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PE3IOME

AKTyanbHicTb. XBOpPi Ha MyKOBICUMAO3 BIAHOCATLCA OO TPYNU PU3UKY 3 iH(IKYBaHHS
OnxanbHUX LUNAXIB BHACNgOK KNiHIYHMX OcoGnMBOCTEN 3axBopioBaHHs. B nepiog
naHgemii COVID-19 BWHMKae HeoOXiaHICTb pO3yMiHHs BNNMBY iHdekuii Ha nepebir
OCHOBHOIO 3aXBOPHOBAHHS, BPaxOBYKOUM, LIO XUTTE3AATHICTb XBOPUX BU3HAYAETLCS,
B OCHOBHOMY, CTyMeHeM ypaxKeHHs nereHb. PaHHs diarHocTuka i KoMnnekcHa Tepanis
KOPOHaBIpYCHOI iH(peKUii 36inbluytoTe TPUBAMICTb XWUTTS MaUieHTIB 3 MYKOBICLMO030M
i nokpalLytoTb Moro sKicTb. Y BUPpILLEHHI Liei npobnemu nposigHa porb HaNeXwTb PeHT-
reHoNoriYHMM OOoChiaXEeHHSM.

Meta po6otu. BcTaHoBUTUM (DakTOpu puU3NKy OBTSDKEHHSI OCHOBHOMO MaTorloriYHOro
NnpoLecy LUMSXOM BU3HAYEHHS [AiarHOCTUYHOI 3HAYYLLOCTi PEHTTEeHOMNOrYHUX O3HaK
ypaxeHHsi nereHb npu COVID-19 y gopocnumx, XBopux Ha MyKoBicLMO03.

Martepianu Ta meToau. AHani3 pesynbraTiB peHTreHorpadii i Komn'toTepHoi Tomorpadii
11 popocnux, XBOpWUX Ha MYKOBICLMOO3 CepedHbOro Ta TSHKKOro CTyneHs nepebiry
3 NigTBEPAKEHUM LirHO30M KOPOHaBIPYCHOI iHAeKLUii.

Pesynbratv Ta ix o6roBopeHHsl. OCHOBHWMUW peHTreHorpadiyHMMy crumMnToMammu
y CMOCTEPEXYBaHMX HaMuW XBOPMX Ha MYKOBICLMAO3 3 MigTBEPOXEHUM [AiarHO30M
KOpOHaBipyCcHOi iHdekuUii Gyna pi3HOro CTymneHst MHEBMOHiYHa iHQiNbTpauis Ha Tni
Ondy3HUX 3MiH nereHeBoro pucyHka i o3Hak emdiszemu nereHb. Komn'totepHa TOMO-
rpadisi, KpiM CUMMTOMIB OCHOBHOIO 3axBOPIOBaHHS, [03BOMWMA BUSIBUTM O3HAKW,
AKi MW pO3LHIOEMO K BIgMnoBigHI MHEBMOHIi, cnpuymMHeHoi iHdekuieto COVID-19 —
YWiNbHEHHS NEereHeBoi TKaHWHU 3a TUMOM «MaTOBOro CKray, HasiBHICTb Pi3HOI hopMu
OiNSHOK «MaToOBOrO CKkna» 3 PeTUKYNSpHUMK 3MiHAMW Ta KOHcCofigauieto nereHeBol
TKaHWHK, GinaTepanbHa rokanisauis naTonoriYyHMx 3MiH, nepeBaxHO Yy 6asanbHux
Ta cybnnespanbHuUX Bigainax.

BucHoBkuU. YpaxeHHsi nereHb, 3ymoBneHe COVID-19, npu peHTreHorpadii y nauieHTis
3 MYKOBICUMA030M MOXE Ha NovaTKoBMX eTanax MackyBaTUCb OCOBNMBOCTSIMU MpPOSIBIB
OCHOBHOIO 3aXBOPIOBaHHs. Y 3B’A3Ky 3 UMM Byab-siki pEHTreHONOoriYHi NPOsiBM 3ananbHUX
3MiH nereHb y XBOPUX Ha MYKOBICLUMAO03 MOBUHHI B enigemMidyHun nepiod posrnsgaTucs
Ak nigospini wopo COVID-19 Ta BMMaratm  NpoBeAEHHsI MofiMepasHo-NaHLroBol
peakuii i Komn'toTepHoi Tomorpadii.

TkadyeHko M.M., MoposoBa H.J1., TaHaciuyk-Taxuesa H.B., Yepkacosa J1.A. OcobnnBOCTi pPeHTreHOMNoriYHOi KapTUHU
ypaxeHHsi nereHb npu COVID-19 y popocnux nauieHTiB, XBOpMX Ha MyKOBicUMAO3. YkpaiHcbkull padionoeidHuli
ma oHkonoeidHull xypHan. 2022. T. 30. Ne 2. C. 9-24. DOI: https://doi.org/10.46879/ukroj.2.2022.9-24
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ABSTRACT

Background. Patients with cystic fibrosis (CF) fall into the risk group of breathing
passages infection as a result of clinical features of the disease. During the period
of COVID-19 pandemic,the necessity of understanding how infection affects the course
of the main disease has appeared, taking into account that viability of patients is
essentially determined by the degree of lung lesion. Early diagnostics and complex
therapy of coronavirus infection increase the lifespan of CF patients and improve quality
of life. X-ray examinations play the leading role in solving this problem.

Purpose — to establish risk factors of the main pathological process aggravation
by determining diagnostic significance of roentgen sings of lung lesion in COVID-19 in
CF adult patients.

Materials and methods. Theanalysis of radiography and computed tomography results
of 11 adult patients with CF of moderate and severe degree who were also diagnosed
with coronavirus infection.

Results. The main X-ray symptoms in observed patients with CF with confirmed diagnosis
of coronavirus infection was pneumonic infiltration of different degrees in the setting of
diffuse changes of lung pattern and features of pulmonary emphysema. Besides symp-
toms of the main disease, computed tomography allowed us to find the signs, which we
consider to be the signs of pneumonia caused by COVID-19 infection — induration of
lung tissue in the form of ground-glass opacity, presence of ground-glass areas of
different shapes with reticular changes and consolidation of lung tissue, bilateral
localization of pathological changes, predominantly in basal and subpleural areas.
Conclusions. Lung lesion conditioned by COVID-19 in radiography of CF patients may
be disguised by the features of the main disease manifestations. Therefore, any X-ray
evidence of inflammatory lung changes in CF patients during the epidemic period must
be regarded as COVID-19 suspected, and polymerase chain reaction and computed

tomography must be performed.
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3B’30K pO60TH 3 HOYKOBMMMU NPOrPAMAMM,
NAGHAMMU | TEMaMHU

Cratta € (hparMeHTOM NNaHOBOi HayKOBO-AOCMIAHOI
poboTn HauioHaneHOro MeaWYHOro YHIBEPCUTETY iMEHI
0.0. boromonbusa MiHicTepcTBa OXOPOHM  300POB’SA
YkpaiHn «OcobnmeocTi npomeHeBoi AgiarHOCTMkM SARS-
CoV-2 acouiioBaHNX ypaxeHb FnereHb nig 4yac naHgemii
COVID-19», HoMep aepxaBHoi peecTpauii: 0121U108186,
iHiLiaTMBHO-MOLLYKOBA, TepMiH BUKOHaHHA: 2021-2023 pp.,
KepiBHUK — 3aBigyBay kadegpw pagionorii Ta pagiauin-
HOT MeguuMHW, [OKTOp MeAMYHUX Hayk, npodecop
M.M. TkauyeHko.

BCTYN

Hebe3neuHi iHekUiiHi 3axBOPIOBaHHS NPOOOBXYOTb
BMHMKATMW | CTAHOBUTM 3arpo3dy AN CUCTEMU OXOPOHU 310-
poB’s B ycboMy cBiTi. HoBuin kopoHasipyc (SARS-CoV-2),
O CMPUYMHSIE PO3BUTOK PecnipaToOpHUX 3axBOpHOBaHb
y nopen (3okpema rocTpoi  pecnipaTopHOi  XBOpo6u
COVID-19), 6yB BnepLue igeHTUdikoBaHUn B M. YxaHb (Ku-
Tan) y rpyaHi 2019 poky. 11 6epesHs 2020 p. BOO3
oxapaktepusyBana cnanax COVID-19 y c¢BiTi sk naHgemito.
[o rpyn puauky Tsbkkoro nepebiry Ta netanbHoOCTi Yepes
COVID-19 Hanexartb, Hacamnepepn, ocobu ctapiue 65 po-
KiB i MaUiEHTUN 3 XPOHIYHMMMK XBOPOBaMK OpraHiB AuMXaHHS,
CepLeBO-CyAMHHOI cuctemun, UykposBuMm Adiabetom [1].
MauienTn 3 mykosicumpgosom (MB) € rpynoto pusnky 3
iH(pikyBaHHS AMxanbHUX LWNSAXIB  BHACNIOOK  KMIHIYHMX
0CcobnmMBOCTEN 3aXBOPIOBAHHS, L0 XapakTepusyeTbes ypa-
XEHHSIM YCiX €K30KPUHHUX 3aro3 OpraHiamy 3 nigBuLLEH-
HAM B’A3KOCTI | YTPyOHEHHAM eBakyauii iX Cekpery,

Relationship with academic programs,
plans and themes

The paper is a fragment of the planned research
project of Bogomolets National Medical University of the
Ministry of Health of Ukraine «Features of X-ray diag-
nostics of SARS-CoV-2 associated lung lesions during
the COVID-19 pandemic», state registration number:
0121U108186, initiative research, period for performance:
2021 — 2023, led by Head of Department of Radiology
and Radiation Medicine, Doctor of Medical Sciences,
Professor M.M. Tkachenko.

INTRODUCTION

Dangerousin factious diseases continue appearing
and carrying a threat for health care system in the whole
world. The new coronavirus (SARS-CoV-2), which causes
development of respiratory diseases in people (particularly,
acute respiratory disease COVID-19), was firstly iden-
tified in the city of Wuhan (China) in December 2019.
On 11" March 2020, WHO declared the COVID-19 out
break a global pandemic. People, who are at high risk for
severe form of COVID-19 or lethality due to it, are primarily
the ones who are 65 years or older, and the patients with
chronic diseases of respiratory organs and cardiovascular
system, or with diabetes mellitus [1]. Patients with CF fall
into the risk group of breathing passages infection as
a result of clinical features of the disease, which is
characterized by lesion of all excretory glands of the body
with increased stickiness and difficulty in evacuating their
secretion, connected with abnormal functioning of chloride
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MOB’A3aHMX 3 MOPYLUIEHHAM (YHKLiIOHYBaHHSA XITOPHOro
kaHany B pesynbrati myTauii B reHi CFTR (perynsatop
TpaHcMeMOBpaHHOI NPOBIAHOCTI KicTo3Horo ¢hibpoasy) [2].

MykoBicunpgos (anrn. Cystic fibrosis) € Hanbinbw
MOLUMPEHUM CMAJKOBMM ayTOCOMHO-PELECMBHUM 3aXBO-
ptoBaHHsAM. Yactota MB B kpaiHax 3axigHoi €sponu
konueaeTbes Big 1:6000 go 1:12000 HoBoHapogxeHux [3],
B YkpaiHi — 1:8400 (3a pesynsratamy HeoHaTanbHOro
ckpuHiHry 2013 — 2014 pp.) [2]. B ocTaHHi pokn ua nato-
noris B YkpaiHi HabyBa€e BaXXnMBOro MeAMKO-CoLianbHOro
3HAYEHHs, WO 3yMOBMEHO TPUBAIICTIO XUTTA XBOPUX
(oo 40 pokiB), paHHbOW iHBanigM3auieto, HeOoOXigHICTHO
MOCTINHOTIO MiKyBaHHsI Ta OUCMAHCEPHOro CMOCTEPEXEHHS,
npobnemammu CBOeYacHOi AiarHocTukm [2]. Y 3Ha4HoOi 4ac-
TUHM xBopux Ha MB BiH He giarHocTyeTbcsa B3arani abo
fiarHoCTyeTbCs Mi3HO, HEPIAKO B 3afaBHEHUX CTafisX.
[o 2000 poky cepeaHsi TpMBanicTb XUTTA xBopux Ha MB
B YKpaiHi cknagana 12 pokis. BnpoBagkeHHA cneuianiso-
BaHOT Meau4yHOI gornomoru 3abesneqynmrnio iCToTHe nigBu-
LLEeHHA BWXMBAHOCTI NauieHTiB 3 MB. 3a ocTtaHHe gecaTu-
piyys B €Bponi 3Ha4YHO 3pocra KinbkicTb XBOpux Ha MB,
popocni cknagatote 6nm3bko 50%, WO CBiAYUTbL NpoO
noctynoBy TpaHcdopmadito MB 3 6e3ymoBHO chatanbHoro
3aXBOPIOBAHHS AWTAYOrO BiKYy B XPOHIYHY MaTtororio
popocnux [2, 4, 5].

KuTTesgatHicTb xBopux Ha MB BU3Ha4aeTbCs, B OCHOB-
HOMY, CTYMEeHeM YpaxeHHs nereHb. [laTonoriyHi 3miHu
B NereHsx xapakTepusyrTbCa O3HaKamy XpPOHIYHOro GpOH-
XiTy 3 po3BWTKOM OpoOHxoeKTasiB i AUdY3HOro MHEBMO-
cknepo3sy [3, 5]. Y npocBiTax OpOHXiB 3HAXOANTLCS B'SAI3KMN
BMICT CIIM30BO-THIMHOIO XapakTepy, TakoX 4acTol 3Haxia-
KO € atenektasu i ginaHkn emdizemun [3, 6]. Ocobnu-
BOCTSIMM ypaxeHHs nereHb npu MB y popocnux €
BMCOKA 4YacToTa ycknagHeHb (MHEBMOTOpAaKC, nereHeBa
KpoBOTeYa, aTeniekrtas, roctpa AmxarnbHa HeOoCTaTHICTb),
LLIO0 BMMaratoTb iHTEHCUBHOI Tepanii [3, 5, 6].

Mepebir BipycHMX iHMEKUIN AuxanbHUX LWNSXiB Y
nauieHTisB 3 MB Baxuuin, HiX y 3aranbHin nonynauii,
3 HeraTMBHUM BMNMBOM Ha (DYHKLiIO NnereHb, MiaBULLEHUM
pVM3UKOM YyCKnagHeHb i Binbll BMCOKMM PU3NKOM CMepT-
HOCTi, WO nigTBepaXeHo nig 4ac naHgemii rpuny H1N1
y 2009 p. [3, 7, 8]. 3 BMHMKHEHHAM naHgemii COVID-19
3'AaBunack roctpa HeobXigHICTb PO3YMIHHS PU3KKY iHOIKY-
BaHHS i ocobrnmBocTel nepebiry KopoHaBipyCHOI iHdpekuii
y nauieHtiB 3 MB [9, 10]. MNowmwupeHicTe MB y kpaiHax,
SK iHOMKatop reorpaciyHoro posnoginy Hociie  MB,
3HAYHOI MIpOKO HanpsMy KoperntoBana sik 3 NoLIMpeEHICTIo
COVID-19, Tak i 3 koedpiuieHTOM neTanbHOCTI Big Uiel
xBopobu [11]. Ona MB, sk i gna iHdekuii COVID-19,
XapaKkTepHi HenTpoinbHe 3ananeHHs |  LMTOKIHOBUM
BMKMA, WO BM3HAYalTb TSXKKICTb YPaXeHHS AMXanbHOro
TPaKTy Npu UMX 3axXBOpOBaHHAX [12, 13].

Y HaykoBi#i niTepatypi AaHux npo nepebir xsopobu
COVID-19 y ntogen 3 MB HepocTatHbo. [ocnigHukamu
Oynn 3anponoHoBaHi TEOPETUYHI MEXaHI3MK SIK NS MOX-
NMBOrO MOCWMEHHS, TaK i Anst ocnabneHHs pennikawii
Bipycy COVID-19 npn MB Ta BnnuBey iHdekKuii Ha nepebir
OCHOBHOro 3axBoptoBaHHs [14]. HagaBHi B gaHuMi 4ac
OaHi Woao pesynbTaTiB 3axBoproBaHHA obMexeHi aBoma
peectpamu nauieHtis 3 MB i COVID-19. 3a gpaHnmn PeecT-
py nauieHTiB E€BpOMNencbKOro TOBapuMCTBa MYKOBICLM-
posy (ECFSPR) npu 414 nigTBepaXeHWx Bunagkax
COVID-19 y naujeHTiB 3 MB 3 37 «kpaiH €sponu go
20 civHsa 2021 p. nepebir KopoHaBipycHoi xBopoou npn MB
MoXe OyTu Ginbll CNPUATAMBUM B MOPIBHSAHHI 3 iHWMMMK
XPOHIYHNUMKN 3aXBOPIOBAHHAMM 4epe3 MOoNoAawuni BiK i
MEHLLY MOLUMPEHICTb OXUPIHHA cepeq umx xsopux [15].

channel as a consequence of mutations in cystic fibrosis
transmembrane conductance regulator (CFTR) gene [2].

Cystic fibrosis is the most widespread hereditary
autosomal-recessive disease. The occurrence rate of CF
in Western European countries ranges from 1:6000
to 1:12000 newborns [3], in Ukraine — 1:8400 (according
to the results of neonatal screening in 2013 — 2014) [2].
In recent years in Ukraine this pathology has been gaining
significant medical and social importance which has been
conditioned by the lifespan of patients (up to 40 years),
early disablement, need for permanent treatment and
dispensary care, problems of timely diagnostics [2]. In large
part of the CF patients this disease is not diagnosed at all
or diagnosed late, often in advanced stages. Before 2000,
the average lifespan of the CF patients in Ukraine was
12 years. Implementation of specialized medical care
provided significant increase in survival rate of the patients
with CF. The number of CF patients in Europe has grown
considerably in the last 10 years, and the fact that 50%
of them were adults indicates gradual transformation
of CF from undoubtedly fatal childhood disease to a chronic
pathology in adults [2, 4, 5].

The viability of the CF patients is mainly determined
by lung lesion degree. Pathological changes in lungs
are characterized by the features of chronic bronchitis with
development of bronchiectasis and diffuse pulmonary
fibrosis [3, 5]. Viscous content of puromucous characteris
located in bronchus lumens; atelectases and emphy-
sema areas are also often found [3, 6]. The specific
characteristic of lung lesion in adults with CF is the high rate
of complications (pneumothorax, pulmonary hemorrhage,
atelectasis, acute respiratory failure) which require
intensive therapy [3, 5, 6].

The course of virus infections of breathing passages
in CF patients is more severe than in general population:
infections negatively affect pulmonary function, increase
the risk of complications and also the mortality risk which
was confirmed during the 2009 H1N1 flu pandemic [3, 7, 8].
With the advent of COVID-19 pandemic, an acute need
for awareness of infection risk and characteristics of
coronavirus infection course in patients with CF [9, 10].
The prevalence of CF in countries as an indicator of geo-
graphical distribution of CF carriers directly correlated
to a great extent with both COVID-19 prevalence and
mortality rate of this disease [11]. CF, as well as COVID-19
infection, is characterized by neutrophilic inflammation
and cytokine release which determine the severity of lesion
of the breathing passage in these diseases [12, 13].

In research literature there is insufficient data about
COVID-19 course in patients with CF. The researchers
suggested theoretical mechanisms for both potential
increase and decrease of COVID-19 virus replication in CF
and affection of the infection on the course of the main
disease [14]. At this time, the available data on the results
of the disease are limited by two patient registries: the
ones with CF and the ones with COVID-19. According to
the European Cystic Fibrosis Society Patient Registry
(ECFSPR), in 414 confirmed cases of COVID-19 in patients
with CF out of 37 European countries by 20 January 2021
the course of coronavirus disease in CF could be more
favorable compared to other chronic diseases due to
younger age and lesser prevalence of obesity among
these patients [15]. However, after the analysis of a large
cohort of patients with CF in the USA [16], it was stated
that mortality rate due to COVID-19 in patients with CF
was 3.5 times higher than in general population (5.2%),
the rate of need for intensive therapy(more than 1 patient
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OpHak, npv aHanisi Benukoi Koroptu nauieHtiB 3 MB i3
CLUA [16] 6yno 3a3Ha4eHo, Wwo cmMepTHicTb Big COVID-19
y nauieHtiB 3 MB 6yna B 3,5 pasu BuLLa, HiX Y 3aranbHin
nonynsuii (5,2%), yactota noTpebu B iHTEHCKBHIW Tepanii
(6inbwe ogHoro xsoporo 3 10) Ta PO3BUTOK rOCTPOI HUP-
KOBOi HEOOCTaTHOCTI TaKOX MepeBaxanu cepes XBOpUX
Ha MB. ABTOpM AiAWnM OO BUCHOBKY, WO nauieHTn 3 MB
CXWIbHi [0 pPU3WNKY HECMNPUATINBUX pe3ynbTaTiB  npu
COVID-19. VY «siTHi 2020 p. €Bponeiicbke TOBapUCTBO
3 MB (ECFS) iHiuitoBano nporpamy ECFS-COVID19 ans
36opy iHdopmauii 3a nepebirom COVID-19 y nauieHTiB
3 MB, pesynbrati SKoi NOBMHHI CNPUATN CBOEYaACHOMY Ta
AKICHOMY HaJaHHIO Megu4HOT JonomMorun naudieHtam 3 MB.

PaHHs giarHocTuka i agekBaTHa KoOMMeKcHa Tepanis
KOpOHaBIpyCHOI iH(peKUii 30inblUyloTb TPMBAmiCTb XUTTHA
nauieHtis 3 MB i nokpawytoTb noro skicte [15, 17, 18].
Lle Hagae ocobnuBoi BaxnMBOCTI Mpobrnemi cBoevacHoi
Ta TOYHOI AiarHOCTMKM ypaxeHHs nereHb npu COVID-19,
Yy BWPpILUEHHI SKOT MpoOBiAHA pPOfb HaneXWUTb PEHTreHo-
JIOTIYHMM OOCHIKEHHAM.

MeTta po6oTu. BusHauyeHHss 0coONMBOCTEN PEHTIEHO-
noriyHoi cemioTukn 3miH nereHb npu COVID-19 y popoc-
nux, xBopux Ha MB, Ta BCTaHOBMEHHSA [AiarHOCTUYHOI
3HaYYLLOCTi PEHTIEeHOMOrYHMX O3HaK Y BU3HAYEHHI dhaKTo-
piB pU3nKy OBTSHXKEHHA OCHOBHOIO NAaToOMOriYHOro NPoLEcCy.

Y 3B’A3Ky 3 BULLE3a3HAYeHMM METOK HaLloro Jocnia-
XEHHS1 Oyno BW3HAYEHHsI POIMi PEHTrEHOMNOrYHMX METO-
OiB OOCNIMXEeHHS B [AiarHOCTULi YpaKeHHs nereHb npwm
COVID-19 y popocnux nauieHTtiB, xBopux Ha MB, Ta
0CcobnMBOCTEN PEHTreHONOoriYHOI Mopdonorii Ans nokpa-
LWEHHS OiarHOCTUKU | MPOrHO3yBaHHA MOXIMBUX YCKNag-
HEHb OCHOBHOrO MAaTONOr4YHOro MPoLEeCy.

BignosigHO [0 MeTu JocnigkeHHs Oynu BU3HAYeHi
OCHOBHi MOro 3aBAaHHA: BU3HA4YUTU HaWbinbll TUMOBI
NMPOMEHEBI CMMMNTOMU YpaXKEHHst TereHb Ta OUiHWTK
OiarHOCTMYHI MOXINMBOCTI peHTreHorpaddii i komm’roTepHoOT
Tomorpadii (KT) npu COVID-19 y popocnux nauieHTiB,
XBOPMX Ha MYKOBICILMAO03.

MATEPIAAU TA METOAU AOCAIAXKEHHA

B ocHoBy po6GoTu noknageHwi aHania pesynbraTiB
npomeHeBux pocnimpkeHb 11 nauieHTtiB (7 4onosikiB i
4 xiHkn) Bikom Big 19 go 25 pokie 3 giarHo3om MB cepega-
Hboro (5 xBopux) Ta TsKkoro (6 xBopux) cTyneHsi nepebiry,
niagTBepoXXEeHUM MOTOBMMM Npobamu i reHeTUYHUMK Jo-
cnigxeHHamu. MauieHTiB 06’egHyBaB akT BCTAHOBMEHHS
piarHosy MB B popocrnomy Biui. 3 mouyatky naHgemii no
1 civyHa 2022 p. BOHM 3HAXOAMIUCL Ha NiKyBaHHI B iHekK-
uinHomy BigaineHHi OnexkcaHAPIBCbKOI KIiHIYHOT mMikapHi
M. Kuesa 3 npusoay iHdekuii COVID-19. [lo giarHOCTU4HOro
anropuTMy, Kpim 3aranbHOKMIHIYHUX i nabopaTopHMX Me-
ToaiB o6CcTexxeHHA Oynu BKMOYEHi: UMdpoBa PEHTreHo-
rpacis B guHamiui Ha anapati «Radrex» dipmu Toshiba
i MynbTucnipanbHa komm'loTepHa Tomorpadis (MCKT)
OpraHiB rpyaHOI NOPOXHUHM Ha KOMIM' lOTEPHOMY TOMOrpadi
Toshiba Aquilion Prime. [docnigkeHHs BWKOHyBanucb Yy
HaTVUBHOMY PEXWMi B MOMOXEHHI NeXayn Ha ChuHi, cTapT
CkaHyBaHHS Bif, 6asanbHuUX BiaAiniB nereHb ANs 3HWXKEHHS
pyxoBux apTedakTiB y XBOPUX 3 3a4ULLKOLO.

Ha crauioHapHomy eTani Bcim xBopum 6ynu npose-
[EHi 3aranbHOKMiHIYHI MeToAM [OOChiAKeHb, BUKOHaHI
MNP-tectv ans Bepudikauii KOpoHaBipyCcHOI XBopobu
(Bu3HayeHHsa PHK Bipycy SARS-CoV-2 npwu 3abopi cnusy
3 avxanbHux wnsxie). Bicim nauieHTiB manu  3miwaHy
hopMy 3axBOPIOBaHHSA, WO BKIOYana XPOHIYHUI THINHO-

out of 10) and development of acute kidney injury also
prevailed among the patients with CF. The authors drew
a conclusion that CF patients are prone to the risk of
unfavorable results in COVID-19. In April 2020, European
Cystic Fibrosis Society (ECFS) initiated the program
ECFS-COVID 19 to collect information on COVID-19
course on CF patients, the results of which had to
contribute to timely and high-quality health care delivery
to patients with CF.

Early diagnostics and proper complex therapy of
coronavirus infection increase the lifespan of CF patients
and improve quality of life [15, 17, 18]. This attaches great
importance to the problem of timely and accurate diag-
nostics of lung lesion in COVID-19, in solving of which
X-ray examinations play the leading role.

The objective of the work is to determine features of
radiological semiotics of lung changes in COVID-19 in
adult patients with CF and to establish diagnostic signi-
ficance of roentgen sings in determining risk factors of
aggravating the main pathological process.

Taking into account the abovementioned purpose of
our research, the role of radiological methods of research
in diagnostics of lung lesion in COVID-19 infected adult
patients with CF was determined, as well as the features
of radiological morphology for improving diagnostics
and prognosis of possible complications of the main patho-
logical process.

According to the objective of the research, the main
goals of it were defined: to determine the most common
X-ray symptoms of lung lesion and assess diagnostical
possibilities of radiography and computed tomography (CT)
in COVID 19 in adult patients with CF.

MATERIALS AND METHODS

The research is based on the analysis results of X-ray
examinations of 11 patients (7 males and 4 females)
aged from 19 to 25 years and diagnosed with CF of
moderate (5 patients) and severe (6 patients) degree,
confirmed sweat tests and genetic research. The patients
had one fact in common: they were diagnosed with CF
in adult life. From the beginning of the pandemic to
1 January 2022 they were receiving medical treatment
in department of infectious disease of Oleksandrivska
clinical hospital in Kyiv due to COVID-19 infection. Besides
general clinical and laboratory methods of examination,
diagnostic algorithm also included: diagnostic process
imaging on Toshiba’s «Radrex» radiography system and
multispiral computed tomography of chest organs on
Toshiba Aquilion Prime CT system. The examinations were
performed in native mode in prone position lying on the
back, the scanning started from the lung basal areas
for reducing motional artefacts in short-breathed patients.

All patients underwent general clinical methods of
examinations at the steady state, and also PCR-tests
for the verification of coronavirus disease (determination
of RNA virus SARS-CoV-2 during collection of mucus
from breathing passages) were performed. 8 patients had
a mixed form of disease which included chronic purulent
obstructive bronchitis and chronic pancreatic deficiency,
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OBCTPYKTUBHMI BPOHXIT Ta XPOHIYHY NaHKpeaTnyHy Heaoc-
TaTHicTb, ¥ 3 nauieHTiB nepebir 3axBoptoBaHHS OyB 3 nepe-
Ba)XXKHUM YpPaXXEHHSAM nereHb Ha Thni 30epexeHoi dyHKuUii
NiALWIYHKOBOT 3an03u.

TsaxkicTb Nepebiry ouiHloBanu 3a CyKymnHiCTIO KIiHIYHUX
03HaK (cTanicTb KawnbOBOrO CUHOPOMY, MOKa3HUKM
@YHKUii 30BHILLUHBOrO AMXaHHA, MacO-pOCTOBI MOKa3HWUKW,
YPaXeHHS MeYiHKK1, CTYNiHb PEHTreHONor4YHMX 3MiH y nere-
HSIX, XapaKkTep iHgeKUiiHoro 3byaHuKa, HasBHICTb ycKnaa-
HeHb | 06’eM HeobXigHOT aHTbakTepianbHOI Tepanii).

KniHiuHa kapTMHa cepeaHbOTSKKOro nepebiry MB
B YCiX XBOpMX XapakTepuadyBanacb CTamnicTio Kalwrmo i
3HWKEHHAM MOKa3HUKIB (PYHKLii 30BHILLIHBOMO AMXaHHS
Ha 30 — 40% B nNOpPIBHSIHHI 3 HOPMOIO, NATOMOTYHUMMU
3MiHaMM NeviHKK Ta NigLWnyHKOBOI 3a5no3m 3a GioxiMmiuyHMMK
nokasHukamn Ta gaHummn Y3[, HasiBHICTHO CUHBLOTHIMHOI
Nanuykn B OOMHUYHKX MOCIBAaX MOKPOTMHHS (y 3 XBOpMX).
Y 4 xBopux crnocrtepiranocb ypaxeHHS HaBKONOHOCOBUX
nasyx. lMauieHTn 3 nepebirom MB cepeaHboOro cTyneHs
TSOKKOCTi  moTpebyBann MOCTINHOTO  MEeAUKaMEeHTO3HOro
nNikyBaHHSA 3 METOK MOMEepe;KEHHA MOXIMBUX YycKnaa-
HEHb 3aXBOPIOBaHHS.

Yci xBopi 3 TsbkkMM nepebirom MB manu posropHyTy
KNiHIYHY KapTUHY 3axBOPKOBAHHA 3 MOCTINHUM MNPOAYK-
TUBHUM KalUNeM, 3HWKEHHAM iHOEKCy Macu Tima B
cepegHboMmy Ao 14,5 kr/m? (Hopma — Bif, 18,5 0o 24,9 kr/m?),
YacTUMKM 3aroCTPEHHSIMU XPOHIYHOrO OpOHXITY. Y 6inb-
wocTi Bunagkis (5 XxBopux) crnocTepiranicb LMPOTUYHI
3MiHM neviHkn, y 4 — LykpoBuin giabet. Takox y 5 xBopux
cTabinbHO BUCIBANN CUHBLOTHIVHY NanuMyky B MOKPOTWHHI.
[Mpun 3arocTpeHHi Npouecy B YCiX XBOPUX (PYHKLIS 30BHiLL-
HbOro AnxaHHsA BGyna 3HWxkeHa Oinblie, Hix Ha 50%. IHTep-
Banu MiX 3aroCTPEHHAMMU, SKi BUMaranu BHYTPiLLUHbOBEH-
HOro 3acTocyBaHHA aHTMBIOTWKIB, CcKrmaganM MeHLue
4 wmicsyiB. Taxki ycknagHeHHs MB (OoecTpykuisi nereHeBoi
TKAHWHW | MHEBMOTOpAaKC) BigMiYanMcb y 3 XBOPMX.
Yci nauieHTn manu TpuBanui (3 paHHbLOro OAUTAYOro BiKy)
aHaMHe3 3axBOpHOBaHb OpraHiB AUXaHHA — XPOHIYHOro
OpOHXiTYy, NHEBMOHIi, 3ananeHb HaBKOIMOHOCOBKX Nasyx.

PE3YABTATU TA iX OBrOBOPEHHS

HesBaxatoum Ha Te, wo giarHo3 COVID-19 y xBopumx
Ha MB moxHa 6yno 3anigosputi 3a KriHiYHMMU CUMNTO-
MaMK MHEBMOHIi (MigcuneHHs Kawnw, crabkictb, 6inb
y M’A3ax, NiaBULLEHHA TemnepaTtypu Tina Ta 3aguviika),
OaHVMM  LWOAO KOHTaKTy 3  iH(iKOBaHMM nauieHToM,
npomeHeBa fiarHOCTVMKa Bidirpana BaXnuBy ponb K
B OUiHLUi BMPa3HOCTI 3axBOPKBaHHA, Tak i npu noganb-
LIOMY cnocTepexeHHi. B Hawomy gocnimpkeHHi uudposa
peHTreHorpadisd BWKOHyBanacb B CepPefHbOMYy Yepes
6 AHiB (4—8 AHiB) nicna nosiBM MepLumx CUMMATOMIB MHEB-
MOHii. Mpwn ouiHUi 3MiH nereHeBOi TKaHWHWM BpaxoByBanu
MOXINMBE MOEOHAHHS BIPYCHOMO YPaXeHHs InereHb Ta
iCHYHOUYOro XPOHIYHOrO 3axBOPIOBAHHSA 3i 3MiHaMu B nere-
HEBIV TKaHWHI.

Mpu peHTreHorpadiii y XBOpMX cnocTepiranucb He-
crneundivHi 3MiHM B nereHsax, WO, B OCHOBHOMY, Oynu
3yMOBIEHi XapakTepoMm BTOPMHHOIO 3ananbHOro npouecy
npu MB. Y 100% nauieHTiB BM3Ha4Yanucb MNOCUMEHHSA
i gedopmadia nereHeBoro puUCyHKa, MOro TSXKUCTUA Xa-
pakTep BHACNiAoOK nepeBakaHHA NepubpoHXianbHUX 3MiH;
CITYaCTiCTb NpV 3anyyeHHi B npouec nepiauMHapHNX
i NnepmnobynapHUX enemMeHTiB Cromny4Hoi TKaHuHK (puc. 1);
y 5 xBopux 3 TsxkkMMm npebirom MB — o3Haku rinep-
MOBITPAHOCTI NnereHb (HEePIBHOMIPHICTb BEHTMNAUIT, OinsH-

in 3 patients the course of disease was accompanied
by predominant lung lesion in presence of preserved
function of the pancreas gland.

The severity of the disease was assessed by the
complex of clinical signs (constancy of cough syndrome,
indices of respiratory function, weight and height indices,
liver injury, the degree of radiologic abnormalities in lungs,
nature of infectious agent, the presence of complications
and amount of necessary antibacterial therapy).

Disease pattern of moderate CF course in patients
was characterized by constancy of cough and reduction
of indices of respiratory function by 30 — 40% compared
to normal range, pathological liver and pancreas gland
changes according to biochemical indicators and ultra-
sound examination data, presence of blue pus bacillus
insolitary sputum cultures (in 3 patients). In 4 patients
paranasal sinuses lesion was observed. The patients
with moderate CF needed permanent pharmaceutical
treatment in order to prevent probable complications
of the disease.

All patients with severe CF had an extensive disease
pattern with constant productive cough, reduced body-
weight index by an average up to 14,5 kg/m? (normal
range — from 18,5 to 24,9 kg/m?), frequent exacerbation
of chronic bronchitis. In most cases (5 patients) cirrhotic
changes of the liver were observed, in 4 patients —
diabetes mellitus. In addition, in 5 patients blue pus
bacillus in mucus was constantly being inoculated.
In the cases of disease exacerbation all the patients
had reduced respiratory function by more than 50%.
Intervals between exacerbations, which required intra-
venous administration of antibiotics, were no shorter
than 4 months. Severe complications of CF (destruction of
lung tissue and pneumothorax) were detected in 3 patients.
All patients had long-lasting (from early childhood)
medical history of respiratory diseases — chronic bronchitis,
pneumonia, paranasal sinuses lesions.

RESULTS AND DISCUSSION

Regardless of the fact that diagnosis of COVID-19
in CF patients could be suspected by clinical symptoms
of pneumonia (cough intensification, weakness, muscle
pain, increase in body temperature and short breath),
and data on contacting with infected patient, X-ray exami-
nation played an important role in assessing severity
of the disease, as well as observing it further. In our
research diagnostic imaging was performed on average
in 6 days (4 — 8 days) after the onset of first pneumonia
symptoms. When assessing the changes of lung tissue,
probable combination of virus lung lesion and existing
chronic disease with lung tissue changes were taken
into account.

During X-ray examination, non-specific changes in
lungs, which had been mainly conditioned by the nature
of secondary inflammatory process in CF, were observed.
Amplification and deformation of lung pattern andits
cord-like character were determined due to predomi-
nance of peribronchial changes in 100% of patients;
reticulation in the cases of involvement of periacinar
and perilobular elements of connective tissue into the
process (Fig. 1); in 5 patients with severe CF course —
signs of lung hyperaeration (inequality of ventilation,
swelling areas, low-set diaphragm, flattening of its cupulas,
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KM 30yTTH, HU3bKe CTOSHHSA JiadparMu, CrnoweHHs i
KyrnoniB, BWOyXaHHS TpygHVHW Briepen, pPO3LUMPEHHS
peTpocTepHanbLHOrO i peTpokapAianbHOro MNpoCTOpIB,
Kidbo3 rpygHoro Bigainy xpebrta, dopmyBaHHSA «fereHe-
BOrO cepus»; y 4 XBOPUX — PO3LUMPEHHS KOPEHIB NnereHb
3a paxyHok rinepnnasii 6poHxonynbMoHanbHUX niMmda-
TUYHKX By3niB (puc. 2, 3).

bulging of the breast bone to the front, expansion of
retrosternal and retrocardial spaces, kyphosis of thoracic
spine, formation of «pulmonary heart»; in 4 patients —
extension of the lung roots due to hyperplasia of broncho-
pulmonary lymph nodes (Fig. 2, 3).

Puc. 1. PeHTreHorpama opraHis rpyaHOi NopoxHuHM xsoporo C., 23 pokis.

MykoBicunaos, nereHeBa popma, nepebir cepeaHboi TsXKOCTi. BepudikoBana iHdekuis COVID-19. BusHavaeTbca onyLeHHs
Kynonis Aiadpparmu, nigcuneHHs i AedopmaLlis nereHeBoro pucyHka, nepubpoHxianbHa iHpINsLTpauis; B HWKHIX Bigdinax,
GinbLue 3niBa — MHOXWHHI cyBcerMmeHTapHi hokycu 3ananbHoi iHdinsTpadii. Po3LuMpeHHs KopeHiB nereHb
Fig. 1. X-ray image of thoracic organs of patient S., 23 years old.

Pulmonary cystic fibrosis of moderate degree. Verified COVID-19 infection. Lowering of diaphragm cupulas,
amplification and deformation of lung pattern, peribronchial infiltration can be determined; in lower areas,
mainly in the left side — numerous subsegmental foci of inflammatory infiltration and extension of the lung roots can be detected

Puc. 2. PeHTreHorpama opraHiB rpyaHoi NopoxHuHM xsoporo C., 26 pokiB.
MykoBicunaos, nereHesa copma, THKkuA nepebir, BepudpikoBaHa iHdekuis COVID-19. BusHayaeTtbea b6inatepanbHe andysHe
nocureHHs i KoMipkoBa AedopMalLlisi NereHeBoro pUcyHka Ta iHinbTpaLis nereHeBOi TKaHWHWN cepeaHbOl iIHTEHCUBHOCTI,
6e3 yiTKnX KOHTYpIB Yy HapaiadparmanbHyX Bigdinax, binbLie cnpasa, Ha TNi SKOi BU3HA4YaETbCA CUMMNTOM «MOBITPSIHOT GpoHxorpadii»
uunivgpuyHa popmMa rpyaHoI KIiTKK, OnyLUeHHS Kyrnonis diadoparmMu. MHOXUWHHI nneBpo-AiadparmanbHi cnanku
Fig. 2. X-ray image of thoracic organs of patient S., 26 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection. Bilateral diffuse amplification and cellular deformation
of the lung pattern and infiltration of the lung tissue of moderate intensity without clear contours in supradiaphragmatic areas,
mainly in the right side, in the setting of which symptom of «air bronchography» is determined, cylindrical form of the chest,
lowering of diaphragm cupulas and numerous pleuro-diaphragmal spikes can be detected
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Puc. 3. PeHTreHorpama opraHis rpyaHoOi NopoxHuHM xsoporo L., 19 pokis.
MykoBicunaos, nereHesa copma, THKKUA Nepebir, BepudikoBaHa iHekuis COVID-19. PeHTreHorpama BukoHaHa
B YMOBax peaHiMaLiiHoOro BiAAineHHs y BUMYLLEHOMY MOSOXEHHI XBOPOro Ha NepecyBHOMY PEHTIeHOMNOoriYHoMy anapari.
BisyanisytoTbca MHOXUHHI BinatepanbHi AiNSHKK anbBeonspHoOI iHdinbTpauii,
cepeaHbOoi Ta BUCOKOI iIHTEHCMBHOCTI, O MaloTb 3MIMBHUIA XapakTep
Fig. 3. X-ray image of thoracic organs of patient Sh., 19 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection. X-ray image was taken in emergency department
in a forced patient’s position on a mobile X-ray apparatus. Numerous bilateral areas of alveolar infiltration of moderate
and high intensity which have a confluent character can be visualized

3a ckianoriyHMMKn xapakTepucTukamu nereHesy opmy
MB BigHoCcATb [0 rpynuM AMCEMIHOBaHWUX Ta iHTep-
CTUUianbHMX 3axBoptoBaHb NnereHb [4, 5]. Y GinblocTi
XBOpUX (4 — 3 nepebirom cepeHbOi TSXKKOCTI, 5 — 3 TAKKUM
nepebirom MB) Bi3yanisyBanucb MHOXWHHIi BOTHULLEBI
TiHi, nepeBaXxHO B LUEHTpanbHMX Big4inax nereHb.
BinatepanbHi AINAHKW YLWINBHEHHSI NereHeBOi TKaHUHU
3 HeYITKUMW Ta HepiBHMMMU KOHTYpaMu, HU3bKOI Ta cepea-
HbOI IHTEHCUBHOCTI (Ha TNi SKUX NPOCTEXYBaNUCb CYAWHW,
abo npocBiTM OPOHXIB — CUMMNTOM «MOBITPSHOT GPOHXO0-
rpadii») BUsSIBNANUCL y 3 XBOPUX MPU CEPELHBOTSKKOMY
nepebiry MB. lNpu ubomy 3MiHM NepeBaxHO Nokanisysa-
nvcb y nepudepuydHnX Bigainax nereHeBux nonis (cyonnes-
panbHi Ta 6a3anbHi Bigainu nerexb) (puc. 1, 2). Y BCix XBOprX
3 TshkkuM nepebirom MB BU3Ha4Yanucb MHOXWHHI ABOGIYHI
OINAHKX anbBeOonspHOI iHQINbTpaLii, cepeaHbOoi Ta BUCOKOT
iHTEHCUBHOCTI, WO Gynn oBGepHEHi LUMPOKOK OCHOBOK A0
KocTanbHoi nnespu abo manu 3annBHKI xapaktep (puc. 3).

Takum YMHOM, B HaLIOMYy AOCHIAKEHHi peHTreHomno-
riYHi 03HaKM NHEBMOHIT BU3Ha4Yanuca B ycix xsopux 3 MB,
iHhikoBaHMX kOpOHaBipycoM. Y GinbLuocTi 3 HKX (10 XBopux)
PEHTrEHONOrYHI  3MiHWM  XapakTepuayBanucb [ABOGIMHVUM
YPaXXeHHsIM iHTepCTULianbHOI TKaHWHW nereHb. Cnig 3a-
3HaunTK, Wo OakTepianbHi NHEBMOHII 3a pe3ynbTatamu
NpoMeHeBUX AOCAiMKeHb Yy UiNnoMy BiApi3HAOTLCA Big
aHanoriyHux nposiBiB BipyCHUX MHEBMOHIN [19]. IHinbT-
pauisi nereHeBoi TKaHUHM Npu BakTepianbHUX MHEBMOHIsSIX
Han4yacTile CrnocTepiraeTbCa B MeXax YacTKW fereHi
abo cermeHTa [4, 5, 20], moxe cynpoBogXyBaTucb abc-
uenyBaHHsM. Taka peHTreHomnoriyHa KapTuHa crnocre-
piranacb y OOHOroO XBOpOro 3 TsbkkuMm nepebirom MB,
CYNpOBOKYyBarnach YCKNMaAHEHHAMWU y BUIMsSOi AeCTpyk-
Lii nereHeBOl TKAHWHM Ta eMnieMn NNeBpU i xapakTepusy-
Banachb LUBMAKOK HEraTMBHOK AuHaMikoto (puc. 4).

OTXe, OCHOBHMMUW peHTreHorpadivyHMMm cuMmnToMamm
y CrocTepexyBaHUX Hamu xBopux Ha MB 3 nigTBepgxe-
HMM [jiarHO30M KOpOHaBipyCHOI iHdbekuii Gyna pisHoro

Pulmonary CF falls into the group of disseminated
and interstitial lung diseases by skialogical characteris-
tics [4, 5]. In most patients (4 — with the course of
moderate degree, 5 — with severe CF) numerous focal
shadows, predominantly in central lung areas, were
visualized. Bilateral areas of lung tissue consolidation
with unclear and unsmooth contours of mild and moderate
intensity (in the setting of which the vessels or bronchus
lumens were observed — symptom of «air bronchography»)
were determined in 3 patients with moderate course
of CF. Concurrently, the changes were mainly localized
in peripheral areas of the lung fields (subpleural and
basal lung areas) (Fig. 1, 2). In all patients with severe
CF numerous bilateral areas of alveolar infiltration of
moderate and high intensity, which were turned in such
way that the broad base was facing costal pleuraor
had confluent character, were determined (Fig. 3).

Thus, in our research roentgen signs of pneumonia
were determined in all CF patients which had been infec-
ted with coronavirus. In most of them (10 patients)
radiologic changes were characterized by bilateral lesion
of interstitial lung tissue. It should be stated that
bacterial pneumonias generally differ from similar mani-
festations of virus pneumonias based on the results of
X-ray examinations [19]. Infiltration of lung tissue in
bacterial pneumonias is typically observed within the
boundaries of lung segment [4, 5, 20], can be accompa-
nied by abscess formation. Such X-ray pattern was
observed in one patient with severe CF and was accom-
panied by complications in the form of lung tissue
destruction and pleural empyema, and was characterized
by rapid negative time course (Fig. 4).

Consequently, the main X-ray symptoms in observed
CF patients with confirmed diagnosis of coronavirus
infection were pneumonic infiltration of various degrees
in the setting of diffuse changes of the lung pattern and
lung emphysema signs. Frequency of detecting roentgen
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CTYMEeHA NHEBMOHIYHa iHINbTpauia Ha TNi ANQY3HUX 3MiH
rnereHeBOro pMcyHka i o3Hak emdiszemu nereHb. Yacrtorta
BUSIBMEHHS PEHTIEeHOMNOMYHUX O3HaK 3MiH OpraHiB rpygHoi
NOPOXHWHW HaBedeHa B Tabnuui 1.

signs of changes in thoracic organs can be found
in Table 1.

Puc. 4. PeHTreHorpama opraHiB rpyaHoOi NOpOXHWUHM XBoporo 3., 25 pokiB.

MykoBicunaos, 3milaHa popma, TSKKUIN nepebir. XpoHivHa CUHBOTHINHA iHdekuis. MHinHuA eHaoBpoHXiT. BepudikoBaHa iHdeKuis
COVID-19. Ha tni gudysaHoro nigcuneHHs i aedopmaldlii nereHeBoro pucyHka 3 060x 60kiB BU3HA4YaETLCSt MOTOBLUEHHS | YLLINMbHEHHS!
CTiHOK BpOHXiB, 3 060X 60KiB — NepnbpoHxianbHa iHINETPaLis BOrHULLEBOTO i BOrHWLLEBO-3TMBHOMO XapakTepy, PO3LUMPEHHS | BTpaTa

CTPYKTYPU KOPEHIB nereHb. 3niBa B BEPXHili YacTui — AiNSHKM 30yTTSA NereHeBoi TKaHWHW, B NepudepuyHmX Bigainax —
3aTEMHEHHS! BUCOKOT iIHTEHCUBHOCTI 3 YiTKUMM KOHTYpaMm 3a paxyHOK HaKOMWYEHHS THOK B MOPOXKHUHI NeBpu
Fig. 4. X-ray image of thoracic organs of patient Z., 25 years old.
Mixed cystic fibrosis of severe degree. Chronic pseudomonas infection. Purulent endobronchitis. Verified COVID-19 infection.

In the setting of diffuse amplification and deformation of the lung pattern from both sides thickening and induration of bronchial walls,
peribronchial infiltration of focal and focal confluent character from both sides, extension and loss of structure of the lung roots
can be determined. In the left upper area — the areas of lung tissue swelling, in peripheral areas —
shadow of high intensity with clear contours due to purulence accumulation in the pleural cavity

Tabnuus 1. PeHtreHorpadiyHi 03Haku ypaxeHHs nereHb npu COVID-19
y xBopux Ha MB B 3anexHoCTi Bif, TSXKKOCTi nepebiry 3axBoptoBaHHS
Table 1. Roentgen signs of lunglesion in COVID-19 infected patients with CF depending on the severity of the disease

Mepebir MB / CF course
PeHTre“O“OFi‘*H.i O3Hakn CepeaHboi TAXKKOCTI TsDKKUIA
Roentgen signs Moderate severity Severe
n=5 n=6
Hedopmauis rpyaHoi knitku / Chest deformation 5 6
MocuneHHs i aedopmalis nereHeBoro pucyHka 5 6
Amplification and deformation of the lung pattern
Bornuwesi TiHi / Focal shadows 4 5
[insHKN 3HWXKEHHSA MPO30POCTi NEreHeBOi TKaHMHU HWU3BbKOI Ta CepefHbol iIHTEHCMBHOCTI,
3 HEYITKUMM HEPIBHMMU KOHTYpaMu 3 1
Areas of reduction of lung tissue transparency of low and moderate intensity with unclear
and unsmooth contours
AnbBeonspHa iHdinsTpauis / Alveolar infiltration
OsHaku BupaxeHoi emdizemu / Signs of severe emphysema 3
3HayHe po3LMPEHHSsT KOPEHIB NereHb 3 HaCTKOBOK BTPATOK CTPYKTYpu 1 3
Significant extension of the lung roots with partial loss of structure
«JlereHeBe cepue» / «Pulmonary heart» 1 5
ArtenekTasn / Atelectases 0 2
OecTpykuisi nereHeBoi TkaHunHK / Destruction of lung tissue 0 1
lapotopakc / Hydrothorax 0 1
MHeBMoTopakc / Pneumothorax 0 1

Y Hawomy pocnimkeHHi MCKT BMKOHyBanachb XBopuUMm
Ha MB Bxe npw nigTBepmxeHomy giarHosi COVID-19 3 me-
TOK BU3HAYEHHS xapaKTepy, CTPYKTypWu, MOLUMPEHOCTI Ta
CTYNeHs NaTonoriYHNX 3MiH nereHb. Y BCiX XBOPUX cnocTe-
piranocb pi3HOro CTyneHs ToTanbHe CUCTEMHE YpaKeHHs

In our research MSCT was performed in CF patients
with already confirmed COVID-19 diagnosis for the purpose
of determining character, structure, spread, and degree
of pathological lung changes. In all patients total systemic
lesion of bronchial tree of different degree was observed:
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HGpoHxianbHOro AepeBa: NposiBu AedOopMyo4oro BpoHXITy
(y 11 xBOpuX) — yLiNbHEHHS i HEPIBHOMIPHE MOTOBLLEHHS
CTIHOK BEMMKMX OPOHXIB (CMMMTOM «TpamBanHOI KOMii»),
PO3LMPEHHS X MPOCBITY MPU MOPIBHAHHI 3 MNPUMErnow
apTepieto (CUMMTOM «MNEPCHSI»); PaaionoriYyHniA CUMMMNTOM
«aepeBa B OpyHbkax», LLO BIiAMNOBIAAE YPaXeHHIO TepMi-
HanbHUX BiOAiniB GpoHxianbHOro gepeBa; GpoHxoeKTasn
(y 9 xBOpWX) — HasIBHICTb BUPaXXEHOI (HE MEHLLE, HiXX BABIYi
BiO BUXiOHWMX PO3MIpiB) HEpPiBHOMIPHOI AnnaTtauii 6poHXxiB
BCiX NOPSIAKIB, 3aMOBHEHHSI iX CEKPETOM HM3bKOi abo BUCO-
KOi AEHCUTOMETPUYHOI LLiNbHOCTI 3 YTBOPEHHAM MYKOIA-
HUX Npobok abo 3 HasiIBHICTIO PiBHA piavHW. Y GinblUOCTI
(8 xBOpKMX) BpOHXOEKTa3iA Mana ABobIYHMIA XapakTep, ane
nepeBaXkHO ypakyBaracs BEpXHsi YacTka cnpaga (puc. 5).

Y tabnuui 2 npegctaeneHi MCKT-03Haku ypaKeHHs ne-
reHb Ta YacToTa iX BUSIBINEHHS | 3anexHocTi Big nepebiry MB.

manifestations of bronchitis deformans (in 11 patients) —
induration and uneven thickening of big bronchial walls
(tram-track sign), expansion of their lumen in comparison
with adjacent arteria («ring» symptom); X-ray tree-in-bud
sign, in other words, lesion of terminal areas of bronchial
tree; bronchiectases (in 9 patients) — the presence of
severe (no less than twice the original size) uneven dila-
tion of bronchi of all orders, filing them with secretion
of low or high densitometric solidity with the formation
of mucoid plugs or with the presence of fluid level. In the
majority (8 patients) bronchiectasis was of bilateral
character but mainly upper right part was damaged (Fig. 5).
In Table 2 MSCT signs of lung lesion and frequency
of their detection depending on CF course are presented.

Puc. 5. Komn’toTepHa Tomorpama rpygHoi NOpoXHWHKM xBoporo X., 18 pokiB.
MykoBicunaos, nereHeBa popma, TXKMIA nepebir. BepudikosaHa iHdekuiss COVID-19.
Ha akcianbHoMy 3pisi BU3Ha4aloTbCA KinbLenoaibHi CTPYKTypu 3 HepiBHOMIPHO NOTOBLUEHWMU CTiHKaMu, 06yMoBreHi 6poHxoekTasamu,
nonepeyvHuin nepepia 6poxa — CUMNTOM «NEPCHS», CUMNTOM «AepeBa B 6pyHbKax», NnesponereHeBuii gidbpos.
[OndysHi yLWwinbHeHHA nereHeBol TKaHWHKU 3a TUNOM «MaTOBOrO CKMNax» Pi3HOT POPMU Ta NPOTSHKHOCTI 3 KOHconigauieo
Fig. 5. Computed tomography scan of chest cavity of patient Kh., 18 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection. In axial section ring-shaped structures with unevenly thickened walls,
which were caused by bronchiectases, can be determined, cross section of the bronchus — «ring» symptom, tree-in-bud sign, pleuropulmonary
fibrosis. Diffuse induration of lung tissue in the form of ground-glass opacity of different form and extension with consolidation

Ta6nuusa 2. KT-o3Haku ypaxeHHst nereHb npu COVID-19 y xBopux Ha MB B 3aneXHoCTi Bif TSKKOCTi nepebiry 3axBoproBaHHs!
Table 2. CT signs of lunglesion in COVID-19 infected patients with CF depending on the severity of the disease

Mepebir MB / CF course
KT ostakwn / CT signs CepenHboi TskkocTi | Tskkui
Of moderate severity | Severe

MposiBn gecpopmyroyoro GpoHXiTy, CUMNTOM «AepeBa B GpyHbKax» 5 6
Manifestation sofbronchitis deformans, tree-in-bud sign
BpoHxoekTasn / Bronchiectases 3 6
IHdbinbTpauis nereHeBoi TkaHuHwM / Infiltration of lung tissue 4 6
JlereHeBa rinepteHsisa / Lung hypertension 0 5
MowwpeHa HepiBHOMIpHICTb BeHTUNALIT / Expandedinequality of ventilation 5 6
Emdizema / Emphysema 3 5
OecTtpykuis nereHeBoi TkaHnHKM / Destruction of lung tissue 0 1
MHeBmoTopakc / Pneumothorax 0 1
YLWiNbHEHHS NEreHeBol TKaHWHKU 3a TUMOM «MaTOBOrO CKNnay

. ) . . 5 6
Induration of lung tissue in the form of ground-glass opacity
LinsiHkn «MaToBOro ckna» 3 peTUKYNSAPHUMU 3MiHAMU — CUMMTOM «BPYKIBKU» 3 2
Area sofground glass with reticular changes — paving stone sign
LinsHkn KoHconigauii nereHeBoi TkaHWHK / Areas of consolidation of the lung tissue 2 4
36inbLUeHHs AiameTpa CyauH B YLLINbHEHIN NereHeBil TKaHWHI _ 5
Increase in diameter of the vessels in indurated lung tissue

OpuwuriHanbHi gocnigpkeHHs

Original research



YKpaiHCbKWI pafionoriYHvin Ta oHKkonorivyHmm xxypHan. 2022, T. 30. Ne 2. C. 9-24

Ukrainian journal of radiology and oncology. 2022;30(2):9-24

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

Kpim ypaxeHHs 6poHxianbHoro aepea, MCKT posso-
nvna BUSBUTM O3HAKW 3arlydeHHst B NaTonoriYHWi npouec
iHWux nereHeBux cTpykTyp. Y 100% XBOpUX YpaKeHHS
CYNpPOBOKYBANOCb BUHWUKHEHHAM [LiNMAHOK YLLiNbHEHHS
3a TUMOM «MaTOBOTO cKknay, y 6inbLuocTi (3 xBopux) 3 nepe-
6irom cepenHbOi TSHKKOCTi BOHO MOELHYBANocs 3 peTuky-
NSAPHOK CMYTacTICTIO 3@ paxyHOK BHYTPILLUHbO4YaCTOYKOBOTO
iHTepcTuuilo (cumnTom «BpykiBkM» (paving stone sign),
y nauieHTiB 3 TsxkuMm nepebirom MB vacTiwe (4 xBOopwux)
CYNpPOBOPKYBArNocCh YLiNMbHEHHAMY Y BUMMSAAI KOHconiaa-
Lin. I3onboBaHa KoHconigauis 06e3 «MaToBOro ckna»
He 3ycTpivyanacs. BkasaHi 3miHn (y 6 xBopux) rokanisy-
Banuch sk cybnneBpanbHo, Tak i B LLEHTpanbHuxX Bigginax,
y pewTn — nepeBaxHO cybnneBpanbHo. B ycix xBopux
3MiHM 3a TUMOM «MaTOBOrO CKay i KOHconigaLii B NereHsix
6ynn 3 o6ox 60okiB, y 4 xBOopux 3 TsDKKMM nepebirom MB
iy 3 — 3 nepebiroMm cepeaiHbOI THXKKOCTI 3amanu BCi nere-
HeBi Momns, B iHWWX BUNagkax nepeBaxanu B HUWXHIX
nereHeBux nonsax (gopcaneHi Bigainu) (puc. 5, 6). BkasaHi
3MiHM HOCATb IHTEpCTUUianbHUA XapakTep i, BiporigHo,
BigNoBigaloTb BIpYCHI eTionorii npouecy 3 MOXIUBUM
noganbwumM  opMyBaHHAM  MOPMOMOriYHOI  KapTUHK
ONdY3HOTO anbBeONAPHOro nowkomkeHHs [20, 21]. IH-
dinbTpauis nereHeBoi TKaHWHWM (NEPUOPOHXOBACKYNSPHI
iHgINbTPaT, AINSAHKA anbBeOoNAPHOI iHQINbETpaUil nereHe-
BOi TKaHWHW Pi3HOT MPOTSXXHOCTI) BM3Havanacb npn MCKT
y BCiX XBOpuX 3 Tsbkkum nepebirom MB, i y 6inbliocTi
(4 xBopux) 3 Nepebirom cepeiHbOT TSHKKOCTI. Y BCiX XBOPUX
iHpinsTpaTMBHI 3MiHM Bynn 3 060x BOKIB, y 4 XBOPUX 3 THAX-
kM nepebirom MB iy 3 — 3 nepebirom cepeaHbOi TAXKOCTI
3anMmManu BCi fereHesi Nons, B iHWMX BUMNagKkax nepesa-
Xarnu B HWXKHIX NereHeBnx Nonsx (gopcanbHi Bigainm).

Besides bronchial tree lesion, MSCT allowed signs of
involvement of other lung structures into the pathological
process to be detected. In 100% of the patients lesion was
accompanied by the formation of induration areas in the
form of ground-glass opacity, in the majority (3 patients)
with moderate degree of severity it combined with reticular
barring due to internal fractional interstitium (paving stone
sign), in patients with severe CF (4 patients) it was more
often accompanied by indurations in the form of conso-
lidation. Isolated consolidation without ground glass
wasn’'t detected. The stated changes (in 6 patients) were
localized subpleurally and also in central areas, in the rest
of the patients — mainly subpleurally. In all patients the
changes in the form of ground-glass opacity and conso-
lidation in the lungs were bilateral, in 4 patients with
severe CF and in 3 — with the course of moderate severity
they occupied all pulmonary fields, in other cases they
were mainly in lower lung fields (dorsal areas) (Fig. 5, 6).
The mentioned changes are of interstitial character
and they probably correspond with viral etiology of the
process with possible further formation of morphological
pattern of diffuse alveolar injury [20, 21]. Infiltration of
lung tissue (peribronchovascular infilirates, areas of
alveolar infiltration of the lung tissue of different exten-
sion) was determined during MSCT in all patients
with severe CF, and in the majority (4 patients) with
moderate CF. Infiltrative changes were bilateral in

all patients, in 4 patients with severe CF, and in 3 with
moderate CF they occupied all pulmonary fields, in
other cases they were mainly in
(dorsal areas).

lower lung fields

Puc. 6. Komn’toTepHa Tomorpama rpyaHoi MOPOXHWUHK XBOoporo X., 18 pokis.

MykoBicunaos, nereHesa chopma, THKKMIA nepebir. BepudikosaHa iHdekuis COVID-19. Ha akcianbHomy 3pi3i BU3Ha4aTbCcs
MHOXWHHi OPOHXOEKTa3M, YNCTIEHHI YLLINIbHEHHSA 3a TUMOM «MaTOBOrO CKMay Ta KoHconigauii nepeBaxxHO OKpyrroi chopmu,
Pi3HOI NPOTSHKHOCTI, NEPEBAXHO 3 NEPUOPOHXIaNbHUM NOLWMPEeHHAM. MynsTMNobynApHUn ABOGIYHNIA XapakTep YPaKeHHs

Fig. 6. Computed tomography scan of chest cavity of patient Kh., 18 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection. In axial section numerous bronchiectases
and indurations in the form of ground-glass opacity and consolidation of mainly round shape of different extension,
predominantly with peribronchial spread, can be determined. Multilobular bilateral character of lesion

MposiBn nereHeBOiI rinepTeHsii — po3wnpeHHs ctoBbypa
nereHeBoi apTepii Ta i BENWKWX TifMoK, PO3LUMPEHHS
OpoHXianbHUX apTepii BUSBMNEHI Y 5 XBOPUX 3 TSXKKUM
nepebirom MB. Takox y BCiX XBOpUX BU3Ha4anach noLumpeHa
HEroMOreHHICTb BEHTWUNALII, O € O3HAKOK MOPYLUEHHS
OpoHXianbHOI NPOXiAHOCTI Ha pPiBHI NepudepnyHKX BiAAINis
BpoHxianbHoOro gepesa. Y 6inbwocTi (5) NauieHTIB 3 TAXKUM
nepebirom MB BusiBneHi o03Hakn Oynbo3HOiI emdizemn
nereHiB (puc. 7). Mpun ubomy 6ynbO3Hi 3MiHW, B OCHOBHOMY,
nokanisyBanucb cybnnesparnbHo, Wo Oyrno NpOrHOCTUYHO
HEeCnpUATIIMBOIO O3HAKO, SIK MMOBIPHa NpUYMHa PO3BUTKY
B NOAAnNbLUOMY NMHEBMOTOPAKCY.

Manifestations of lung hypertension — expansion of
pulmonary trunk and its big branches, extension of bron-
chial arteries were detected in 5 patients with severe CF.
Overall inhomogeneity of ventilation, which is a sign
of airway obstruction at the level of peripheral areas of
the bronchial tree, was determined in all patients. In the
majority (5) of the patients with severe CF the signs of
bullous lung emphysema were detected (Fig. 7). In parti-
cular, bullous changes were chiefly localized subpleu-
rally which was a prognostically unfavorable feature as
a possible reason of development of pneumothorax in
the future.
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Puc. 7. Komn’toTepHa TomMorpama rpygHoi NopoXHUHK xBoporo X., 18 pokis.
MykoBicunaos, nereHeBa popma, TXKMIA nepebir. BepudikosaHa iHdekuiss COVID-19.

Ha akcianbHoMy 3pi3i BU3HayaloTbCsl MHOXUHHI BpOHX0eKTa3m, 03Hakun 6ynbo3Hoi emdizemu
Fig. 7. Computed tomography scan of chest cavity of patient Kh., 18 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection.

In axial section numerous bronchiectases and signs of bullous emphysema can be determined

CTyniHb ypaxeHHs nereHb Noginany Ha N'ATb KaTeropin
3rigHo i3 3aranbHOMNPUAHATMM MiOXO4OM, 3aCHOBaHMM Ha
Bi3yanbHin ouiHUi NpubnmaHoro ob’emy yLuinbHeHoi nere-
HeBoI TKaHWHU: KT-0 — BiACYyTHi 03HaKM ypaXXeHHs nereHb;
KT-1 — ypaxeHo meHwe 25% o6’emy nereHb; KT-2 — ypa-
XeHo 25-50% ob6’emy nereHb; KT-3 — ypaxeHo 50-75%
o6’emy nereHb; KT-4 — ypaxeHo noHag 75% o6’emy
nereHb. OuiHOBaNacst HasiBHICTb O3HaK: «MaTOBE CKIOY,
KoHconiaauisi, peTUKyNnsipHi 3MiHW, CUMMNTOM «OPYKIBKU».

Y 4OTMPLOX NAUIEHTIB 3 KIiHIYHMMWN O3HaKamMu cepeg-
HbOTSKKOro nepebiry MB cTyniHb ypaxeHHs1 nereHeBoi
napeHximn Bignosigas KT-2 i KT-3. Y ogHoro XxBoporo
i3 cepeqHbOTSXKKUM nepebirom 3axBOPHOBaHHS BU3HAYEHO
nerknin cTyniHb 3MiH NereHb 3 HasiBHICTIO 30H YLUiNbHEeHHS
3a TUNOM «MaTOBOrO CKMa» i3 3anyyeHHsIM napeHxiMu
meHwe 25%.

Mpu TsKKOMY Nepebiry 3axBopltoBaHHA y ABOX MaLjieH-
TiB AiarHoCcTyBanu 30HU YLLiNbHEHHS 32 TUMOM «MaTOBOro
ckna» i AiNgHKM KoHconigauii i3 3anyyYeHHAM napeHxiMu
nereHb 50-75%, wo Bignosigano KT-3 — CTyneHo ypaXKeHHS.
Y 4YOTUPLOX XBOPUX 3 BUMPAXEHWMMU MPOsiBaMU AuXarbHOI
He[oCTaTHOCTI BCTAHOBMEHO 3any4vyeHHs B MaTonoriYHui
npouec Oinbwe 75% napeHximun neredb (KT-4), wo
CYNpOBOMKYBaNoCb ANMY3HUM YLUiTIbHEHHAM nereHeBol
TKaHMHM 3a TUMOM «MaTOBOro CKna» i KoHconigauii
Yy NOEAHAHHI 3 PETUKYMSAPHUMW 3MiHAMU. Y TPbOX XBOPUX 3
TSDKKUM nepebiroM 3axBOpHOBaHHA 3 BUPaXKEHUMWU MNposi-
BaMKW OuxarnbHOI HEOOCTaTHOCTI AWHaMiYHe cnocTepe-
XEHHs1 3a 48 rof. BU3HaA4UNO 30inbLUeHHS 06’ eMy ypaXKeHHSs!
Ha 50% B NOPIBHSIHHI 3 NonepeaHiM OOCNIMKEHHSIM.

3MiHM y BUrnagi cybnnespanbHUX CMYXOK, MiHii yLline-
HeHHsi/gnckonofibHNx atenekTasiB BiA3Ha4eHi y 4 XBOpUX
3 TsbkkMM nepebirom MB iy 2 — 3 nepebirom cepegHbOi
TsKKOCTI. [1BOBIYHMI HE3HaYHWIA nneBpanbHui BUNiT 6yB
BUSIBNIEHUI ¥ 2 XBOPUX 3 TSXKUM nepebirom MB, y ogHoro
XBOPOro 3 Uiel rpynu BUSBMAEHI O3HAKWU eMnieMU MreBpu.
[ecTpyKTUBHI 3MiHW nereHeBol TKaHWHW | emnieMa nnespu
TaKOX CMOCTepiranucb Yy OOHOro nauieHTa 3 TSKKUM
nepebirom MB i xapakTepn3yBanuch LLIBMOKOO HEFATUBHO
AvHamikoto (puc. 8). B ycix xBopux Oynu 36inbLueHi
po 15-16 mm (6e3 3MiHM CTpykTypu) napatpaxearnbHi
i GidbypkauiHi nimdoBy3nu.

Takum 4ynHom, MCKT possonuna BUSBUTU O3HaKWU, SAKi
MW PO3LIHIOEMO $K BIgNOBIAHI MHEBMOHIT, CNPUYNHEHOT
iHpekuieto COVID-19 — yulinbHEHHA NereHeBoi TKaHWHU
3a TUMOM «MaTOBOrO CKNa», HasiBHICTb Pi3HOI dhopmMu
[iNSHOK  «MaToBOr0 CKMNa» 3 PETUKYNAPHUMU 3MiHaMu

The degree of lung lesion fell into 5 categories, accor-
ding to conventional approach, based on visual assess-
ment of approximate volume of thickened lung tissue: CT-0 —
there are no signs of lung lesion; CT-1 — less than 25% of
lung volume is damaged; CT-2 — 25-50% of lung volume
is damaged; CT-3 — 50-75% of lung volume is damaged;
CT-4 — more than 75% of lung volume is damaged. The pre-
sence of the following signs was also assessed: ground-
glass, consolidation, reticular changes, paving stone sign.

In four patients with clinical signs of moderately severe
course of CF the degree of lung parenchyma lesion
complied with CT-2 and CT-3. In one patient with modera-
tely severe course of the disease the mild degree of lung
changes with the presence of areas of induration in the
form of ground-glass with the involvement of less than
25% of parenchyma was determined.

In two patients with severe course of the disease the
areas of induration in the form of ground-glass and con-
solidation areas with the involvement of 50-75% of lung
parenchyma, which complied with CT-3 lesion degree,
were diagnosed. In four patients with severe manifestations
of respiratory distress the involvement of more than
75% of lung parenchyma (CT-4) was determined, and
it was accompanied with diffuse induration of lung tissue
in the form of ground-glass and consolidation combined
with reticular changes. In three patients with severe course
of the disease and severe manifestations of respiratory
distress constant monitoring for 48 hours allowed
an increase in volume of lesion by 50% compared to the
previous examination to be determined.

Changes in the form of subpleuralbands, lines of
induration/disciform atelectases were noticed in 4 patients
with severe CF and in 2 — with moderate CF. Bilateral
insignificant pleural effusion was detected in 2 patients
with severe CF, in one patient of this group the signs of
pleural empyema were detected. Destructive changes
of lung tissue and pleural empyema were also observed
in one patient with severe CF and were characterized
by rapid negative time course (Fig. 8). Paratracheal and
subcarinal lymph nodes were enhanced up to 15-16 mm
(without structural change) in all patients.

Therefore, MSCT allowed us to detect signs which
we consider to be the signs of pneumonia that was caused
by COVID-19 infection — induration of lung tissue in the
form of ground-glass opacity, presence of ground-glass
areas of different shape with reticular changes (paving
stone sign) and consolidation of lung tissue, bilateral
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Puc. 8. Komn’toTepHa Tomorpama rpygHoi NopoxHuUHK xeBoporo 3., 25 pokis.

MykoBicunaos, amilaHa popma, TxKMI nepebir. BepudikosaHa iHdekuiss COVID-19. Tunosuid onst MyKoBiCLMA03Y AOPOCIMX
pagionoriyHnii 06pa3 faHoro 3axBoproBaHHsA: ABObGIYHa cyb6ToTansHa 6poHXoeKTasis; CTiHKM BGPOHXIB NOTOBLLEHI, LLiMbHI,
BMpaxeHa nepubpoHxianbHa iHdiNsTpauis; YyactuHa 6poHXiB 3anNOBHEHI IyCTUM (32 AEHCUTOMETPUYHUMM NapameTpamu),

B'A3KUM CEKpETOM (Cnun3oBi Npobku). MHOXWHHI AiNsiHK1 KOHconifauii, nepeBaxHo cybnneBpanbHoi nokanisawji.
[MoTOBLUEHHSI MiXK4aCTOYKOBOrO iHTEPCTULIIO Ha KLITanT «BpykiBku» («crazy-paving» sign). Emniema nnespwu nisopyy
Fig. 8. Computed tomography scan of chest cavity of patient Z., 25 years old.
Mixed cystic fibrosis of severe degree. Verified COVID-19 infection. Typical radiological form for CF in adults of this disease:
bilateral subtotal bronchiectasis; bronchi walls are thickened, indurated, severe peribronchial infiltration can be determined part
of the bronchi is filled with dense (by densitometric values), viscous secretion (mucous plugs). Numerous areas of consolidation,
mainly of subpleural localization. Thickening of interlobular interstitium in the form of «crazy-paving» sign.
Pleural empyema in the left side

(cumnToM  «BpykiBKM») Ta KoOHconigauieto nereHeBoi
TKaHWHK, GinatepanbHa nokanisauisi NaTonoriYHUX 3MiH,
nepeBaxHo y 6GasanbHWX Ta cybnneBpanbHUX Bigginax.
Hetunosi ans kopoHasipycHoi iHdekuii KT o3Haku Gynu
0OyMOBIEHI OCHOBHWM 3aXBOPIOBAHHAM i  BKIHOYanu:
JiNsIHKM  «MaToBOro CKMa» MNepeBaXHO LeHTparnbHoi Ta
napamepgiactuHanbHOI  fokanisauii, BOrHWWeEeBy Auce-
MiHaUito, BPOHX0EKTa3n, MOPOXHWHHI YTBOPEHHS, BUMIT Y
nneBpanbHUX MOPOXHMHAX, NiMmdoageHonatilo, CUMMNTOM
«aepeBa y bpyHbkax», pibpo3Hi 3MiHN B nereHsx.
OTpumaHi gaHi npomeHeBUX MeTodiB HecneundiyHi
i NnepeniyeHi BuLle NaTepHN MOXyTb OyTU NPUCYTHIMU Mpu
Pi3HNX 3axBOPIOBaHHSX BIpYCHOI Ta HEBIpYCHOI npupoau.
B paHui yac mu, 6Ge3yMOBHO, HE MOXEMO OLHUTK Y
xBopux Ha MB [ocToBipHi NokasHMKW iHOPMaTUBHOCTI
peHTreHorpadii y Bidyanisauii 3MiH y nereHsix, NoB’sa3aHnx
3 MposiBaMu HOBOI KOpOHaBipycHoi iHdekuii (COVID-19)
Ha pi3HUX cTagisx, ane OinblWicTb HasiBHMX OOCHiAXeHb
[5, 20, 22] Bkasye, WO Ha paHHiIX cTagiax KnacuyHa
peHTreHorpadisi nereHb Mae HU3bKy YyTNMBICTb. Hu3bka
YYTNUBICTb peHTreHorpacdpii nereHb Ha paHHiX cTagisx
MOSICHIOETLCA TUM, WO NepBUHHUMU nposieamu COVID-19
€ [iNSHKM YUWINbHEHHS 3a TWMNOM «MaToOBOrO CKnay
(puc. 5, 6), Bisyanizauia sikux 30ebinbLIoro NexuTs nosa
MeXamun peHTreHorpadii. HesBaxatoum Ha uUe, MOXHa
BUSABUTU 3aKOHOMIPHOCTI PEHTreHOSOrYHOI KapTUHM npu
COVID-19: pgBoGiyHi HeogHopiaHi obmexeHi 3aTiHeHHs
3 nepeBaXxHO fokanisauieto B cybnneBpanbHUX i HUDKHIX
Bioginax nerexb [20] 6e3 YiTKO BM3HAYyBaHOINO CUMNTOMY
NnoBiTpsHOT GpoHxorpadii, a TakoX AiNAHKA 3ryLeHHs
nereHeBOro MaroHka y GasanbHuX Bigdinax nereHb, WO
niaTBepOXylOTb | Hali BracHi cnoctepexeHHst (puc. 1).
Cnig Takox BpaxoByBaTW, WO Ha peHTreHorpamax ypa-
XeHHs1, obymoBneHe COVID-19, Mmoxe Ha no4YaTkoBMX eTa-
nax MacKyBaTUCb OCOOMMBOCTAMM MNpPOSIBIB MPOMEHEBOI
KapTuHWM y nauientisB 3 MB. Hapgani npu nporpecyBaHHi
npouecy cnocTepiraeTbcsl 30iNblUeHHA 3aTiHEHHsI nere-
HEeBMX MOSIB K 3a MOLelo, TaK i 3a iIHTEHCUBHICTIO, LWO

localization of pathological changes, predominantly
in basal and subpleural areas. Untypical for coronavirus
infection CT signs were conditioned by the main disease,
and included: ground-glass areas, chiefly of central
and paramediastinal localization, focal dissemination,
bronchiectases, cavitary lesions, effusion in pleural cavi-
ties, lymphadenopathy, tree-in-bud sign, fibrotic changes
in the lungs.

The obtained data of radiological methods are non-
specific, and the abovementioned patterns can be present
in the cases of different diseases of viral and non-viral
nature. At the moment we surely can’t estimate verifiable
factors of informativeness of X-ray studies in CF patients
when visualizing lung changes, which are connected
with manifestations of the new coronavirus infection
(COVID-19) at different stages, but most existing research
[5, 20, 22] shows that at the early stages classical lung
radiography has low sensibility. It can be explained by
the fact that primary manifestations of COVID-19 are
indurated areas in the form of ground-glass opacity
(Fig. 5, 6), visualization of which mainly lies out of the
boundaries of radiography. However, regularities of X-ray
pattern in COVID-19 can be detected: bilateral nonhomo-
geneous limited shadows with predominant localization
in subpleural and lower lung areas [20] without clearly
determined symptom of air bronchography, and also the
areas of lung pattern thickening in basal lung segments
which are confirmed by our own observations (Fig. 1).
It should be also noted that on the X-ray image the lesion,
which was conditioned by COVID-19, can be disguised
by the features of the X-ray pattern manifestations at the
early stages in CF patients. With further advancement
of the process the enlargement of the shadows in the
lung fields in both size and intensity is observed, and
it is visualized well in classical radiography examinations
in anterior and lateral projection, and gives primary infor-
mation about localization and volume of inflammatory
changes in the lung.
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[obpe Bi3yanisyeTbCa NpU KNacuU4HUX PEHTIEHONONYHMX
OOCIiIXKEHHAX B nepedHin Ta OiyHin npoekuisx i aae

nepBuHHY iHdopmauito npo nokanisauito Ta ob6car
3ananbHUX 3MiH Y NereHsx.
MpoBigHumn  giarHocTnyHMMK  KT-03Hakamu  Bynu

cumMnToMM AedopMyroHoro OpoHXiTYy, SKi 3ycTpivyanucb y
BCiX nauieHTiB 3 MB He3anexHo Bif CTYMeHs TSHKKOCTI.
OCHOBHVMMM nNaTepHamMy YypaXKeHHsi IereHeBOi TKaHWHU
y nauieHTiB i3 MB, iH(ikoBaHMX kopoHaBipycom, Oymnu
03HaKM MNiOBULLEHHS LWiNbHICHUX XapaKTepuCTUK napeH-
XiMW nereHb, BUKMWKaHI BUTICHEHHAM MOBITPS 3 anbBeor
Ta 3arnoBHEHHAM iX iHWKUM CcybCTpaToM: «MaToOBE CKIO»,
PETUKYNSAPHI 3MiHW, KOHcoMigauia, ocepeaky iHginbTpauii
pisHoro poamipy. [lloegHaHHA O3HaK | CTyniHb TXHBbOI
BMPAa3HOCTI BIAPI3HANUCL Y Pi3Hi TEPMiHW PO3BUTKY 3axBO-
PIOBaHHS i 3anexanu BiA CTYMNeHs TSXKKOCTi OCHOBHOIO
3aXBOPIOBAHHSA. Y Mipy pO3BUTKY KOPOHaBIpYyCHOI iHeKuiT
NpoMeHeBa KapTuMHA 3MIHIOETbCH, HabyBawounm pucu
MHEBMOHIi, L0 OpraHi3yeTbcs (QinsHKM KOHconigauii wupo-
KOO OCHOBOI, 3BEpHEHi A0 KOCTanbHOI NneBpu, MiHiNHI
[ingHk1 nHeBMmodibpoay) (puc. 5, 8).

HeobxigHo Takox Big3HaumTy, wo npu KT (Ha BigMiHy
Big peHTreHorpadii) y BCix nauieHTiB 3 Tskkum nepebirom
MB Bu3Hayanucb OBOOIYHI OGPOHXOEKTa3n 3 MepPeBaKHO
nokanisauieto y BepxHiX 4acTkax nereHb. Y OinbLIocCTi
(8 xBOPMX) cnocTepiranocb 3HWXXEHHS LWiNbHOCTI NIereHeBoi
TKaHWHW | (POpMyBaHHA MOBITPOBMICHUX MOPOXHWH, LLO
€ TUNOBOI O3HaKow MB i He xapaKTepHO AN ypaXkeHHs
nereHb NPy KOPOHaBIPYCHIN iHdeKL;i.

Takum 4ymHom, MCKT, y nopiBHSIHHI 3 peHTreHorpadgieto,
y xBopux Ha MB BUABNSE TOHKI CTPYKTYPHi 3MiHU nereHe-
BOi TKaHWHW i BpoHXianbHOro AepeBa (HasiBHICTb 30H 3HW-
XKEHOI LWiNbHOCTI nereHeBol TKaHWHW, PO3LUMPEHHS | ae-
dopmaLito  cermMeHTapHuUx i cybcermeHTapHuUx OpOHXiB;
MOTOBLUEHHS CTiIHOK GPOHXIB; HAsIBHICTb AiNsIHOK «Mo3aiy-
HOI» LLINBbHOCTI NEereHeBoi TKAHWHW; BUSIBIIEHHS] GPOHXO-
ektasiB). Bce ue pemoHcTtpye KT sk 6inbli yyTnveun
iHOMKaTOp YpaXKeHHs rereHb, [OO03BONSE AiarHoCTyBaTu
nerki i atmnosi ¢opmn MB y popocnux, npaBuiibHO
BM3HA4yaTW CTafito i aKkTUBHICTb OCHOBHOIO MaTonoriyHoro
npouecy, a TakoX BiOKPUBAE MOXMMBICTb Ha PaHHIX
cTafiax BUSABNATU Y LMX XBOPUX NPOSIBU KOPOHaBIPYCHOI
MHEBMOHIi, OUiHIOBaTW edEeKTUBHICTb mnikyBaHHS. OuiHka
3MiH Y NereHsax Ta BUSBNEHUX NaTepHIB [O3BOMSAE 3 Pi3HUM
CTYNeHem YMNEeBHEHOCTi MPUMYCTUTU, YN BUKIMKaHI BOHU
KOPOHaBIPYCHOI iH(eKUien, Y4 MatoTb iHLWY ETionorito.
OpHak, B OCHOBi 3anuaeTbCsA KIiHiYHA WMOBIPHICTb,
i Nikap-peHTreHomnor NoOBMHEH MaTuh YSBINEHHSA NpPO 0cobnu-
BOCTi nepebiry 3axBoploBaHHA Ta 30epiraTv enigemiyHy
HaCTOPOXEHICTb Y KOXKHOMY KOHKPETHOMY BUMazKy.

TakMMm 4YMHOM, nNpoBedeHi HamMwu AOCRIAXKEHHS nig-
TBEPOXKYIOTb OCHOBHI TPEHAM, O CTOCYKOTBCS KITHIYHUX
ocobnmBocTel nepebiry KopoHaBipyCHOT iHGEKLT Y XBOpUX
Ha MB, sKi no3Ha4yMnn aBTOpPU 3 €EBPOMENCBKUX KpaiH
i CWA. OtpumaHi pesynstatv [03BOMAWAM  BU3HAYUTU
OCHOBHi acnekT MNpPOMEHEBOi AiarHOCTUKM Ta ocobnu-
BOCTI nartonoriyHmx 3miH nereHb npun COVID-19 y pgopoc-
nunx naujieHTis, xBopmx Ha MB.

BUCHOBKMU

PeHTreHorpadisi opraHiB rpygHOi MOPOXHUHM € Heo6-
XiOHUM eTanoM y MnonepefHi AiarHoCTULi ypaKeHHs ne-
reHb npu COVID-19 y gopocnux naujieHTis, xBopux Ha MB,
abo npu BMHWKHEHHI HEBigKNagHWX CTaHiB. PeHTreHorpa-
ig 403BONSE B KOPOTKI TEPMiHW | MpU Manux BuUTpaTtax

The leading diagnostical CT signs were the symptoms
of bronchitis deformans, which were detected in all CF
patients regardless of the degree of severity. The main
lesion patterns of lung tissue in CF patients infected
with coronavirus, were the features of increased indu-
rated characteristics of pulmonary parenchyma, which
were caused by releasing air from alveoli and filling
them with other substrate: ground-glass, reticular changes,
consolidation, infiltration foci of different size. Combi-
nation of signs and degree of their severity differed during
various periods of disease development and depended
on degree of severity of the main disease. As corona-
virus infection was developing, the X-ray pattern was
also changing by obtaining the signs of organizing
pneumonia (consolidation areas which were turned in
such way that the broad base was facing costal pleura,
linear areas of pneumofibrosis) (Fig. 5, 8).

It should also be mentioned that during CT (in contrast
with X-ray examination) in all patients with severe CF
bilateral bronchiectases with predominant localization in
upper lung areas were localized. In the majority (8 patients)
the reduction of lung tissue thickness and the formation
of air-containing cavities was observed. This is a typical
sign of CF and is not characteristic of lung lesion in
coronavirus infection.

Thus, MSCT, unlike radiography, detects subtle struc-
tural changes of lung tissue and bronchial tree (the pre-
sence of the zones of lowered density of lung tissue;
expansion and deformation of segmental and subseg-
mental bronchi; thickening of bronchial walls; the presence
of the areas of mosaic density of lung tissue; detection
of bronchiectases). All of these things demonstrate
that CT is a more sensible indicator of lung lesion, and
it allows mild and atypical forms of CF in adults to be
diagnosed, the stage and activity of the main pathological
process to be correctly determined, and also makes it
possible to detect the features of coronavirus pneumonia
at early stages in these patients and assess the efficacy
of the treatment. Estimating the lung changes and
detected patterns allows with different degree of confi-
dence to assume whether they are caused by coronavirus
infection or have other etiology. Nevertheless, clinical
probability remains at the core, and radiologist must
be aware of the peculiarites of disease course and
maintain epidemic precaution in each specific case.

All in all, the research which we performed, con-
firm the main trends which concern clinical features
of coronavirus infection course in patients with CF that
were pointed out by the authors from European countries
and the USA. The obtained results allowed the main
aspects of X-ray diagnostics and the features of patho-
logical lung changes in COVID-19 infected adult patients
with CF to be determined.

CONCLUSIONS

Chest radiography is a necessary stage in prelimi-
nary diagnostic of lung lesion in COVID-19 infected adult
patients with CF or in the cases of medical emergencies.
Radiography allows within a short period of time and
with small expenses confidently the patients, who have
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BMEBHEHO BIiOOKPEMSIIOBATWM NauieHTIB, NaTOMNOriyHi 3MiHM
AKX Npu Bidyanisauii BignosigawTb NposiBaM  BipYCHOI
NMHEBMOHii. Ha peHTreHorpamax ypakeHHs, oGymoBneHe
COVID-19, y nauieHtiB 3 MB MoXe Ha nmo4yaTKoBWX eTa-
nax MacKyBaTUCb OCOONMBOCTAMW NPOSIBIB OCHOBHOIO
3aXBOPIOBaHHS. Y 3B’13Ky 3 UUM Oyab-siKi pEHTreHOMNOriYHi
NposBM 3anarnbHUX 3MiH fiereHb y XBopux Ha MB MOBUHHI
B enigeMiyHMi nepiog posrnagatuca [k nigospini wopo
COVID-19 ta Bumaratu npoegeHHs MNP i KT.

KT BusiBUNacs MnOTYXHUM iHCTPYMEHTOM AndepeHLi-
anbHOT AiarHOCTUKK, O03BOSIAKOYM PO3LINATA XBOPUX 3 TU-
MOBMMM O3HaKaMW KOPOHABIPYCHOIO YpPaXKEHHSA Ta iHLIKMX
3MiH y nereHsix, xapaktepHux ana MB. OsHakamu, si
MU PO3UIHIEMO $K BIONOBIAHI MHEBMOHIl, CNPUYNHEHOT
iHpekuieto COVID-19, BUSBMNUCH YLLINBbHEHHS NereHeBoil
TKaHMHM 3a TUMOM «MaTOBOrO CKMa», HasiBHICTb pPi3HOI
dopMn AINAHOK «MaToBOro CKra» 3 PeTUKYNsApHUMU 3Mi-
HaMy Ta KOHconigauiel nereHeBoi TKaHWHKM, Ginateparnb-
Ha nokanisaujis naTonoriYyHMX 3MiH, NnepeBaxHo y 6asanbHKX
Ta cybnnespanbHux Bigainax. KT B AvHamiui 3axBopto-
BaHHA CBOEYaCHO BWSIBMSAE HEBIOKNAaAHI YyCKNaaHEHHS
3 6oky nereHb npu COVID-19 y xBopux Ha MB.
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pathological changes that correspond with viral pneumonia
signs when being visualized, to be distinguished. On X-ray
images the lesion caused by COVID-19 in patients with
CF can be disguised by the features of the main disease
manifestations. Therefore, any X-ray evidence of inflam-
matory lung changes in CF patients during the epidemic
period must be regarded as COVID-19 suspected, and
polymerase chain reaction and computed tomography
must be performed.

CT turned out to be a powerful tool for differential
diagnostics, allowing patients with typical signs of corona-
virus infection and other changes in lungs which are
typical for CF, to be distinguished. The signs which we
consider to be the signs of pneumonia that was caused
by COVID-19 infection turned out to be: induration of
lung tissue in the form of ground-glass opacity, presence
of ground-glass areas of different shape with reticular
changes and consolidation of lung tissue, bilateral
localization of pathological changes, predominantly in
basal and subpleural areas. CT in the time course of the
disease timely detects urgent complications in the lungs
in COVID-19 infected patients with CF.
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MepcnekTMBU NOAAABLLUMX AOCAIAXEHb
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Prospects for further research

CT can be used in the future for the purpose of observing
the changes in the lung tissue of CF patients in course of disease
for timely correction of patient surveillance. Due to high sensi-
bility of CT method, its usage for diagnosing respiratory organs
pathology in CF under the conditions of coronavirus pandemic
will broaden, in particular for assessing late effects of virus
lung damage.
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