTH CeJie-
3eHKM TakxKe Obl1 MeHblue B rpyrnne KT 3—4, yem
B rpyme KT 1-2, u cocrasisu 0,9 mo cpaBHEHUIO
¢ 1,0 (p < 0,014). ITpu 3TOM CpenHsisl TJIOTHOCTD
ITKK B aByx rpynnax Obljia MpakTUYeCKW OJMHa-
koBa (-111,8 HU B rpyrme KT 1-2 u —111,6 HU
B rpyrme KT 3—4), a Koa(pGUUIMEHT COOTHOLIEHUS
IUIOTHOCTU nevyeHu K roTHoctu TT2KK Obu1 Hec-
KosibKO MeHbliie B rpymnne KT 3—4 (ta6u. 1).

[lpu omenke pe3yabTaTOB OMOXMMUYECKHUX WC-
CJIe/IOBAaHUI y TIOIABJISIIONIETO OOJIBIIIMHCTBA Malu-
€HTOB OTMEeUYeHO MoBbilieHUe akTuBHOCTU JIIT,
ypoBHss CPb u depputuHa. IloBblllieHWe aKTHUB-
HocTu ANTAT 1 AcAT B CbIBOPOTKE KPOBU OIpejie-
g y 23 u 34% mnauueHTOB COOTBETCTBEHHO.
VMeHbllleHUMe YpOBHS ajibOyMuHa Habjwoaa1u
y 30% mnanneHToB. BaxkHO OTMETHTB, UTO HE Y BCEX
147 maumenTtos B rpynrie KT 3—4 npu nepBu4yHOI
KT Oblmv mosydyeHbl pe3ybTaThl BCEro IepevyHs
OuvoxuMuuyeckux Iokasareyeit. Yucino Habone-
HUIi, a TakXKe CpellHWMe 3HAYeHUsI, MeAruaHa u 10Js
MMAIIUEHTOB ¢ OTKJIOHCHUSIMHM OMOXUMHMUYECKUX IT10-
KazaTejieil OT HOpMbI TIPeICTaBlAeHbI B Ta0I. 2.

Taomuna 1. CpaBHeHUE CPeIHUX 3HAYCHUM TJIOTHOCTU

IInornocts, HU
OpraH, TKaHb KT 1-2 | KT 3—4 p
(n=53) |(n=147)
[Meuenn 49,27 43,90 0,007965
CeneseHka 47,34 48,28 0,479936
[leuenn/cene3eHka 1,04 0,93 0,013650
TKK -111,79 | =111,61 | 0,907841
Tleuenn/TTXKK -0,44 -0,40 0,056455
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TaﬁJmua 2. Cpe,I[HI/IC 3HAYECHMST ¥ YMCJI0 OOJBHBIX C OTKJIOHEHUEM OMOXMMUYECKIX IToKa3aTeIeil OT HOPMBI

. Yucio nadaoaeHuii
IlToka3zarenn ucno nabmoneni, m M C OTKJIOHEHHEM o); HOPMBI,
aoc.

aoc. (%)
ANAT, en/n 137 42,53 31 31 (23)
AcAT, en/n 140 48,14 38,5 47 (34)
CPB, mr/1 136 105,74 92 133 (98)
JIAT, en/n 95 351 305 82 (86)
DeppuTHH, HT/MIT 67 1093,53 713 57 (85)
ANBOYMUH, T/ 80 35,51 36 24 (30)
D-numep, MKr/1 46 1022,38 358 13 (28)

Ta6auma 3. B3aMOCBsI3b IUIOTHOCTH TMIEUEHU U PE3YIbTAaTOB OMOXMMUYECKUX aHATM30B MPU TIEPBUYHOM MCCIIEIOBAHUT

(p < 0,05)

n OTHoIenne MIOTHOCTH eYeHH
OKa3zareJlb ILnoTHOCTH MeueHu (7)
K IUIOTHOCTH CeJie3eHKH (7)

ANAT, en/n -0,12 -0,17

AcAT, en/n -0,11 -0,14

CPB, mr/n -0,05 -0,11

JIAT, en/n -0,12 -0,15

DepputhH, HI/MI -0,17 -0,12

AJBOYMUH, T/JT -0,30 —-0,26

D-numep, MKr/1 -0,02 -0,02

Taommna 4. CpegHue 3HaUeHUST U MeauaHa 110THocTH B rpynne KT 3—4 B nuHaMuke

ILnoraocts, HU
Opran, TKaHnb 1-9 KT (n = 147) 2-a KT (n=147) | 3-a KT (n= 147) 4-g9 KT (n=63)
m M m M m M m M

[TeyeHn 43,90 47,50 45,77 47,50 51,91 53,50 55,75 57,50
CeneseHka 48,28 49,00 47,48 48,00 47,05 48,00 49,33 48,00
Ileuenn/cene3eHka 0,93 0,99 1,00 0,98 1,15 1,13 1,15 1,15
TKK -111,61 | -113,00 | -109,70 | -110,50 | —108,51 | —108,50 | —=109,43 | —111,50
IMeuens/TTKK —-0,40 -0,42 -0,43 -0.,42 -0,49 —-0.,49 -0,52 -0,52

ITpu aHanu3e B3aMMOCBSI3U TUIOTHOCTHBIX IMOKa-
3aTesiell MevyeHU U pe3ybTaToB OMOXUMUUYECKUX
aQHAJIM30B, MOJyYEHHbIX MPU MEPBUYHOM HUCCIEN0-
BaHWM, OTMEUEHa YMepeHHasl OTpulaTebHasl KOp-
pesiLMSl MEXIY TUIOTHOCTbIO TMEeUYeHU U YPOBHEM
anp0yMuHa B CBIBOpOTKe KpoBu (1= —0,30; p < 0,05).
BoisiBiieHa u cinabasi oTpuliaTebHasi KOppessiiuys
MeX1y KO3((OUIMEHTOM COOTHOIIEHUS TIJIOTHOCTHU
MeYeH!U K TJIOTHOCTU CEIE3eHKU U YPOBHEM albOy-
MHWHa B CBIBOpOTKe KpoBu (r = —0,26; p < 0,05).
BsanmocBsi3u ¢ ocTalIbHBIMU OMOXUMUYECKUMU T10-
KazaTeJIsIMU BbISIBJIEHO He Obu1o (Tad. 3).

[Ipm olleHKe B IMHAMUKE Y MAIlEHTOB T'PYIIITHI
KT 3—4 ¢ xaxnpIM nocaeayoIuM UCCIeI0BaHuEeM
OTMeYaiu yBeJMUeHHe TUIOTHOCTU MapeHXUMbI Te-
YeHU U Ko3(pdulimeHTa COOTHOIIEHUS TIJIOTHOCTU
MeyeHu K TJIOTHOCTU cesie3eHKU. PazHuiua Mexmy
CpelHell TUIOTHOCTBIO MeYyeHW MPU TMEepBOi U Tpu
yetBepTtoit KT cocraBuna 11,85 HU. Ilpu stom
MaKCUMaJIbHBIN “MPUPOCT” TJIOTHOCTU MEYEHU OT-
MeueH 1ipu Tpetbeit KT u cocrasmsn 6,14 HU. Ipu
yetBepToit KT MI0THOCTH meyeHu yBeauuunBaiach
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Ha 3,98 HU. Cpennee 3HaueHue KoaddulimeHTa co-
OTHOLLIEHUS TJIOTHOCTU TI€YEHU K TIJIOTHOCTHU CeJie-
3€HKM MEXy TTePBbIM U YETBEPTHIM UCCIET0BAHUSI-
mu Bo3pociio ¢ 0,93 go 1,15. Ctout OTMETUTH, UTO
yeTbIpe nociiegoBatebHble KT ObLIM BbIMOJIHEHbI
TOJIBKO 63 TanmeHTaM 13 147, OTHECEHHBIX K TPYII-
ne KT 3—4. U3meHeHne B AUHAMUKE MJIOTHOCTU
cenesenku u [T2KK He nipebitnanio 2 HU, ipu atom
OTMeyYasu NOCTENeHHOe YBeJuueHrne KoapduiimeH-
Ta COOTHOILEHUS TJIOTHOCTU TIEYEHU K TIJIOTHOCTHU
ITTKK (ta6a. 4).

ITpu oueHKe 3aBUCUMOCTH TIJIOTHOCTHBIX MOKa-
3aTesieil B IMHAMUKe OT MPUMEHEHMS TOLIMIM3yMa-
0a orMeueHo, uTo Tpu mnepBbix Tpex KT B rpymrie
0O0JIbHBIX, KOTOPbIM Ha3Havyaau TOLUMJIN3YyMa0, IJI0T-
HOCTh TeYeHU ObLla HECKOJIbKo Oosbiie. Koad-
(bULIMEHT COOTHOIIEHUS TUIOTHOCTH MEeYeHU K ILJI0T-
HOCTHM CeJIe3eHKU Takxe ObL1 0oJibllie B TpyrnIie
Tounsinzymabda npu rnepsbix AByx KT. OgHako 3Ha-
YUMBIX pa3Induii HA MPU OJIHOM M3 MCCIEIOBAHUM,
BBITMTOJJHEHHBIX Ha TPOTSKEHWM TOCHUTAIU3AlH,
BBbISIBJIEHO He ObLI10. [Ipn 3TOM ueThipe rocienoBa-
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Tabaumma 5. 3aBUCUMOCTh CPeTHUX 3HAYSHU I TIJIOTHOCTH
B IMHAMUKe OT Ha3HauYeHUs TOLMIM3ymMaba

ILnoraocts, HU
OpraH, TKaHb Oe3 c p
TOIWIA- | TOUWIIM-
3ymada 3ymadom

1-a KT n=91 n=230 -
ITeueHp 43,08 44,17 0,68
CeeseHka 47,87 48,73 0,69
[TeyeHn/cene3eHka 0,93 0,92 0,93
TTKK —111,47 -111,22 0,91
[Meuenn/TTXKK -0,40 -0,40 0,86

2-9 KT n=91 n=30 -
ITeuenn 44,62 47,15 0,29
Cene3eHka 47,34 48,73 0,45
[leuenn/cene3eHka 0,97 1,05 0,32
KK -108,89 -111,22 0,30
[Meuenn/TT2KK -0,42 -0,43 0,84

3-a KT n=91 n=30 -
[TeueHp 51,10 51,68 0,80
Cee3eHka 47,55 46,93 0,70
[leuenn/cene3eHka 1,12 1,10 0,89
TTKK -108,21 -109,23 0,67
IMeuenn/TTKK -0,07 -0,05 0,50

4-3 KT n=238 n=19 —
[MeueHn 55,42 55,29 0,96
Cenesenka 49,24 49,95 0,69
ITeueHb/ceneseHka 1,14 1,12 0,73
TTKK -110,62 -108,18 0,38
IMeuenn/TTKK -0,51 -0,52 0,78

tenbHBIE KT ObUIM BBITTOTHEHBI TOJIBKO 38 IalneH-
TaM, KOTOPBIM Mpenapar He Ha3HavyaIu, u 19 mamm-
€HTaM B rpyIlle Ha3HAaYeHUs ToLmIu3ymMaoa (tab:.5).

O0cyKneHne

CoracHO TIOJly4eHHBIM pe3yiabrataM, y 35,5%
nauuentoB ¢ COVID-19 npu nepsuunoit KT or-
MeUYeHO YMeHbIIIeHUe TUIOTHOCTY TTeueHu u'y 47,5%
KO3(OUITMEHT COOTHOIIECHUS TUIOTHOCTH TIeYeHU
K TUIOTHOCTM cejie3eHKM ObuT <1. DTu mokaszarenu
ObutM noctoBepHo MeHble B rpynmne KT 3—4 1o
cpaBHeHu1o ¢ rpynnoi KT 1-2. Ipyrumu cioBamu,
npu COVID-19 HaGniomaercsi renaTuT, XapakTe-
pU3YIOIMUICSI YMEHBIIEHWEM TIOTHOCTU TICUeHU
npu KT.

[MonyyeHHBle pe3yibTaThl MMOATBEPKIAIOT JaH-
Hbl€ JPYTMX aBTOPOB, aHaIM3upoBaBiux 115 manu-
eHToB ¢ COVID-19, cpenu KOTOpbIX YMEHbIIEHUE
mwiotHoctn TiedeHu npu KT orMerwmm y 26,09%,
MIPEVMYIIIECTBEHHO Y TTAIIMEHTOB C TSKEIBIM Tede-
HHueM 3a6oneBaHus (58,82%). ABTOpHI MPOIEMOH-
CTPUPOBAJIN, YTO TSIKECTh 3a00JIeBaHUSI KOPPETNPY-
€T He ToJIbKO ¢ akTUBHOCTbIO ACAT, yposHem CPb
M TIPOLIEHTOM ITOpakeHUs IMapeHXUMBI JIETKHUX,
HO M C YMEHBIIEHWEM COOTHOIIEHUS TUIOTHOCTHU
MeyeHu K MJI0THOCTU cejiedeHKu <1 [13].

C teueHueM 3a0osieBaHUsI HA KOHTPOJIbHbIX KT
OTMeUalIn yBeJWYeHNe CPeIHUX 3HAYEHUH TNTIOTHO-

ctu nneuenu ¢ 43,9 HU no 55,75 HU u xoaddunu-
€HTa COOTHOIIICHUS TUIOTHOCTHU TeYEHU K TIOTHO-
ctu cenedeHku ¢ 0,93 mo 1,15, 4TO He IO3BOJISIET
paccMaTpuBaTh TaKoe MOopaXkeHWe MCKITIOYUTEIBHO
Kak ITPeMOPONIHOE COCTOSTHIE U MOXET CBUICTETh-
CTBOBATH O MPEXOASIIEM XapaKTepe N3MEHEHMUIA.

B nutepartype omvicaHBI pa3IMUHbIE BO3MOXKHBIC
MeXaHU3MBbI TToBpexaeHus nedeHu pu COVID-19,
cpenr KOTOPBIX Ha3HaUYeHME TTOTCHIIMAIBHO TEIaTo-
TOKCUYHBIX JIEKAPCTBEHHBIX TIperiapaToB, CUCTEM-
HBI BOCTIAJIMTENIBHBIM OTBET, TUITOKCHS, BBI3BaH-
Hasl pecMpaTOpPHBIM TUCTPECC-CUHIPOMOM, W T10-
JIMOpraHHasi HeJOCTaTOUHOCTh [4, 14].

[IpenmonoxeHue o TOM, 4TO YBEIMYCHUE TUIOT-
HOCTU TIeYeHU MOXKET OBITh OOYCIIOBJICHO BO3JIECii-
CTBHEM TKAaHEBOUM M MEXTKaHEBOM KMIKOCTU aHa-
siornyHo oteky [T2KK, 6110 onmpoBeprHyTo nmpakTu-
YeCKM HEW3MEHHBIMU 3HAauYeHUSIMHM TUIOTHOCTHU
IT2KK u yBesnueHreM aOCOJIIOTHBIX 3HAYEHUI KO-
a¢ddUIIMeHTa COOTHOIIEHUS TUIOTHOCTU TIeYeHU
K iotHoctu IT2KK B nuHamuxke.

HMccnenoBarenn aHaavM3UpoBaiu KIMHUKO-JIa-
o6opatopHbie maHHble 99 manumentoB ¢ COVID-19.
[Tpu aTOM OTMEYaNu yBeinueHue akTuBHOCTU ACAT
y 35% naunenTtos, AnAT —y 28%, JAT —y 76%,
ypoBHs1 CPb — y 86%, D-nmumepa —y 36%, dbeppu-
THHa — y 63%; yMeHbIIeHHe YPOBHS aTbOyMUHA
Habmomanu y 98% nanmenTos [15]. CorracHo maH-
HBIM JPYIUX aBTOpOB, y 14—53% TmamueHTOB
¢ COVID-19 peructpupoBajiu yBeJIUYeHUE aKTUB-
Hocth AcAT u ANAT m B 2—11% wHaGmoneHU
nHpeKLMs pa3BrMBajach Ha (h)OHE XPOHUUECKHUX 3a-
OoseBaHuii medyeHu [16]. PesynbraThl mMcciemoBa-
Hus, BKouaBmero 1099 manueHToB u3 552 00Jb-
HMUILI, TOKa3aJIk, YTO YBeJUUeHUe akTUBHOCTA ANTAT
u AcAT 6bu10 GoJiee BbIpaXkeHO Y TallMeHTOB C Ts-
JKeJIbIM TeueHreM 3aboneBaHus [17].

AHAJIOTUYHO TaHHBIM JIUTEPATyphl, B MIPEACTaB-
JICHHOM MCCJIEIOBAHUU Y MHOTUX MAllMEHTOB IMPU
OMOXMMHUUYECKOM aHajIu3e CbIBOPOTKU KPOBU OTMeE-
TWIM OTKJIOHEHUWE YIOMSIHYTBIX IoKazaTejaell oT
HopMbl. [Tpu 3TOM GOJIBITMHCTBO OMOXUMUYECKUX
rnokasarejieii He ObUIO CBSI3aHO C WM3MEHEHMSIMU
TUIOTHOCTHBIX TloKazaTeneit mpu mnepBuyHoit KT.
Tem He MeHee ObuUTa TIOJTyYeHa yMepeHHas u ciabdasi
oTpulIaTe/ibHasE KOPpeslus YPOBHSI ChIBOPOTOY-
HOTO ajibOyMUHA ¢ TJIOTHOCThIO meueHu mipu KT
U KO3(hPUIIMEHTOM COOTHOIIEHMS TJIOTHOCTU Tie-
YeHU K TIJIOTHOCTHU CeJIE3eHKH.

AHanu3y TIOABEpPIVIM pe3yJbTaThl OMOXMMUYe-
ckMx aHanu3o0B 202 MmanyeHToB sl U3yYeHUs TTpo-
SIBJIEHUII HEaJIKOTOJIbHOTO XXUPOBOTO Ternaro3a npu
COVID-19. CornacHo TOJy4YeHHbIM pe3yjbTraTam,
ropaxenue TnedeHn otMmeueHo y 101 (50%) m 152
(75,2%) mManmeHTOB TIpU TTOCTYIICHNHW U 3a BpeMst
TOCITUTAJIN3AalUU COOTBETCTBeHHO. B 67 (33,2%)
HaAOJIOJEHUSIX OTMEUeHbl CTOMKHWE HapylIeHUs
(byHKIMM MMeYeH C MOMEHTA MOCTYILJIEHUs U J10 M0~
caemHero ucciegosanus. B 39 (19,3%) nabmoneHu-
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SIX BBISIBJICHBI IIPOTPECCUPYIOIINE W3MEHEHUS,
ny 163 (80,7%) GONBHBIX OTMEUYEHA CTAOMIU3ALINS
[18]. B onHOM M3 uccienoBaHuii ObLIO MPOJEMOH-
CTPUPOBAHO, UTO CPEIU LIEJIOrO psiga OMOXMMMYE-
CKUX TIOKa3aTejieit BO BpeMsI JICUeHUS N3MEHSITICH
ToabKo ypoBeHb CPb u aktuBHOCTH ACAT, Kpome
TOTrO, X 3HAUYCHUS OBbUIM 3HAYMMO MEHBbIIIE Y Oec-
CUMNOTOMHBIX TaneHToB [19]. Takum obpazom,
Heobxoaum OoJiee MOAPOOHBIM aHAIN3 OMOXUMM-
YeCKUX ToKa3aTelieil B JMHAMUKE B COBOKYITHOCTU
¢ U3BMEHEHUSIMU TIOTHOCTH TteueHu rpu KT, koTto-
pBIit, BO3MOXHO, TTO3BOJIUT TIPEANOIOXNUTh, KaKOI
13 MeXaHU3MOB IToBpexaeHus redeHu mpu COVID-
19 siByIsieTCSl JOMUHUPYIOLIIM.

Psn aBTOpOB BBICKA3aIM TIPEATIONOXEHHUE, UTO
MOBpPEXIECHNE TMEUYeHU MOXKET ObITh OOYCIOBJICHO
B3aumopeiictBueM SARS-CoV-2 ¢ peuenropamu
aHTMOTEH3UHIIpeBpalaomero gepMmeHra 2 (angio-
tensin-converting enzyme 2 receptors — ACE2), xo-
TOpPBIE TIOMUMO aJTbBEOJIOIIMTOB TAKXKe TTPUCYTCTBY-
10T Ha STTUTETNATBHBIX KJIETKAX XeTIHBIX IIPOTOKOB
B KOHLIEHTpaLuu, B 20 pa3 MpeBbIIIAIONIEi KOHIIEH-
Tpanuio B renatouutax [20]. OmHako y maleHTOB
¢ COVID-19 penko oTMedann 3HaYNTEILHOE TTOBbI-
IeHne akTUBHOCTU chiBoporouHoit LMD, y-TI'TII
1 YpPOBHSI OWIMpPYyOMHA, KOTOPBIE MOTJIU OBl OTpa-
KaTh TMOBPEXKIEHHUE KETYHBIX IMPOTOKOB. Kpome
TOr0, NaTOMOP(MOJOTMYECKOE UCCIIETOBAHKUE HE T10-
Ka3aJio KaKOro-JIM00 3HAYNUTETHHOTO TTOBPEXKICHUS
reraTolMTOB WM XOJIaHTHONTOB. HU B ogHOM M3
U3YYEHHBIX 00pa3loB He ObUIM OOHApPYXKEHBI BHY-
TPUSIAEPHBIC VI ITUTOILIa3MaTUIECKUE BUPYCHBIC
BKJTIOUEHUSI, KOTOPHIE OIMCAaHbI, HATIPUMED, B ajTh-
Beosionurax [21].

[Tpu maroMopdhoTOrnIecKoM UCCIeTIOBAHNH Tie-
yeHu nanueHTa ¢ COVID-19 BHISIBISIIM MUKPOBE-
3UKYJISIPHBIN CTeaTO3, 0YaroBblif HEKPO3 rernaToLm-
TOB, TpeobJafaHue HEeUTpodUIOB B JIOOYISIPHBIX
U TIOPTaJIbHBIX MHWIBTpaTax, MUKPOTPOMOBI B CH-
HycOMIaX, KOTOPbIE B OOJIBIIICH CTETIEHU MOTYT OBITh
0O0YCJIOBJICHBI JIEKAPCTBEHHBIM MOBPEXICHUEM T1e-
yeHu, a He SARS-CoV-2 [22].

BoablIMHCTBO MalMEHTOB B IpeaCcTaBIeHHOM
WUCCJIeOBAaHUM TMOJIydyadd CTaHAAPTHYIO TPEeXKOM-
MOHEHTHYIO Teparuio, KOTopasi BKJItouaaa TMIpOK-
CUXJIOPOXUH, JOMMHABUDP (PUTOHABUP) U a3UTPO-
muliuH. [locie oTMeHbI TPeXKOMITIOHEHTHOM Tepa-
MUK Ha3HAvYaIu aHTUOAaKTepUaIbHYIO Teparuio, Kak
MpaBUIO TPEACTaBISIBIIYIO COOOM KOMOMHALIMIO
npemnapaToB pa3auvHbIX Tpymni. [To 3Toil mpuuuHe
OLIEHUTb, KAaKOU M3 HazHavYaeMbIX MpernapaToB BHO-
CUJI OOJIbIIMI BKJad B YMEHbIIEHUE TIOTHOCTHBIX
noxasareJjieii, HeBo3MoxHo. Kpome Toro, npu jieve-
Hum MHorue naumueHTsl ¢ COVID-19 monyyann
JKapOoIOHMXaII1e MpernapaThbl, B YaCTHOCTH Tapa-
LeTaMoJI, IIpheM KOTOporo B mo3e Oojee 7,5—10 1
MOET BbI3bIBATh MOPaXKeHUE TIEYEHU C YBETUYEHU -
eM aktuBHOCTU AJIAT 1 AcAT [23]. CornacHo maH-
HBIM JINTEPATypbl, MPUEM IAlMEHTOM 10 WJIM BO
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BpeMs TOCIIUTAJIM3AIUN psia TTPOTUBOBUPYCHBIX
MperrapaToB, TaKUX KaK OCETBTaMUBHpD, apOMIOIN
WY JIONTMHABHP, TaKKe MOXKET COIMPOBOXIATHCS
HEKOTOPHBIM rerlaToToKcmaecknM addexrom. Cpenu
MalKeHTOB ¢ nopaxeHueM neyeHu npu COVID-19
J10J151 TPUHMUMABILMX JIOTIMHABUP (PUTOHABUP) ObL1a
6oubie (57,8%), yeM cpeau MaMEeHTOB C HOPMAaJlb-
Hoi1 pyHkuei neuenu (31,3%) [24].

CoracHO MOJTYyIeHHBIM pe3yiibraTaM, IIpU CpaB-
HEHUM TIIOTHOCTHBIX ITOKa3aTeNeil, M3MepeHHBIX
B IWHAMWKE IO TPyIIaM, B KOTOPHIX Ha3HAYaIU U
He Ha3HaYaJW TOIMIN3yMad, 3HAYMMBIX pas3TimIuii
HY TIPYA OTHOM M3 UCCIICTOBAHNIA, BEITTOJTHEHHBIX Ha
MPOTSKEHUU TOCTIMTAIM3alliU, BBISIBJIEHO HE ObLIO.

HenasHuue nccnemoBanust mokasaiu, ytoy 15,7%
nmauueHtoB ¢ COVID-19 pasBuBaercst TsKenast
MHEBMOHUSI U “IIMTOKWHOBBLIN IITOPM”, KOTOPBIN
COTTPOBOKIAETCS TIOBBIIIIEHNEM YPOBHS IIUTOKIMHOB,
ocobeHHO MHTepeiiknHa 6 (1L-6), 1 SIBsIeTCST BaxK-
HBIM (DaKTOpOM, TIPUBOASIINM K OBICTPOMY ITPO-
rpeccupoBaHuIo 3aboseBaHus [17]. DToT mpoiecc
CITOCOOCH BBI3BIBATh MACCHBHBIC TTOBPEKICHUS HE
TOJIBKO B JIETKUX, HO M B IEUEHM, CEPIIIE U MOYKaX.
OmHako, yYUTHIBasI ITOJTydeHHbIC JaHHBIE TIPU CPaB-
HEHWHU TPYITIT OOJBHBIX, TTOJIyYaBIIUX U HE ITOTyJIaB-
IIUX TOLUMJIN3YMab, 3TOT MEXaHU3M, BEpOSTHO, He
SIBJISIETCST JOMUHUPYIOIINM.

I[MoMuMO TIepeuMCIIEHHBIX MEXaHM3MOB ITOpa-
KeHust nieyeHun npu COVID-19, pecnupatopHbIit
JIUCTPECC-CUHAPOM M TIOJIMOpPraHHAas HeI0CTaTod-
HOCTB CITOCOOHBI BBI3BIBATh TUTIOKCHIO U IIIOK, 00Y-
CJIOBJIMBATh MINEMUIO W pernepdy3nOHHYIO THC-
(byHKIIMIO TTIedeHN. YMEHbIIIEHUE COMePXKaHUs KHC-
JIopoJia M HaKOIUJICHWE JIMITMIOB B TemaToIMTaxX BO
BpeMsl IIIOKA W TPHU TUITOKCUYECKUX COCTOSTHHSIX
MOTYT MpuBeCTU K rubdenun kjiaetok. Ilocienytoiee
yBeJIMUeHNE aKTUBHBIX (POPM KHCIIOpOIa U TTPOIYK-
TOB TTEPEKUCHOTO OKMUCJICHUSI MOXET IeiCTBOBAThH
KaK BTOPWYHBIA MTOCPEIHUK, TOIOJHUTEIBHO YCH-
JIUBas BBICBOOOXKIEHME MHOXKECTBA ITPOBOCITAIN-
TeJIbHBIX (DaKTOPOB U MOBpEXIeHUE reueHu [25].

3akimovyenue

CorlacHO TOJIyYeHHBIM pe3yJibTaTaM, 3HaUeHMsI
TUIOTHOCTHBIX TMOKa3aTesieil meyeHu ObLIM MEeHbIIIe
y marueHToB ¢ COVID-19 ¢ Oojiee BEICOKOM CTere-
HBIO TIOpaXXeHUs JierouyHoil TmapeHxumbl 1o KT.
C TedyeHueM 3a00J1€BaHUS TJIOTHOCTh MEUYEHU YBe-
JINUMBAJIach, YTO yKa3bIBaeT Ha OOpATUMBII Xapak-
Tep m3MeHeHNi. OIleHKa W M3y4eHWe B TUHAMUKE
rnoxkasaTesieil IUIOTHOCTU TeYeHU Ha BOLIEIIINX
B 30HY cKaHupoBaHus KT-1300paxkeHUSIX BEPXHUX
OT/IeJIOB OPIOLIHOUM TOJIOCTU HE TpeOyeT MpoBeje-
HUS JOIOJHUTEJbHBbIX MCCAEJOBAaHUNA U MOXKET
CTaTh TOJIE3HBIM TMapaMETPOM B OMpeNeSeHUN TsI-
JKEeCTU TeueHUsl 3a00J1eBaHusI.

JlaHHbIe TMTEPaTyphbl MpesiaraloT paccMaTpuBaTh
nopaxenue redeHu nmpu COVID-19 kak pesyibsrat
BTOPUYIHOTO TIOBPEXKICHMS TI€YEeHHM, BBI3BAHHOTO
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psinoM (akTOpOB, Cpeiv KOTOPBIX TaKXKe MCIOJIb30-
BaHME TeNaTOTOKCUYHBIX JIEKapCTBEHHbIX Mpernapa-
TOB U CUCTEMHas BocTiauTe bHas1 peakiusi. OqHaKo
CpaBHEHUE TPYIIN, B KOTOPbIX MPUMEHSIU TOLUIN-
3ymMab, ¢ rpymnmnamu 06e3 MpUMEHEHMsl Tperapara
MNPOJEMOHCTPUPOBAJIO, YTO TUIOTHOCTHBIE TTOKa3a-
TeJIV MeYeHU He 3aBUCST OT ero Ha3HaYeHUsl.

Kpowme Toro, npu COVID-19 y MHOTHX maliueH-
TOB OTMEUYEHO OTKJIOHEHWE OT HOPMbI psifia OUOXU-
MUYECKUX TTOKa3aTeJiel, KOTOPbIE B TOM WA UHOU
Mepe CBUAETEJ]IbCTBOBAIW O TMOPaXEHUU TEeUeHU.
B npoBeaeHHOM HMccClieq0BaHUM CUJIBHOM B3auMMO-
CBSI3W MEXJY TJIOTHOCTHBIMM ITOKa3aTeJsiMu TIpU
nepBuyHoil KT u KakuM-1100 13 OMOXMMUUECKUX
rokasaresieii BbIsIBJIeHO He Obulo. TeM He MeHee He-
o0xonuM OoJiee MOAPOOHBIN aHaIM3 B JUHAMMKE,
KOTOPbIA, BO3MOXHO, TMO3BOJUT TMPEINOJOXUTh
MpeBaJUpPYIOLINI MeXaHU3M IOpaXKeHusl TeyeHU
pu COVID-19.

Yuactue aBTopos
PepumBnmiu A.LLl. — KoppekTypa, yTBepXKaeHUE
OKOHYATeJbHOTO BapMaHTa TEKCTa CTAThU.

Introduction

COVID-19is an acute respiratory infection, caused
by beta-coronavirus SARS-CoV-2 [1]. As of July 21,
2020, there are more than 14 million confirmed cases
of the infection worldwide, including 603,691 deaths.
As of the same date, 777,486 confirmed cases
of COVID-19 and 12,427 deaths were registered
in Russia [2].

Fever, cough, shortness of breath, and fatigue
characterize COVID-19. Most patients have an
asymptomatic, mild or moderate course of the disease,
but in 5—10% of cases pneumonia with hypoxia, acute
respiratory distress syndrome, and multiple organ fail-
ure develop [3].

Literature data show, that, except for the pulmo-
nary manifestations, COVID-19 may lead to liver
damage, caused by a combination of various mecha-
nisms, including the administration of potentially
hepatotoxic drugs, systemic inflammatory response,
hypoxia, caused by respiratory distress syndrome, and
multiple organ failure [4].

Covid-19 diagnostics is performed with a com-
bined assessment of the epidemiological anamnesis,
clinical presentation, and results of radiology and lab-
oratory examinations [5].

Computed tomography (CT) of the chest organs
showed up to 98% of sensitivity in detecting changes
in the lungs of the patients with COVID-19 pneumo-
nia and a negative PCR result, in addition, CT allows
us to evaluate these changes in dynamics [6, 7].

From April 17 to June 10, 2020 the Vishnevsky
National Medical Research Center of Surgery was

Kapmazanosckuit I.I. — unest, nuzaiiH, KOppekTypa,
VTBEpKACHUE OKOHYATEJIbHOTO BapUaHTa TEKCTa CTaThU.

I[HanTapeBny M.IO. — cbop m aHaMM3 TEPBUYHBIX
KT-nanHbix, HarMcaHWe TEKCTa CTaTbMU.

Samaruna K.A. — coop u ananu3 nepBuuHbix KT-
JIAHHBIX, HAlTMCAHUE TEKCTa CTaTbU, BHECEHUE TOTIOTHE-
HUI U UBMEHEHUM B TEKCT, aHAJIM3 aHTJIOSI3bIYHOM JINTE-
paTypsbl.

CramikuB B.M. — cbop u ananu3 mepBuuHbiXx KT-
JIAHHBIX, HAITMCAHUE TEKCTa CTaTbU, BHECEHUE JIOTIOJTHE-
HUII U1 U3MEHEHUI B TEKCT, aHAJIN3 aHTJIOSI3bIYHOM JIUTE-
paTypbl.

Kypoukuna A.W. — cratucruueckass o0OpaboTKa gaH-
Hbix KT-uccnenoBanumii.

HemumoBa B.C. — c60op u aHaIM3 JaHHBIX OMOXMMM-
YECKHUX UCCIICIOBAHUN, aHAJIU3 JTUTEPATYPHI.

KysnemoBa C.}HO. — opranmsauus pa6orer IT-
CHUCTEMbl, UJIEOJIOTUSI DJIEKTPOHHOW MCTOPUM OO0JIE3HMU,
HalnMcaHue TeKCTa CTaTbU.

XoxsoB B.A. — upaeosiorusi 3JeKTpOHHOM HCTOpUU
Oosie3HM U ee peanusauus, pabota ¢ KIMHUYECKUMU
1 1a0OpaTOPHBIMU JTAHHBIMU TALIMEHTOB, COOpP JaHHBIX.

Kanunun JI.B. — matosoro-mopdoaoruyeckue
U PEHTTEHOJOTUYECKHE COTTOCTaBIICHUS, aHAJIU3 JIUTepa-
TYpPHI.

redesignated as a Center for providing medical care
to patients with the new coronavirus infection. At ad-
mission, all patients underwent chest CT. It is natu-
ral, that the upper sections of the liver and spleen
were also examined. Based on the percentage of lung
parenchyma lesion, patients were assigned with a
degree of severity of disease from CTI1 to CT4 ac-
cording to the recommendations of the “Scientific
and practical clinical center for diagnostics and tele-
medical healthcare technologies of the Moscow
Healthcare Department” [8]. Except for the primary
CT-scans, follow-up examinations were carried out
every 3—4 days or when clinical presentation changed.
We have previously analyzed CT-signs of lung paren-
chyma damage with COVID-19 [9]. This research is
devoted to extra-pulmonary manifestations of the
disease, particularly, changes in the liver parenchyma.
Analyzing CT scans of the patients admitted to
our COVID-19 Center, we show co-morbid condi-
tions. Among them, signs of hepatic steatosis in the
form of a diffuse decrease in the liver parenchyma CT
density less than 45 HU were quite frequent.
Assessment of liver CT density in dynamics, as a rule,
showed an increase in its density during time of hos-
pitalization. In addition, biochemical analysis of
blood serum of many patients showed an increase in
levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), C-reactive protein (CRP),
lactate dehydrogenase (LDH), D-dimer and ferritin
above normal, and a decrease in albumin levels.
During hospitalization, most patients received
standard three-component therapy in accordance
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with the “Temporary guidelines. Prevention, diagno-
sis and treatment of new coronavirus infection
(COVID-19)” of the Ministry of Health of the
Russian Federation, which included hydroxychloro-
quine, lopinavir/ritonavir and azithromycin [10].
During treatment, other antibiotics of various groups
were also prescribed (fluoroquinolones, carbapen-
ems, aminoglycosides, penicillins and cephalospor-
ins in combination with a beta-lactamase inhibitor,
etc.) after cessation of the three-component therapy.
In addition, in case of appropriate indications in
clinical and laboratory studies, some patients were
treated by tocilizumab — a recombinant humanized
monoclonal antibody to human interleukin-6 recep-
tor (IL-6) from the IgG 1 immunoglobulin subclass
[11].

The research goal is evaluation of the liver CT
density, depending on the severity of pulmonary pa-
renchyma damage, biochemical parameters and
prescribed treatment, and demonstration of liver
CT density changes in dynamics, based on native
CT studies in COVID-19 patients.

Materials and methods

We have analyzed chest CT scans of 200 patients,
including 87 women aged from 23 to 93 years (the
average age is 62 years) and 113 men aged from 21 to
89 years (the average age is 57 years). The study was
performed using a standard Protocol for chest CT
and high-resolution reconstruction on a Philips
Ingenuity CT 64 multi-detector scanner with the
patient lying in prone position with his hands thrown
back behind his head. The following scanning pa-
rameters were used for the standard protocol:
64 x 0.625 collimation, 1 mm reconstruction, 0.5
mm increment. 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).

Patients were divided into two groups, depending
on the maximum severity of the pulmonary paren-
chyma lesion on CT scans, observed during hospi-
talization. The CT 1-2 group included 53 patients
(27 with CT1 and 26 with CT2), and the CT 3—4
group included 147 patients (81 with CT3 and 66
with CT4). A criterion for inclusion in the CT 3—4
group was also presence of at least three CT scans
series in dynamics. All studies included the upper
sections of liver and spleen in the scanning area.
According to CT images, the following measure-
ments were made in all patients: the CT density of the
right and left lobes of the liver and the CT density of
the spleen. Based on the results of two measure-
ments, the average liver CT density was calculated
and the ratio of liver CT density to spleen CT density
was calculated, based on the received data. Taking
into account the fact, that some patients had edema
of subcutaneous fat, which means that tissue and in-
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Figure. CT-scan. Measurement of the density of the liver,
spleen and subcutaneous fat tissue included in the scanning
zone.

terstitial fluid could influence the CT density of the
liver and spleen, the density of subcutaneous fat was
also measured on the anterior abdominal wall and on
the lateral surface near the mid-axillary line. Based
on the results of the two measurements, the average
CT density of the subcutaneous fat was calculated.
The ratio of the liver CT density to the subcutaneous
fat CT density was calculated, using the received data
(figure). These indicators were compared in two
groups to determine, whether the decrease in liver
CT density depends on the severity of the pulmonary
parenchyma lesion according to the CT examina-
tions.

At the second stage of this study, the CT 3—4
group was analyzed in more details. For all patients,
data from biochemical tests, performed on the day of
the initial CT study, were collected. Values of ALT,
AST, CRP, LDH, D-dimer and ferritin were obtained
to assess, whether there is a link between liver CT
density and laboratory data.

At the third stage of the study, we evaluated, how
the above-described CT density changes in dynamics
during subsequent CT examinations in patients from
the CT 3—4 group.

At the fourth stage, patients with the severity of
CT 3 or CT 4 were divided into two groups. The first
group included 91 patients, who were treated by
three-component therapy and antibiotics. The sec-
ond group included 30 patients, who additionally
were treated by tocilizumab. Decision for its admin-
istration were based on a combination of CT data:
a significant volume of compacted lung tissue and
(or) prevalence of 50—75% of lung damage (CT3
or more) with 2 or more clinical symptoms: a de-
crease in SpO,, an increase in CRP> 60 mg/1 or an
increase in the level of CRP in 3 times on 8—14 days
of the disease, fever >38 °C for 5 days, leukocytope-
nia <3,0—3,5 x 10°/1, lymphocytopenia <1 x 10°/1
and/or <15% [12]. The above-mentioned CT density,
measured both at the initial CT study and in dynam-
ics, were compared in the two groups.
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Table 1. Comparison of mean density values

CT Density, HU
Organ, tissue CT1-2 | CT 3—4 )4
(n=153) [(n=147)
Liver 49.27 43.90 0.007965
Spleen 47.34 48.28 0.479936
Liver/ spleen 1.04 0.93 0.013650
Subcutaneous fat -111.79 | -111.61 | 0.907841
Liver/subcutaneous fat | —0.44 -0.40 0.056455

Statistical analysis was performed using the
STATISTICA package for statistical data analysis
(Statistica for Windows, Copyringht® by StatSoft,
1994 licensed), using descriptive statistics and
Student's t-test methods to compare the average val-
ues in two subgroups. The differences were consid-
ered statistically significant at p < 0.05. To analyze
the dependence of liver density indicators on the
values of biochemical tests, the Pearson correlation
coefficient was used.

Results

Among 200 patients at the primary CT study,
71 patients (35.5 %) showed a decrease in liver CT
density of less than 45 HU. Among them, the maxi-
mum severity of CT 1 was observed in 5 patients
(7%), CT 2 — in 9 patients (12.7%), CT 3 — in 30 pa-
tients (42.3%) and CT4 — in 27 patients (38%).
A decrease in the liver to spleen density ratio less than
1 was observed in 95 patients (47.5%), including:
5 patients with CT 1 (5.2%), 12 patients with CT 2
(12.6%), 40 patients with CT 3 (42.1%) and 38 pa-
tients with CT 4 (40%). When comparing the average
values of CT density, the liver CT density in the CT
3—4 group was significantly lower than in the CT 1—2
group, 43.9 HU vs. 49.3 HU, respectively (p < 0.008).
The liver to spleen density ratio was also lower in the
CT 3—4 group than in the CT 1-2 group, and was
0.9 vs. 1.0, respectively (p < 0.014). At the same time,
the average subcutaneous fat density in the two
groups was almost the same (-111.8 HU in the CT
1-2 group and —111.6 HU in the CT 3—4 group),
and the ratio of liver CT density to subcutaneous
fat CT density was slightly lower in the CT 3—4 group
(table 1).

The results of biochemical tests of the vast major-
ity of the patients showed an increase in the level of
CRP, LDH and ferritin. An increase of ALT and AST
levels in the serum was detected in 23% and 34% of
patients, respectively. A decrease in albumin levels
was observed in 30% of patients. It is important to
note, that not all 147 patients of the CT 3—4 group
had the results of the entire list of biochemical pa-
rameters at the time of the initial CT examination.
The number of CT scan series, as well as the average
values, medians, and percentage of patients with de-
viations in biochemical parameters are presented in
table 2.

Data analysis to identify possible correlation be-
tween liver CT density and biochemical tests at initial
examination, showed moderate negative correlation
between the liver CT density and albumin level in
serum (r=-0,30; p < 0.05). There was also noticed a
weak negative correlation between the liver to spleen
density ratio and albumin level in serum (r = —0,26;
p < 0.05) was also noticed. There was no correlation
with other biochemical parameters (table 3).

The dynamics of CT density in patients of the CT
3—4 group show an increase the liver parenchyma CT
density and the liver to spleen density ratio in each
subsequent study. The difference between the average
CT densities of the liver in the first and in the fourth
CT scans series was 11.85 HU. At the same time, the
maximum “increase” in liver CT density was ob-
served at the third CT examination (6.14 HU). At the
fourth CT examination, the liver CT density in-
creased by 3.98 HU. The average value of the liver to
spleen density ratio increased from 0.93 to 1.15 be-
tween the first and fourth examinations. It is note-
worthy, that four consecutive CT examinations were
performed only in 63 patients out of 147, assigned
to the CT 3—4 group. The change in the dynamics
of spleen and subcutaneous fat densities did not ex-
ceed 2 HU, but there was a gradual increase in the
absolute values of the ratio of liver density to subcu-
taneous fat density (table 4).

When assessing the dynamics of CT density in
groups with and without treatment by tocilizumab,
the first three CT examinations in the group with
tocilizumab the liver CT density was slightly higher.
The liver to spleen density ratio was also higher in the
tocilizumab group in the first two CT examinations.
However, no significant differences were found in any

Table 2. Mean values and number of patients with deviation of biochemical parameters from the normal state

Parameters n M Above/below the norm, n (%)
ALT, IU/L 137 42.53 31 31 (23)
AST, TU/L 140 48.14 38.5 47 (34)
CRP, mg/1 136 105.74 92 133 (98)
LDH, IU/L 95 351 305 82 (86)
Ferritin, mg/ml 67 1093.53 713 57 (85)
Albumin, g/1 80 35.51 36 24 (30)
D-dimer, mkg/1 46 1022.38 358 13 (28)
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Table 3. Correlation of liver density values and data of biochemical analyzes in the primary study (p < 0.05)

Parameters Liver CT density (#) Liver density/spleen density ratio (r)
ALT, TU/L -0.12 -0.17
AST, IU/L -0.11 -0.14
CRP, mg/I -0.05 -0.11
LDH, IU/L -0.12 -0.15
Ferritin, mg/ml -0.17 -0.12
Albumin, g/I -0.30 —-0.26
D-dimer, mkg/1 -0.02 -0.02

Table 4. Average values and medians of density indicators in the CT 3—4 group in dynamics

Density, HU
Organ, tissue 1st CT (n = 147) 2nd CT (n=147) | 3rd CT (n= 147) 4th CT (n = 63)
m M M m M m M
Liver 43.90 47.50 45.77 47.50 51.91 53.50 55.75 57.50
Spleen 48.28 49.00 47.48 48.00 47.05 48.00 49.33 48.00
Liver/ spleen 0.93 0.99 1.00 0.98 1.15 1.13 1.15 1.15
Subcutaneous fat —111.61 | —-113.00 | —109.70 | —=110.50 | —108.51 | —108.50 | —109.43 | —111.50
Liver/subcutaneous fat —-0.40 -0.42 -0.43 -0.42 -0.49 -0.49 —-0.52 -0.52

Table 5. The dependence of the average values of density
in dynamics on the prescription of tocilizumab

Density, HU
Organ, tissue tocili- | toeli- | 7
zumab zumab

1st CT n=91 n=30 —
Liver density 43.08 44.17 0.68
Spleen density 47.87 48.73 0.69
Liver density/ 0.93 0.92 0.93
spleen density
Subcutaneous fat density | —111.47 | —111.22 | 0.91
Liver density/ —-0.40 —-0.40 0.86
subcutaneous fat density

2nd CT n=91 n=230 —
Liver density 44.62 47.15 0.29
Spleen density 47.34 48.73 0.45
Liver density/ 0.97 1.05 0.32
spleen density
Subcutaneous fat density | —108.89 | —111.22 | 0.30
Liver density/ —-0.42 -0.43 0.84
subcutaneous fat density

3rd CT n=91 n=30 -
Liver density 51.10 51.68 0.80
Spleen density 47.55 46.93 0.70
Liver density/ 1.12 1.10 0.89
spleen density
Subcutaneous fat density | —108.21 | —=109.23 | 0.67
Liver density/ -0.07 —-0.05 0.50
subcutaneous fat density

4th CT n=38 n=19 —
Liver density 55.42 55.29 0.96
Spleen density 49.24 49.95 0.69
Liver density/ 1.14 1.12 0.73
spleen density
Subcutaneous fat density | —=110.62 | —108.18 | 0.38
Liver density/ —-0.51 —-0.52 0.78
subcutaneous fat density
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of the CT examinations, performed during hospitali-
zation. At the same time, four consecutive CT ex-
aminations were performed only in 38 patients in
group without tocilizumab, and in 19 patients from
the tocilizumab group (table 5).

Discussion

According to our results, 35.5% of patients with
COVID-19 showed a decrease of liver CT density at
the primary CT examination, and 47.5% had liver to
spleen density ratio less than one. These indicators
were significantly lower in the CT 3—4 group com-
pared to the CT 1-2 group. In other words, COVID-
19 encourages hepatitis, characterized by a decrease
of liver CT density.

Our results confirm Ping Lei and co-authors'
data. They analyzed 115 patients with COVID-19,
among which a decrease of liver CT density was ob-
served in 26.09%, and it prevailed in patients with
severe disease course (58.82%). The authors have
shown, that severity of the disease correlates not only
with the values of AST, CRP and the percentage of
lung parenchyma damage, but also with a decrease in
the liver to spleen density ratio to less than one [13].

Over the course of the disease, control CT scans
showed an increase in the average values of liver CT
density from 43.9 HU to 55.75 HU, and the liver to
spleen density ratio from 0.93 to 1.15, This does not
allow us to consider the changes in liver parenchyma
solely as a premorbid pathology, and they may imply
a transient nature of the changes.

Various possible mechanisms of liver damage in
COVID-19, including administration of potentially
hepatotoxic medications, systemic inflammatory
response, hypoxia, caused by respiratory distress
syndrome, and multiple organ failure were described
[4, 14].
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The assumption that increasing in liver CT den-
sity may be caused by exposure of tissue and intersti-
tial fluid, similar to subcutaneous fat edema, was re-
jected. Density values of subcutaneous fat and in-
crease the absolute values of the ratio of the liver
density to the subcutaneous fat density were almost
constant when evaluating in dynamics.

Nanshan Chen and co-authors analyzed clinical
and laboratory data from 99 patients with COVID-
19. They observed an increase in AST in 35% of pa-
tients, ALT in 28%, LDH in 76%, CRP in 86%,
D-dimer in 36%, ferritin in 63%, and a decrease
in albumin was observed in 98% of patients [15].
According to Zhang C and co-authors' data, 14—53%
of patients with COVID-19 were registered with in-
creased AST and ALT, and in 2—11% of the cases,
the infection developed in the setting of chronic
liver diseases [16]. Results of the study of a group of
1099 patients from 552 hospitals showed that the in-
crease in ALT and AST was more pronounced in pa-
tients with severe course of disease [17].

Similar to the literature data, in our study, many
patients with biochemical analysis of blood serum
showed a deviation of the above-mentioned param-
eters. At the same time, most of the biochemical
parameters were not associated with changes in
CT density during the primary CT examination.
Nevertheless, a moderate and weak negative corre-
lation between serum albumin level, and CT-liver
density, and the liver to spleen density ratio was ob-
tained.

Ji D. and co-authors analyzed data from bio-
chemical tests of 202 patients in order to study mani-
festations of non-alcoholic hepatic steatosis in
COVID-19. According to the results, liver damage
was observed in 101 (50%) and 152 (75.2%) patients
at admission and during hospitalization, respectively.
In 67 (33.2%) cases, persistent liver disorders were
noted from the time of admission until the last study.
In 39 (19.3%) cases, progressive changes were re-
vealed, and in 163 (80.7%) patients, stabilization was
noted. [18]. Heshui Shi and co-authors demonstrat-
ed, that only CRP and AST among other biochemi-
cal parameters changed during treatment, and their
level was significantly lower in asymptomatic patients
[19]. Thus, a more detailed analysis of biochemical
parameters in dynamics in conjunction with changes
in liver CT density is needed, as it may help to sug-
gest, which of the mechanisms of liver damage in
COVID-19 is dominant.

Some authors have suggested, that liver damage
may be caused by the interaction of SARS-CoV-2
with angiotensin-converting enzyme 2 receptors
(ACE2), which are detected not only in alveolocytes,
but also in bile duct epithelial cells at a concentra-
tion, 20 times higher than that in hepatocytes [20].
However, patients with COVID-19 rarely showed
significant increases in serum alkaline phosphatase,
bilirubin, or gamma-glutamyltransferase, which

could reflect damage to the bile ducts. In addition,
pathomorphological study did not show any signifi-
cant damage to hepatocytes or cholangiocytes.
Intracellular or intracytoplasmic viral inclusions,
which are described, for example, in alveolocytes,
were not detected in any of the studied samples [21].

Pathomorphological examination of the liver of a
patient with COVID-19 revealed microvesicular stea-
tosis, focal necrosis of hepatocytes, the predominance
of neutrophils in lobular and portal infiltrates, micro-
thrombs in sinusoids, which might be associated with
drug liver damage, rather than SARS-CoV-2 [22].

Most of the patients in our study administered
standard three-component therapy, which included
hydroxychloroquine, lopinavir/ritonavir, and azit-
hromycin. After cessation of three-component thera-
py, antibacterial therapy was prescribed, usually
a combination of drugs of different groups. For this
reason, it is impossible to assess, which of the drugs
made a greater contribution to the reduction of
CT liver density. In addition, many patients with
COVID-19 received antipyretics during treatment,
paracetamol in particular, which could cause liver
damage with a rise in ALT and AST at a dose of more
than 7.5—10 g [23]. According to the literature,
taking a number of antiviral medications, such as
oseltamivir, arbidol, or lopinavir, before or during
hospitalization, may also cause some hepatotoxic ef-
fects. Thus, among patients with liver damage in
COVID-19, the proportion of those taking lopinavir/
ritonavir was higher (57.8%) than among patients
with normal liver function (31.3%) [24].

According to the results of our study, no signifi-
cant differences between CT density, measured in
dynamics in groups with and without tocilizumab,
were found in any of the examinations, performed
during the hospitalization.

Recent studies have shown, that 15.7% of patients
with COVID-19 develop severe pneumonia and cy-
tokine storm, which is accompanied by increased lev-
els of cytokines, interleukin 6 (IL-6) especially. That is
an important factor, leading to rapid disease progres-
sion [17]. This process can cause multiple injuries not
only in the lungs, but also in the liver, heart, and kid-
neys. However, considering the data we obtained,
when comparing groups with and without tocilizumab,
this mechanism is, probably, not dominant.

In addition to the above-mentioned mechanisms
of liver damage in COVID-19, respiratory distress
syndrome and multiple organ failure can cause
hypoxia and shock. Thus, they can cause ischemia
and liver dysfunction. Reduced oxygen content and
accumulation of lipids in hepatocytes during shock
and hypoxic conditions can lead to cell death. A sub-
sequent increase in the amount of reactive oxygen
species and their peroxidation products can act as
a secondary intermediary, further enhancing the re-
lease of many pro-inflammatory factors and liver
damage [25].
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Conclusion

According to our results, the values of liver CT
density were lower in patients with COVID-19 with
a higher degree of CT pulmonary parenchyma dam-
age. Over the disease course, the liver density in-
creased, which indicates the reversible nature of such
changes. Assessment and monitoring of the dynam-
ics of liver CT density on CT scans of the upper ab-
dominal cavity included in the lung scanning area
does not require additional CT examination and can
become a useful parameter in determining the sever-
ity of the disease.

Literature suggests considering liver damage in
COVID-19 as a result of secondary liver damage
caused by a number of factors, including the use of
hepatotoxic drugs and systemic inflammatory re-
sponse. However, a comparison of groups with and
without tocilizumab administration demonstrated
that treatment with tocilizumab does not affect liver
density.

In addition, many patients with COVID-19 had
deviations in a number of biochemical parameters,
which indicated some liver damage. In the study, no
strong correlations was found between the CT density
in primary CT scan and any biochemical parameter,
a more detailed analysis in dynamics. However,
a more detailed dynamic analysis is needed, which
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