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Baoxuna” Munaapasa Poccun, Mocksa, Poceniickas ®egepaums. https:/ /orcid.org/0000000270216419. Scopus Author ID 6507563458

Ma3zo Muxaun JIbBoBUY — KaHJI. Me[l. HayK, cTapiunit HayuHbii cotpyaHuk HIOPO MockoBekuil HayuHO-1CCIeI0BATeNbCKIE OHKOJIOTHUECKUH HHCTH-
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MNneBpUT N NepuKapanT Kak NpuYnHa
aTUNUYHOI 00NN B rPYAHON KNeTKe Y NauueHToB

B paHHeM nepuoge nocne COVID-19
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Bo Bpems maHzemuy Ha NpUMeEME KapAvosiora BO3pOCSO KOMNYECTBO MALMEHTOB C HEAHTMHabHOW 60Mbo
B rPYZAHOW KIETKE.

Llenb uccnepoBaHua: OLEHUTb BCTPEYAEMOCTb MPU3HAKOB MaeBpuTa MU nepukapauta nocine COVID-19
Y HEKOMOPOUVAHBIX NALMEHTOB C aTUNNYHOWN BOJbIO B FPYAHON KNETKE M OMMCATb X XapakTepPUCTUKN MO AaHHbIM
axokapamorpapum n MarHUTHO-PE30HaAHCHON ToMorpadun.

Martepuan n metogpl. C despansa 2021 r. no sHBapb 2022 r. B UCCNeaoBaHme NPOCNEKTUBHO NOCEN0BATENb-
HO BkJItoyeHo 200 naumeHToB, ambyaTopHO 06PATMBLUNXCS K KapAMOory ¢ AMckoMdOopToM B 06nacti cepaua,
BMEpBble BO3HWKLUMM NOCJIEe NepeHECEHHO HOBOW KOPOHABMPYCHOM MHdekumn. Kputepum BkntodeHuns: 18-50 ner,
5-12 Hep nocne 3apaxeHns SARS-CoV-2, HeaHrMHO3HbIN XapakTep 60V B rpyaHol knetke. Kputepum nckiode-
HWS: MHEBMOHUS UM MpU3Haku Tpom6oambonuu BETBEN JIErOYHON apTepun, KOpoHapHas 6onesHb cepaua,
3aCTOolHas cepagyHas Uav noYyeyHas HefoCTaTOYHOCTb, OHKOMATONOMUS, XMMUOTEPaNnus, lyueBas Tepanus opra-
HOB rPyAHOI KeTku B aHamHe3e. MpoBoausics onpoc (4a/HeT) Ha HanuymMe o6LLEero HeJOMOraHus, YXyALeH s
KayecTBa XW3HU, rMNepTeEPMUM, Kalng. YNbTpasBykOBOE MCCAeOOBaHME nepukapaa v MaeBpbl Ha BbiBIEHWUE
BbINOTA UM MOCTBOCMANNTESIbHBIX UBMEHEHWI BbINOJIHANOCH B COOTBETCTBUM C pEKOMeHZaumamu. Mpu nnoxon
YNIbTPA3BYKOBOV BU3yann3auuu UAM OTCYTCTBUM MPU3HAKOB MOPAXEHUS Mepukapaa Wan nieBpbl y NauueHToB
C TUNUYHBIMW CUMNTOMaMM MPOBOAMAACH MarHUTHO-PEe30HaHCHasa Tomorpadws.

Pesynbratbl. B nccnenoBaHme BkIOYEeHO 82 xeHLwmHbl 1 118 myxunH 39 (28-46) net. C y4eTOM KIIMHUKN
neprkapamT AMarHOCTUPOBaH y 152 (76%) naumeHToB, U3 HUX BbIMOTHOM nepukapaut —y 119 (78%), mnokapant —
y 6 (3%) n mnonepukapout —y 49 (25%) naumeHToB, NNEBPUT BbiBAEH Y 22 (11%) naumMeHToB, 3KCCYAATUBHBIN
nnesput —y 11 (5,5%) ¢ npenmyLLeCTBEHHbIM OLHOCTOPOHHUM MOPaXKEHNEM NPUIEXaLLEN K cepaLy MeamacTtum-
HasbHO-AMadparmManbHoi obnacTtu. MMneptepmust peructpupoBanack B 2,5% cnyyaes, obLiee HegoMoraHve
1 CHUXEHWE Ka4eCcTBa Xn3Hu otMeyanu 60 n 84% naumeHTos.

BbiBOoAbl. BocnaneHve cepo3Hbix 0605104€eK Kak NpuyMHa aTtunuyHor 60nm B rpyaHON KNeTke cpeay Monoabix
HEKOMOpPOUAHBIX MaLMEHTOB B paHHeM nepuoge nocne COVID-19 BoisiBneHo y 87% nauneHToB. B 6nvxalive
rofbl, BEPOSITHO, CTOUT MPOBOAUTb Y/bTPA3BYKOBOE WCCNedOBaHWE nepvkapia v MneBpbl BCEM MauveHTam
C 00Nbt0 B rPYAHON KIETKE.

KnioueBbie cnoea: COVID-19, nepukapauT, NnneBpuT, CEPO3UT, axokapanorpadus
ABTOpbI NOATBEPXAAIOT OTCYTCTBME KOH(JIMKTOB UHTEPECOB.

Ansa untupoBanus: Cykmaposa 3.H., M6parumosa ®.M., JlapuHa O.M., 'pomos A.N., HacoHos E.J1. MneBpuT 1 nepu-
KapauT Kak npuyvHa atunuyHor 60nn B rpyaHON KNeTke y MauueHToB B paHHem nepuope nocne COVID-19.
MeaununHckas Bndyanmnsaums. 2022; 26 (4): 11-22. https://doi.org/10.24835/1607-0763-1232
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Pleurisy and pericarditis as a cause of atypical chest
pain in patients with in early post-COVID-19 period
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During the pandemic COVID-19, there has been an increase in the number of patients with non-anginal chest
pain at cardiologist appointments.

Objective. To assess the incidence of signs of pleurisy and pericarditis after COVID-19 in non-comorbid
patients with atypical chest pain and describe their characteristics according to echocardiography and magnetic
resonance imaging.

Materials and methods. From February 2021 to January 2022, 200 outpatients were prospectively enrolled in
the study, all of them suffered from a discomfort in the heart region for the first time after SARS-CoV-2 infection.
Inclusion criteria: 18-50 years old, 5-12 weeks after SARS-CoV-2 infection, non-anginal chest pain. Exclusion
criteria: pneumonia or signs of pulmonary thromboembolism, coronary heart disease, congestive heart failure or
kidney disease, clinical or laboratory signs of myocarditis, oncopathology, radiation or chemotherapy of the chest
in past medical history. A survey was conducted (yes/no) for the presence of general malaise, quality of life dete-
rioration, hyperthermia, cough. Ultrasound examination of the pericardium and pleura to detect effusion or post-
inflammatory changes was performed in accordance with the recommendations. Magnetic resonance imaging was
performed if ultrasound imaging was poor or there was no evidence of pericardial or pleural involvement in patients
with typical symptoms.

Results. 82 women and 118 men were included. Median of age 39 [28-46] years old. Pericarditis was diag-
nosed in 152 (76%) patients, including effusive pericarditis in 119 (78%), myocarditis in 6 (3%) and myopericarditis
in 49 (25%) patients, pleurisy was detected in 22 (11%) patients, exudative pleurisy — in 11 (5.5%) patients with
a predominant unilateral lesion of the mediastinal-diaphragmatic region adjacent to the heart. Hyperthermia was
recorded in 2.5% of cases, general malaise — in 60% and a decrease in the quality of life — in 84%.

Conclusion. Serositis as a cause of atypical chest pain among young non-comorbid patients in early post-
COVID was identified in 87% of patients. In the coming years, it is probably worthwhile to perform ultrasound of the
pericardium and pleura in all patients with chest pain.

Keywords: COVID-19, pericarditis, pleurisy, serositis, echocardiography
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AKTyanbHOCTb

KnuHnyeckoe pasHoobpasvie NposiBNEHUIA HOBOM
KopoHaBupycHon nHdekumn (SARS-CoV-2) BO MHO-
rom o0yCclioBNEHO CUHAPOMOM CMCTEMHOrO BOcnane-
HUs [1]. TMNepMMMyHHBIM OTBET B OCTPOM Mepuoae
N ayTOMMMYHHbIE pPeakumn — B OTAAJIEHHOM Onpeae-
JISIOT WNPOYANLLYIO NaIUTPY KIMHUYECKUX U CYOKN-
HMYecknx GOpM TeyeHust 3ab0seBaHns, BbIBBAHHOIO
HoBbIM kKopoHaBupycom (COronaVlirus Disease 2019,
COVID-19). YacTo nopaxeHust opraHoB 1 CUCTEM §IB-
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NA0TCHA NpeaAckasyeMbiMy, HTO NOKAa3aHO B OTHOLUE-
HUW OeKoOMMNeHCaUnn XPOHUYECKON OOCTPYKTUBHOM
0O0Ne3HN Nerknux UM cepagyHoil HeoCTaTOYHOCTU
[2]. OgHako onMcaHo MHOXECTBO Ciy4aeB pPas3BuUTUS
HEMPOrHO3MpyeEMbIX paHee MocneacTeui. 10, B
nepBylo o4epenb, kacaetcss maHubecTaummn nepu-
KapouTa unm MMoKapauTa, Tmpeonguta unm aptpu-
Ta y MOJIOAbIX paHee 340poBbIX Nogen. CBa3aHo nn
pa3BUTUE OMNPELENEHHbIX OCNOXHEHUI C reHeTunye-
CKWN MPeapacrnonoXeHHON “XPYnKOCTbIO” Kakoro-nm-
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00 opraHa nam n3bmnpaTenbHOCTLIO UMMYHHOW arpec-
cun, xapakTepucTmkamMm uam o301 BUpyca, HyTpu-
TMBHbIM AN GU3NYECKUM CTATyCOM B MOMEHT 3apa-
XeHus — npegmeTbl NOCnenyloLero MHOroIeTHEro
n3yyeHus. Mol BbISBUNK, YTO BHE 3aBUCUMOCTU OT
OOMUHMPYIOLWEN CMMATOMATUMKK (pecnupartopHas,
KULLIEYHAs UM HEBPOOrnyeckas) npuaHakmy nopa-
XEHUSI CEPO3HON 060NI04KM CepaLa NpPUCYTCTBYIOT
y 6onbmnHcTBa U3 nepebonesunx [3]. Mpu Hanuumm
COOTBETCTBYIOLLMX CMMNTOMOB YNbTpa3BykoBblie (Y3)
NpPU3HaKM BOCNaneHus nepukapaa QUKCUPYIOTCS
B 96% [4], a ecnv yunTbiBaTb TONBKO BbINOT — B 68—
76% cnyyaeB [5]. Takxe OblI0O OTMEYEHO, 4TO B Te-
yeHue 2 neT Ha NpueMe Kapamosora yBeandmuaoch
KOSIMYECTBO MOJIOAbIX NALMEHTOB C aTUNM4Hol 60-
Jbl0 B FPYOHOW KNETKe, Y KOTOPbIX 06CneoBaHmne He
BbISIBNISIET CEPAEYHbLIX MPUYMH, HO OOHapyXMBalOTCS
NPU3HaKku naespuTa.

Llenb uccnepoBaHuns

OueHuTb BCTPEYAEMOCTb MPU3HAKOB MyeBpuTa
n nepukapguta nocne COVID-19 y HekoMopbUuaHbIX
NauueHToB C aTUMUYHOW OONbID B FPYOHON KneTke
M OnucaTb UX XapakTePUCTUKU MO OAHHBIM 3X0OKap-
anorpadun (9xoKlM) n MarHMTHO-PE30OHaAHCHOW TO-
Morpadum (MPT).

MeToabl

NccnepoBaHne KoropTHoe, MpOBEAEHO MO Mpo-
Tokony STROBE (STrengthening the Reporting of
OBservational studies in Epidemiology). C deBpans
2021 r. no aHBapb 2022 r. B uccnengoBaHne npocnek-
TUBHO nocnegoBaTenbHo BkodeHo 200 monongbix
HekoMOopOUAHbIX NaLMeHToB, aMOynaTopHO 06paTuB-
LIMXCS K Kapauonory ¢ AuMckom@opTom B 06nactu
cepaua, BNepBbie BO3HUKLLVM NOCE NePEHECEHHOI0
3aboneBaHua COVID-19. Kputepum BKJIOYEHUS:
18-50 net, 5-12 Hep nocne 3apaxeHus SARS-CoV-2,
HEaHrMHO3HbIN xapakTep 60aM B rpyaHON KNEeTKe.
Kputepmn MCKNIOYEHUS: MHEBMOHUSA WM NPU3HaKK
Tpomboambonun nerouyHon aptepun (TIJIA) no
DaHHbIM KoMMbloTepHOM ToMorpadum (KT) nerkumx,
KOopoHapHas 605e3Hb cepua, 3acToiHas cepaeyHas
WAN noYeyHas HefoCTaTOYHOCTb, OHKOMATONOrus,
XYMmnoTepanus, JiydeBasi Tepanusi OpraHoB rpygHomn
KNeTkn B aHamHe3ae. [poBoaunca GUHAPHLIA ONpPoCc
(oa/HeT) Ha HanM4ne obLLEero HeJOMOraHus, yxyaLe-
HUS Ka4ecTBa XM3HU, TMNepTepMUm, Kalnsa. Ynerpa-
3ByKOBOe nccneposanue (Y3W) nepukapaa, Mmokap-
0a 1 NNeBpbl Ha BbISBNIEHNE BbINOTA MM MOCTBOCMA-
JINTENbHbIX U3MEHEHWI BbINOSIHANOCh B COOTBETCT-
BN C pekomeHaaumamu [6-8] Ha annapate Vivid
GE 70. Kpome ctaHOapTHbIX MNO3WLMIA, BbIBOOWUINCH
obnactu CuHycoB M 0Oopo3n, nepukapaa, CUHYCHI
nieBpbl MCCnenoBanncb B nonoxeHun cmas. Oue-

HMBANMCb NATONOMMYECKME MPUBHAKN: BbIMOT >2 MM,
TOMNLLMHA Nepukapaa >3 MM, NPU3HAKN KOHCTPUKLINN,
rnobanbHble 1 NIOKasIbHbIE HAPYLLEHMS COKPATMMOCTU
MroKapaa BM3yanbHO 1 Mo gaHHbiM Speckle Tracking,
anactonuyeckas GyHKUMS ceppaua, rmnepaxoreH-
HOCTb W YTOJILLEHNE NSIEBPbLI MO CPABHEHWUIO C Npune-
Xawmmm ysactkamu. Mpu nnoxon Y3-susyanusaumm
VAN COMHUTENbHbIX Y3-Nprn3Hakax nopaxeHus nepu-
Kapaa unm naeBpbl y NAUNEHTOB C TUMUYHBIMU CUM-
nToMmamu nposoaunacb MPT no COOTBETCTBYOLWUM
cTaHgapTtam [6-8, 9, 10]. MPT cepaua Obina Bbino-
HEHa C NMOBEPXHOCTHOM PaAn04acTOTHOM KaTyLUIKOM
n cuHxpoHusaumen ¢ OKI. CtaHpgapTHbIN NPOTOKON
ncenenosaHuns Bktoyan T1-B3BeLLEHHbIE n300paxe-
Hus (TR cooTBeTcTBOBaNO UHTEpBany R-R; TE 25 mc;
ToJWMHa cpesa 8 MMm; none nsaobpaxeHns 35-38 cwm;
nBa ycpegHeHus; 10-12 cpe3oB), a Takke cepuio
ncecnenosaHuii no metoamke kKuHo-MPT (TrueFISP:
nosne 35 cm, TonwmHa cpesa 8 MM, KONMYECTBO KaapPoB
B KMHoMeTne ot 12 go 16 B 3aBMCMMOCTM OT 4acCTOThI
cepaeyHbIX COKpalleHnin) B OBYX- U YeTblpexkamep-
HOWN NPOEKUMSAX NO OJIMHHOM OCU M MO KOPOTKOM OCWK
JIEBOr0 Xenyaoyka OT OCHOBaHMS OO0 BEPXYLUKM OJiS
pacyeTa Macchl MMokapaa U 06beMHbIX NokasaTtesnei
NIeBOro xenygoyka. Jna npoBegeHns nccnenoBaHms
C OTCPOYEHHbIM KOHTPACTUPOBAHMEM MaLMEHTAM
BBOOUIN BHYTPUBEHHO rafl0NIMHNEBDLIA KOHTPACTHbIV
npenapar. Bpems OTKNOHEeHUs BekTopa HamarHu-
yeHHocTu (TI) noadupany ¢ NOMOLLbIO CreunanbHOM
nporpammsbl TI-Scout, OHO cocTaBnsano, Kak npaBu-
1o, 240-280 mc. Kputepuamu nnespuTta no AaHHbIM
MPT aBnsnocb Hanuume BbiNOTa B MNAEBPasbHOM
noJsIoCTM MexXay NMCTKaMu nepukapaa B co4eTaHum
C NoKaNibHbIM YTOJILLEHNEM WM KOHTPACTUPOBAHU-
€M MneBpanbHbIX TMCTKOB.

B cBS3M C NpuMMEHSIEMbIMU PYTUHHLIMU HEUHBA-
3MBHbIMW METOAAMM UCCNeNOBaHMS 0000peHMe aTu-
yeckoro komuteTta He Tpebyetcs. CTaTUCTUYECKUIA
aHanNn3 OaHHbIX MPOBEAEH C MOMOLLBbIO NPOrpaMmbl
Statistica 13.5.0.17 TIBCO Inc. KonnyecTBeHHble Na-
pameTpbl NPeACTaBneHbl B BUAEe MeaumaHbl, 5-95-ro
npoueHTunen: Me [5-95]. KoppensumMoHHbIn aHanm3
NPOBOAWNCS NPU MUCNOJIb30BaHUN (-KOIDDULMEHTA
koppensunn MNupcoHa n Tabnauy, CONpsKEHHOCTMW.
PesynbtaThl NpeacTaBnsinCh Kak ¢ (p) U OTHOLLEHME
waHcoB (OW) n 95% poBepuTenbHbIN MHTEPBAN
COOTBETCTBEHHO. 3HaveHue p < 0,05 cuutanu cta-
TUCTUYECKUN 3HAYMMBIM.

Pe3ynbraTtbl

OTobpaHHasa rpynna coctossia u3 82 XeHLLUMH
n 118 myxuuH, cpeoHuin Bo3pact 39 (28-46) ner.
176 13 Hux Ha ocTpoTe nHdekunn KT rpyaHOn KneTkn
He npoBoAMnacb W3-3a OTCYTCTBUS MOKa3aHWUN.
Y 24 naumeHToB uMenuck AaHHble KT 6e3 BU3yasnbHbIX
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npu3HakoB natosiormm. Ha MomMeHT obcnenoBaHus
¢ nepuoga 3apaxeHus SARS-CoV-2 npowno 7 (4-11)
Hen, a nocne MaHudecTaumm guckomoopTa B rpya-
HOW KneTke (pa3suTus nepukapauta?) — 3 (2-8) Heq.
Bonb B rpyan BapbupoBana no WMHTEHCUBHOCTU:
OT CUJIbHON 00 ManOWHTEHCMBHOM, HOCWUA MO3NUM-
OHHbIN “OCTPbIN" XapakTep, He CBA3aHHbIN C dusnye-
CKOW Harpy3Kom 1 4acTo nppagmmposana B CrinHy.
Mo paHHbIM Y3W npusHakyu nepeHeceHHoro Boc-
naneHnsa nieBpbl BbiieHbl Y 19 nayneHToB: nnes-
panbHbI BbINOT umenn 9 (puc. 1), “cyxne” nameHe-
HUS B BMUAE JIOKAIbHOrO TMMNEpP3XOreHHOro yvyactka
ytonweHuns - 10 naumeHTtoB (puc. 2). MNatono-
rnyeckne Y3-n3MeHeHus nepukapaa npucyTCcTBOBA-
vy 151 nauneHTa, U3 HMUX BbINOT 3aperncTprupoBaH
y 118 (puc. 3a), HeakccyoaTUBHbIE WU3MEHEHUs —
y 33 naumeHToB (CM. puc. 26), Np13HaKn NopaxeHns
MKnokapaa rno BM3yasabHOM OLUEHKe (0Yarn rmnokKnHe-
3a) n speckle tracking — y 49 (puc. 36). lBa nauuneH-
Ta nmenn OxoKlr-npudHakm muokapauTa (HapyLue-
HWe NoKaNbHOM UK rnobanbHOM COKPaTUMOCTU, HE
COOTBETCTBYIOLLLEE KOPOHapHbIM OacceliHaMm) 6e3
nepukapguTa, y 12 permctpMpoBanocb NoBbILLEHNE
CUCTONINYECKOrO OABMIEHUSI B JIEFOYHOW apTepuu.
MPT npoBegeHa 17 naumeHTam, y KOTOPbIX TUMNY-
Has maHndecTauns CUMMMNTOMOB HEe NOATBEPAMSIACH

OOHO3HayHbiIMKM Y3-Haxogkamn, U 1 nauyueHTke
C uenbio anddepeHunansHONn AMarHoOCTUKM n3-3a
BbISIBJIEHNSI 3HAYUTENLHOMO BbiNOoTa 060MX JloKanu-
3aumin. Mpu atom y 1 naumeHta (0,5% 1n3 obLuero
KONMYECTBA BKJIIOYEHHBIX) BbISIBIEHBI MPU3HAKW Bbl-
NOTHOrO NepukapanTa (He BbISIBAEHHbIE paHee n3-3a
naToJIOrMYEeCKOro Cnos anukapavanbHOro Xmpa),
Yy 4 (2%) - npu3HaKkn NepeHeceHHoro mMuokapamta
(MOCTKOHTPACTHbIE UCccnenoBanns), y 4 (2%) — npu-
3Haku niespuTa (BbINOT MakKCYMasIbHON TOMLLMHOWN
8-11 MM, nokanbHOE YTOJLLIEHNE U KOHTPaCTUPO-
BaHME NNCTKOB) M TOnbkO y 9 (4,5%) natonorus
obonoyek cepaua u nerkux oTcyTtcTeBoBana. Pac-
npeneneHne nokanMaauumn nopaxeHus MnieBpbl Mo
Y3/ 1 MPT (n = 22) 6bin10 cnegylowmm: y 7 naum-
€HTOB BbIMOT WAN JIOKaNbHblE TUMNEPSXOreHHOCTb
1 yTONLEeHne, B cpegHeM o 7 (5-10) mm, nokann3o-
Ba/IMCb NPEVMYLLECTBEHHO B NPaBoM anadparmarb-
HO-MeguacTUHaNbHOM CcuHyce, y 4 — B amadpar-
ManbHO-pPebepPHbIX CUHYcax (CpPeaHuii pacyeTHbIN
obbem coctarnan 405 £ 46 mn). C y4eToM KINHUKN
CYMMapHO NepuKapauT guarHoctTupoBaHy 152 (76%)
NnaLMeHTOB, N3 HUX BbINOTHOW nepukapaut —y 119
(78%), muokapant — y 6 (3%) n mmonepukapant —
y 49 (25%) nauMeHTOB, NMAEBPUT BbISBAEH y 22
(11%) nauneHToB, B TOM 4YUCNE SKCCYOATUBHbLIN

Puc. 1. a - 9OxoKI cnopTtcmeHa 32 neT co CHUXEHNEM NEPEHOCMMOCTM HArpy30K 1 MMHUManbHLIM IMCKOMMOPTOM B rpyau.
MoandurumpoBaHHas anvkanbHas TpexkaMmepHasa no3nums. BeinoT B 061acTn BEPXYLUKM CEPALA, HE BU3YaNTM3NPYIOLLMIACS
B CTAHOAPTHbIX No3Muumsx; 6 — Y3W nerkunx naumeHTku ¢ 60nbto B rpyaHoON KieTke, cybpebpunmnteToM B TEHEHNE 2 MEC NOCTE
HepecnupatopHoro COVID-19. BbiNnoT B nneBpasibHyl0 MOMOCTb, PaCnpefeneHHbli No xody MeavacTUHanbHO-Ana-
dparmanbHOro yrna npaeoro nerkoro (ctpenkn). 1 — anadparma; 2 — neBoe nerkoe; 3 — cepale; 4 — npaBoe nerkoe; 5 — xup.

Fig. 1. a — Echocardiography of a 32-year-old athlete with decreased exercise tolerance and minimal chest discomfort.
Modified apical three-chamber position. Effusion in the apex of the heart, not visualized in standard positions; 6 — Lung
ultrasound of a patient with chest pain, subfebrillteitis for 2 months after non-respiratory COVID-19. Effusion into the pleural
cavity, distributed along the mediastinal-diaphragmatic angle of the right lung (arrows). 1 — diaphragm; 2 - left lung;

3 — heart; 4 - right lung; 5 - fat.
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Puc. 2. a — 9xoKI naumeHTkn 38 net ¢ 60MbI0 B FPYAHON KNETKE: BEPXYLLIEYHas TpexkamMmepHas no3nums. YTOJNLLEHHbIN
rMNEPIXOreHHbIN Y4acTOK Mpuaexallern MexaoneBo nnespbl (CTpenka), “cayqyariHo” BbIBAEHHbI NPU NCCNeaoBaHuu;
6 — 9xoKI nauneHTkn 42 nNeT co CHUXEHNEM Macchl Tena Ha 8 kr B TeyeHue 4 mec nocnie COVID-19 (BToporo): Moandu-
LUMpOBaHHas BepXxyLleyHas AByxkamepHas nosuums. OuyaroBasi rmnepaxoreHHOCTb, YTOJEeHne nepukapaa B 6a3asnbHo-
HUXHel obnacTu (cTpenka) n npunexallero 3aaHe6asanbHOro yyacTtka niespbl (2 cTpenku). 1 — neBoe nerkoe; 2 — neBblii
xenynoyek; 3 — neBoe npeacepave; 4 — npaebii Xenynodek; 5 — nnespa; 6 — nepukapa; 7 — OpiolHas nonocTb.

Fig. 2. a - echocardiography of a 38-year-old patient with chest pain: apical three-chamber view. A thickened,
hyperechogenic area of the adjacentinterlobular pleura (arrow) “accidentally” identified during the study; 6 —echocardiography
of a 42-year-old patient with a weight loss of 8 kg within 4 months after COVID-19: modified apical 2-chamber view.
Focal hyperechogenicity, thickening of the pericardium in the basal-inferior region (arrow) and the adjacent posterobasal
pleura (2 arrows). 1 — left lung; 2 - left ventricle; 3 - left atrium; 4 — right ventricle; 5 — pleura; 6 — pericardium; 7 — abdomen.

Puc. 3. a - OxoKI naumeHTkn ¢ “HecooTBETCTBYOLWEN Taxmkapamein”, 3 mec nocne 3-ro COVID-19: mogndurumpoBaHHas
napacTtepHanbHas no3vums No AANHHOM ocu. BbiBefeHa Bepxyllka cepiua ¢ cenapaumein nncTkoB nepvkapaa 8—15 Mm
(cTpenkn); 6 — AxoKI naumeHTa ¢ 601bI0 B rpyaHol knetke, 4 Hen nocne cyoknnHmyeckoro COVID-19: moanduumpoBaHHas
anunkanbHas TpexkamepHas no3nums. BoiBegeH y4acTok BocnaneHms nepmkapaa ¢ BbinoTOM Mo X04y KOPOHApPHOro CUHyca
(cTpenkun). 1 — neBoe nerkoe; 2 — BepxyLlka cepaua; 3 — anadparma; 4 — nesbii XXenynoyek; 5 — npaBbIii Xenyno4ek.
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Fig. 3. a — echocardiography of a patient with “inappropriate tachycardia” 3 months after the 3rd COVID-19: modified
parasternal long axis view. The apex of the heart was showed with separation he pericardial layers 8-15 mm (arrows);
6 — echocardiography of a patient 4 weeks with chest pain after subclinical COVID-19. An area of pericardial inflammation
with effusion along the coronary sinus is shown (arrows). 1 - left lung; 2 — apex of the heart; 3 — diaphragm; 4 — left ventricle;

5 —right ventricle.

nneBput —y 11 (5,5%). B obweii rpynne y 18 (9%)
NauMEeHTOB N3MEHEHUS NIEBPbI COYETANINCL C N3Me-
HeHnsmu nepukapaa (OL 2 [1-8]). Ecnu 6paTb TONb-
KO napameTp “akccymaumsa”’, Takux cnydaeB Oblsio
14 (7%): T.e. 61% NauneHTOB C BLIMOTOM B MjeBpasib-
HYI0 MOJIOCTb MMENN BbIMOT B nepukapa n 9% naumeH-
TOB C BbINOTOM B nepukapn, UMenu BbINOT B MNEBPY.
Hanuuve npusHakoB BocnaneHus cepo3Hbix 0000-
4yeK BMEeCTe 1 Mo OTAENbHOCTU KOPPensLumm ¢ Bo3pa-
CTOM 1 NMOJIOM MaUMEHTOB HE NPOAEMOHCTPUPOBAIIO.
Y 4 (2%) naumeHTOB Ha MOMEHT OCMOTpa Coxpa-
HSAJICA HaBA3YMBLIN Kalenb, y 5 (2,5%) — cybdeb-
punbHas Temnepatypa, 121 (60%) otmeTun obwee
HepoomoraHvne, 168 (84%) — CHuXeHne KayecTBa
XN3HU. Hannume Kawwnsg KoppennpoBaso ¢ Hanmymem
akccynara B nnespansHon nonoctu: ¢ =0,6 (p <0,01),
C aKccypaumnein B MeamacTMHanbHO-gmadparMmanb-
HbI cuHyc: ¢ = 0,8 (p < 0,01). Hannume cybdebpun-
MTeTa KOPPEenMpoBano C HanuMyMem akccypaTa
B nmobor nonoctu: ¢ = 0,9 (p < 0,01); B nonoctu
nieBpbl CUSIbHEE, YeM B NOSIOCTH nepukapaa: ¢ = 0,7
(p<0,01)nd=0,3(p<0,01) COOTBETCTBEHHO.

OOGcyxaeHue

Hamu ycTaHoBNEHO, 4TO NaumeHTsl ¢ 60NbI0 B Fpy-
aon nocne nepeHeceHHoro COVID-19 umetoT 601b-
LUYIO BEPOSITHOCTb OOHAPYXXEHUS Y HUX NepukapauTa
1 nnesputa. VIMEHHO npogokalolerocs socnane-
HNSI CePO3HbIX 0000YEK CepALa U Nerknx, a He NocT-
BOCMNANUTENbHbIX UBMEHEHUN, TaK Kak A0Ka3aHo, YTO
00Nb ABNSETCS CMMMNTOMOM BOCMaNIMTENIbHOM peak-
LMn n3-3a 6oraton HoOUMLENTUBHOWM MHHEepBaLMN Na-
pueTansHoro nepukapga [11] v nnespeol, B TO BPEMSA
Kak TOMbKO BbIMNOT 6e3 BOCMasieHns Yale He UMeeT
CUMNTOMOB MM NposBaseTca oaplwkon [8]. Bonb
B FPYAHOW KJIETKE — 4aCTO BCTPEYAOLLUMIACS CUMMTOM,
KOTOpPbIA TpebdyeT wunpokoln anddepeHumanbHon
OMNarHOCTUKM CO CTOPOHbI Bpaya v U3HYpsieT NaLmeH-
Ta. M3BecTHO, 4TO TOoNbko 10% nauneHTOB C OCTPOWA
6oNbl0 B rpyay MMEIOT OCTPbIA KOPOHaPHLIA CUH-
aopom, okono 20% - O4YeBUOHYIO HekapAnanbHYO
3TNONOrnIo, a ocTanbHble 70% noaBeprakTcs MHOrO-
cTyneHyaToMy obcnenoBaHuio, B MEpPBYID O4epemb,
0N UCKIIOYEHUS KOPOHAPHOro arepockseposa.
N3 nocnegHen rpynnel y 17,6% BbISABASIOTCS NPU3Ha-
kn MIBC, Ho Yawe — y 18-19% — npu3Hakn nepukap-
ounta [12]. Uccneposanve 2014 r. 708 naumeHTOB
¢ 6onbto B rpyam u nckntodeHHor MbC BbISIBUNO, HTO
143 (20%) 13 HMX CTpaganu oT NepukapauTa, He Bbl-
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SIBIEHHOrO MO CTaHAAPTHbIM OMArHOCTUYECKUM
KPUTEPUSM U MOATBEPXAEHHOrO Tonbko MPT [9].
B 2015 . Takke kpynHoe MPT-uccnenoBaHume ¢ BKO-
yeHnem 931 naumeHTa ¢ 60NbIO B rpyan nokasaso
eule 6onblUyD PacnpoOCTPAHEHHOCTb NepUKapauTa,
0COOEeHHO B Kkoropte nauweHtoB mnagwe 40 net
(24,3%) [13]. PacnpocTpaHeHHOCTb nepukapauta
B MONyNSUMN HA TOT MOMEHT pacCcyMTbiBanacb Kak
27 Ha 100 000 yenoseko-neT [6]. B HacToAwmMA nepu-
0f, Koraa pacnpoCTPaHEHHOCTb AnarHo3a “nepukap-
ONT” TONbKO MO KJIACCUYECKUM KPUTEPUSM Cpeam
nepedoneswmnx COVID-19 coctaBnsetr 13% [14],
6O0sbLIOM MPOLEHT TakMxX NauMeHTOB cpeau rpynmnbl
Kapguanruii B Hawen pabote (76%), roe nepukap
Obln B (POKyCe BHUMAHMWS, YYUTbIBANIUCb, B TOM
4yucne, HE3KCCyoaTUBHbIE MPU3HAKM BOCNANeHUs
M MCMNONb30BaNOCb COBPEMEHHOE 0060pyaoBaHMeE,
He BbI3bIBAET YyAMBIEHMS. PacnpoCTpaHeHHOCTb
nepukapauanbHoro BbinoTa 76% cpenn Cxoxemn
rpynnel NaunueHToB AEMOHCTPUpPYeT 0b630pHas pa-
6ota 2021 r. [5]. OgHO M3 nepBbIX UccnenoBaHUi
B 9TOM 06nacTu Takxke nokasasno, 4to 'y 78% BbI30o-
poseBwnx ot COVID-19 B3poCAbIX MAuMeHTOB MO
pe3ynstataM MPT B TeYeHMEe HECKONbKUX Heaesb
npoao/mKanocb nopaxeHne muokapga [15]. Mol no-
NbITAANCb UCKOYNTb MNAUMEHTOB C MMOKAPAMTOM Ha
aTane BK/OYEHMS, TakK KakK aHanm3 He nogpasymeBan
nabopaTopHOM 4YacTu, oAHako Aaxe B OTOOpPaHHOW
rpynne Oons ciy4aeB C NOAO3PEHMEM Ha TeKyLUMiA
VAN NepPEeHeCEeHHbI MMokapauT coctaBuna 28%.

B nepunog naHaemMunm OTMEYEHO 3HAYUTENbHOE
yBENMYEHME 00NN MALMEHTOB C HEAHTMHANbHOW 60-
JblO B rpyav Ha npueme kapguonora. BpemeHHble
MUKW ee NosiBNeHNs COOTBETCTBYIOT 2-1 1 10-11 He-
nenam nocne nepeHeceHHoro COVID-19, a obpa-
LAeMOCTb MO €e NOBOAY MakcumanbHa Ha 4-5-i
n 10-11-11 Hepenax cooTBeTcTBEHHO [3]. Hawwn naH-
Hble MO nepukapouTam COrnacylTcsd C OaHHbIMU
KONJIEr, M3YYaloLWMX NOPAXEHUS MNIEBPbI, CBA3AHHbIE
¢ COVID-19: 06bl4HO NAEBPUT BLISBASIOT Yepes
5-7 pHen nocne rocnutanu3aumm n 4yepes 11 gHen
nocne nosiBneHus cumntomoB [16]. Yactota nnes-
pasibHbIX BbINOTOB NPW BM3yanun3aumm opraHoB rpya-
HOM KNEeTKM MOXeT yBenuumaTbCcs OO0 21-ro gHea
C MOMEHTa MOSIBIEHNS CMMMNTOMOB W HanOMWHaTb
rnosgHue ctagum nNHEBMOHWUK, BbidBaHHOM COVID-19
[16]. PacnpocTpaHeHHOCTb NAEBPUTA B HALLEN rpyn-
ne (11%) HecCKosnbKO BbIlLE MOKa3aHHbIX B 00630pe,
BkitoyaBwem okono 5000 B3pocnbix U OeTten
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(o1 7,9 ropa po 70,0 neT) ¢ AMarHo30M “NMHEBMOHUS
COVID-19”, roe BbINOT perucTtpupoBanca y 7,3% na-
uneHToB [16]. CnenyeT OTMETUTD, HTO BO BCEX BKJIIO-
YEHHbIX B JAaHHbIN aHann3 nccnegoeanusx (n = 141),
nneespasbHble BbINOTbI HE ObIAN LENbI0 U Habnwaa-
JINCb KaK BTOPWYHbINA pe3ynbTaT UAM Kak cllydanHas
Haxo[Kka Cpeau MHOrMx napamMeTpoB, OLLEHUBAEMbIX
y naumeHToB ¢ ocTpbim COVID-19, Tak kak paHee
CUHMTANOCh, YTO MAEBPASIbHBIV BbINOT BUPYCHOI 3TNO-
norun sensetcs 6e3obuaHbiM [8]. OgHako npocnek-
TUBHbIE uccneagoBarus 1 oo 2019 r. nokasbiBanu, 4To
rogoBas CMEPTHOCTb Yy MAUMEHTOB C HE3/I0KAYecT-
BEHHbIM HEWMHMEKLMOHHBLIM MAEBPasbHbIM BbIMOTOM
coctaengna 25-57% [17]. Mo HakonneHHbIM AaHHbIM
npu apyrmx UHOEKUMax naumMeHTbl C MHEBMOHMEN,
Yy KOTOPbIX OOMOSIHUTENBHO Pa3BMBAJICA MapanHeB-
MOHWYECKWI MAeBpasibHbIA BbINOT, MMenuM OGonee
BbICOKYIO CMEPTHOCTb [18], a y nauMeHTOB B KpUTU4e-
CKOM COCTOSIHMM NNeBpasbHble BbIMOTbl ABASANNCH
HEe3aBMCKMbIM NPEAMKTOPOM HEGNAronpusaTHOro nc-
X0[a OCTPOro PecnupaTtopHoOro AUCTPecC-CuHapoMa
He TONbKO MHOEKUNOHHON, HO U HEMHPEKLMOHHOMN
aTnonorum [19]. Hanpumep, y nauneHToB ¢ BHEOO/Ib-
HWYHOW TMHEBMOHMWEN, BbI3BAHHON Kak BUPYCHbIMU,
Tak 1 GakTepuanbHbIMU MUKPOOPraHn3Mamm, 3KCCy-
OATVBHBIA MNNEBPUT OT CpeaHero Ao 601bworo pas-
Mepa Obin CBsi3aH C 3-4-KpaTHbIM YBEIMYEHUEM
30-nHeBHoM cmepTHOCTM [20]. Bonblioe ob6cepBaum-
OHHOe uccneposaHve 476 naumeHtoB ¢ COVID-19
coobLaeT, 4To xoTs obwas YacToTa nneBpasbHbIX
BbINOTOB COCTaBnsna 5,7%, y TaXenblX NaLMeHTOB
oHa pgocturana 18% no cpaBHeHuto ¢ 3,1% y naumeH-
TOB B HeKputuMyeckom coctosiHum [21]. MNMopobHble
pe3ynbrathbl OblIM OTMEYEHbI ELLE B HECKOJIbKMX UC-
cnepoBaHusix, rae y naupeHtos ¢ COVID-19 B kputu-
4YECKOM COCTOSIHMM BEPOSITHOCTb PasBUTUS MJEB-
panbHOro BbinoTa Obina 33-43% u B 3,2 pasa Bbllle
no CpaBHEHMIO C Bonee nerkumu cinydasmm [22, 23].
B o6cepBaLMOHHBIX MCCES0BaHUSX Y B3POCIIbIX U [ie-
Tel ¢ nHeBMoHKnen COVID-19, a Takxke noxunbix 1 60-
fiee MoNoAbIX NAUMEHTOB 4acTOTa NJIEBPANbHOMO Bbl-
noTa He pasnuyanacs [16, 23, 24]. Hannune KonHdpek-
LMn, Takol Kak akTUBHbIV TyOepKynes uam 3noka4yecT-
BEeHHoe HoBooOpasoBaHue nerkux IV ctaguu, 6biio
OMUCAHO B Ka4eCcTBe Npeapacnonaraiowmx GakTopos
ONs pas3BuUTMSA MAEBpPaibHbIX BbIMOTOB Y MaLUMEHTOB
¢ COVID-19 u B apyrux cnyyasx [25, 26]. K npumepy,
OLHOCTOPOHHSIS MNEBPONHEBMOHMS Yy 10-MeCS4YHOro
MfageHua, OAHOBPEMEHHO 3apas3vBLUErOCH BETPS-
How ocriort u COVID-19 [27], unn cny4yain BbINOTHOIO
nnesputa Ha doHe 3apaxeHns SARS-CoV-2 y nauu-
eHTkun 33 net ¢ Tybepkyne3om [28]. OaHako 3adpukcu-
poBaHa 1 uctopusa 60/e3HM NaumeHTa ¢ nneBpasb-
HbIM BbINOTOM [29] nnnM HeaKcCcyaaTUBHBIM MEBPU-
Tom [30] kak eanHcTBEHHOrO NposiBneHns COVID-19.

“Cyxne” n3MeHeHus, Takme Kak yToLLeHne 1 runep-
9XOreHHOCTb MJIEBPLI, B Hallen rpynne amOynatop-
Horo COVID-19 3adukcuposaHbl B 11% cny4aes Ha
11-n Hepene nocne nHdekumn. B BbilLeynoMsHYyTOM
ncenenoBaHn 60ee TAXEeNbIX NALMEHTOB B OCTPbIN
nepuop COVID-19 yacTtoTa yTonueHus nnespbl Obina
B 4 pasa Bbilwe (46,9%), peTpakums nneepbl Obina
oTMeueHa y 41,7% obcnenyembix [16]. Mo aaHHbIM
MeTaaHanm3a yToJlLeHne NNeBpbl onucaHo y 52,5%
CTaLMOHAPHbIX NALMEHTOB C KOPOHABMPYCOM He3a-
BUCUMO OT BO3pacTHou rpynnbl [31]. B neguatpu-
4yeckol nonynsaumMm, HecMoTps Ha Oonee penkoe
BOBJIEYEHME TKAHW NIETKNX 1 NpeobnagaHne HeTsxe-
JbIX GOPM, YTOJILLEHNS MNEBPbLI BCTPEYAKOTCH B 2 U3
7 cnyvyaeB nHeBMOHUKM [32]. B cpaBHUTENBHOM aHa-
m3e  ©GUOPO3HbleE W3MEHEHWUS MNEBPbI  MOCHe
COVID-19 no pgaHHbiM KT dukcmposanuck B 3 pasa
yaule, 4yem akccypatmBHble: 15% npotmB 4% [33].
C 0OHOW CTOPOHBI, 3TO NOAYEPKMBAET BXKHOCTb OMNK-
caHnsg “cyxux” N3SMEHEeHNn a4na ANarHoCTUKN NNeEBPU-
Ta, C APYron — akTyannanpyeTt NperMyLLLEeCTBa Taknux
MeTonoB, kak Y3 u MPT [34]. Passutne nnesputa
0e3 NHEBMOHMTA Takke MOXET ObITb CNPOBOLMPOBA-
HO TOJIA, Tpurrepom koTopon sisunacb SARS-CoV-2
[13]. B Hawwel paboTe, HECMOTPS Ha TO H4TO NALMEHThI
C mn3BecTHoM TOJIA He aHanNM3MpPOBaIMChb, HENb3H
ncknoyaTb NofobHbIM cueHapuii y 12 naumeHToB
C npu3Hakamu NeroyHom runepTteHsun. CornacHo
8 obcepBauMOHHBIM UCCNEeO0BAHUSM, NoKanM3aums
3aperncTpmMpOBaHHbIX MIEBPASIbHBLIX BbINOTOB Oblnia
OZIHOCTOPOHHEN B 66,8-67,2% cny4yaes, B OCTaSIbHbIX
clyyasix ABYCTOPOHHeN [16], kak 1 B Halleli paboTe.
OpHako peTtanbHOro onvcaHust obnacten BoBnedye-
HWS NNIEBPbI PaHEE HE BCTPEYANOoCh.
MpencTaBneHHOE UccnenoBaHne nokasano, 4YTo
87% cnyyaeB kapgowanruin B nepuopn nocne nepe-
HeceHHoro COVID-19 o6ycnoBneHo BOCMaseHnEM
ceposHbix 06onoyvek. CoyeTaHMe MOpPaxeHUs He-
CKOJIbKMX OpraHoOB OMMCaHO B KayeCTBe OLHOr0 13
OCHOBHbIX MPU3HAKOB MYJIbTUCUCTEMHOIO BOCMNANu-
TenbHoro cuHapoma (MIS-C) nnmn ero B3pocnom cyli-
HOCTM — OCTPOro cepae4vHo-coCcyancToro cuHapomMa
COVID-19 (ACovCS) [35, 36]. C mpyroin CTOPOHbI,
NoSINCEPO3NT OTHOCUTCH K XapakTepucTukam CuUcC-
TeMHbIX 3aboneBaHuii [37]. MpeanonoxexHue, 4To Tak
Ha3blBaeMble MOCTKapAManbHble CUHOPOMbI MMEKOT
ayTOMMMYHHbIM NaToOreHes, 3anyckaembli Havasb-
HbIM MOBPEXAEHNEM TKaHEN nepukapaa u/vav nnes-
pbl, NpMobpeTaeT Bce 6osbLUE CTOPOHHUKOB. B TO xe
BPEMS KPUTUKYETCH UCXOOHOE AefieHre No BO3PacTy
MYNbTUCUCTEMHOIO BOCMNAIUTENBHOIO CUMHAPOMA,
Tak Kak W'y B3POCIbIX, Uy AETE OH CBSA3aH C MOBbI-
LEHHBbIMY BOCMANNTENbHBIMY MapKepamMu, Cepaey-
HO-COCYAMCTbIMU OCNOXHEHUSAMU U TUMNYHBIMU BHE-
KapavanbHbiMK nposBneHnamun [2, 36]. [JaHHbie
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Puc. 4. a - MarHMTHO-pPE30HaHCHas TOMOrpamMma OpraHoB rPyAHON KNeTKM naumeHTky 32 1eT ¢ NoCTKOBUAHBIM NOSIMCEpO-
31MTOM. BbINOT B NON0OCTM nepukapaa v niaespbl 1EBOro NErkoro (CTpeskun); 6, B — MarHUTHO-PE30HaHCHbIE TOMOrpaMmMbl
cepAua, NoCTKOHTpacTHoe n3obpaxeHne. CTpeskaMm ykasdaHbl BOCManeHHbIe YTOSLLEHHbIE MIMCTKM Nepukapaa, Hakanimea-

loLMe KOHTPACTHBIV Npenapar.

Fig. 4. a — magnetic resonance imaging of the chest a 32-year-old patient with post-COVID- polyserositis. Movie image.
Effusion in the pericardial and pleural cavities (arrows); 6, B — magnetic resonance imaging of the heart after contrast.
The arrows indicate inflamed thickened leaves of the pericardium, accumulating the contrast.

MYJIbTUMOAANIbHbIX METOAOB MO3BOASIOT MPeano-
noxntb, 4to MIS-C gBngetcs NOCTUHOEKLNOHHBIM
sIBNIeHEM, BO3HMKaOLWMM Bosiee YyeM yepes 2—-4 Hep,
nocne nepeu4HOro 3apaxeHus [38, 39], 4To KOCBEH-
HO NoKa3aHO K B Hawem wuccneposaHun. Cpeam
pagmnoNiorMyeckmnx NPU3HaKkoB, KOTOPble MOMyT MO-
MOYb OT/IMYNTL MIS-C OT HEOCIOXHEHHOIO TEYEHMUS
nHpekumn COVID-19, nepeyncneHbl nneBpasbHbIi
M nepukapauanbHbii BbIMOT, aCUMUT U BHYTPUrpyAa-
Hble/MeanacTuHanbHble nuMdageHonaTMm kKak He-
cneumdunyeckoe OTpaxeHue MyIbTUCUCTEMHOIO
BocnaneHus [39, 40]. O6wmin KOpeHb B BUAE NPOBO-
Kauun BMPYCOM HeafekBaTHOW ayTopeakTUBHOCTU
[41] v pa3BeTBIEHHbIN CNEKTP KIIMHNYECKUX NPOSIB-
NIeHNIA JaeT Moo NPUMEPSTb PeBMaTtosiormyeckme
KaTeropum Ha MOCTKOBUAHbIE CUHAPOMbI (pOSt-
COVID-19-syndrome). lMonnceposnt npeacrtasBnsier
coboi BocnaneHne n BbINOT Oonee 4emM B OOHY U3
CEepPO3HbIX Nnonocten. M3-3a ero OTHOCUTESIbHOW
pPenkoCTN He CYLLLECTBYET AMArHOCTUYECKNX KpUTe-
pVeB MM PYKOBOACTB MO MOSNCEPO3UTY; AMArHO3
OCHOBbIBAETCS Ha Pacno3HaBaHUM KINHUYECKUX
NPOSBNEHUA N MNOCNAEAYWEM AMArHOCTUYECKOM
noucke npegnofaaraemMelx nocneacteun [42].
PetpocnektuBHbIli aHann3 2018 r. naumMeHTOB, MO-
CTYNMBLUMX C NOMCEPO3nUTOM 3a 12 neT, nokasan,
4yTO Hambonee 4acTbiM OMArHO30M, BO3HMKAIOLLM
Yy NaUMEHTOB C MopaxeHuem 2 u 6onee Cepo3HbIX
obonoyek, sBnsieTcss HoBoobpasoBaHue (30,4%),
3a KOTOpbIM C/eayloT Mo yObIBaHNIO MHDEKLMOHHAS
n aytoummyHHas atmonorua [43]. bonee Tpetn
naumMeHToB He YOAeTCs YCTAHOBUTb MPUYUHY U Bbl-
cTaBnsieTcsl namonartmyeckoe 3abonesaHune. YTo mH-
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TepecHo, HOBOOOpa3oBaHMe accouMMpoBanoChb
y MAaUMEHTOB C COYETAHWEM MJEBpPUTA U acuuTa,
Toraa Kak Bce MHMEKUMOHHBIE NPUYMHBI MPUBOANAN
K COYETaHMIO MNEBPANIbHOrO U MNepuKapananbHOro
BbINOTOB [43]. [NepBbiin cnyyam nonmceposnTa, acco-
ummpoBaHHoro ¢ SARS-CoV-2, onybnMkoBaH B CEH-
Ta6pe 2021 . 1 B TOYHOCTM MOBTOPSIET MCTOPMIO
00Ne3HN OJHOM N3 HalMX NALUMEHTOK: Y XEHLLUMHbI
60 net Ha 3-11 Hepene HepecnuMpaTopHOu GOopMbI
CQOVID-19 nerkon cteneHn maHMpeCcTnpoBan nnes-
panbHbI 1 NepukapanasnbHblil BbIMOT, NpY AeTab-
HOM 00cnenoBaHun, BKIOYas NO3MTPOHHO-3MMUCCU-
OHHYI0 TOMOrpaduio BCEro Tena, UCKOYEHbI Apyrne
NPUYMHBI CEPO3UTA, CUMMTOMATMKA KynupoBanacb
nocne nonyroga npuema konxumumnHa [42]. B cnyyae
Hallen naumeHTkm 32 neT MaHndecTaums Takxke npo-
n3owna Ha 3-1 Hegene nocne 3apaxeHus, BbINOT
B Nnepukapa npucyTcTBoBan dunatepanbHo (puc. 4),
a K peMuccun NpuUBENO Ha3HayeHue AJIMTENbHOro
Kypca HECTEPOUAHBIX U CTEPOUAHbIX NMPOTUBOBOCHA-
JIUTENIbHBIX NPENAPaToB.

Cpeon Tex BKIOYEHHbIX, KOTOpble MnepeHecnu
COVID-19 B mOMaLLHMX YCIOBKSX, HACTO BCTPEYaInCh
cnydan oBHapyXeHusi BbinoTa Bo BpeMsi ob6cnenosa-
HUs No apyromy noeoay (Y3W 6ptoLlHOM NoIOCTH Nmn
peHTreHorpadus opraHoB rpyaHom knetku). Noatomy
pacnpoOCTPaHEHHOCTb MOpaXeHUs MAeBPbl Cpean
nerko nepeboneBLLVX UM CPEeaM TEX, KOMY HE MPOBO-
ounnack KT nerkux, npefacraBnsieTcs He4OOLEHEHHOMN.
MNMoaToMy pacnpoCTpaHEHHOCTb MOPaXeHUS MJEBPSI
cpeam nerkonepeboneBLUIMX U Cpeau TeX, KOMyY He
nposoaunacek KT nerkmx, octaBnsieT MHOIO BOMpPO-
coB. OHaKO KOHCEHCYC O TOM, YTO K TUMUYHBIM NPO-
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ABNEHNSM NMHEBMOHMUN, BblidaBaHHOM COVID-19, oTHO-
CUTCA TeHOEHUMS K pa3BUTMIO O4aroBOW KoHconnaa-
uMKn B nepudepmnyeckmx 3oHax 1erkoro 1, 0Co6eHHo,
B cybnneBpasbHbix obnactax [43-45], no3sBonseT no-
no3peBatb Oonee YacTtoe BOCMNaneHve npunexatien
naeBpPbl, YEM OMUCLIBAETCS Ha NMOTOKE.

BbiBOAbI

BocnaneHne cepo3Hbix 060J104eK, Kak MpuymMHa
aTUNuyHoli 601K B FPYyOHONM KNETKE cpeam MOonoabIx
HEKOMOPOUAHbLIX MALUWMEHTOB B PaHHEM nepuoae
nocne COVID-19, BbiiBneHo y 87% nauuneHTOoB.
OcHOBHbIMW Y3-npur3Hakamu BoCnaneHns nepukap-
na ObIIn BbINOT U NlIOKaNbHOE YTOJLLIEHNE OQHOBPE-
MEHHO C rMNepaxoreHHocTbio no IxoKl nam ycune-
HMemMm curHana no MPT. lMepukapauT BCTpedyancs
B 7 pas yalle, YeM NJEBPUT, 4TO 06OCHOBLIBAET CBO-
€ro poga onocpenoBaHHy0 KapanoTPOMHOCTb BUPY-
ca SARS-CoV-2. YCnoBHO 9KCCYyAATUBHBIN 1 “Cyxon”
nepukapout Habntopancs y 60 n 16% obuieli Bbl-
OOpPKN C NPEMMYLLECTBEHHBLIM MOPaXeHNEM HUXHe-
6okoBon obnactu, nneBput — B 22 1 11% cooT-
BETCTBEHHO C NPENMYLLECTBEHHbIM OHOCTOPOHHUM
nopaxeHneM Npuaexatlen K cepaLy MmeauactTuHab-
Ho-amnadpparMmansHoli obnactu. MNonncepo3uT awvar-
HOCTUPOBAH Y 7% NauMeHTOB OOLLEN FPYNMbl: Y Kax-
[Oro JecsToro nauueHta C 9KCCyAaTUBHbIM Nepu-
KapaMTOM 1 6osiee NoNOBUHbI MNALMEHTOB, NMEIOLLIMX
nnesput. Cneumdunyeckas cumnTomMaTrka Bocnanm-
TENbHOro CMHAPOMA B BUAE rMNEPTEPMUM BCTPEYa-
nacb B 2,5% cnyvaeB cepo3nTta, ogHako obliee He-
OOMOraHME 1N CHUXEHME KA4yeCcTBa XM3HN OTMeYanm
60 n 84% cooTBeTcTBEHHO. Hann4yme kawwna Hambo-
Nee CubHO KOPPENnMpoBano C Hann4memM akccynarta
B MeamacTuHanbHO-AnadparMasbHOM  CUHYCE,
BEPOATHO, M3-3a COCEACTBA C Barycom. Hanuuuve
cybodebpunnteta KOPPENMpPoBano C HaMYnNeM 3KC-
cynara B nobori nonoctu: ¢ = 0,9 (p < 0,01); B mono-
CTW NNEBPbl CUbHEE, YEM B MOJSIOCTM MNepukapaa:
$=0,7(p<0,01)n$=0,3 (p <0,01) COOTBETCTBEHHO.

3aknioyeHue

B HacToswee Bpems uccneposanus COVID-19
OEMOHCTPUPYIOT, YTO 3ab60/1eBaHMIO MOABEPXKEHbI Na-
LMeHTbl Bcex BO3pacToB [2]. Hawa paboTa nokasana,
4YTO paHee 340POBbLIE NIOAM CPeAHero Bo3pacTa
39 neT, OTHOCUTENBLHO NErko nepeHeclue MHopek-
LMIO, B TEYEHME HECKONIbKMX MECSLEB MOryT CTpa-
natb 0T 6011 B rPyAHON KETKE MO NpuyrHe Bocnane-
HUS Cepo3HbIXx obonoyek cepaua n nerkmx. Kpome
COOTBETCTBYIOLLEN BEreTaTUBHOW WM MNCUXONOrnye-
CKOW OKpalLUeHHOCTN 601K, Hapyllalowen KayecTBO
XWN3HU, XPOHMYECKUIA BOCMANNTESbHBINA CUHAPOM MO-
XeT MpvMBOAMTbL K aCTEHM3aLuMu, 4TO MOKa3blBalOT
clyyan no3gHer AMarHoCTuku nonavceposuta [37].

CywecTtByloT Npobnembl HELOOLLEHKM CUMMTOMOB
y naumeHToB 6e3 KOPOHApPHOro pucka n npobriemsl
ONarHOCTUKN MasibiX BbINOTOB W HE3KCCYOAATMBHbIX
M3MEHEHNn nepukapaa n nnespsbl. Moatomy B 61u-
XanLime rofbl, BEpOATHO, OyAeT akTyasibHbIM NpoBe-
DeHne ueneHanpasneHHoro Y3W ceposHbix 060n104ek
cepAua v nneepbl BCeEM naumeHTam ¢ 60nbio B rpya-
HOW KNEeTKe, a B C/ly4yae Mnofy4eHUs HeoOHO3HAYHbIX
OaHHbIX — MPT, no3BongoLwyo BbISBUTb XWAKOCTb
npu HanM4YUM 3NUKAPANANBHOrO Xupa, Manble f0-
KaJibHble BbIMOThbl U OYarM HESKCCyaaTUBHOIO Bocna-
NieHns. PaccMOTpeHne TeyYeHUs U OCJIOXHEHUN
COVID-19 ¢ To4kun 3peHunst ayToBOCNaNeHns n ayto-
VMMYHUTETA AaeT TEOPETUYECKYIO OCHOBY, OOBSACHS-
loLLLylo 3a00/1EBaHNE MOOAbIX NaLMEHTOB, MO3AHIOK
MaHudecTaumio nocne 3apaxeHus 1 NOJIMCEPO3NT.
TpeBOXHO BblCOKasi PaCnNpPOCTPAHEHHOCTb aHOMAIINIA
BM3yanu3aLumm, CBUAETENbCTBYIOLLMX O MOBPEexXae-
HUW cepo3HbIX 000JI04ek, 3acyXnBaeT AanbHenwe-
ro M3y4YeHUsi N0 Mepe HakKomnieHUs onbiTa Tepanuu
cuHgpoma ponroro COVID-19 (long COVID-19-
syndrome) 1 NOCTKOBUAHOIO CMHApPOMa.

OrpaHunyeHus

HepocTtatoyHas AOCTYMHOCTb Paamonornyeckmnx
ncenenoBaHuii BO BPEMS aKTUBHOW NAHOEMNM HE NO-
3Bonmna cgenatb MPT Bcem nayueHTam. Tak Kak nc-
CcnefgoBaHMe NNaHNPOBANOCh Kak BU3yannanpyloLlee,
rnapameTpbl KPOBU N OeTaslbHble OMPOCHUKM HE UC-
nonb30BaNnChk. Npu BbISBNEHMN NPU3HAKOB NATON0-
Ty NauneHTbl HanNpPaBNsJMCb HA COOTBETCTBYOLLEE
nieveHue.
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Pak Mono4Hol xenesbl 3aHMMaeT 1-e MecTo B CTPYKTYpPE OHKOJIOrMY4eckoi 3ab60n1eBaeMoCT U CMEPTHOCTH
Y XXEHCKOro HaceneHus B Poccuiickon PepgepaLim 1 ABASeTCs BTOPOW Mo YacToTe MeTacTa3npoBaHus NepBUYHON
CONNOHOW 3/10Ka4E€CTBEHHOW OMyXO0JbIO MOCIE paka JIErkmx, a BCTPE4aeMOCTb 9TUX, YACTO CMEPTESIbHbIX Nopaxe-
HUI B HacTosLllee BpemMd yBEINYMBAETCA MNocie yiydlleHna CUCTEMHOr O ieHeHUd.

[Mpn 9TOM MPOrHO3 MALMEHTOK, Y KOTOPbIX Pa3BMBAETCS METACTATMYECKOE MOPaKEHWE rOIOBHOrO MO3ra,
00bIYHO HEGIAroNPUATHLIN, Tak KaK HEMHOTME N3 HUX XUBYT Aonblue 1 roga.

Ll,enb uccnepoBaHuUs: NpPoaHaan3nMpoBaTb NociegHmne nccnenoBaHnd, OTHOCALMECHd K BOnpocaM npuMeHeHunsa
MarH1UTHO-PEe30HaHCHasa ToMorpadum Npy AUarHOCTUKE METACTAa30B paka MOJSIOYHOWM XeNesbl B FOIOBHON MO3L

SaknoyeHue. Mpy HanMuMmM xapakTepHbix pesynbtatoB MPT-uccnenoBaHuie, ykasblBalOWMX Ha Hannymne
BO3MOXHbIX MEePBUYHbIX IMTMOM FOJIOBHOIo MO3ra, a He MeTacTa3oB, HGOGXO,EI,I/IMO Xnpyprmyeckoe BMeLlaTesIbCTBO
(6roncua) oas rMcTonaToorMyeckx MccnenoBaHmnii ¢ Lenbio OKOHYaTesIbHOro YCTaHOB/IEHUS AnarHo3a OCHOB-
HOro 3abosieBaHus.

KnioueBble cnoBa: pak MOJIOYHOW Xenesbl, MeTacTasbl B FOIOBHOM MO3T, MarHUTHO-pPe30HaHCcHas ToMmorpadus

ABTOpPbI NOATBEPXAAIOT OTCyTCTBUE KOH(IMKTOB MHTEPECOB.
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Magnetic resonance imaging in the diagnosis
of breast cancer metastases in the brain

(a brief review of the literature)
© Georgy A. Panshin*, Nikolai V. Nudnov

Russian Scientific Center of Roentgenoradiology of the Ministry of Healthcare of the Russian Federation; 86, Profsoyusnaya str.,
Moscow 117997, Russian Federation

Breast cancer occupies the 1st place in the structure of oncological morbidity and mortality in the female popu-
lation in the Russian Federation and is the second most common metastasis of primary solid malignant tumor after
lung cancer, and the incidence of these often fatal lesions is currently increasing after improving systemic treatment.

At the same time, the prognosis of patients who develop metastatic brain damage is usually unfavorable, since
few of them live longer than 1 year.

The purpose of the study: to analyze recent studies related to the use of magnetic resonance imaging in the
diagnosis of breast cancer metastases in the brain.
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Conclusion. If there are characteristic results of MRI studies indicating the presence of possible primary gliomas
of the brain, and not metastases, surgical intervention (biopsy) is necessary for histopathological studies, in order to

finally establish the diagnosis of the underlying disease.
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BeBepeHue

Pak mono4How xenesbl (PMXX) 3aHMMaeT 1-e mecto
B CTPYKTYPE OHKOJIOrM4yeckoin 3aboneBaemMocty U
CMEPTHOCTU Y XEHCKOro HaceneHusi B PO n aenaetcs
BTOPOW MO 4aCTOTE NEePBUYHOM 3/10KA4ECTBEHHOM ONy-
XONbtO MOCIIE paka Nerkux, OTBETCTBEHHON 3a pa3su-
TMe MeTactasoB B rosioBHOM mo3dr [1]. MNpu aTom
NPOrHO3 MauveHToB, Y KOTOPbLIX Pa3BMBaETCH MeTa-
CcTaTM4yeCcKoe NnopaxeHne rosoBHOM0 MO3ra, B MnJjaHe
BbIXXMBaEMOCTV 0ObIYHO BECbMA MJI0XO0M, Tak Kak HEM-
HOrMe 13 HUX XMBYT aonblue 1 roga [2-4].

B TO Xe Bpemsa Bu3yanusauus SBNSeTCs BeCcbMa
LleHHbIM MHCTPYMEHTOM B OpraHu3auun npoBeLeHUs
CrneumanbHOro Nle4YeHns 3710KkavyeCTBEHHbIX HOBOOO-
pa3oBaHuii, B TOM 4Yncie n PMX, n 06bI4HO LLIMPOKO
NPUMEHSIETCS B Cllydasix MeTacTaTMyeckoro nopaxe-
HWS rOJIOBHOIO MO3ra.

Mpn 3TOM MMEHHO MarHUTHO-PEe30HaHCHas TOMO-
rpadpua (MPT) moxeT obecneunTb Oonee TOHKYIO
Jetanusaumio, noKaamsaumio N XxapakTepuctmky me-
TacTa30B B rOJIOBHOM MO3T.

Ocob0 cnefnyet NoayYepkHyTb, YTO HEBbLIMOHEHME
OMONCUN TONOBHOrO MO3ra WU OTCYTCTBUE MPU 3TOM
PYTUHHOWM OLLEHKM U MOCTOSAHHOM NePeOLLEHKN Hanu-
41 METacTa3oB B FO/IOBHOM MO3re C MOMOLLbIO CyLe-
CTBYIOLLMX METOA0B BU3yann3aLmm Mo3ra B CO4eTaHnK
C pPaCLUMPEHHBLIM aHaIM30M N300paxXeHWn MOryT orpa-
HNWYUTb NPOrPecc B MOHMMaHUM Pa3BUTUS OAHHOrO
3abonesaHusi. bonee TOro, 4OBOSILHO OrPaHNYEHHOE
NOHMMaHMe XxapakTepa ero pa3suTUS 1 NPUPOLALI pea-
nmzauum metactazoB PM)X B rosioBHOM MO3r Ha hOHe
MJ0XOro KayecTsa XU3HW NauMeHToB, CBA3aHHOE C 13-
HYPUTEIbHOM CUMMATOMATUKON UX NPOSIBNIEHUS, a TaK-
Xe 4acTo HeaddeKTVBHbIE (OWMOOYHLIE) BapUaHThI
CNELManbHOro Ie4YEHUs Npu MeTacTaTM4eckoM nopa-
XEHUM TONOBHOMO MO3ra AenalT AAHHYI0 KINHWYe-
CKYIO CUTyaLMI0 CEPbE3HOM KIIMHNYECKOW NPOBIEMON.

B uenom, no 3aknoyeHnsm psiga asTopoB, MeTa-
ctasumposBaHne PMX, B 4aCTHOCTM B IOJIOBHOW MO3T,
NPOUCXOAMT B NO34HME CPOKU NOC/e OKOHYaHus cre-
LMaNbHOrO JIeYeHnst B XO4E PasBUTUA Tak HasblBae-
MOr0 MeTacTaTMyeckoro 3abonieBaHusi U LOBOJILHO
3HAYUTENBHO BJIMSIET B LIESIOM Ha BbIKMBAEMOCTb
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©0JIbHbIX, COMPOBOXAAACh NMPW 3TOM A0BOJILHO MJ10-
XM NPOrHO30M, HECMOTPS Ha NPOBEAEHNE MECTHOMN
N CUCTEMHON XMmMoTepanun (MegmaHa BblXXnsaemo-
CTW cocTaBnsieT NpubnnanTenbHo 4 Mec, a 0QHONET-
HsI91 BbKMBaeMocTb — 20%) [5-71].

OcHoBHaq 4acTb

Kak n3BecTHO, BM3yanu3auus SBNSETCS BECbMa
LEHHbIM MHCTPYMEHTOM B OpraH13aLmm NnpoBeaeHuns
CrneunanbHoOro fIe4eHnst 310Ka4eCTBEHHbIX HOBOOO-
pasoBaHuii, B TOM Yuncne n PMXK, n 06bl4HO LWIMPOKO
NPUMEHSIETCS B Clly4asx METacTaTM4eckoro nopa-
XEHWS FOIOBHOMO MO3ra, NPOSIBASIOWEroCs TakMMmm
KIMHUYECKUMU CUMMATOMaMu, Kak rofioBHas 601b,
TOLLHOTA 1 PBOTA, @ TakXXe N3MEHEHMEM NCUXNYECKO-
ro cratyca.

Mpwn aTomM cnenyet OTMETUTb, 4TO MHOTMM Maum-
€HTKaM C MHBa3mBHbIM PMDK 1 conyTcTBytOLLEN OMYy-
XOJblO FOJIOBHOrO MO3ra, Kak npaBuio, He MPOBOASAT
XVIPYPrUYECKyo 3KCTMPNALMIO OMyX0u Ui GMoncuio
npu MNOPaXeHUsIX LEHTPasbHOM HEPBHOM CUCTEMBbI
(LLHC), 1, B nepByto o4epenp, rONOBHOMO MO3ra, no-
CKONbKY XapakTepHbIE PEHTIEHON0OrMYeCKmEe AaHHbIE,
Takme Kak KOoJibLleBMOHOe yBennyuMBaroLLeecs nopa-
XEHNE WM MHOXECTBEHHbLIE MOPAXEHUS C NEpUTy-
MOPasibHbIM OTEKOM, MPU KOMMbIOTEPHOM TOMOrpa-
odum (KT) n MPT yacTto npegonpenensioT npegnona-
raemMblil AMarHo3 UMEHHO B BMAE 3/10KAa4E€CTBEHHOI0
MEeTacTaTU4eCcKoro npoLiecca.

B 10 xe Bpems, Hanpumep U.Y. Arslan u coasr.,
peTpocnekTMBHO cobpanu 259 60sbHbIX PMX ¢ me-
TactazaMu B TOJIOBHOW MO3r KU OBHapyXunau, 4To
Tonbko 32 (13%) NnaumMeHTKn NepeHecnn xmpypruye-
CKOe BMeLLaTesIbCTBO 41 NaToNI0rM4eckon sepudu-
Kaumm nx metactasos B LIHC [8].

Bonee Toro, n H.J. Kim n coaBT. Takxe coobwmim
O PETPOCMEKTMBHOM WCCNEeAOBaHNN, BK/OYABLUEM
400 6onbHbIX PMXX ¢ MmeTacTa3zamMu B rOfIOBHOM MO3T,
N OTMETUAN, Y4TO TOSIbKO 5 (1,3%) nauneHToB nepeHe-
CNN XMPYpruyeckoe BMeLIaTeNbCTBO AN NoaTBEp-
XOEHWS OHKONOrM4eckor natonorum [9].

Mpw aTOM cnegyeT NOAYEPKHYTh, YTO ATUM Naum-
eHTaM 6e3 MopdOonorMyeckoro noaTBEePXAeHUS
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MeTacTa30B B [OMOBHOW MO3r 4acTO MNPOBOASAT
paguoTepanuio BCEro roJIOBHOrO MO3ra BMeCTe
C CUCTEMHOM xumunoTepanuenn ans obecrnedyeHus
MECTHOrO KOHTPOJIA Onyxonu. WM, no gaHHbIM psga
aBTOPOB, B 9TOM cjyyae BGOMbLIMHCTBO MALMEHTOB
C MeTacTaTM4eCKMMU NOPAXEHNSMU, OCOOEHHO C MHO-
XECTBEHHbIMU HeBOoMbLUNMIN MOoPaXeHUIMN (MeHee
2 X 2 x 2 cM®), BOBHMKLUIMMM B pe3ynbTate Nporpec-
cupoBaHus nepeuyHoro PMIK, xopollo pearvpytoT
Ha pagmoTtepanuio [10-12].

XoTenocb 6bl NOAYEPKHYTb U TOT (akT, YTO OTNIMU-
YUTb [MIMOMY BbICOKOW CTEMEHW 310KaYeCTBEHHOCTU
OT MEeTacTa30B B MOSIOBHOW MO3I UCKJTIIOYUTENBHO Ha
ocHoBe KT wmnn MPT € KOHTPACTHbIM YCUEHUEM
NpPakTU4eCKM BCerga BeCbMa CNOXHO, MOCKOJIbKY
BO MHOMMX Cny4yasix 3Tu ABa 3abofieBaHus MOryT
MMETb CXOXME XapakTePUCTUKN BU3yanmu3aumm ony-
xonesoro npouecca [13].

B CBS131 C BbILLENINOXEHHBIM NPU SAHHOWN KIINMHN-
yeckon cutyaummn EBponeiickas denepaumns HEBPO-
normyeckux oO6LLECTB npepfiaraeT UCnoib30oBaThb
006bl4HYt0 MPT onsi oGHapyXeHus NopaxeHuin B Tex
cnyyasix, Korga eCcTb 3Ha4YMMO€E KJIMHUYeckoe noao-
3peHne Ha MeTacTasvpoBaHME Y MaLMEHTOB C U3-
BECTHbIM 3/10KQYECTBEHHBIM HOBOOOPA30BaHUEM,
0CO0OEHHO B TOM cny4ae, korga KT He aBnsaeTcs OKOH-
YyaTenbHbIM AMAarHOCTUYECKMM METOO0M B Onpeaene-
HUX BOMpPOCa, SBNSETCSA NI MOPaXeHWe rOSI0BHOMO
MO3ra HeonIacTUYeCKUM WM HeonyxonesbiM [14].
Mpu atom nmeHHo MPT moxeT obecneuntb Bonee
TOHKYIO OeTanuM3aumio, nokanm3auuio u xapakTepu-
CTVKY MEeTacTa30B B FOSIOBHOW MO3r, B OCHOBHOM M13-
3a BbICOKOIO KOHTPACcTa MArKMX TKaHen 1 MHOXECTBa
MeToamyecknx npnemos (onumin) MPT, koTopble oO-
CTYMHbI 015 afleKBATHOM XapakTepPUCTUKN BHYTpUYE-
PEenHbIX NOPaXKEHWNA.

B yacTHoCTK, nocnenoBaTeibHOCTH, B3BELLUEHHbIE
no T1 n T2, npenocTaBnsiOT aHaTOMUYECKME AeTanm
1 BbISIBASIOT MOPGMONOrnyeckne aHaTOMmM4eckmne Ha-
pyweHns TKaHu onyxonbilo. O6e 3Tm nocnemosa-
TENbHOCTU MOTYT BbITb YCUEHBI KOHTPACTOM C UC-
Nnosib30BaHMEM rafofIMHNS B KQ4eCTBE KOHTPACTHO-
ro BellecTsa OJia 0OHapyxXeHUs HeboMblIMX MeTa-
CTa30B M AN9 OTAMYMS HeomnyxoneBoh 0605e3Hu
Oenoro BewecTtea OT meTacTtasos. [pu atom T2-
B3BELLEHHbIE N300paXeHMS rOSI0OBHONO MO3ra 4acTo
Takxke ocnabnaTcsa xmuakocTbio (FLAIR, BOCCTaHOB-
NeHVe WHBepCUM C ocnabneHnem XuaKocTu) ons
noAaBfeHns curHana CMHHOMO3rOBOW XUAKOCTU U
BbISIB/IEHNS OTEKA MapeHxuMbl. B To xe Bpems npo-
TOHHaa MP-cnekTpockonusa npenocTaBngeT MHop-
Mauuio 0 MeTabonnyeckomM npodune onpeaeneHHbIX
obnacTtei U MOXEeT ONnpeaenvTb, ABASETCS v ony-
XOJb FOSIOBHOMO MO3ra HeoniacTU4eCcKom Un Heory-
XOJIEBOWA.

Opyron duanonornyeckor nocnenoBaTefibHO-
CTbt0, KOTOPas A00aBNSAET ANArHOCTUYECKYIO MHPOP-
MaLMIO, MO3BONSIOLLYIO YAYHLINTb XapakTEePUCTUKY
OMyX0JNn, SBNSIETCS MarHMTHO-PEe30HaHCHas nep-
dy3ums, KOTOPYID MOXHO MCMNONb30BaTh AN OLEHKU
OTHOCUTENbHOro ob6bema LepebpanbHON KPOBU
M KPOBOTOKA, KOTOPbIE SBASIOTCHA MNokKa3aTensimMu
Backynapmusaummn TKaHelh. [locnepoBaTesibHOCTH,
B3BelUeHHble no andodysum (ABB — ouddysnoHHo-
B3BELUEHHAs BU3yann3aLus), OLEHMBAIOT NErkoCTb,
C KOTOPOW MOJIEKYSIbl BOOblI MEPEMELLLAIOTCS BHYTPU
TKaHW, OaBasi UAMEPEHNS KaxyLerocs kKoapouum-
eHTa anddysnn. 3Tn gaHHble JAOT NPEACTaBeHNE
0 KJIETOYHOCTM (Hampumep, Onyxonu), HabyxaHuu
KNeToK (Hanpumep, nwemmn) n oteke. Busyannzsaums
TeHsopa anddysnn popmupyet pacwumpeHve BB
¢ 60JIbLUMM KOJIMYECTBOM FPAAVEHTOB M Hanpasse-
HUIA onddysmmn, yem obbiyHas BB, n nossonser
paccunTbiBaTb O0Jiee CHOXHbIE MokasaTenu, 4Yem
cpenHuii KoadduuneHT guddyamm, 1, Takum obpa-
30M, obecneymBaeT 60J1ee BbICOKYK HAMMSAHOCTb.

3akaHumBasi aTOT pa3aen paboTbl, MOCBSALLEHHBIN
B LLeJ/IOM BONpOCaMm, CBA3aHHbIM C oLeHKor ponv MPT
B OMArHOCTUKe MeTacTasos, B YacTHOCTM PMX B ro-
JIOBHOM MO3I, XOTenocb Obl COCnaTbCsl Ha [OaHHble
nccneposaHusa A. Hadjipanteli n coaBT., B KOTOPOM
UMK BblT NPOBELEH MCHEPNbIBAIOLLMIA MOUCK NUTepa-
TYpbl C UCNOJIb30BaHMEM NMOMCKOBbLIX cuctem PubMed
n Web of Science no Bcem nonsim ¢ MCNONb30BaHNEM
nomnckoBoro 3anpoca “MPT — meTacTasbl B MO3r nNpu
pake MOJIO4HON Xenesbl”. M, B 00OLLE CIOXHOCTH,
OblIo 0bHapyxeHo 925 mccnepmoBaHui, onybaMKo-
BaHHbIX ABYMS MOWUCKOBBLIMU CUCTEMAMUN C CEHTAOPS
1984 r. no manm 2020 r., 0O4HAaKO HEKOTOPbIE U3 HUX
Obinn gybnukatamu. Nocne yoanexHus ayénukatos u
nob6asneHns 20 HOBbIX MCCeA0BaHWIA, BbISIBNEHHbIX
M3 WUCTOYHWKOB, OTAMYHbIX OT PubMed n Web of
Science, ObIIO PacCMOTPEHO B OOLLEN CNOXHOCTU
784 wccnepoBaHusl, U3 KOTOPbIX 36 OblIM NPU3HAaHbI
NoAXOAALMMMY AN TEX BbIBOAOB, KOTOPbLIE OHU CAEe-
nann. B uenom aBTOpbl BbICKA3annucb B TOM MnaHe,
YTO ONTMMAasIbHOMY N NEPCOHANN3NPOBAHHOMY KJN-
HUYECKOMY BEAEHUIO JAHHOW KaTeropum OHKONOrn-
4yeckmnx B0SIbHbIX C MeTacTa3amu B rOJIOBHOW MO3r
MOFYT CMNOCOOCTBOBATb MPOrHOCTUYECKME U KIIUHUN-
YyeCkn 3Hadumble nokasatenu MPT pnga onpepene-
HUS1 B NocneaylowemM Hanbonee agekBaTHOro n agd-
GEKTUBHOIO cneunanbHoOro nedexns [15].

Kacasacb ponu MPT B CKpuHWHre meTtactasoB
PM>X B ronoBHOM MO3r, HEOOXOOUMO MOAYEPKHYT,
yto noteHuwan MPT, kak MHCTpPyMeHTa CKPWHWHra
B BeAeHUM naumeHToB ¢ PMXX, noaBep>XeHHbIX PUCKY
pPa3BUTUS METACTATMYECKOrO MOPaXEHUs1 FTONOBHOIO
Mo3ra, yxe obcyxpgasncs, npasga, B OTHOCUMTESIbHO
HebOsbLIOM KONMMYecTBe uccnenoBaHuii. Mpu atom
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IPTE  oviHCKAS BHSYATHAALNS

OTMEYasnoCb, YTO CKPUMHMHI B AAHHON KJMHUYECKOW
cuUTyauMm MOXET BbIBUTb HannyMe MeTacTasoB
B OJIOBHOM MO3I Ha OOCTAaTO4HO PaHHEn cTazuu,
4YTO, B CBOIO O4Yepedb, MOXET, B KOHEYHOM WUTOre,
cnocobCcTBOBaTh YNYYLIEHWIO Pe3ybLTaTtoB Mnocle-
OYIOLEro cneumnanbHOro e4YeHmns.

Tak, Hanpumep, B HeOONbLIOM WCC/Iea0BaHUN
K. Mystakidou n coasT. 3a 2004 r. oueHuBanacb
3G dEKTMBHOCTb TLWATENbHOIO MOCAEOYIOWEro Ha-
6noaeHnsa 3a 6onbHbIMKM PMXK nocne kKnuHn4eckoro
NOOO3PEHNS HA HaMyne MeTacTa3OoB B rOJIOBHOM
MO3r ¢ nomMoLubto KT/MPT. Npu 3TOM 22 NaumeHTKu,
KOTOpbIM ObI1 MOCcTaBneH anarHo3 PMX, umenn cum-
NTOMbI MOBLILUEHHOIO BHYTPMYEPEMNHOro OABNEHUS,
HO BbINOJSIHEHHbIE UM KT/MPT ronosBHoro mosra He
BbISIBUNIM HUKaKMX MPU3HAKOB €ro MeTacTaTu4eckoro
nopaxeHus. B nocnepywowem 12 naupeHtkam Bbl-
nonHsnack MPT kaxable 15 gHei, a 10 gpyrum no umx
NPeanoYTEHNIO 3TOro He aenann. B koHeYHOM uTore,
pes3ynbTaThl Nokasanu, 4To nepsas rpynna 60sbHbIX
MCMNbiTana MEHbLUYI0 pa3HuLy BO BPEMEHU MeXay
YCUNIEHNEM KIIMHMYECKUX CMMMTOMOB W MEPBbIMU
OVarHoCTUYEeCKUMM CUMNTOMaMM, OHAKO, cnpaBen-
JIMBOCTU paau, HE0OX0AMMO OTMETUTb, YTO Y HMX Bbl-
ABMASINCE MEHbLUME MO pPasmMepy MeTacTaTuyeckue
onyxonu [16].

B HekoTOpbIX HeOgaBHMX MCCNEAOBaHUSAX PSAOM
ABTOPOB OOCyXAanacb uaes 0 TOM, YTO MaUNEHTbI
C pacnpocTtpaHeHHbiM PM)K BbICOKOrO pucka passu-
TUS OTOANIEHHBIX METacTa3oB [0JKHbl B 06513aTeb-
HOM MOpPSAKE MPOXOAUTb CKPUHMHI HanmMunsa meta-
CTaTN4eCKOro NOPaXeHus roioBHOr0 Mo3ra ¢ NomMo-
weto MPT [17, 18]. Mpn atom monoppie (<50 neT)
nauneHTkn ¢ PMX ¢ peumamnsmpytowmm 3abonesaHn-
eM, MeTacTasaMu B Nerkme WUnM neyvyeHb, a Takxke
ceepxakcnpeccuert HER2 nnm TponHeIM oTpuLaTenb-
HbIM MOATUMOM paka WU C NPOAOXUTENbHOCTbIO
OTCYTCTBMSA peumauBa 3aboneBaHuss mMeHee 2 neT
MMEIOT CaMblil BLICOKUI PUCK Pa3BUTUA METacTa3os
B FOJIOBHOW MO3T 1 B CBA3U C 3TUM CUUTAIOTCS BIMOJHE
noaxoaswumMmn ans ckpuHmndra [19, 20].

Bonee Toro, R. Walker n coaBT. oueHnnm apdpek-
TMBHOCTb MPT C MHBEpCKEN — BOCCTAHOBJIEHUS CMK-
HoBoro axa (STIR) Bcero Tena, B KOTOPOW NCNOMb3Y-
I0TCS1 MOCNenoBaTeNlbHOCTM C MNOOABMAEHUEM XMpPa,
Ons obHapy>XXeHUst MeTacTa3oB U3 MOJIOYHOW Xenesbl
B Apyrve obnacTtu, BKJOYas ronoBHOM MO3r. B aTom
NUAOTHOM UCCNeO0BaHMM NPUHANK yyacTne 17 naum-
€HTOB C MOAO3PEHMEM Ha MeTacTasbl U NOATBEP-
XaoeHHbiM  Ouoncuenn PMXK. TMonyvyeHHble MPT-
n306paxeHunst OblIM OLLEHEHbBI HA HANNYME NN OTCYT-
CTBUE METACTa30B, U X pe3dynbTaTt Obli CBS3aH C K-
HNUYECKMM MCXO0A0M Mpu nocneanyLlemM HabnogeHum
3a naumeHToM B TedeHne 1 roga. B uenom pesynbsra-
Tbl nokadanu, 4To MPT Bcero tena STIR moxeT npea-

2022, rom 26, Ned

CTaBfATb COOON TPAANLMOHHBIN 1 3KOHOMWYHbIA Me-
TO[, CKPUHMHIa BCero Tena nauneHtos ¢ PMXK [21].

BmecTe ¢ TeM, HECMOTPS Ha TO YTO >KEHLUMHbI
M KIVHULUUCTBI MPOSBASIOT OOJbLLION UHTEPEC K WH-
TEHCMBHOMY CKPUHUMHIY 1 NnocneayoLlemy Habnone-
HUIO NOCAe yCTaHoBNeHUs auarHoda PMXX, Bce eule
OKOHYaTeNbHO HE $CHO, BbIMIPAIOT NN XEHLUMHbI
C KOHKPETHbIMK XapakTepuctukammn PMXK oT ero paH-
Hero CKpuHuWHra. BoT noyemy B HacTosllee Bpems
BCE elle CYLLEecTByeT MNoBbllleHHass 00eCcnokoeH-
HOCTb KJIMHWMLUMCTOB MO AAHHOMY BOMPOCY, B CBA3U
C 4eM noteHumansHaa ponb MPT B onpeneneHun
METacTaTU4EeCKOro NoOpaxeHns rofloBHOro Mo3sra na-
y4aeTcsl B paMkax 6onee KpynHbIX KIMHUYECKUX UC-
nelTaHnn [22, 23].

Kacascb ocobeHHocT MPT B nnaHe ee koppensi-
umn ¢ nogTunom PMXX, cnenyet oTMETUTb, YTO B 9M0-
Xy NEPCOHANN3NPOBAHHON MEOULIMHbBI JIEYEHNE METa-
ctatnyeckoro PMXK Bce 6onbllie OCHOBLIBAETCS Ha
€ro BHYTPEHHUX XapakTEPUCTUKAX U MONEKYNSPHBbIX
dakTopax. Tak, TPOWHON oTpuuatensHbin 1 HER2-
nonoxuTensHol noatunel PMXX npencrasnaioT co-
6o gBe noarpynnbl, KOTOPbIE Yalle BCEro UMEeKT
TEHOEHLMIO K METACTa31POBaHMIO B MO3T, XOTS NloO0i
noatun PMXX mMoxeT cnocobcTBOBaTh 3TOMY MpPo-
ueccy. IHTepecHo, 4To NPOBEAEHHbIE paHee nuccne-
OOBaHMS NOKa3blBAOT, YTO MOATMM OMYXON MOXET
MEHATbLCS Mexay nepsuyHbiIM PMXK n metactatu-
Yyeckummn oyvaramm paka [24, 25] v npu aTOM 6bII0
BbISIBJIEHO, YTO MO3r SIBASIETCS OAHUM M3 Hambonee
pPacnpoCTPaHEHHbIX Y4aCTKOB, B KOTOPbIX MPOUCXO-
ONT NEPEKIIOYEHME PeLenTopoB [26].

Taknum 06pa3om, OJ1s OKOHYaTeNbHOro onpenene-
HWS NOCNenyoLWero oNTMManbHOro BapnaHTa crneum-
aNbHOro NieyeHns HeobxoaMmMo nposeaeHne Mopdo-
JIOrMYECKOro uccnenoBaHns GUONCUIHOro Mmatepua-
fa peunanBupYIOLLLErO NN MeTacTaTMYeckoro nopa-
XEHUs [N MOBTOPHOM OLEHKM Ononormyeckmx
CBOWCTB OMyxX0JIEBOr0 NpoLiecca.

OpHako Guoncus MeTacTaTUYecKoro nopaxeHus
roJIOBHOr0 MO3ra npPOBOAVTCS AOCTATOYHO PEeako.
Takum 06pa3omM, He0O6X0 UMbl HOBbIE METOAbI U An-
arHoCTMYeckMe MeToaukn ans onpeaesieHns NoaTm-
na paka nocne peann3aumm npouecca Mertacrasu-
poBaHus. B cBA3M ¢ 3TUM psg mccnemoBaTtesnen
npeanpuHMMani NonbITKK pacno3HaTb 1 knaccndu-
uMpoBaTh paauonornyeckme ocobeHHocTn Ha MPT-
n300paxeHnsax TFO0BHOMO MO3ra 1 OnpenennTb
ntobble KOppenauumn mexay HAMM 1 61Uonornyeckmnm
noBeaeHneM OMnyxosnu.

Tak, Hanpumep, CBA3b Mexay napametpamu BB
BHYTPMMOS3rOBbIX METacTa3oB N OMONOrMYecknmm
mapkepammn PMXX 6bina ougHeHa S.J. Ahn n coasT.
B UccnenoBaHmMm 34 naumMeHToB ¢ meTtacTtadamu PMX
B rOJIOBHOM MO3r [27]. lpwu 3TOM 3Ha4yeHus nepe-
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MEHHbIX Kaxyuierocs koadduumerHta anddysmm He
nokasanm CTaTUCTUYECKOW pasHuubl mexay HER2-
nonoxurtensHeiMu 1 HER2-oTpuuaTensHbiMn rpyn-
namu.

B 10 e Bpems psaom aBTOPOB, UCMONb30BABLUNX
nepenoBble MeTOoAbl PerncTpaumm M3obpaxxeHuin,
OblfI0 NoKasaHo, YTO NPOCTPaHCTBEHHOE pacnpene-
NIeHne BHYTPUMO3rOBbIX METACTa30B y MaLMEHTOK
C mnHBasmBHBIM PMDK npeobnagaer B Mo3xeuke Mo
CPaBHEHWIO C APYrMMM NEPBUYHBIMUN HO30/10MMHYECKN-
M1 hopmMamMmn 3110Ka4eCTBEHHbIX HOBOOOPA30BaHWI
[28, 29].

CnepyeTt Takke nog4epkHyTb M TO, YTO COBCEM
HepaBHo (2017 r), ncnonb3ysa nepenoBblie METOAb
pernctpauumn nzobpaxeHuin, S. Kyeong 1 coasT. B UC-
cnepoBaHum ¢ yyactiem 100 naupeHTok ¢ PMX ¢ me-
TacTaTM4eCcK1UM NopaxeHue rosI0BHOro Mo3ra rnokasa-
JI1, 4YTO NPOCTpaHcTBeHHoe MPT-n3obpaxeHne meTa-
CTa30B pas/NyaeTcs B 3aBMCUMOCTU OT UX B1osiornye-
CKMX noAatTunoB. Tak, meTacTaTU4eckne pakoBble
onyxonu TpuxAabl oTpruaTensHoro Tnna PMXX paBHo-
MEPHO pacnpefeneHbl B rOIOBHOM MO3re, B TO BPEMS
kak HER2+ u nioMuHanbHbIA TUNbl BCTPEYalOTCSH
B OCHOBHOM B 3aTbl/IOYHOW [J0J1e U MO3xe4Kke. Takke
ObII0 MOKa3aHO M TO, YTO TPOMHOW OTPULATESbHBIN
noaTun PM)X value BcTpeyaeTcs B TOOHON aone, M-
Ouyeckoin 06nacTn 1 TEMEHHOW [0Jie MO CPaBHEHUIO
¢ aByms apyrummn Tunamm PMXX [30].

OOGcyxaeHue

Mo AaHHbIM 6ONbLUMHCTBA aBTOPOB, HA CEroAHSILL -
HWUIA OEHb ONTUMANbHOE NedeHne 60bHBIX MHBA3MB-
HbiM PMX ¢ meTacTazamu B rOofIOBHOW MO3r npepg-
cTaBnsieT cobol HeyOOBNETBOPEHHYIO KIMHUYECKYIO
notpebHocTb [31, 32]. B cBA3M ¢ 9TMM B nNocnegHme
rofbl pacTeT UHTEpPeC K pa3paboTke HOBLIX METOL0B
CBOEBPEMEHHOIo 1 3GOEKTUBHONO MNOHUMAHUS,
NPOrHO3MPOBAHUSA, OMArHOCTUKN U NIe4eHns AaHHOMN
KaTeropumn oHkonorndecknx 6onsHelx. MNpu atom oa-
HOI N3 OCHOBHbIX 0bnacTelr nHTepeca Npu AaHHOM
KIIMHUYECKOW CUTyaummn ABMASIETCA WCMNONb30BaHWeE
MPT gnst nomoLum B BbIbope npaBuiibHOro Hanpaene-
HUS B ONpefesieHn COBPEMEHHOM aieKBaTHOM Tak-
TUKM crieumanbHOro neveHuns. Mexay Tem ncrnonb3o-
BaHne MPT B CKPWHWHre MeTacTas3oB B rOJSIOBHOMN
MO3I nonynauum pacnpoctpaHeHHoro PMXK Bbico-
KOro pucka MetacTa3upoBaHUSA OCTaeTCsl CMOPHOMN
Temon. Tekylme pekomMeHOauun no CKPUHUHTY MO-
JIOYHbIX Xene3 y NauneHToB Kak C NOKaJN30BaHHbIM,
TaK U C MeTacTaTMyecknm 3ab0NeBaAHMEM HE PEKO-
MEHAYIOT PYTUHHYIO OLLEHKY UM NPOOOIIKEHNE nepe-
OLIEHKM MeTacTa3oB B FOSIOBHOM MO3F C MOMOLLbIO
BU3yanusauum rofiIoBHOro Mosra m3-3a OTCYTCTBUSA
[oKa3aHHOW nonb3bl ee npumeHeHus [33, 34].
BmecTo aT0ro Kk ntobbiM NpuaHakam Uam cuMnTomMam

MeTacTa30B B MO3r CleyeT OTHOCUTLCS C BonblLuel
OCTOPOXHOCTbIO, U AOSKEH CYyLeCTBOBaTh Oonee
HU3KMIA nopor angd nposeneHnd MPT ronosHOro
mMoa3ra. [1py 3TOM HEKOTOPbIE NCCIeA0BaHMS He Noa-
hepxmsalot mcnons3osaHme MPT npu CKpuHUHre
[35, 36]. OnHako B TO BpeMsl, Koraa NpoBOAMIIUCE 3TU
NCCNeooBaHNSA, PEKOMEHA0BAHHbIE METOObl eYeHUs
npotue HER2 n ToyHoCTb MPT oTAnyannce OT Ceroa-
HSLLHEen cutyaumn.

Ha ceropgHsilwHWiA geHb He OblNo NpencTaBAeHO
OCHOBOMONAralLWmx Pe3ynbLTatoB KIMHUYECKMX WUC-
nMblTAHWA, NOATBEPXAAOWMX mncnonb3osaHne MPT
0J151 CKpUHUHra metacta3dos PMXX B ronoBHOM MO3T.

Ho BecbMa BaxHbIM OOCTOSAATENILCTBOM SIBNSIETCS
TOT aKT, YTO €CTb HECKOJIbKO UCCIeA0BaHNN, KOTO-
pble NOATBEPXAAIOT, HTO PAHHEE BbISIBIEHNE BHYTPU-
MO3roBbIX METacTas3oB AOMyCKaeT MPUMEHEHUE MO-
TEHUMANbHO MEHEEe TOKCUYHbIX TepaneBTUYECKUX
NOAXOA0B, TaKMX Kak CTepeoTakcuyeckas pagnoxu-
pPyprus uUnmM WUCNonb30BaHWE CUCTEMHbIX CPEACTB
TapreTHOro AencTBUs C BHYTPUYEPEnHbIM NPOHNKHO-
BeHuewm [37, 38].

XoTenocb 6bl OTMETUTb, YTO HEAABHO OAHO UCCIEe-
OOBaHWe NnoaTBEPANIIO, YTO MeTacTasbl B MO3r MOTyT
OOBOJIbHO 3HA4YMMO ObICTPO pacTu un npu atom 30%
MeTacTaTM4YeCcKkMx OMyXxonen yBennm4MBatoTCs BOBOE
B Mepuog, Mexay noCTaHOBKOM AMarHo3a 1 nepBbiM
OHEeM Havana cneuyanbHoro nevenuns [39].

Takm 06pasom, yunTbiBas TOT GakT, YTO Pe3yJib-
TaTbl IEYEHMS HANPSMYIO 3aBUCAT OT pa3Mepa Onyxo-
11, NPEeACTaBNSETCA BECbMa BaXHbIM Y HEOOXOAVMbIM
ONTUMM3NPOBATL NPOLECCHI BEAEHNS NALNEHTOB, YTO-
Obl CBECTUN K MUHUMYMY BO3MOXHYIO 3a0€P>XKY B Ha4a-
ne cneumansHoro neveHus [40].

Mpn 3TOM NpencTaBnsaeTcss HeoOXoaMMbIM OKOH-
YyaTenbHO ONMPEeAenmTbLCA U B OTHOLLEHUN BO3MOXHO-
CTW NPOBEAEHMS CKPpUHMHIA MeTacTazos PMX B ro-
JIOBHOWM MO3I, aHaIOrMYHO HEMENIKOKJIETOYHOMY paky
NIerkoro, s KOTOPoro pekoMeHayeTcs B 006s13aTelb-
HOM Mopsake NpoBeAeHne ckpuHuHra [41, 42].

B uenom pag nccnenosaHuii pekoMeHayeT nasb-
Herlwee n3ydyeHne mncnosb3oBaHusa MPT-ckpuHuHra
npuv MeTacTaTU4eCckoM MOPaXKeHUN FONOBHOMO MO3-
ra y 6onbHbix PMXX, 0cobeHHO 0N KOHKPETHbIX
rpynn nauneHToB BbICOKOro pncka metacTa3mpoBa-
Hua [43, 44].

B 10 e Bpemsi He0OX0AMMO NOAYEPKHYTh, YTO Ha
cerogHaWHn geHb MPT octaeTtcs 0OBOJIbHO OOPO-
rocToalWmm obcneaoBaHMeM, YTO OrpaHNYMBaEeT ero
B KayecTBe [O0CTaTOYHO AOCTYMHOrO AMarHocTuye-
CKOro MeToga crneumanbHOro nccnegoBaHms ans no-
BCEHEBHOIO MCMOJIb30BaHMS.

Koppenauua paamonornyeckmx xapakTepuctuk
C KIWMHMYECKUMU xapakTepuctukamm npu PMXK,
B YaCTHOCTM C MOATUMOM OMyXOnW, Takke HedaBHO
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n3ydanacb HECKONbKMMM rpynnamMm uccnegosare-
nen. Mpun 3ToM BbINO OTMEYEHO, YTO NOATUM OMYyXON
MOXET OTNn4aTbCH Mexay nepsuyHbiM PMXK 1 meTta-
CTaTU4eCKMM OMyx0neBbIM Npoueccom [45-47].

B 10 XXe Bpems n3MeHeHne NoaTmna onyxonam Mo-
XET NOBNUSTL Ha OOLLYIO BbIXKMBAEMOCTb, 0COOEHHO
€C/IM 39TO M3MEHEHME MPOUCXOOUT OT MEPBUYHOrO
NopaxeHus K MmetactTaTMyeckomMy npoteccy. B ceasu
C 3TUM B HECKOJIbKUX NCCNIeA0BaHUSAX PEKOMEHYET-
CSt MOHUTOPWHI BMOSIOTMYECKOrO NOBEAEHMS OMYyX0-
TN, NOCKOMbKY OH MOXET UCKJTIOUYNTbL pa3BuUTME Nep-
BMYHOrO OPYroro 3/510ka4ecTBEHHOro HOBOOOGpa3o-
BaHWs, KOTOPOE MOXET B LLeSIOM UBMEHUTb TEPANEB-
TUYECKYIO CTPaTErmio B CO3A4aBLUENCS KIIMHUYECKON
cutyaumn. Kpome T0ro, aTm nccnenoBaHuns nokasbl-
BAlOT, 4TO psa OOJIbHbIX MOMMM MPONTU PA3INYHYIO
crneumanbHyo Tepanuio, ecnu Obin Obl NOATBEPXAEH
0TOOp 00pa3LOB TKaHM U ObINN NOEHTUPULMPOBAHDI
nepeknoyatenu ER, PR n HER2 [48, 49].

Takum 06pa3oM, MOHUTOPUHI BMONOrMYECKOro
noseaeHnsa PMXX MOXeT NprUHECTU peasibHyo Nob3y
nauMeHTy, no3eonss paspaboTaTtb Ha OCHOBaHWUK
NOMYYEHUS HOBbIX ANArHOCTUYECKUX OAHHbIX OMNTU-
MasbHYI0 MHOWUBUAYAsNbHYIO CTpaTernio cneunanb-
HOrO fIe4eHns NPy Co30aBLUENCS KIIMHUYECKOWN CUTY-
aumm.

Mpw 3TOM HaumoHanbHas ceTb No 6opbbe C pakom
(NCCN, Compehensive Cancer Network) pekomeHay-
€T MOBTOPHO TECTMPOBATb MALMEHTOB CO CTATyCOM
ER/PR n HER2 npun metactatnyeckom PMXX, korpa
cTaTyC peuentopa Ha MOMEHT MNepPBOHAYAIBHOIO
JmarHosa Heu3BeCTeH, OTpuuaTeneH Win He Ypes-
MepHO BbipaxeH [50].

Taknm obpa3oM, Afs KIMHULUMCTOB-OHKOJIOrOB
BaXXHO MMETb BO3MOXHOCTb HEMHBA3UBHO OLIEHNBATb
MOATWUN ONYXONN, N UMEHHO 3aecb MPT MOXeT nmeTb
BMOJIHE OnpefeneHHoe 3HaveHune. Mpn aTom Ha ce-
rOOHAWHNI OeHb xapakTepuctuku MPT, koTopble
nokasanu HEKOTOPYK KOPPEeNsumMio C NOATUMOM
PMXX, BKOYAIOT KOAMYECTBO OMyXOJIEW, PACMnono-
xeHue [51, 52] n nx pacnpeneneHve B roloBHOM
moa3re [53, 54].

Kpome Toro, 6Gbinm cosgaHbl NepefoBbie MHCTPY-
MEHTbl AN NPOBEAEHUs aHanm3a pPagnosiorMyeckmx
Xapaktepuctnk Ha MPT-n3zobpaxeHnsx, KoTopble
no3Bonunn naeHTndULMpoBaTh NoaTUN paka [55-58].

B 10 Xe Bpems MOryT notpeboBaTbCs OanbHEN-
LuMe nccnegoBaHus ¢ 60bLLMM KOJIMYECTBOM Mauu-
eHTOoB, npexae 4em MPT MoxHO ByaeT MCMNoJib30BaThb
0N OUEHKM noaTtumna onyxonu. [aHHblA KpaTkuia
0630p NUTEpPaTYpPbLI COCTOSA N3 BO3MOXHOMO 06LLIMP-
HOrO NUTEPATYPHOro MOWUCKA, HampaBiEHHOro Ha
onpegeneHve B LEeNoM BO3MOXHocTen MPT-uccne-
[0BaHNS, CNOCOOCTBYIOLLMX MOBbILLEHNIO 3P PEKTMB-
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HOCTW cneumanbHoro neveHns 6onbHbix PMX ¢ meTa-
CTa3aMu B rOSI0BHOM MO3T.

B T0 e Bpems, N0 AaHHbIM psiga aBTOPOB, UMELD-
LMECS HA CErOQHALWHWIA AeHb NOTEHUMANBbHBIE yChne-
XU B CcNonb3oBaHn MPT B AMarHOCTUYECKOM MiaHe
VIMEHHO MNpX 3110Ka4eCTBEHHbIX HOBOOOPa30BaHUSIX,
B TOM 4YMCJIE U B COYETAHUM C MO3UTPOHHO-3IMUCCU-
OHHOW Tomorpaduein [59, 60], cnocobCTBYOT yyy-
LUEHUIO ANarHOCTUKM U, B KOHEYHOM UTOrre, NoBbILIe-
HNIO 3PPEKTUBHOCTM CreLmanbHOro nevyeHnst 60nb-
HbIX MHBa3nBHbIM PM)K ¢ meTacTtazamu B roslOBHOWN
MO3I 1 3aCNy>XMBaIOT AasbHENLLIEr0 N3y4YeHus B NPO-
CMEKTUBHbIX, PETPOCMEKTUBHbLIX WCCNEO0BaAHUAX
U KNIMHUYECKUX UCnbITaHnax. Bmecte ¢ TeM 03HaKOM-
NeHune ¢ ncnonb3zosaHnem MPT B coyeTtaHum ¢ nosu-
TPOHHO-3MUCCUOHHOW TOMOrpaduen y oHKonornye-
CKkux OOJbHbIX BbIXOOAWIO 32 PaMKU 3TOro o63opa,
npencTaBfIEHHOrO B AAHHOW CcTaThbe.

3aknovyeHue

XoTenock 6bl NOAYEPKHYTh, YTO Y BOMbHBIX C CUC-
TEMHbIMUW 3/10KA4YEeCTBEHHLIMM HOBOOOPA30BaHUS-
MW, B TOM 4YMC/le N MPU pake MOJIOYHOW Xenesbl,
1N COMYTCTBYKOLLMMUN UHOUNBTPATUBHBIMK MOpaxe-
HUAMW FOSIOBHOIO MO3ra NepPBMYHOE 310KAYECTBEH-
HOe HOBOOOpasOBaHWE rOMOBHOrO MO3ra AOMKHO
ObITb BKJIOYEHO B AP P epeHLmManbHyo ANarHoCTuKy
B [OMOJSIHEHME K UCCNEeA0BaHMIO HANM4mMs BO3MOX-
HbIX BTOPWYHbIX METAcTa3oB. TakuM nauueHTam
HEeobXoOuMO XMPYypruyeckoe BMeLlaTenbCcTBO (6u-
oncus) Onas rmcTtonartonornyeckux MccnenoBaHuim,
0COBOEHHO KOra UMEKTCS XapakTepHble pe3ynbTaThbl
MPT, ykasbiBalolme Ha Hanmdne rmmom, a He MeTa-
ctasoB. Cnefnyet OTMETUTb, YTO B 3TOM MNJlaHe HeoO-
XOONMbI [ONrOCPOYHbIE 3NUOEMMONOTMYECKNE UC-
cnepoBaHus 60oJiee KPYMHbIX KOropT, 4Tobbl NoaTBeEp-
ONTb CBSI3b W YCTAHOBUTb 00LIMe dakTopbl pucka,
naTtoreHeTMYeCkne MexaHn3Mbl 1 NydlIMe BapuUaHThbl
ONAarHOCTUKN 1 NEYEHUS KaK NepBUYHON, Tak 1 MeTa-
CTaTMYECKOW OMyXOnMu.
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Llenb uccnepoBaHus: NpooeMOHCTPMPOBATL YHUKAJIbHBIV KIIMHUYECKUI Cllydait MeTacTaTuyeCckoro nopaxe-
HWUSI OKOJIOMOYEYHOr0 MPOCTPAHCTBA, MOYETOYHMKA 1 MOYEBOrO My3bIps Npu KapumMHome Mepkens ¢ passutvem
Ha ®OHEe IMMYHOOHKOJIOTMYECKOM Tepanuu nonepeyHoro Mmenmra.

Martepuan n metoabl. [IpoBeLeH aHann3 COBPEMEHHOIO COCTOAHMA BONPOCa ANArHOCTUKN 1 NIEYEHUS Kap-
LMHOMbI Mepkensi B pamkax MynbTUOUCLMMIMHAPHOIO MOAX04A HAa OCHOBaHWUM MEOUUMHCKOW AOKYMEeHTauuu
1 nyyeBbix nccnenoBanunin (MCKT, MPT) y naupeHTa ¢ AaHHbIM 3ab60/1eBaHVEM.

Pe3ynbratbl. Ha 0OCHOBaHMM AaHHbIX Ny4eBbix uccnegoanuii (MPT, MCKT) npoaeMOHCTPUPOBAH YHMKASIb-
HbI KIIMHUYECKUIA Clly4aii MeTacTaTu4eckon KapumMHOMbl Mepkensi, OCNIOXHEHHOW MOMNepeYHbIM MUEIMTOM Ha
bOHE MMMYHOOHKONOMMYECKOWN Tepanuu.
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HEHHOCTM OMyXO0JIeBOro Mnpouecca (BbiSIBIEHNE MeTacTa3oB M CTafAMpOBaHWe), OanbHenwero onpeneneHns
3hDEKTUBHOCTY NIEHEHUS.
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Objective. To present a unique clinical case of metastatic lesions of the perirenal space, ureter and bladder
in Merkel's carcinoma with the development of transverse myelitis against the background of immuno-oncological

therapy.

Matherial and methods. The modern states of issue in diagnose and treatment of metastatic Merkel's carci-
noma within multidisciplinary approach based on the medical documentation and radiological examinations (CT,

MRI) was analysed in this article.

Results. The unique clinical case of metastatic Merkel's carcinoma complicated by transverse myelitis during
immuno-oncological therapy according to MSCT and MRI examinations report was demonstrated.

Conclusion. Radiological examinations such as MSCT, MRI, ultrasound and PET/CT needed for detection,
assess the incidence of tumor (metastasis and staging) and treatment efficiency control because of the rare occur-
rence and insufficient knowledge of Merkel's carcinoma.
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BeepeHue

CornacHo knaccudukaumm BcemmnpHoi opraHmisa-
umu 3apaBooxpaHeHns (BO3): “kapumHoMa 13 KNeToK
Mepkens — 3T0 peakasi nepBUYHas 3510Ka4eCTBEHHAs
OnNyXoJib KOXW C 3NUTENNANBHON N HENPOIHOOKPUH-
How anddepeHumporkon” [1, 2].

[aHHas kneTka Briepsble Oblna onvcaHa B 1875 1.
Hemeukum ructonorom @.I. Mepkenem. Knetku
Mepkenst UMeloT HENMPOTNnanbHOE NPOUCXOXAEHNE W
HaxoaaTcs B 6a3asbHOM C/l0e anuaepmmnca rpynnamm
no 20 knetok, popmupys ¢ addepeHTHbIMU HEPBHBI-
MV BOJSIOKHAMW OCSi3aTeflbHble MexaHopeLenTopsl.
B umTonnasme knetok UMEKTCS MIOTHbIE TPaHysbl,
copepxalime Ba30MHTECTUHANbHbIN MONUNENTUA,
©ombe3VH, aHKedanuH, aHA0PdUH, NOITOMY UX OT-
HocaT K APUD-cucteme [3-5]. o 1972 r. kapumHoMa

Accepted for publication: 21.04.2022.

Published online: 15.06.2022.

Mepkens (KM) oTHocunace K HegnddepeHLMpoBaH-
HOMY paky koxu, HO yxe B 1972 r. C. Toker onucan
0nyxoJib Kak pa3HOBUOHOCTb paka NOTOBOM Xenesbl U
Jan HasBaHue “TpabekynsipHbll pak koxu” [6, 7].
B 1978 r. C. Tang n C. Toker BbISIBUAN B OMyXOJIEBbLIX
KneTkax MAOTHble FPaHynbl M NPeanOfoXWUaN, 4TO
NCTOYHUKOM MOTYT CRyXuTb knetku Mepkens [7, 8].
B 1980 r. C. De Wolf-Peeters Ha3Ban 3Ty 0Onyxosb
“pak 13 knetok Mepkens” [3, 9, 10]. BoiaBuHyTa TEO-
pus, cornacHo KOTopow kapumHoma Mepkens dop-
MUPYETCS M3 MJIIOPUNOTEHTHBIX CTBOJIOBbIX KJ1ETOK
OepMbl, MPUHUMAIOLLMX HEMPOIHAOKPUHHYIO Andde-
PEHLMPOBKY NPW 3/10KAYE€CTBEHHOW TpaHchOopMaLmMn
[6, 10, 11]. B 2008 . H. Feng n coaBT. NpOAEMOH-
CTpMpOBanu [oKasaTenbCTBa MOTEHLMANIbHOro BU-
PYCHOro oHkoreHesa. Bo Bpemsi n3yyeHns o6pasLos
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onyxonu Obln BbISIBSIEH HOBbIM NONMOMaBUPYC, KOTO-
pbili B NOCNEAYIOLEM HA3BaH “MOAMOMABMPYC KNETOK
Mepkens” [9, 12]. C 1992 r. B anarHoctuke KM npu-
MeHSAeTCa MMyHornctoxnmmnyeckoe (UIMX) nccnepo-
BaHME C OMpefefieHneM aHTuTen K LUTOKepaTuHy
20 (LK 20) [10, 13, 14]. B HacTosiLLEE BPpEMS NaTO-
reHe3 KM oKOH4YaTeNlbHO He U3y4eH, 0gHaKo B 3apy-
OGEXHOW 1 OTEYECTBEHHOWN NUTEpaType NOSBASIOTCS
paboTbl, MOCBELEHHble AaHHOMY 3aboneBaHuio.
B Poccuun KM B 0TOENbHYI0 HO3010MMY€ECKYI0 eANHN-
Ly He BblfefieHa, BHECEHA B NMepeyeHb peakux (op-
daHHbIx) 3abonesanuii B 2017 . [10].

B 6onblunHCTBE cnyvyaeB pak Mepkens BO3HMKA-
€T B KOXe 3a CYeT BNUSHUSA YabTPaduoneToBoro
N3Ny4eHUs Ha OTKPbITble y4yacTkm koxu [15, 16].
CooTBETCTBEHHO, Hambonee 4acTol nokanuaaumen
KM gaBnqatotca ronosa, wes, koHevyHoctu. K ponon-
HUTENbHBLIM hakTopam prUcka OTHOCHAT COCTOSHME UM-
MyHocynpeccun (6osbHble CMLoM, naumeHTsl nocne
TpaHCcnnaHTauMm OpraHoB, Hanuyine B-kneToyHom
Heonnasuu, nauMeHTbl, MOoJlyyallmne nevyeHne mno
noeogy rncopuasa metokcaneHoMm m PUVA) [15-17].
KM — ogHa n3 cambix arpeCCuBHbIX OMYXOJIEN C BbICO-
KUM MEeTacTaTM4eCkuM MOTEHUMAnoM W MOXOn Bbl-
XuneaemocTblo [9, 18, 19]. CpegHwnii BO3pacT naumeH-
TOB Ha MOMEHT BbISIBNeHMS 3aboneBaHus — 65-69 net
[9]. MeTacTatuyeckoe nopaxeHue 6e3 BbisSIBIEHMUS
nepeuyHon onyxonu npu KM BcTpevaetca B 3-19%
[9, 15, 16]. Mo paHHbIM nuTepaTypbl, KM Hanbonee
4aCcTO MeTacTasunpyeT B KOXY WU PErmoHapHbIE NNM-
daTnyeckne yanbl, pexe B rOJIOBHON MO3I, KOCTH,
nerkuve, nedveHb. B nutepartype onncaHbl eQUHUYHbIE
Clly4an MeTacTaTMyecKoro nopaxeHusi cepaua, xe-
nyaka, NomXenyoo4yHOW Xenesbl, HaAMOYEeYHWUKOB,
NnoYku, snyKa, MOYeBOro nysbips, GnaHkoBon obna-
ctn [17, 18, 20-22].

OnarHoctnka KM ocCywecTBAsSeTcs C MOMOLLbIO
ructonormyeckoro n UX-nccneposanunm [23, 24].
NIX-nccneposaHne NpoBOAAT C NPUMEHEHMEM Ce-
UMPUUECKNX aHTUTEN K Mapkepam 3nuTenvanbHOMn
onddepeHUnpoBKN — LUTOKEPaTUHY (“3010TbIM
ctaHpaptom” asnsietcsa LIK 20); mapkepam HENPOSH-
OOKPUHHOW OMPDEPEHLMPOBKN — XPOMOrPaHUHY A,
CUMHaNTOOU3MHY N aHTUIEHY KNeToYHOM nponndepa-
umn Ki-67 [10, 13, 14]. Lna onpeneneHus craguu
3ab60/1eBaHNs, OLLEHKU PacnpoCTPaHEeHHOCTU Mpo-
Lecca n onpeneneHns TakTUKM 1e4eHns NPUMEHSIOT-
CA MEeToAbl MHCTPYMEHTaNbHOM OuarHocTtukn: Y3WU,
MPT, MCKT, N3T/KT, cumHturpadusa [12, 25].

CornacHo pekomeHgaumam MuHucTepcTBa 3apa-
BOOXpaHeHust PO, npu neyeHnn metactatmyeckom n/
WM MEeCTHOPAaCnpOCTPaHEHHOW HeonepabenbHom
KM Heob6xoaMMO npoBefeHe MMMYHOOHKOJIOrMye-
ckol Tepanuu npenapatamu aHtu-PD1 (nembponu-
3ymab n HuBonymab) m aHtu-PD-L1 (aBenymab)

2022, rom 26, Ned

[26-29]. Tpn HedadDPEKTUBHOCTN WUAM  HANNYUK
OCNOXHEHUN NPU MMMYHOOHKONIOMMYECKOMN Tepannu
BO3MOXHO Ha3Ha4yeHne XumMmoTepanuu: 3tono3uaa
C npenapaTtamu nnatuHbl (KapbonnaTuH Uan umcnna-
TuH) [29-31].

OcnoxHeHns nNpyv NPUMEHEHUN VIMMYHOOHKOJO-
rMyecknx MpenapatoB MPUHATO Ha3biBaTb MMMYHO-
0OnoCpefoBaHHbIMU HeXeNnaTeNbHbIMN  ABEHUSMU
[5, 28, 31]. K HeBponornyeckum MMMyHOOMOCpe-
OOBaHHbIM HEXeNnaTenbHbIM SBAEHUSIM  OTHOCSAT
rONoBHYIO 00Nb, Nepudepnyeckytd TOKCUYHOCTb —
HenponaTtum, CUHAPOM, CXOLHbIA C MUACTEHUENR,
M LLEHTPaNbHYI0O TOKCUYHOCTb — aCenTUY4ecKuin me-
HUHIUT, ayTOMMMYHHBIN 3HLUedannT, NonepeyHbIin
MUENUT (BCTpeYaloTcs MeHee 4eM Yy 5% O6OnbHbIX)
[27, 30, 32-34]. “NonepeyHbli MuenuT” — 310 06006-
LAKOLLMIA TEPMUH FreTEPOreHHOr0 CMHAPOMA C NPOSIB-
JIEHNSIMW OCTPOIrO UKW NOAOCTPOr0 MOPaXEHUs CrvH-
HOr0 MO3ra BOCMa/IMTeSIbHOro xapakrepa, Npueoas-
Lero K napesam, YyBCTBUTENbHbLIM U BEreTaTvBHbIM
HapYLUEHNSIM HUXE YPOBHS NnopaxeHusi. B 60nbLInH-
CTBE C/ly4aeB MOMEPEYHbIA MUENNT pPa3BMBAETCHA
npu 3aboneBaHUsIX CnekTpa ONTUKOHENPOMUENNTa,
HO BCTpEYaeTcs 1 Npu AEMUENNHU3MPYIOLWMX 3a00-
NIEeBaHNSIX LLEHTPaIbHON HEPBHOM CUCTEMBI, CUCTEM-
HbIX 2yTOMMMYHHbIX 3a00NEBaHNAX, HEMPOCaPKOUA0-
3e, HeonnacTMyeckux npoLeccax, napaHeonsactu-
YEeCKUX CUHAPOMAX 1 NPU MHPEKLMOHHBIX MOPaXeHW-
AX CMMHHOro moara [35-39].

Ha OCHOBaHWUM W3YYEHHOW NUTEpPaTypbl MOXHO
caenatb BelBOA, 0 TOM, 4To KM gaBnsieTcs opdaHHbIM,
HEeJOCTaTOYHO W3y4yeHHbIM 3abonesaHveM. [pepn-
CTaB/IEHHbIV KJIMHUYECKUIA Clydail OEeEMOHCTpUpyeT
penkylo pasHoBMOHOCTbL MeTactaTndeckon KM ¢ no-
paxeHneM 0KONONO4YEe4HOro NPOCTPaHCTBA U Pa3Bu-
TMEM Ha (POHE MPUMEHEHUS VUMMYHOOHKOOrm4ec-
KOro npenapara nonepeyHoro MmenunTa.

KnuHuyeckoe HabGnopgeHue

MauueHT I, 66 net. Cuntaet cebs 6onbHbIM ¢ 08.2019,
KOrga camMoCTOSITENIbHO OOHaPYXMN yBENYEHHbIE NuMdba-
TUYeckue y3nbl B NeBOW naxoBoi obnact. OHKONOrom no
MECTY XUTEenbCTBa OblI0 PEKOMEHOOBAHO MpPOBeEAEHME
MN3T/KT. Mo gaHHbiM M3T/KT ot 09.2019 — meTabonnyeckn
aKTUBHbIM NnmdonponndepaTrBHbIN NPOLLECC C nopaxe-
HMEM NMMbaTUYECKNX Y3M0B LWen, NOAKMOYUYHBIX, MOA-
B3[0LUHbIX 1 MNaxoBbIX TMMbATUYECKNX Y3/10B CleBa.

B 10.2019 BbinonHeHa ToTanbHas GMOMCUS MAxOBOro
nmmdaTmnyeckoro ysna cnesa — Mopdonormyeckoe 3akio-
YyeHue: B roTOBbIX MUKpOMNpenapaTax B KOHTPOSILHOM Cpe-
3€, OKPALEHHOM remMaToKCUANHOM U 9031HOM, ONpeaens-
IoTCs dparMeHTbl IMM@ATUYECKMX Y3N0B C CYOTOTasIbHbIM
3ameLleHnemM NMM@PONIHOM TKaHM POCTOM 3/10Ka4YeCTBEH-
HOW ONyX0nn, NPeaCcTaBAEHHOM CONUAHBIMU NOASMU N KOM-
naekcamm aTunMYHbIX KNEeTOK C OKPYIbIMUA U YIMOBaTbIMU
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rMNePXPOMHbLIMU SAPAMN, CKYAHON LLUTOMNA3MOM U MHOMO-
YMCNEeHHbIMU MUTO3aMu. [MpocnexmnsaeTcs 6oNbLLOE KOIN-
4eCTBO Kpaw-apTedakToB. 3ak/lo4yeHne: MeTactasbl HU3-
KoanddepeHLMPOBaAHHOIO paka B MMbaTUYeCcKnx y3nax,
BO3MOXHO, HEMPO3HOOKPUHHOIO reHesa, Ansi YyTOYHEHUs
nmnarHosa Tpebyetcs UMX-uccnepgosaxue.

B Hoa6pe 2019 r. npoBeneHo UIMX (maHUMTOKEPATUH):
onbdysHas BbipaXeHHas uMTonaasmartmyeckas peakums
B OMYXOMEBbLIX KNETKax C NEePUHYKIeapHO akLeHTyaumen.
XpomorpaHuH A, cnHantoduavH: andaoysHaa pasnmyHom
CTeMneHn BbIPAXEHHOCTM uMTOMNIa3mMaTmnyeckas rpaHynsp-
Has peakums B ONyxonesbix knetkax. LintokepatuH 20: and-
dy3Has BblpaXeHHas LMToniasmaTnyeckas peakums B ony-
XOneBbIX knetkax p53: Gonee BEPOATHO, MYTAHTHbLIA TuUM
akcnpeccun. RB1: guddysHas pasnnyHon CTeneHn Bblpa-
XEHHOCTU AaepHas peakuust B ONyxoneBbix knetkax. Ki-67:
6onee 90%. Takum 06pa3oM, UMMYHO(PEHOTUI OMyX0n CO-
OTBETCTBYET MMMYHODEHOTUMY paka 13 knetok Mepkens.

[MauneHT KOHCYNbTMPOBaAH OHKONOrom. [pu ocmoTpe:
Ha KOXe MOLLOHKM TEMHOr0 LBeTa 06pa3oBaHus, pacnona-
ratowmecst B Buae catennmTos. Takum 06pa3om, y naumeH-
Ta MHOXECTBEHHOE nopaxeHue numbaTtnyeckmx y3nos KM.
BeposTHee Bcero, NepBMYHbLIM 04arom sBASOTCS 06pas3o-
BaHMS Ha KOXE MOLUOHKMW, HO AaHHblE HE MOATBEPXOEHbI.
YuynTtbiBass pacnpoCTPaHEHHOCTb OMyXOAEeBOr0 MnpoLecca
XVPYPruyeckoe neyeHne He nokasaHo.

C 11.2019 no 06.2020 6bi10 NpoBeaeHo 9 KypcoB
XMMMOTEpanuM 3ToNo3MAOM M npenaparamu naatuHbl
(1-6-1 kypc — kapbonnaHuH, 7, 8- Kypc — UMCMNATVH,
9-11 kypc — kapbonnatuH) no cxeme EP. Mo gaHHbIM KOHT-
ponbHOro o6cnenoBaHusa (BeinonHeHo M3T/KT) B uioHe
2020 r. oTMeYeHa oTpuuaTenbHas AMHamMmKka B BUAE yBEn-
YeHUs KOJIMYeCTBa U pPasMepoB MOAB3AOLUHbLIX UM MAaxOBbIX
nmMmdaTtryeckmx y3noB cnesa (M3obpaxeHus He npeno-
cTaBneHbl). OHKOIOrOM peLleHO N3MEHUTbL CXEMY NeHeHUs]
Ha MMMYHOOHKOJIOFMYECKYID Tepanuio npenapaToMm aHTu-
PD1 nembponuaymad 200 mr BHyTpuBEHHO (B/B) 1 pa3s
B 3 Hefl.

C 06.2020 no 09.2020 npoBeneHo 4 BBeAeHMA npena-
pata nembponnszymab. Ha poHe neveHns otMedeHa cTabu-
m3aumsa npoLecca, 0AHaKo nocne 4-ro BBEAEHWUS y naum-
€HTa OTMeYeHbl CNnaboCTb, OHEMEHNE BEPXHUX N HVXKHUX
KOHEYHOCTEeN, 3aTpyaHeHHoe moyeuncnyckaHue. C uenbio
WCKNIOYEHNS Pa3BUTUS HEBPOJIOTMYECKMX MMMYHOOMOCPE-
[OBAHHbIX HEXenaTeNbHbIX SBNEHUI LLeHTPaSIbHON TOKCUY-
HOCTW HepBHOW cucTemMbl B ceHTsOpe 2020 r. naumeHTty
nposeaeHo MPT LweiHoro otaena no3BOHOYHMKA C BHYTPU-
BEHHbIM KOHTpacTupoBaHuem (puc. 1). CnvHHOW MOS3T,
BKJIIOYas LepebpocnuHanbHbIA Nepexon, UMeeT 0ObIYHYI0
KOHPUIrypaumio, WMPUHY U HEOOHOPOOHYI CTPYKTYPY, Ha
$GOHe NPOAOSBHON NPOTIKEHHON MUENONATUN LEeHTpanb-
HbIX OTA,ENTI0B CMMHHOro Mo3ra Ha ypoBHe C,—C,,-CermeHToB,
C BbIP@XEHHbIM MONOXUTENbHBIM Macc-addekToM. Nocne
B/B KOHTPACTHOMO YCUIEHNS B 30HE U3MEHEHHOIO CMUHHO-
ro MO3ra naTtos0rM4eckoro HakoMIeHMs KOHTPACTHOMO Be-

wectsa (KB) He oTMeyeHo. 3aknioyeHne: MP-kapTuHa npo-
TSKEHHOW MuenonaTtum Ha yposHe C,—C,-CermeHToB He-
KOMMPECCMOHHOr0 XapakTepa, C y4eTOM AaHHbIX aHAMHE3a,
BEPOSITHO, B paMKax NornepeyHoro Mvenmra.

Mo pesynbratam NpoBeAeHHOro 06cnenoBaHNs naum-
€HT Obl1 roCNMTaNM3MpPoOBaH B HEBPOJIOTMYECKOE OTAENe-
HMe MO MOBOAY MOMepeyHoro muenuTa Ha ypoeHe C,—-Cy-
CEerMeHToB TeTpanapesa, HapylleHust GyHKUMM Ta30BbIX
OpraHoB Ansi NPOBEeAEHNS MybC-Tepanumn NPeaHU30/10HOM
B #03e 500 mr B/B kanenbHO Ne5 ¢ nocnenylowmm nepexo-
OOM Ha TabneTnpoBaHHyio ¢Gopmy 16 Tabnetok no 4 mr
C nocneayLwmMM CHAXEHNEM 1 OTMEHOW B TeYeHne 3 Mec.

Mocne neyeHnss Nnpu NPOBEAEHUN KOHTPOSbHOW MPT
LieHoro otaena no3soHo4YHuka ot 02.2021 (puc. 2) otme-
4aeTCs MOJHbIV PErPECC PaHEE BbISIBNEHHOMO NONEPEYHOro
muenuta C,—C,,-cermeHToB. CNMHHON MO3I paBHOMEPHOM
TONWMHBI U UHTEHCUBHOCTU MP-curHana. LeHTpanbHbIv
CMMHHOMO3rOBOIM KaHan He paclumpeH. Nprn3HakoB aTtpo-
GYn He BbISIBNEHO.

C 09.2020 no 04.2021 naumeHT cneumann3npoBaHHOroO
neyveHnst He nonyyan (oTkaad naumenta). 04.2021 Gbin npo-
BEAEH KOHCUIMYM U MPUHSTO PeLLeHre O NPOBeAeHUN Tap-
reTHol Tepanuu npenapaTom na3oHn6 800 mr 1 p/cyt
€XeOHEBHO.

B cBsi31 C BblpaxeHHbIM 6ONEBLIM CUHAPOMOM Y Naum-
€HTa OHKONOroM ObIIO MPUHATO PeLleHVe O NPOBEAEHUU
MPT-unccnenoBaHus NOSICHUYHOIO OTAENa MO3BOHOYHMKA
ot 04.2021 (puc. 3). Ha ypoBHe BM3yanu3aLmm BbisBlieHa
TOoTaNbHas BTOpPUYHas 3abplolwnHHas numdbaneHonatus,
CcTpoMa f1eBon noykmn aedopmupoBaHa, B NeprpeHanbHom
KJieTyaTke CreBa BU3YaNM3MPYIOTCS Y3M0BbIE MSArKOTKAH-
Hble CTPYKTYpbl, Tpebylolme [oo06CnenoBaHNs, PeKOMEH-
nosaHo nposeaeHne MCKT. Ot noo6cnenoBaHus naumeHT
0TKa3asCcs, K OHKONory He obpatiancs.

B cBS13M C yXyALEHNEM KIIMHUYECKON KapTWHbI MaUUEeHT
06paTuCs K OHKONOry, OblI0 MPUHSATO PELLEHME O NPOBe-
neHun goobenenosanust. Mo gaHHbIM KT opraHoB rpyaHom
kneTkn oT 06.2021 AaHHbIX O BTOPUYHOM MOPaXeHUU, MH-
GUABTPATUBHBIX U3MEHEHNSX B IEFKUX HA MOMEHT 1CCne-
[0BaHUS He BbISIBIEHO.

Mo paHHbIM KT opraHoB 6ptoLuHoi nonoctu ot 06.2021 —
WCCNELOBAHME BbIMOJIHEHO C BHYTPUBEHHBIM OOJMIOCHBIM
KOHTpacTMpoBaHWemM npenapaTtom (puc. 4, 5). JononHu-
TE/bHbIE OTCPOYEHHbIE CKaHMpPOBaHMS Yepes 14, 6 u.

B MeauanbHOM HOXKE NPaBoro HaarnovYeyHvKa onpenensi-
€TCsl MArkoTkaHHoe ob6pa3oBaHve pasmepamu 2,3 x 2,0 cm,
aKTUBHO HEOOHOPOAHO Hakannmeatowee KB. JleBbih Hagno-
YEYHUK MOMHOCTBIO NOUMPYETCS B MATONOMMYECKNX Maccax
OKOJIOMOYEYHOro MPOCTpaHCTBa. JleBas nouyka O0ObI4HO
pacnonoXeHa, HapyXHble KOHTYPbl HEYETKME, MapeHxrmMa
WCTOHYEHA, MeprpeHanbHas kieTtyaTka cybToTalbHO Bbl-
NMoJIHEHA KNCTO3HO-CONMMAHBIMW MacCamMu, TONLMUHOM CNost
0o 4,1 cM, ¢ Hannumem CoBCTBEHHOW COCYAMCTOM CEeTU U
HakonneHvem KB conuaHbiM komnoHeHTom Ha 40-50 HU.
OTmevaeTcs HapylleHre TpaHanTa KB napeHxrmon noyku.
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Puc. 1. MPT weiHoro otaena no3sBoHo4YHMKa 6e3 KoHTpacTHoro ycunexus ot 09.2020. a — carntranbHbIin Cpes B pexume
T2 tse; 6 — caruTTanbHbIi cpes B pexumMe T2 tirm; B — akcuasnbHblil cpes B pexvme T2 tse; 1 — ppoHTabHbIN CPES3 B pEXMME
T2 tse. CTpenkamm nokazaHo NPOTSXEHHOE NO AJIMHHUKY LIEHTPAIbHOE MTMMNEPUHTEHCBHOE MOPAXEHNE CMMHHOIMO MO3ra Ha
ypoBHe C,—C,,-CErMeHTOB C yBenMyeHnemM ero oObema HEKOMMPECCUMOHHOro reHesda (doTo u3 nnyHoro apxmuesa A.A.
Kapnosoi).

Fig. 1. MRI of the cervical spine without contrast enhancement from 09.2020. a - sagittal section in T2 tse mode; 6 - sagittal
slice in T2 tirm mode; B — axial slice in T2 tse mode; r — frontal cut in the T2 tse mode. Arrows show a central hyperintense
lesion of the spinal cord at the level of CllI-CVI segments, extended along the longitudinal axis, with an increase in its volume
of non-compression genesis (photo from A.A. Karpova's personal archive).
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Puc. 2. MPT weiHoro otaena no3BoHo4YHUKa 6e3 KOHTpacTHOro ycunenus ot 02.2021. a — carntrasibHblil CPe3 B pexume
T2 tse; 6 — caruTTanbHbI cpes B pexume T2 tirm. Perpecc npoTsKeHHOro rmnepuHTEHCMBHOIO NOPaXeHust CMHHOIo Mo3ra
Ha ypoBHe C,,—C,,-cermeHToB. CNUHHOM MO3r paBHOMEPHOM TOLLMHbI U UHTEHCUBHOCTU MP-curHana (¢oTo 13 IM4YHOro
apxuea A.A. Kapriosoi).

Fig. 2. MRI of the cervical spine without contrast enhancement from 02.2021. a — sagittal section in T2 tse mode; 6 - sagittal
slice in T2 tirm mode. Regression of an extended hyperintense lesion of the spinal cord at the level of C,—C,, segments.
Spinal cord of uniform thickness and intensity of the MR signal (photo from the personal archive of A.A. Karpova).

Puc. 3. MPT nOSICHNYHOr 0 OTAena No3BOHOYHMKA 6€3 KOHTPACTHOrO yeuneHust ot 04.2021. a — GpoHTanbHbIV CPE3 B peXU-
Me T2 tse; 6 — ppoHTaNbHLIN cpes B pexmnme T2 tse. CTpenkamm ykazaHbl y3110Bble MArKOTKaHHbIE CTPYKTYPbI B epupeHab-
HOW kneTyaTtke cnesa (HoTo 13 nnyHoro apxmea A.A. Kapnosoi).

Fig. 3. MRI of the lumbar spine without contrast enhancement from 04.2021. a - frontal section in the T2 tse mode;
6 - frontal slice in T2 tse mode. Arrows indicate nodal soft tissue structures in the perirenal tissue on the left (photo from

A.A. Karpova's personal archive).
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Puc. 4. MCKT opraHoB GpIOLLHOM NONOCTM 1 3a0PIOLLMHHOIO NPOCTPAHCTBA C BHYTPUBEHHBLIM HOMOCHBIM KOHTPACTMPOBAa-
Huem o1 06.2021. a, 6 — bpoHTanbHbIN cpes, apTepuanbHas Gasa u oTcpoyeHHas dasa yepes 5 MUH. MarkoTkaHHble HeO-
HOPOAHbIE MaccChl, Cy6TOTaNIbHO 3aMONHSAOLLIME OKONOMOYEYHOE MPOCTPAHCTBO, C BOBNEYEHMEM HaznoveyHvka (6enble
cTpenku). MarkoTkaHHoe 06pa3oBaHne 3aHENEBON 1 NeBO OOKOBOIM CTEHOK MOYEBOrO My3blpsi C BOBNEYEHVNEM YCTbS
MOYETOYHMKA (YepHble CTpenku); B, I — (GPOHTaNbHbIA Cpe3, BeHO3Has ¢as3a M oTcpoyveHHas dasa 4yepe3d 5 MuH.
MHOXECTBEHHbIE YBENMYEHHbIE NIEBbIE MapaaopTanbHble NMMdaTUYeCKne y3bl HEOAHOPOAHON CTPYKTYPbl 32 CHET LEHT-
pasbHbIX y4aCTKOB HEKPO3a (TOHKME YepHble cTpenikun). MydToobpasHble MArkoTKaHHbIE MacChl OKOJIOMOYEYHOMO MPOCTPaH-
CTBQ, BOBJIEKAKOLUME JIOXAHKY, CTEHKM KOTOPOW YTOJLLEHblI U aKTUBHO HakannueaioT KB 1 BEPXHIOI TPETb MOYETOYHMKA
(ToHKMe 6enble cTpenkun). PoTo ns nuyHoro apxmea A.A. Kaprnosoii.

Fig. 4. MSCT of the abdominal and retroperitoneal organs with intravenous bolus contrast enhancement from 06.2021.
a, 6 — frontal section of the arterial phase and delayed phase after 5 minutes. Non-uniform soft tissue masses that subtotally
fill the perirenal space, with the involvement of the adrenal gland (white arrows). Soft tissue formation of the posterior-left
and left lateral walls of the bladder with involvement of the ureteral orifice (yellow arrows); B, r — frontal section of the venous
phase and the delayed phase after 5 minutes. Multiple enlarged left para-aortic lymph nodes, heterogeneous structure due
to central areas of necrosis (thin black arrows). Muffled soft tissue masses of the perirenal space, involving the pelvis, the
walls of which are thickened and actively accumulate CV and the upper third of the ureter (thin white arrows). Photo from the
personal archive of A.A. Karpova.
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Puc. 5. MCKT opraHoB 6ptoLLHOM NOAOCTM U 3a0PIOLIMHHOIO NPOCTPAHCTBA C BHYTPMBEHHBLIM B0MIOCHBIM KOHTPACTUPO-
BaHuem ot 06.2021. a, 6 — akcuanbHbIli cpes, apTepuanbHasa ¢asa. MarkotkaHHoe oOpa3oBaHue 3aHEeNeBON CTEHKU
MOYEBOIrO My3bIPsi C BOBJIEYEHMEM YCTbS MOYETOYHMKA U JIEBOrO CEMEHHOrO Ny3bipbka (6enas nyHKTUpHasS cTpeska).
YBennyeHHble NnapaaopTasibHble MMmdaTtnyeckne ysnbl (6enas ctpenka). YToNweHne CTEeHOK IOXaHKy (YepHas CcTpesika);
B, I, A, — CarnTTasbHbIl, aKCUanbHbI 1 GPOHTANbHBIN CPe3bl, OTCPOYEeHHasa dada yepes 6 4. MarkoTkaHHbIe MacChl, BbINOJSI-
HAIOLLME OKOJIONOYEYHOE MPOCTPAHCTBO (6enble cTpenku). KOHYCOBUOHOE CyXeHue MUenoypeTepanbHOro CerMeHTa
MyPTOOOpPa3HLIMN MSArKOTKAHHBIMKM MaccaMu (YepHast ctpenka). Mepcuctupyowas Hedporpamma (KOHTpacTMpoBaHHas
napeHx1MmMa noykm yepes 6 4 ot BBeaeHns KB), ymepeHHOe paclUMpPeHME YalleYHO-NI0XaHOYHOW CUCTEMBI (TOHKME Besble
ctpenkun). PoTo 13 nuyHoro apxmea A.A. Kapnosoli.

Fig. 5. MSCT of the abdominal and retroperitoneal organs with intravenous bolus contrast enhancement from 06.2021.
a, 6 — axial section of the arterial phase. Soft tissue formation of the posterior-left bladder wall with involvement of the
ureteral orifice and left seminal vesicle (white dotted arrow arrow). Enlarged para-aortic lymph nodes (white arrow).
Thickening of the walls of the pelvis (black arrow); B, r, g — sagittal, axial and frontal sections delayed phase after 6 hours.
Soft tissue masses filling the perineal space (white arrows). Conical narrowing of the pyeloureteral segment by muff-like
soft tissue masses (black arrow). Persistent nephrogram (contrasted parenchyma of the kidney 6 hours after the introduction
of CV), moderate expansion of the calyx-pelvic system (thin white arrows). Photo from the personal archive of A.A. Karpova.

YalueyHo-noxaHo4YHas cucTemMa JIeBON MOYKM YMEPEHHO
pacLuMpeHa, CTEHKUN JIOXaHKMN YTOJLLEHbI, HAKOMIEHNE KOH-
TpacTa NoJSIOCTHOW CUCTeMOI 3amenneHo. B obnactu Bo-
pOT martosiormyeckre Maccbl MyhTooOpasHO OXBATLIBAIOT
JIOXaHKy, nuenoypeTepanbHbii CErMEHT, MOYETOYHUK,
CTEHKM KOTOPbIX aKTUBHO HakannusatoT KB, ¢ pacnpocTtpa-
HEHVEM Ha nepuypeTepanbHYIO KNETYaTKy Ha BCEM MPOTS-
XEHUN, HA YCTbe IEBOrO MOYETOYHMKA, 3aQHENEBYIO U Ne-
Byl0 GOKOBYIO CTEHKM MOYEBOro My3blps C TOJILLMHOW
0o 1,9 cm. MNpun KOHTpPacTMpPOBaHUM B OTCPOYEHHYI0 dasy
yepesd 6 4 oTMevaeTcs HakonneHne KB napeHxumon,

YalleyYHO-JI0OXaHOYHON CUCTEMOM NIEBOM MOYKK, MPOCBET
NUEeNoypeTepasibHOr0 CermMeHTa KOHYCOBUAHO CYXEH.
Mo4yeTo4HUK He KOoHTpacTupyetcs. XKuposas knetyatka
no3aanbpbiKeeYHON NIACTUHKN TSXMCTas, NepeaHuin nn-
cTok dacummn Tepota u 3agHuii AMCTOK dacumm
Llykepkanans, CTEHKM NeBOro fatepasbHOro KaHana ynaoT-
HEHbl, HECKOMNBKO YTOJILLEHBI. [epuypeTepanbHas XupoBas
KnetyaTka, nepunysbipHasa kKnetyatka cnesa TEKUCTO UH-
bunbTpUpoBaHbl. BETBM /1€BOM MOYEYHOM BEHbI CYXEHbI,
KOHTPaCTUPYIOTCA HEOOHOPOJHO, oTMevaeTcs copoc KB
B JIEBYID AIMYKOBYKD BeHy. OTMEYalTCs MHOXECTBEHHbIE
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MEIMHCKAS BH3YATHIBALS

YBEJINYEHHbIE, CAMBHbLIE B KOHIOMepaTthbl, NPENMYLLECT-
BEHHO JieBble NapaaopTasibHble nuMbaTnieckme yssbl pas-
mepamu o 3,6 x 4,0 cM, o6LLmMe 1 Hapy>XHble NoAB340LL-
Hble NMMdaTnyeckmne ysnbl ¢ 06enx CTOPOH pa3mepamu
0o 2,4 x 2,1 cm, Npy KOHTPacTUPOBaHUM HEOAHOPOAHO
HakannmeatoT KB.

3aknodeHne: TUCTONOrMYECKN BepUOULUPOBAHHBIN
AnarHo3: metacTtasdbl B AiMM@GaTUYeckmx ysnax — MMMYHO-
(GEeHOTUN COOTBETCTBYET KapLMHOME U3 KNeTok Mepkens.
CocTosiHMe nocne MMMyHOTepanun, KypCoB MOAMXMMMUO-
Tepanuu. Metactatmyeckoe nopaxeHve 060Ux Hagnoyey-
HWKOB; OKOJIOMOYEYHOro NPOCTPaHCTBA ClEBA; JIEBON MO-
YKM; NIEBOr0 MOYETOYHMKA; 3aHENIeBON 1 NeBoil GOKOBOM
CTEHOK MOYEBOI0 My3blpsi; 3a0PIOLLNHHBIX 1 TA30BbIX JIUM-
dartnyeckmx y3nos. Hapywenne TpaH3uta KB neson no-
4ykoM. CHMUXEHNE SKCKPETOPHO-3BaKyaTOPHOM MYHKLMN ne-
BOW MOYKU. JIEBOCTOPOHHSASA KANNKONMMEN0aKTasus.

MaumeHTy faHbl pekoMeHgaunm o Heob6XoAMMOCTM 3KC-
TPEHHOW KOHCYNbTaL MM OHKOJIora. B CBA3KM C HM3KOWM KOMIM-
JIAEHTHOCTbIO MAUMEHT OTKa3ancs OT NPeasIoXKEHHbIX PEKO-
MeHaauui. [laHHble NocneayLwero KInHNYeckoro Habnto-
[EeHNs Ha MOMEHT HannucaHus CTaTby OTCYTCTBYIOT.

OGcyxaeHue

C y4eTOM penkon BCTPe4aeMOoCTM N HeaoCTaTou-
HOM n3y4yeHHOCT KM mMeToapl y4eBor ANarHOCTUKN
MN3T/KT, MCKT 1 MPT, Y3 HeobxoauMbl Anst BblisiB-
JIEHUS N OLLEHKM PACNPOCTPaHEHHOCTW OMyX0neBoro
npouecca (BbliBIeHVWE MeTacTa3oB M CTaaMpoBa-
HUE), aanbHenwero onpeneneHns 3pdeKTMBHOCTU
NeyveHus.

ArpeccuBHOCTb TeveHns KM cnocobceTByeT GbICT-
POMY MPOrpPecCcMpoBaHUIO C Pa3BUTUEM OTAANIEHHOIO
MeTacTasupoBaHus. Hanbonee vacto KM metacra-
3UpYyeT B KOXY U PErMOHApHbIE TMMdaTUYeCcKne y3bl.
Penoxumun opraHaMmu-mMuULLEHSIMW B paMkax MeTacTa-
3MPOBaHMA ABASIOTCS CEPALE, XENyaoK, Noaxeny-
[04Has xenesa, HaanO4YEeYHUKM, NOYKN, SNYKO, MOYe-
BOW ny3blpb. B nutepartype onucaHbl eOnHUYHbIE
cnyyam [aHHbIX BapuaHTOB MeTacTasupoBaHUS.
S.H. Tirumani n coaBT. B CBOMX paboTax Ha OCHOBa-
HUW BbIMNOJIHEHHbIX JIY4EBbIX MCCNEA0BAHNA BbISBUIN
meTtactadbl KM B rOnOBHOM MO3r, HAAMNOYEYHUKMU,
NoaXeNnyooyHylo Xenesdy, &aHkoBylo 06nacTb.
Abdessamade Motaouakil 1 coaBT. Ha OCHOBaHWMK
naHHbix MCKT onucbiBann metactasvpoBaHne KM
B neByto noyky. S.E. Anderson u coaBrt., C.K. Bichak-
jilan n coasrt., J.Y. Ro n coaBT. npeacraBuim pesysbra-
Tbl HabnwoaeHuii metacta3mpoBaHma KM B simMuko,
MOYEBOW NY3bIPb, XeNyaoK, NOoXeNya04HYIO Xeneay.
BapnaHtoB meTacTtasuposaHma KM B okononoyeyHoe
NPOCTPAHCTBO, MOAKPENIEHHbIX N30OPAXKEHNAMN Y-
YyeBbIX METOL0B UCCNeN0BaHWI, B IUTEPATYpPE onuca-
HO He OblIs1o.

2022, rom 26, Ned

3aknoyeHue

Ncxoas n3 npeacTaBNEeHHOro KJIMHMYECKOro Ha-
GN04EeHNS, MOXHO CAenaTh BbIBOA 0 HEOOXOAMMOCTH
MYNbTUONCLUMIMAIMHAPHOIO NOAX0AA B OLEHKE KapLuu-
HoMbl Mepkensi. Oco60 BaXHbIMU AJ1s1 OKOHYaTeNb-
HOW MOCTaHOBKM AMarHo3a fBAsioTCS: rMCTONormye-
CK1e, UMMYHOTUCTOXMMUYECKME U Ny4EeBble METOAbI
OMarHocTukn. Bonbluon Bknag, B eYeHne naLmeHToB
C MeTacTaTMyeckom u/mam MeCTHOPacnpOCTPaHEH-
HOW HeonepabenbHOW KapumHoMoin Mepkens BHOCUT
MMMYHOOHKONOrnyeckasi Tepanusi npenaparamu
aHTL-PD1 (nem6ponn3ymab n HuBOSiyMab) 1 aHTu-
PD-L1 (aBenyma0). MNpu BbISBAEHUM UIMMYHOOMNOCPE-
OOBAHHbIX HeXenaTesNibHbIX SBAEHUN NauneHTaMm
Heo6X0AMMO NPOBELEHNE NIEYEHNS Y CMELMANNCTOB
y3KOro npoduss B LEHTPax okasaHus BbICOKocneumna-
NIM3NPOBaHHOM MeaUUMHCKOM nomMoLum. Heobxooumo
dopMmnpoBaHe eauHbIX CTaHAAPTOB JIeYEHUS, CBOE-
BPEMEHHbIN Noabop ONTUMasbHbIX CXeM Tepanuu
M UX OOCTYNHOCTb. He MeHee BaxHa KOMMyHUKaUUS
Mexnay cneuvannuctaMmm pPasimyHbiX KAMHUYECKMX
obnacTtei U KOMMNNAeHTHOCTb NaumeHTa ajs ycnew-
HOrO JIe4YEeHNst JAHHOW NaTONIOTUN.

Yyactumne aBTOpOB

Kaprnosa A.A. — NnpoBefieHNe nccnenoBaHus, c6op 1 06-
paboTka JaHHbIX, cTaTUcTUYeckas obpaboTka AaHHbIX, Ha-
nucaHve TekcTa.

HukuTtuH M.A. — yyacTve B Hay4HOM Aum3arHe, cTaTtuc-
Tnyeckasi o6paboTka AaHHbIX, aHaNIM3 U MHTepnpeTaums
MOJTy4YEHHbIX AAHHBIX.

3HameHckuin U.A. — noaroTtoBka, co3gaHme onybsmko-
BaHHOW paboThl, YTBEPXAEHME OKOHYATEIbHOro BapuaHTa
cTatby.

HynHoB H.B. — koHuenuusa n gusarH mccnefoBaHus,
YTBEPXAEHME OKOHYATENIbHOIO BapyaHTa CTaTby.

Bopo6besa B.O. — noarotoeka 1 pefaktMpoBaHue Tek-
CTa, OTBETCTBEHHOCTb 3a LLeNIOCTHOCTb BCEX YACTEl CTaTby.

ApatokoBa H.E. — OTBETCTBEHHOCTb 3a LENOCTHOCTb
BCEX YacTeWl cTaTbW, NOArOTOBKA W peaakTUpPOBaHNE TeKC-
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CoBpeMeHHble acneKTbl Iy4eBO ANarHOCTUKM
cenTunyeckom amMmoonum nerkmx
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Lenb. ChopmmpoBatb Ans YuTaTesiel COBpEMEHHOE NMOHUMaHWE BOMPOCca CEMTUYECKON aMOONIMN Nerkmx B
CBETE TEPMUHOJIOTMYECKNX, MOPPONOrMYECKNX U KIIMHUYECKUX aCMEeKTOB, a Takke NpPeacTaBUTb METOAOI0MMIO
Jly4eBoro obcnefoBaHust Takmx OOMbHbIX, CUCTEMATM3NPOBATb U MPOWTIIOCTPMPOBATL OCHOBHbLIE U PEAKUe
KT-cumnToMbl CENTMYECKON aMBONNN.

Matepuanbl U1 MeToabl. [1poaHaNnM3nNPoOBaHbl AaHHbIE OTEYECTBEHHBIX 1 3aPYOEXHbIX HAYy4YHbIX MyOMKaumia
3a 2001-2021 rr. Ha nnatdopmax PubMed, Elibrary n ap., a Takxe 6o5nee paHHux “knaccuyeckmx” paboT B OTHO-
LWeHnn cencuca, MHPEKLMOHHOrO 3HA0KapAMTa U CeNnTMYeCcKon ambonun nerkux. Takxke npeacraBneH cobceT-
BEHHbI ONbIT PaboTbl C NOAOOHLIMU MALMEHTaMV B MHOrONPO®UIIbHBIX CTaLMOHapax U XxapakTepHble UIIo-
CTpaTuBHbIE cryyan ¢ y4eTom 6onee 5 net onbita paboTbl MO AAHHOV TEME B OTAENEHMSX JIYYEBOIN AMArHOCTUKM
BO B3aMMOZENCTBUN C CO CMEXHbIMUY CeLanucTamu (Kapanosoru, TepanesTbl, THONHbIE XMPYPr, MOPGhON0orn).

Pesynbratbl. VI3 162 nmetowmxcs nybnukaumin BeibpaHbl 52 Hanbonee akTyabHbIX HAYYHbIX MCTOYHMKA.
Mo pesynsbratam coctaBieH 0630p N0 OCOBEHHOCTAM TEPMUHONOMMW, SMUAEMUONIONN, NPUYUH, KIIMHUYECKOW
KapTVHbl, @ TaKXe METOA0B AVArHOCTUKM CENTUYECKON ambonnn nerkux, KT-ceMmoTnkm B pamkax BepuduLmpo-
BaHHbIX HAOIIOAEHWI MPU NEPBUYHOM CKaHMPOBAHMN, @ TakXe B AVHAMUKE, YTO SABNSETCS KPAHE BaXHbIM B ANd-
depeHumanbHo guarHocTvke. Bnok ¢ maTtonorMyeckoi aHaToMMen CenTUHecKon aMboMn NMO3BONSET Jyylle
noHATb KT-CeMnoTuky n oTnmyme faHHoro npotecca o1 06bIYHOM MHEBMOHUN.

3aknoveHue. B cBa3u ¢ Tem, 4To cenTnyeckas amMO0onns SBNSETCS BTOPUYHBIM MPOLLECCOM, MPaBUiibHAdA
1N CBOEBpPEMEHHas nHTeprnpeTaums KT-kapTuHbl MHULMUPYET MOUCK NMEPBMYHOIO MHOMHOIO MCTOYHMKA 3MB0ANN
B OpraHu3Me, a HabnogeHne B AMHaMUKe (OCOOEHHO MPU MHPEKLIMOHHOM SHA0KAPAMTE) NO3BOASET OOMOJHU-
TENbHO OLEeHMBaTb 9ODEKTUBHOCTL NPOBOLAMMON Tepanuu.

Kniouesble cnoBa: centuyeckas amMobonus, nerkme, cencuc, nosIocTn, MHPEKUMOHHbIN 3HA0KapANUT, MHDAPKT Ierkoro

ABTOpPbI NOATBEPXAAIOT OoTCyTCTBME KOH(PIMKTOB MHTEPECOB.

Ana untnpoBaHua: BuHokypos A.C., Benenbkaa O.U., lOanH A.J1. CoBpeMEHHble acnekTbl JIy4EBON AMArHOCTUKN
cenTunyeckon ambonun nerkux. MeguumHckasi Budyanmnaaums. 2022; 26 (4): 44-59.
https://doi.org/10.24835/1607-0763-1107
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Aim. To form for viewers an actual vision of the issue of septic pulmonary embolism in the terminological, mor-
phological and clinical aspects, as well as presentation of the methodic of medical imaging of such patients, to sys-
tematize and illustrate the main and rare CT signs of septic embolism.

Materials and methods. We analyze the data of national and foreign scientific papers for 2001-2021 on the
platforms PubMed, Elibrary, etc., as well as earlier "classic" publications on sepsis, infectious endocarditis and
septic pulmonary embolism. Also presents own experience of practice with such patients in multidisciplinary hos-
pitals and typical cases, taking into account more than 5 years of experience on this topic in radiology departments
in cooperation with related specialists (cardiologists, therapists, purulent surgeons, morphologists).

Results. 52 of the most relevant scientific papers were selected from 162 available articles. Based on the
results, a review was compiled on the peculiarities of terminology, epidemiology, etiology, clinical presentations, as
well as methods for diagnosis of septic pulmonary embolism, CT signs of verified cases during primary scanning,
as well as follow-up images, which is extremely important in differential diagnosis. The part with the pathological
anatomy of septic embolism makes it possible to better understand CT signs and the difference between this pro-

cess from ordinary pneumonia.

Conclusion. Due to the fact that septic embolism is a secondary process, the correct and quick interpretation
of the CT images initiates the search for the primary purulent source of embolism in the body, and follow-up
CT-scans (especially in infectious endocarditis) allows you to assess the effectiveness of therapy.

Keywords: septic embolism, lungs, sepsis, cavities, infectious endocarditis, lung infarction
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NHdekunoHHble 3aboneBaHnst 3aHMMaloT Nuam-
pylowme no3munum no pPacnpoCTPaHEHHOCTU Kak
B Poccun, tak n B mupe. JuarHoctuka u tepanus
NePBUYHON MHPEKUMM, a TakXe ee reHepanmaaums
B BUAE CENTMYECKOro mpouecca A0 CUX Nnop npea-
CTaBNAOT COO0M M3BECTHbIE CNOXHOCTU. K AaHHOMY
CMUCKY MOXHO OTHECTM M CENTMYECKYID 3MOONMI0
(C3) nerkux (centunyeckast MHEBMOHMUS, UHPEKLMOH-
Hasl rematoreHHass aM0osus, THOMHbIE MeTacTasbl)
[1] — BTOPUYHbLIN NHDEKLMOHHBIA NpoLecc, passyrBa-
IOLLMIACS NPU FreMaToreHHOM NepPeHOCe KOHTAMUHU-
pPOBaHHOIro Matepuana (aetputa) u3 “maTepuHcKoro”
(NepBUYHOr0) BOCMANUTENILHOIO O4ara B JIErkue.
MaunenTol ¢ C3 penko NocTynatT B CAELMANU3NPO-
BaHHble MHODEKLMOHHbIE CTAUMOHaphbI, Yalle Habso-
[asCb B KAPAMONOrMYECKMX OTAENEHUSX, OTAENEHNSX
rHorHon xupyprum n JIOP, a Takke oToeneHusx pea-
HUMaUMN 1 MHTEHcKMBHON Tepanun (OPUT), yto oTpa-
XaeT CrnekTp NepBUYHON MHPEKLMOHHOM NaToiorum,
KOTOpas B ganbHelwem Bbi3biBaeT C3I.

Cam TepMmuH “centumyeckas ambonua” B cBeTe
COBPEMEHHbIX MPeACTaB/EHNI O CENCUCE B AANIbHEN-
LemM MOXeT NoTpeboBaTb M3MEHEHWI, HO B HACTOSA-
LLlee BPeEMS MCMONb3YeTCs Kak Hanbosiee NpuBbIYHbIN
1 Wwunpoko Bowenwmii B npaktuky. C 1991 r. nocne
cornacuTesibHon KoHdepeHumMn AMEpPNKaHCKOro Kos-
nenxa nynbMoHonoros n O6LWEecTBa CneunanmcToB
Kputnyeckon wmeanumuHel (ACCP/SCCM) cencuc
onpeaenunu Kak natoiorM4eckmnin NpoLecc, B OCHOBE
KOTOPOro NEeXUT peakumst opraHn3mMa B BUAE reHepa-
JIN30BaHHOr0 BOCMANINTENIbHOIO OTBETA HA MHDEKLMN
pasnuyHon npupofabl [2, 3]. OCHOBHbIE xapakTepu-

Accepted for publication: 02.01.2022.

Published online: 15.06.2022.

CTUKM Ccencuca: NPU3HakM CUHAPOMA CUCTEMHOM
BocnanutenbHon peakumm (CCBP - 2 n 6onee kpute-
pus), bakTepnemMms (TECT NOSIOXUTENbHOM FreMOKYJb-
Typbl) 1U/unn Hannine UHQEKUMOHHOro ovara [4].
Kputepusmn CCBP genstoTcsa: Temnepartypa Tena
<36,0 °C nam >38 °C; yacTtoTa abixaHusa >20 B MUHY-
Ty unn p,CO, < 32 MM PT.CT.; 4acTOTa CEPAEYHbIX
cokpatleHuii > 90 B MUHYTY; KOIMYECTBO NENKOLM-
ToB < 4000/™Mn unn > 1200/mn unn 6onee 10% He-
3penbix GopM [5]. Baktepuemuns (Hanuyine XunBbIX
MUWUKPOOPraHn3mMoB B KPOBW) He siBNseTcs abcontoT-
HbIM AMArHOCTUYECKMM KPUTEPUEM, TaK Kak Oaxe
npy MakcuMMasbHO NpaBuibHOM 3abope maTtepuana
C MCMNOJSIb30BAHMEM COBPEMEHHbIX KYbTypasnbHbIX
TEXHOJIOMMIA NMONOXUTESIbHbIE PE3yNbTaThl MOyYaloT
nvwb B 40-60% [6].

B 2016 r. BbIXOOAT HOBbIE peKoOMeHaaLMn SKenep-
T0B SCCM (Society Critical Care Medicine) n ESICM
(European Society Intensive Care Medicine) [7].
B HMX cencuc onpenensieTcs Kak Xn3HeyrpoxaroLas
0CTpas opraHHas AMCcHYHKLMS, BO3HUKAIOLWASA B pe-
3ynbTaTe HapyLeHUs perynsiumm oTBeTa Makpoopra-
HM3Ma Ha MHOEKUMIO, a KpUTepuu cencmca — 310
noao3peBaemas UM OKYMEeHTMPOBaHHas MHDEKLMS
C OCTPO BO3HVKLLEN OPraHHON ANCHYHKLUNEN, Pa3Bu-
TVEe KOTOPOW MOATBEPXAAIOT MO MHAEKCY LUKasbl
SOFA (Sequential Organ failure Assessment — auHa-
MUYecKas OLeHKa OpraHHOW HeJoCTaTO4YHOCTM) Ha
2 6anna n bonee ot 6a30BOro 3HayeHus [8]. Ha atom
OCHOBaHUM MHOIrMe CneumannucTbl OTMEYAIOT HU3KYIO
3Ha4YMmocTb kpuTepues CCBP, koTopkle npucyTcTBY-
0T Y MHOMMX GONbHBIX Aaxke 6e3 Kakon-nmbo NHopek-
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UMM M 3a4aCTY0 HOCAT KOMMEHCATOPHO-3aLUMUTHYIO
POJib MPOTUB OPraHHO-CUCTEMHBIX MOBPEXAeHnn [9].
C opyrow CTOpPOHbI, NPAKTUYECKMIA ONbIT MOKa3bIBAET,
YTO Janeko He y Bcex naumeHToB ¢ C3 nerknx MmetoT-
cs npudHakn CCBP nnn kputepuu, nogxonsiime nog
wkany SOFA, noaToMy B HacToslLLee BPEMS BONPOC
0 NMPaBOMOYHOCTU TEPMUHA “cenTmnieckas amobonus”
0CTaeTCs OTKPbIThIM.

OcnoxHeHne B Buae CO nerkmnx He TepsieT 3Ha-
4YMMOCTU, HECMOTPS Ha HaNNM4YNEe COBPEMEHHOIM aHTUN-
OuoTuKoTEpPaNnUN, Tak Kak 3aboneBaHus, Bbl3blBaKO-
wue C3, perynsapHO BCTpevYalTCa Ha MnpakTuke.
Hanpumep, MHPEKUMOHHBIN aHaokapamT (U3) (rae-
HblIM 00pa3oM — TpuKycnuaanbHoro knanaHa (TK)),
HEPELKO BO3HMKAWOWMIA Yy NuL, ynoTpebnsioLmx
HapKOTUYeCKMe npenapaTtbl BHYTPUBEHHO, OCTAETCH
CoLMaiIbHON 1 MeAULIMHCKOW NpobnemMoii. B HacTosi-
Lee BpeMs yucno numy B Poccuun, ynoTpebnsiowmx
HapKOTUYeCKMe npenaparbl, cocTaBnsetr 2-2,5 MiH
4enoBek, M3 HUX 2/3 MPUXOANTCA HA NHBEKLMNOHHYIO
HapkomaHwio [10]. Jlerkne sBnaoTCS OOHOW U3 ca-
MbIX YaCTbIX “MuLleHen” npyu N3 y nuu ¢ HapkoTuye-
CKOW 3aBMCMMOCTbIO — 10 52% [11]. B.W. YnaHoBa
n B.N. MasypoB BbisBUM ellie 6onbluyo BCTpeyae-
MocTb C3 npu N3 y HapkomaHoB — 4o 72,8%, aaHHoe
OCJIOXXHEHME SBUNIOCb Hambonee 4acTor MPUYUHON
rocnutanmsaunn B OPUT [12]. A yxe B paboTe
2019 r. .B. lemMKO 1 coaBT. ero4yHas cMMnTomMaTu-
ka npu N3 BcTpevaetcs B 80,2% B BUAE ABYCTOPOH-
Hel CenTUYEeCKON NMHEBMOHUN. 3TN N3MEHEHUS He-
penko 3a4epXmBaloT MOCTAHOBKY AnarHosa MO mna-
3a npeobnagaHus pecnupaTopHbix xanobd [13].
H.C. YvunuruHa mn coaBT. CnpaBefsMBO Ha3blBAIOT
XapakTepHble N3MeHeHUs B nerkmux npu C3 “BusnT-
HOW KapToukon” MO (nogobHas peHTreHonornyeckas
kapTuHa Habnopaetcs y 65—-100% O0nbHbIX) B CBA3M
€ NpeobnafaHnem NIErO4HOM CUMNTOMATUKM B KapTu-
He 3aboneBaHus [14]. B pamkax MOaMGULMPOBAHHbIX
kputepmes amarHoctnkn M3 Duke (2015) centuue-
Cckne MHGapKTbl Nerknx BKIIOYEHbI B “Masible Kpute-
pun”, KOTOPbIE B TOM YMCJ1E YCTAHABANBAKOTCH TOJIbKO
npu nomowm mMetogoB Budyanusaummn [15]. Kpome
N3, mMecta ANMTENbHOrO BBEAEHUS HAPKOTUYECKUX
npenaparoB caMu No cebe MoryT CTaHOBUTLCH NCTOY-
HUKOM 3MOOJIOB M3-32 XPOHMYECKOrO BOCMANEHUs
1 pernoHapHoro TpombodneduTa [16].

N3 kak Hanbonee 4acTbll U XOPOLUO OMUCAHHbIN
MCTOYHUK C3 MOXHO nMpu3HaTth “Knaccmyecknm” ans
NOHMMaHUA 1 ONUCaHNS JAHHOrO npouecca. Betpe-
yaemocTb 3 noBbICMNAack U3-3a yBEMYEHUS aKTUB-
HOCTU KapAMOXMPYPrnuyecknux BMeLaTenbCTB B BUAE
NPOTE3NPOBaHMS KJTanaHoB 1 YCTaHOBKM KapanocTu-
MynaTopoB [17] — Tak HasbiBaeMbll 3N1EeKTPOLHbIN
9HO0KAPAMT, KOTOPLIN BbI3bIBAET HE TOJIbKO 3HA0KaP-
OUT NpaBbIX OTAEN0B Cepaua; BCTPEYATCS nopaxe-
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HWS HECKOJbKMX KJlanaHoB M Aaxe penkue nokanmsa-
LMK B BUJE 3HO0KApAMTa KanaHa Nero4yHon aptepum
[18]. OnucaHo u passutMe MO y BGOnbHbLIX nocne
npoTte3supoBaHnsa romorpadptammn [17]. ToaTomy
y Nto60ro naumeHTa ¢ BrnepBble BbIBIIEHHLIMI Xapak-
TepHbIMU NpusHakamn C3 nerkmx no KIMHNYeckmum/
Jly4E€BbIM [AaHHBIM CnefyeT UckmounTb MO kak Bax-
HEMLNIA NCTOYHUK MHPULMPOBAHHbLIX TODOMOOB.
YBenunumeaetcs u 4ncno C3 nerkux, KOTopble He
cBs3aHbl ¢ 3. epBUYHBIM UCTOYHMKOM MOXET CTaTb
IOBON OCTPbLI U XPOHUYECKMIA THOWMHbLIA MPOLECC
B OpraHuname (abcuecchbl NapeHXxMMaTo3HbIX OpPraHoB.,
dnermMoHbl, nnMMdageHnT, OCTEOMUENUT, apTpPuUT
M Op.); No4TM napagokcanbHasa cutyaums ambonuu
B JIerkne 13 MHEBMOHUN (T.€. MEPBUYHBIA UCTOYHUK
1N opraH-“peumnueHt” ambonun cosnagatoTt) [19].
B pamkax cenTnyeckoro npoLecca y psaa naumeHToB
npu rocnuTanmMaaummn yxxe CAoXHO onpenenntb nep-
BUYHBIA UCTOYHMK, TaK Kak X HAXOAUTCH HECKOJIBbKO.
AkTyanbHO 1 passutne C3 Kak 0gHOM 13 pasHo-
BWOHOCTEN MHEBMOHUW Yy naumeHToB ¢ BUY-uH-
dekumen. N.A. banaHgmHa v coaBT. YCTaHOBWUIU,
yto CO nerkmx y 605bHbIX ¢ BUY-Hdekumein BcTpe-
yaetca B 35,4%, a no paHHbIM E.[l. OcunoBoi u co-
aBT. — B 21,7% [20, 21]. Mo MHeHunto X. Song 1 coaBT.,
MMeeTcs TEHAEHUMS K YBEJIMYEHNIO BCTPEYAEMOCTU
C3 He cTONbKO B rpynne naumMeHToB, NPUHMMAIOLLMNX
HaPKOTUKW, CKOJIbKO MMEILWMX pasfnnyHblie hOopMbl
nMMyHogebuumTa, B TOM YUCNe MNPUHUMAIOLLMX
rntokokopTukocteponapl (FKC), a takke y OONbHbIX
C NOpOoKamMu cepaLa v MHbIMU COCYOUCTbIMW NATO0-
rnamn [22]. OtoensHO BblAeNsaoT cnyydan, korga CO
BO3HMKAET Ha (OHEe MHOULMPOBAHHbLIX BEHO3HbIX
KateTepos [23].
HauymHasa ¢ 2020 r. CO BcTpeyaeTcs y NaLUMeHTOB
C HOBOW KOpOHaBupycHon unHdekumen COVID-19,
KaK napanfienbHO C BUPYCHbLIM MOBPEXOEHNEM NIETKUX,
TaKk U B OTCPOYEHHBIA NEpMoA PEKOHBANECLEHLMN,
YTO CBSI3aHO C MPUMEHEHWEM OOCTaTO4HO CUJSIbHOM
MMMYHOCYMNPECCUBHOM TakTukM (Guonornyeckas
Tepanua uHrmbutopamu peuentopos WJ1-6) [24]
MU WNPOKMM HasHadeHnem KC. MoxHO nonaratb,
YTO YBENMNYEHWNE YNCNA THOMHBIX BTOPUYHBIX MPOLLEC-
COB TeopeTuyeckn OyaeT CBS3aHO M C [OBOJIBHO
OONbLWMM KONIMYECTBOM FrEMOpPParniyeckmnx OCoxHe-
HWIn y naumeHToB ¢ COVID-19 B cBA3M C MHOMUMPOBA-
HMEM MAPEHXMMATO3HbIX U BHEOPTraHHbIX reMaToM
KaKk CneacTBMe Tepanum aHTukoarynsHtamum [25],
0C006eHHO 6e3 aKTUBHOM NX XMPYPrMYeCcKom caHaumm.
Bce Bbillecka3aHHOE MO3BONSET PE3OMUPOBATH!
CO MoxeT aBAATbLCA “CMNYTHUKOM” MpPaKTUYeCKu
ntoboro MHPEKUMOHHOIO NpoLugecca B N1to6oM opraHe
WM CUCTEME OpraHMama, 0cob6eHHO HacTo pa3BMBalo-
Leecs y nauneHToB C COMyTCTBYOWMMKN 3aboneBa-
HUAMW, MPUBOOALLMMK K UMMYyHOcynpeccuun [17].
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MoaTtomy, nckmouns N3 nobbiMn SOCTYMHEIMU METO-
namum (06bIYHO TPaHCTOpakasabHasg axokapamorpadus
(9xoKT') unu yto 6onee MHOOPMATUBHO — YpecnuLLe-
BOOHOE uccnenoBaHue) [26], TpebyeTcs OanbHen-
wee obcnenoBaHve NaumMeHTa Ha UCKIIOYEHNE UHBIX
NIoKann3aumii MHeKUMn. 3To AOCTUraeTcs pa3HbIMK
nyTSAMK: OT NPOCTOro 0CMoTpa 60JILHOIO (BbISIBIEHNE
NHDEKLMN KOXM MW NOJKOXHOW KneT4yaTkn) A0 Jio-
ObIX Ny4YEeBbIX MCCNEOOBaHWIA BCEX noKanuM3auumn,
B TOM 4YUCNE C BKJIOYEHMEM COCYOMUCTLIX PEXMMOB/
BHYTPVBEHHbLIM KOHTPACTUPOBAHWEM B apTepuab-
HYI0/BEHO3HYI0 dasbl 4S9 UCKIYeHUs OedekToB
HamnoJIHEHWS, BbI3BaHHbIX TPoMGamu. OgHM 13 coBpe-
MEHHbIX METO0B A1 MOMCKA MHOVHbIX 04aros — MN3T-
KT ¢ 18-dTopaesokcurnioko3on 1 cumHturpadms
C MeyeHbiMKn nerkouuTamn. Ouarn u MHOUNLTPaTHI
B JIErkumx (Kak 1 B APYrnx 10KaLmsIx) XxapakTepusyTcs
NOBbILLIEHHBIM 3axBaTOM Mpenapara K3-3a CBOEro
BOCNANUTENbHOrO xapakrepa [27]. A. Gomes 1 COaBT.
B CBOel paboTe ykasbiBalOT Ha OOJbLUYIO YyBCTBU-
TenbHOCTb MNAT-KT kak B BbigBNeHUn N3 (No cpaBHe-
HUIO C YpecnuuieBogHor IxoKl), Tak U BTOPUYHbIX
amMbonmyecknx ocnoxHeHun. Moatomy N3T-KT mo-
XeT ObITb pEKOMeHA0BaHa K 6osiee WMPOKOMY Npu-
MEHEHUNIO Y MaumMeHToB ¢ OakTepuemuen S. aureus
[28]. HO npMeHeHne orpaHnyeH0 HU3KOM AOCTYMHO-
cTbto MAT-KT B 06Lei nevebHon cetn s 60nbHbIX
HEOHKOIOrMYecKoro Npodunsa 1 OCTaloLWENCs BbICO-
KO CTOMMOCTbIO MCCNea0BaHus.

MexaHu3m amoonum
n natomopdonorusa

MexaHnam C3 cTepeoTuneH npu pasnmyHbIX nep-
BMYHbBIX FHOMHbIX MCTO4YHMKAX. [MaBHas cocTaBHas
eanHnLA Takon amMB0IMn — HGULMPOBAHHbIV TPOMO.
Ewe B cepeanHe XX Beka Obl10 A0Ka3aHO, YTO Mpo-
cTas cenTmuemMms He OyaeT Bbl3blBaTb XapakTepHble
ona CO nameHeHus B nerkux [29] — He0OXx04MM TPOM-
6oTMYeckunii unm NogobHbIN ToMy cybCTpaT, KOTOpPbI
nonazaeT B CUCTEMHbI KPOBOTOK M BbI3bIBAET MeEXa-
HUYeckylo oOTypauuio Menkux nepudepmnyeckmx
cocynoB nerkux [30], npoBoumpyeT Menkue nHpap-
KTbl C AafIbHENLWMM X pacnagom. lNapannenbHo npo-
NCXOAMT Nepexon, rHOMHOro BOCNaneHus Ha CTEHKY
cocyna (BackynuT) 1 npunexawiero 6poHxa, a ganee
Ha WULWEeMU3NPOBAHHYIO TKaHb. VIMEHHO nopaxeHue
MEeJKMX BETBEI Nero4yHor aprtepun (cybcermeHTtap-
HbIX U OUCTaIbHEE) HYalle NPUBOAUT K Pa3BUTUIO UH-
dapKTOoB, Tak Kak OTKPbITUE KoaTepasbHOro KpoBO-
TOKa B BOJIbLUMHCTBE CNy4aeB MPOMCXOANT Npy nopa-
XEHUM TONbKO KPynHbIX BeTBel [31]. MNoaTtomy Bax-
HbIM KOMMOHEHTOM naToreHeza CO gaenseTcsa
06pa3oBaHMe TPOMOOB B MpuexXaLLmx K NepBUYHOMY
rHOMHOMY Quary cocypgax, KoTopble MOryT ObiTb Kak
BMIHbI CPEACTBAMU BU3yanu3aLmm, Tak U OCTaBaTbCa

He3aMeYyeHHbIMM N3-3a MasblX Pa3MepPOB 1 MENKOro
Kannbpa nopaxeHHbIx cocynos [32]. Ambonus ¢ pop-
MMPOBaHMEM MWHGAPKTOB MOXET MPOUCXOOUTb HEe
TOJIbKO B NIErKNE, HO U B UHbIE NMAPEHXMMAaTO3HbIE opra-
Hbl — FOJIOBHOWM MO3I, CENE3eHKY, NevyeHb, Noykm [33].

O.I. TapXxoMeHKO M COaBT. YKa3blBAlOT HA WHOWN
BO3MOXHbIA MYyTb BO3HUKHOBEHUSI BTOPUYHbLIX THOM-
HbIX 04aroB MpPW Cerncuce — HENOCPEACTBEHHOE Npu-
KpenyiieHne MMKPOOPraHM3MOB C BbICOKMMU aAre3nB-
HbIMW CBOWCTBaMM K 3HOOTENNIO COCYOO0B B pamkax
“BONH” GakTepueMuu, npuyemM MNOCNeOHNn MOXeT
ObITb AaXe He N3MeHEH (Ha POHe TOKCKMKO-annepru-
4YecKOoro BackynmMta) ¢ nocnenylowmMm pasBUTUEM
NeNKOUMTAPHOro oyara BOKpPYr cocyda. 9TuMm Mexa-
HM3MOM MOXHO B TEOpUM OOBSICHUTL MOSIBNEHME
B JIErKUX NEePMBACKYIAPHbIX 04aroB, BbIBASEMbIX MPU
Budyanmsaummn. OOHAKO NaBEHCTBYIOLLYKD pPOJb
B pasBuUTUM 3MO0NMM aBTOPbI OTAAT MeXaHU3My
¢ popmMmMpoBaHMEM MUKPOTPOMOOB PSLOM C NepBuY-
HbIM FHOMHbLIM o4arom [34].

MonocTtn B nerkmx (no ¢akty — oCTpble remMaTorex-
Hble abcLecchl) Yalle UMetoT 6an3Kyto K NpaBuibHOM
OKpyrnyto ¢GopMy, 4TO CBSA3LIBAIOT C 31aCTUHECKOM
TAron nerkmx [35] n otcytcTBrem Gunbpo3rpoBaHus
CTEHOK MOJSIOCTU B OCTPLIA Nepuoa, — 3TO MO0 Obl
npuaaeatb MOSIOCTAM HenpaBuibHYD GOPMyY, KOTO-
pasi BCTpeYaeTCsl, Hanpumep, npu XPOHUYECKMX
abcueccax M MNOMOCTHLIX dopmax Tybepkynesa.
®dopmMunpoBaHme Takmx abcueccoB “Knaccuyeckoro”
BMOa B LIEJIOM BO3MOXHO npu CO B pamkax no-
OCTPOro Te4YeHus npoLecca, HO Henb3s Ha3BaTb
XapakTepHbIM.

CO3 nerkux cama no cebe CTaHOBUTCS OOMOJSHU-
TeNIbHbIM OTAroLaloWMM GakTopoM Y 6ONbHBIX C yXe
VMEIOLLUMMCSA THOMHBIM WCTOYHMKOM B OpraHm3me,
Hepeako N3MeHsis NporHo3 3abosieBaHNs U ero Kin-
HUYECKyto KapTuHy. MimeloTca n 6onee BaxXHble nNpu-
KnagHble KIMHUMYECKMe acnekTbl. Hanpumep, peuu-
amsupytowas C3 nnmn C3 Ha dOHe KPYMHbIX KanaH-
HbIX BEreTaumnin CNy>XUT noka3aHMeM K MpoTe3npoBa-
HUWIO NOpaxXeHHoro knanaHa [36].

KnunHuyeckue nposasneHus
M 0COOEHHOCTU ANarHoOCTUKM

KnuHuyeckas kaptuHa CO nerkmx pa3HoobpasHa.
MposaBneHna MoryT nmeTb OBOMCTBEHHBIN XapakTep,
C O[LHOWM CTOPOHbI, HA MEPBBLIA NaH BbIXOOAAT MPOSIB-
JIEHNS B MECTE Ha4YaNbHOrO FTHOMHOIO UCTOYHMKA U HA
3TOM (OHe NeroyHble xanobbl cnabo BblPAXEHbI,
C ApYron CTOPOHbI, PECMMPATOPHbLIE CUMNTOMbI 3a-
4acTyl0 Ha4YMHAKT NPEeBaANNPOBATb B KIMHUYECKOM
KapTUHe 3ab60s1eBaHNS NIV BOBCE SBNSIOTCSA €ANHCT-
BEHHbIM KOMMOHEHTOM KJIMHUYECKOW KapTUHbI. JTO
ocobeHHO xapakTtepHo ans MO — Tak HasblBaemas
neroyHas macka (20-90%) [37].
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B 100% cny4yaeB npucyTCTBYeT runeprepmus
[38]. Ecnn paccmaTtpuBaTh TOMBKO PECMMPATOPHbIE
Xanobbl (KOTOpble He ABNSIOTCS crneunduyeckumm),
yaule Bcero C3 nerkux nposiBNsieTcs B BUAE Kalluns
(cyxoro nam ¢ nepmognyecknm BolaeIeHNEM FTHONHOM
MOKPOTbI NPY APEHMPOBAHUN NONOCTEN), KPOBOXap-
KaHbe BCTPEYaeTCsl, HO He sBNsSeTcs 00nMraTHbIM
cumnTomMoM. OObIYHO KPOBOXapKaHbe MNpUcoepm-
HAeTCs npu GOPMUPOBAHUN  UHGPAPKTOB NErKOro
1 BbIPAXEHO B BUAE NPUMECK KPOBU UMM NPOXMIIOK
B MOKpPOTe. BO3MOXHbI Takxke 6011 B rpyaHON KNeT-
K& C OOHOM UM C ABYX CTOPOH (Tak Ha3blBaemble
nnespanbHble 60nmn — 10 80%), oapiwka (60%), runo-
TOHUA, Taxukapausa [22, 23]. HacTo AaHHbIe CMMNTO-
Mbl BbISIBASIOTCS Ha GOHEe runepTepMmnn, Bknag, B KO-
TOPYO NEPBUYHOIO UCTOYHMKA 1 CO aBnseTcs npea-
METOM [OMCKYCCMM W BCErga O4eHb BapuabesneH.
TeueHne CO 6e3 nevyeHus yatle BCEro HOCUT PEMNT-
TUPYIOLLMIA XapakTep — CUMNTOMAaTMKa YCUIMBaETCs
BO BpeMs “BONH” ambonum [39].

J. Jing 1 coaBT. B cBOE paboTe OTMEYAIOT, YTO 4SS
NPUXN3HEHHOro noareepxaeHus CO kpariHe peako
NPUMEHSIOTCS MHBA3VBHbIE METOAbI C MOCNEAYOLWNM
MOPHONOrMYECKNM UCCNEOBAHNEM, XOTS B CMOPHbIX
clyyasix 3170 MOrno Obl MPUHECTU ONpeaeneHHy
nonbdy. Mpu 0630pHON BGpoHxockonuu Hambonee
4aCTON HaxXOAKOW ABNAOTCA rMNepeMmns n OTek cnu-
3ncTom 6poHxoB (83,3%), a Takke Hannyine OPOHXMU-
aIbHOr0 CeKpeTa, B peakmx cryvyasix — HemocpencT-
BEHHO THOWMHOe coaepxumoe. [Npu npoBeaoeHUU
TpaHCOpPOHXManbHON Guoncumn obHapyxmeanu npu-
3HaKM FHOMHOro BOCMANeHns — HEMTPODUNbHAA UH-
bunbTpaumns, HapylweHne CTPOEHUS aNlbBEONSIPHON
CTEHKM C 3aMeLleHnem GUbPO3HON TKaHbIO, a Takxke
y4actkm ¢ GOPMUPOBAHMEM TFpaHynsiunim (opraHum-
3youias nHesmoHus) [40].

Mpu nogoo3peHun Ha NbON CenTUYecKnin npo-
LLecC Lienecoobpa3Ho BbIMOJHUTL MOCEB FEMOKYIILTY-
pbl, HO, MO COBPEMEHHBLIM AaHHbIM, O0kolo 10-20%
pe3ynbTatoB OyAyT OTpuuATENbHbI B CBSI3W C Mpen-
LIeCTBYIOLWEN aHTUBMOTUKOTEPanuen U 0coBeHHO-
CTAMUN KYNbTUBALMM HEKOTOPBIX PeaKux Mmkpoopra-
HM3moB [17]. Hapsigy ¢ [ocTaToqHo 60bLWNM YACTIOM
OTpULLATENbHBIX PEe3yNbTaToB MOCEB MMEET U UHble
HeOocTatkm — [JIMTENbHOCTb POCTa OpPraHn3MoB
(06bI4HO He MeHee 120 4), 3aBMCMMOCTbL OT NUTaTeNb-
HbIX cpepn, 1 ycnoBuii. [loaToMy B HacTosLLEe BpeMS
Ha nepBbIi NyaH s 6bICTPOI 3TMOIOrMYECKON BEpU-
dvKaumm BbIXOAAT MONEKYISIPHO-FEHETUYECKNE METO-
Obl — Takmne, Kak nosiMmepasHo-LuenHasa peakums [41].

KT-agunarHocTtuka

Ha cerogHAwHWi aeHb KT opraHoB rpyaHon KNeTku
AB/INETCS OCHOBHbLIM MHCTPYMEHTOM B AMAarHOCTUKE
C9, npeBocxoas No YyBCTBUTENLHOCTM M cneumduy-
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HOCTU TPaOMLUMOHHYIO pPeHTreHorpaduio. AnoHckme
aBToph! Y. lwasaki 1 coaBT. Ha OCHOBE HabnoaeHW 65
naumeHToB ¢ C3 yCcTaHOBWAN YyBCTBUTENbHOCTb Klac-
cuyeckom peHTreHorpadum B 32% [42].

C nomouupbio KT MoxHo 6onee nogpobHO OLEHUTB
ny4eByt0 Mopdonormio nameHennin npyu CO u, 4to
BAXHO, — OTC/IeXMBaTb AUHAMuKy. M13-3a nonnmop-
dur3ma n HecneundrYHOCTU N3MEHEHMNI B HA4YaSIbHOM
CTaAM1 He BCeraa MOXHO OOCTOBEPHO CYAUTb MMEH-
Ho 0 C3, korga KT-kapTrHa MOXeT 6bITb NpeacTasne-
Ha JMWb HECKOJIbKUMU TemMaTOreHHbIMU Qvaramu,
0COOEHHO NPV NOAOCTPOM UK CTEPTON KJIIMHWUYECKOW
KkapTuHe. [loaToMy [OuHamMuMyeckoe HabnoaeHue
npu nogo3peHun Ha CO nerknx MoXeT ObITb KpamHe
Nnosie3HbIM, Tak kak B NMOAABNSIOWEM OOJSIbLUMHCTBE
CllydaeB MPOMCXOAUT [OCTAaTOYHO ObICTPOE MosB-
fleHne n npeobpas3oBaHMe OfHMX anemeHToB KT-
KapTUHbI (B TeyeHne 2-7 gHen) n GopmMpoBaHue
6onee cneundUYHbIX Jly4eBbIX NATTEPHOB (puc. 1).

Mpy HaNMYM BO3MOXHOCTM LLeNecoobpasHo npo-
BOAUTb MccnenoBaHue y 60bHbIX ¢ C3 ¢ KOHTpacTu-
POBaHMEM B pamkax Kak MUHUMYM ABYX$a3HOro npo-
TOKOJ1a — aHrMonyAbMOHOrpadun 1 BeHO3HOM dasbl.
OTO NOMOXET UCK/TIIOYNTb COYETaHHYI0 TPOMO03IMOO-
JINI0 B KPYMHbIX BETBSIX JIErOYHbIX apTepuii (MOXeT
notpeboBatb M3MEHEHUS TepaneBTUYECKON TakKTu-
K1), BbISIBUTb COYETaHHbI TPOMBO3 B KPYMHbLIX BEHAX
Ha YPOBHE CKaHMPOBAaHUS (SPEMHbIX, MOAKTIOYMNYHbIX,
BEPXHEW nonon n ap.) (puc. 2r), nonocTax cepaua
[43], a Takxe “CkpbITbie” UK NAOX0 onpeaensieMble
NpPU HaTMBHOM CKAHMPOBAHUWN THOWHbIE CKOMIEHUS
B MSAMKUX TKAHAX FPYOHON CTEHKW 1 wen (puc. 24).
He ctouT 3abbiBatb 06 OLLEHKE KOCTHbIX CTPYKTYp —
B npakTuke BcTpeyaeTca C3 kak cneacTsme CnoHau-
JIOAMCUMTOB B FPYOHOM OTAENe MO3BOHOYHMKA Wn
nocJie HarHoeHus remaTombl Npy nepenomax pebep,
aptpute n ap. (puc.2e, 3n). CoyetaHme BocnaneHns
B MArkUX TKaHax weun/numdbageHnta n Tpomobosa
KPYMNHbIX BEH JAHHON JI0Kann3aumm CAy>XuT HepeaKkum
MUCTO4HUKOM C3, B TOM 4uMcie B paMkax cuHapoma
Jlembepa (centuyecknii TPoMO0dNEdUT BHYTPEHHEN
SAPEMHOW BEHbI NPU MHDEKLMAX MONOCTN pTa, MUHAA-
JIMH, oTkun) [44]. CO aBnsaeTcs npakTU4ecky nato-
FHOMOHWYHLIM CMMMATOMOM CUHApOMa Jlembepa, Tak
KaK BCTpeYyaeTcs Npv AaHHo natonorum oo 97% [45].

KT-kaptnHa C3 B nerkmx npeacraBneHa Tpems
OCHOBHbIMMW 3/1IEMEHTaMM N0 OTAENIbHOCTU U B CO-
BOKYMHOCTM C Jly4eBbIM NMatoMopdO30M MO MECTy
1N BpeMeHu: 1) rematoreHHble ovaru; 2) MHOUNLT-
paTbl; 3) nonocTM pacnaga (centnyeckme abCcLecehl).
OTW M3MEHEHMS MNPENMYLLECTBEHHO PACMOJIOXKEHbI
B BMOE MHOXECTBEHHbIX (OKYCOB MO nepudepun.
OQHOCTOPOHHWUIA MPOLLECC BCTPEYaETCs KpariHe pea-
K0. HeManoBaxHbIM SIBNSIETCS U OMHAMMUYECKOe Ha-
6GnogeHne, Tak kak npouecc o6pasoBaHUs HOBbIX
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Puc. 1. KT opraHoB rpyaHoii kKneTku B akcuanbHOW npoekunn, psag a ot 15.10.21, psg 6 ot 24.10.21, psg B ot 31.10.21.
M3 TK n anekTpoaHbI aHaokapauT. [MossneHne 3a 9 gHel Ha GOHE OCTATOUHBbIX M3MEHEHWI MOCIe BUPYCHOMO NOBPEXAe-
HUS OBYCTOPOHHUX CcybrineBpasnbHbiX MHOUALTPATOB U KX AanbHeilee npeobpas3oBaHne ¢ ¢GoOpMUPOBaHMEM pacnajoB
(cTpenkn) elle 4yepes Hepento. HapactaHne naeBpasbHOro BbinoTa. VICKyCCTBEHHbIV BOAUTENDL PUTMA YOANEH.

Fig. 1. Axial Chest CT images, from 15.10.21 (row a), from 24.10.21 (row 6), from 31.10.21 (row B). Infective endocarditis
(IE) of tricuspid valve (TV) and electrode endocarditis. The appearance of bilateral subpleural infiltrates in 9 days against the
background of residual viral damage and their further transformation with the formation of cavities (arrows) in another week.
An increase in pleural effusion. The pacemaker has been removed.

naTosIorM4ecknX 3NEMEHTOB B JIErKMX, a Takke nX
npeobpa3oBaHMe NPOTEKAT AOCTATOYHO aKTUBHO.
Jaxe B HayasbHOM Mepuoae aHTUOMOTMKOTepanum
BO3MOXHO NPOrpeccrMpoBaHne npoLecca no aHHbIM
KT - nosiBneHne HoBbIX 04aroB, MHPUALTPATOB 1 MO-
NIOCTEN, a Takke NpeobpasoBaHme OOHMX 1IEMEHTOB
B ApYyrue (13 o4aroB BO3HMKAIOT NOJSIOCTU U T.4,.).
[emaToreHHble (XaoTMYHbIE) OYarv NPeacTaBnsoT
coboit Hanbonee menkue GOpMbl MOPaxXeHUs npu
C3. Takme ovarm pacnonaralTcs no Xoay cocyam-
CTbIX MY4YKOB UM B MNaLLEBbIX 30HAX NErkux, 4To OT-
paxaeTt uX remaTtoreHHyio npupoay (puc. 4r). Hacto
04aroB MOXET HEMOCPEACTBEHHO NpUexXaThb K Nnyies-
pe. Oyarn nNpenmMyLLeCTBEHHO CONUAHBIE C YETKMMM
KOHTypamMu, OKPYron unn 6nuskon K Hel dpopme.
B peakux cnyyqasx naumeHTbl obpaliatoTcs 3a noMo-

Wb Ha paHHMX CTaausx Mpouecca, Korga o4aru
npencTaBieHbl eule “MaTtoBbiM CTEKIoM” (puc. 4).
KanbumHaTbl B TOMLE TakMx 04aroB HE BCTPEeYaloTCs.
Ouarn MmoryT ocTaBaTbCsi OAHOPOAHBIMUN A0CTATOYHO
OJINTENbHO M NMOCTEMEHHO paccacbiBaTbCs HA GoHe
aHTubakTepuanbHon Tepanuu. B Tonwe gpyrmx
o4yaroB MOryT MOSIBASTLCA pacnagbl C gasibHenwen
caHaumen coOepXmmMoro B LEHTpanbHOM YacTu
1 GopMMpoBaHNEM MESTKNX TOHKOCTEHHbIX MOSIOCTEN.
Mo HabnogeHusm J.E. Kuhiman u coasr., ouaru B 60-
Jlee 4eM MNoJIOBUHE CllyYaeB PacrnonoxXxeHsl B 6a3anb-
HbIX oTaoenax nerkux (61%) [46]. Chou Deng-Wei
1 COaBT. yKa3bIBalOT, 4TO pacnaipl B o4arax Habnwoaa-
1oTcs B 65% [19]. BbicTpoe nosiBNeHve nonocTen
B AMHAMMKE CKopee No3BOSINT AyMaTb MMEHHO o C3,
4YyeM O remMaToreHHblX MeTacTasax, MMEeHHO C HUMWU

MEDICAL VISUALIZATION 2022, V. 26 , N4
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Puc. 2. KT opraHoB rpygHo KNeTkn B aCUanbHOM MPOEKLMY C KOHTPACTHBIM YCUNEHVEM (a—e), C yBETMYEHHbIMN dparMeH-
Tamu (B, e). B H/XHe fone cneea MOXHO BUAETb YIIIOTHEHUS MO TUMY “06paTHOro xano” (4epHble ctpesnkn). MpuyanHoii CI
y JAHHOrO nauueHTa ctana TpaBmMa 1 rpyanHHO-pebepHOro CoYseHeHns cnpaea (pamka) ¢ ero pa3pbiBOM, HArHOEHNEM
npunexatier reMatoMel 1 abcueanpoBaHnem (6enblie CTPenkn). B BepxHen nosoli BeHe A0MNOJIHUTENbHO K 30He abcuean-
poBaHus uMeeTcst TPOMO ¢ drioTaumeit (rofoBka CTPENKK).

Fig. 2. Axial Chest CT images with contrast enhancement (CE) (a—e), with enlarged fragments (B, e). In the left lower lobe
one can see opacities like “reverse halo” sign (black arrows). The cause of septic pulmonary embolism (SPE) for this patient
was the trauma of the 1st sternocostal joint on the right (frame) with its rupture, suppuration of the adjacent hematoma and
abscessing (white arrows). In the vena cava sup., in addition to the abscess area, there is a thrombus with flotation
(arrowhead).

Puc. 3. / Fig. 3.

METUIIHCKAS BUSYATMBAIIAT 2022, mo 26, Ned
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Puc. 3. KT opraHoB rpyiHOM KNEeTKM B akCUabHOM MPOEKLMM (@—r) C KOHTPACTHBLIM YCUIEHUEM W CaruTTaIbHON NPOEKLIMN
(m). Bo BCeXx oTAEnax nerkux — oyaru, nioTHble MHPUILTPATLI U TOHKOCTEHHbIE CyOMIeBpasibHbIe MOOCTU, CrPYNNUPOBaH-
Hble B BepXxyLLKe crnpasa. JedekTbl HaNnoMHEHMS B IErOYHbIX apTepusix He BoisBneHbl. Kpome N3 TK, y naumeHTa nmeetcs
WHOWN FHOWMHBIA UCTOYHUK — apTPUT FPYONHO-KIIIOYMYHOIO COYNeHeHus cnpasa (cTpenka). [JBYyCTOPOHHUI nieBpanbHbIv
BbIMOT.

Fig. 3. Axial (a—r) with CE and sagittal () Chest CT images. In all parts of the lungs there are nodules, infiltrates and thin-

walled subpleural cavities grouped at the apex on the right. No signs of pulmonary tromboembolism. In addition to IE TV, the
patient has another purulent source — arthritis of the sternoclavicular joint on the right (arrow). Bilateral pleural effusion.

Puc. 4. KT opraHoB rpyaHoi1 KNeTku B akcuasibHOM Npoekuun (a, 6) ¢ yBennyieHHbIM1 dparmeHTammn n3obpaxeHuii (B, ).
3. B nerkmx ¢ AByx CTOPOH C HapacTaHnem kK 6a3anbHbiM OTAeNam 60JbLIOE KOIMYECTBO Pa3HOKaNMOEPHbIX 04aroB Xao-
TUYHOIO XapakTepa, MMEILLMX KaK CONMAHBIA TUM, Tak U MJOTHOCTb “MaTOBOro CTekna”, cnuealolmxcs B HebonbLive
WHOUNBLTPATLI. B 0HOM 13 MHOUALTPATOB B HUXHEN AoNe cnpaBa MMeeTCs pacnap, (roJloBka CTPEnKn), CTPENKOM yka3aH
TUMUYHBIA reMaTOreHHBbIN NEPUBACKYSPHbLIN ovar. daHHasa KT-kapTuHa xapakTepHa Ans HadanbHom ctagum npu C3.

Fig. 4. Axial Chest CT images (a, 6) with enlarged image fragments (B, r). IE. Both in the lungs with an increase to the basal
fields — many different-sized chaotic nodules, having both a solid type and a density of GGO, merging into small infiltrates. In
one of the infiltrates in the lower lobe on the right there is a cavity (arrowhead), the arrow indicates a typical hematogenous
perivascular nodule. This CT picture is typical for the initial stage of SPE.

Hepeako npuxoamtcs anddepeHumpoBatb Takme
o4arn, ocobeHHO NMpu CKyAHOM UNK OObEKTUBHO He-
OOCTYMHOWN KNNMHU4YeCcKon mHoopmaumn. ng meta-
CTa30B Takxke OyayT 6onee xapakTepHbl OyrpucTbie
KOHTYpPbl 04aroB, 4TO He TUnn4Ho ansa C3.
NHunbTpaThl MOMYT NOSBAATLCS KakK Ha UHTaKT-
HOM y4acCTKe Nerkoro, Tak 1 Ha poHe CNUAHNSA UMEto-
Lmxcs oyaros. VIx paamep penko AoCTUraeT A0NEeBbIX
KOHcONnaaunin, 0ObIHHO 3aHMMas 0ObEM 4acTu cer-
MEHTa/HECKOJIbKNX BTOPUYHbIX Aonek. OHM, Tak Xe Kak
1 oyaru, pacrosioXeHbl No xoay COoCcyaoB U cyonnes-
panbHO. NHGunbTpaTthl Yawe BCEro npeacTaBeHbl

KOHCONMAAUMAMM C YETKMMM KOHTYpamMm, HO BCTpeya-
I0TCS 1 Pa3NnyHble Bapuauumn, HanpumMep y4acTku no
Tmny “xano” (puc.56), korga KoOHCoNMaaLmMs oKpyxe-
Ha “maToBbIM CTeksioMm” no nepudepun [47], nmbo,
HaNpoTMB, CUMMTOMOM “0OpaTHOro xano”, Korga
“MaToBOE CTEKJI0” Kak Obl OKalMIeHO KOHCOoNMaauUm-
eli. B nocnegHem crnyyae y4acTku npunexar Lmpo-
KUM OCHOBa@HWEM B NJIEBPE U HEPELKO BU3Yann3npy-
loTca B 6asanbHbix oTaenax nerkux. Ckopee Bcero,
KaKk U CUMMTOM “Xafio”, OHW OTOOpaxarT BaXHbI
natoreHeTnyecknn anemeHt C3 - ¢opmupoBaHue
MHMaAPKTOB nerkux (puc. 2B, 6). IMeHHO coyeTaHne

MEDICAL VISUALIZATION 2022, V. 26 , N4
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MEIMHCKAS BH3YATHIBALS
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Puc. 5. ®parmeHTsbl KT opraHoB rpyaHoit knetku o1 24.10.21 (a, 6) n ot 31.10.21 (B, r). TOT Xe naumneHT, 4T0 1 Ha puc. 1.
MosiBneHve pacnanos Ha GpoHe ydacTka no Tuny “obpaTHOro xano” (a) cnpasa u Ha ¢poHe “xano” (6) cnesa.

Fig. 5. Fragments of axial Chest CT images from 24.10.21 (a, 6) and from 31.10.21 (B, r). The same patient as in Pic.1. The
appearance of cavity on the background of the “reverse halo” sign (a) on the right and on the background of “halo” sign (6)

on the left.

“MaToOBOro cTtekna” n koHconuaauum B nepudepu-
YECKMX YISIOTHEHMSIX C YETKUMU KOHTYpamu, a Takxke
OTCYTCTBME 3HAYMMOrO KOHTPACTHOIO YCWUEHUS
3TUX Y4aCTKOB, B TOM 4YMC/ie B OTCPOYEHHYIO dasy,
OTCYTCTBME BO3AYLUHOW OGpoHxorpadum no3BoauT
NPeanoNoOXnUTb NHMAPKTHBIA XapakTep WU3MEHEHWUIA.
R.R. Almeida u coaBT. 0B6HapyXuan ynnoTHEHUS
no tuny “obpaTtHoro xano” B 59,7% cny4aeB. 3TOT
CUMMTOM BCTPETW/ICS Aaxe yalle cUMMnTomMa “xano”
(37,1%). [38]. Npun HanN4MM TakmMx y4acTKkOB BO Bpe-
MS1 HATMBHOIO CKaHMPOBaHWS LienecobpasHo npoBe-
JeHne KOHTPaCTHOro ycuneHus. Ha ¢oHe y4acTkos
“obpaTHOro xano” BO3MOXHO MOSIBIEHME OeCTPYK-
L.

Monoctn npn CO mMoryt hpopmMMpoBaTbCs Kak Ha
¢GOHe 04aroB 1 MHPUILTPATOB, Tak N N30JIMPOBAHHO
(puc. 7). OTaenbHO PacnofioXeHHbIe NOAOCTU Ans
C3 pocTaTtoyHO XxapakTepHbl — OHM MOYTWM Bceraa
NPaBUILHOMN OKPYrIOAM GOPMbl C TOHKOW CTEHKOW
(1-3 MM), KOHTYpPbl KOTOPOW ONpPenenstoTcs YeTko
(puc. 3, 8). BHyTpy nonocteit copepxumoe Nmbo

2022, rom 26, Ned

OTCyTCTBYEeT, MMbo HabnogaeTcs Hebonblloe ero
KOJNIMYECTBO C FOPU30OHTANbHBIM YPOBHEM. OTOT NOKa-
3aTesfilb MOXET MEHATLCH B 3aBUCMMOCTU OT CTaamu
npouecca, Ho B OCHOBHOM CaHauus MOA0CTeN Nponc-
XOAMT AOCTATO4HO ObICTPO U HEPEAKO PEHTIEHONOMM
BUOAT yXe “cyxmne” nonoctu [20].

Mpwu npoeeneHnn KT MOXHO 06paTuTb BHUMaHWE,
4YTO Yy MOJIOCTEN, BbI3BaHHbIX C3, CTEHKa He CTOJb
TOJsICTast, Kak Npu OCTPOM GPOHXOreHHOM abclecce
NIerkoro, B TOM Y4uCNe M3-3a OTCYTCTBUS MUOrEHHOW
MeMOpaHbl. [10N0CT NProBpeTaloT BUA KUCT, XOTS MO
CYTV UMW He aBnAnTCA. OoCTENEHHO B AMHAMUKE
CTEHKa MoJIOCTN CTAHOBUTCS BCe Bosiee TOHKOM U Of-
HOPOOHOW, T.€. CaHNpyeTCH. M13-3a 91aCTUYHbIX CTEHOK
nonocTelt B nogaensiowem OONbLUMHCTBE ClyYaes
NPOVCXOANT MOJIHOE MX 3aKPbITUE B OUHAMMUKE MOL,
BO3OENCTBMEM 3ITMOTPOMNHON Tepanun (puc. 9).
WHorga He ypaeTtcs oaxe npocneautb MecTo ObiB-
LLE NONOCTM Ha KOMMbIOTEPHOM TOMOrpamme (06bIy-
HO MpW MasnbIX pa3mepax), B MHbIX CIy4asix Ha MecTe
NMOMOCTU BCTPEYAETCH JIMHENHAss KOHCOaMAauus
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Puc. 6. KT opraHoB rpyaHoI KNneTky B akCuanbHOM Npoekuun (a—r) 1 yBennyeHHble pparMeHThl (4, e). MauneHTka ¢ ump-
pO30M neyeHn n pnerMoHom wen. CO, NpenmyLLLECTBEHHO NPOSBASIOLLAACS MHPAPKTAMU NErKNX, C ABYX CTOPOH UMEKOTCS
cybnneBpanbHble YNIOTHEHMS C YETKUMW KOHTYPaMK, HYacTb M3 KOTOPbLIX UMEET BM CUMMNTOMA “06paTHOro xano” (CTpenku).
B BeTBAX NEroyHON apTepmmn NMETCS TPOMBOTMYECKME MACCh! (FONOBKN CTPENoK). JBYCTOPOHHWIA NNEBPabHbIA BbIMOT.

Fig. 6. Axial Chest CT images (a-r) and enlarged fragments (a, e). A patient with liver cirrhosis and neck phlegmon. SPE,
mainly manifested by lung infarctions — on 2 sides there are subpleural cavities with clear contours, some of which have the
appearance of a “reverse halo” sign (arrows). There are thrombotic masses (arrowheads) in the branches of the pulmonary
artery. Bilateral pleural effusion.

Puc. 7. KT opraHoB rpyqHoi KneTkn B akCuasibHOM npoekumn (a—B). Ha poHe BUpycHOro nospexaexus nerkmx npyu COVID-
19 B cTagmu Ha4yanbHOro paspeLLeHnst ONPeaensoTCsa NIOTHblE MHOUNLTPATHI B BUAE KOHCONMAALLMIA C YHETKMMM KOHTYpamu
(ronoBKkM CTPenok), a Takxke GopmMupyroLLmecs 1 yxe opopMmnBLLNECS NONOCTU (CTPeNKK). [BYCTOPOHHUI NAeBPanbHbIf
BbLINOT. [py NosiBNEHUN NOA0OHBIX U3BMEHEHUIA B Nerkux obsisaTesibHo TpebyeTcst UCKIIIYEHNE BHENErOYHOr0 FHOMHOrO
NCTOYHMKA 3MOO0IOB.

Fig. 7. Axial Chest CT images (a—B). Associated with the viral lung damage in COVID-19 at the initial resolution stage, dense
infiltrates in the form of consolidations with clear contours (arrowheads), as well as emerging and already formed cavities
(arrows). Bilateral pleural effusion. When such signs occur in the lungs, it is necessary to exclude an extrapulmonary purulent
source of emboli.

MEDICAL VISUALIZATION 2022, V. 26 , N4
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Puc. 8. KT opraHoB rpyaHoi KNeTkn B akcuasbHo (a, 0) U KOpoHanbHON (B) Npoekumsax. MpenMyLLecTBeHHO B naLLeBblxX
30Hax 060MX NIerkux MHOXECTBEHHbIE MOJIOCTM pacnaja B pa3nnyHoin ctaaum GopMmpoBaHns. HebosnbLuol nneBpasbHbIi
BbIMOT CNeBa.

Fig. 8. Axial (a, 6) and coronal (B) Chest CT images. Mainly in the peripheral zones of both lungs — multiple cavities in various
stages of formation. A small pleural effusion on the left.

Puc. 9. KT opraHoB rpygHou kneTkn B akcuanbHol npoekumm: ot 22.12.20 (a—B) 1 07.01.21 (r—e) Ha COOTBETCTBYIOLLMX
YPOBHSIX. Pa3HoHanpaBneHHasa gmHamuka C3 — 3akpbiTve HebosbLIME NONOCTEN C 06pa30BaHNEM YNIIOTHEHWI (CTPENKN),
npy 3TOM MNosiBJeHNe HeBOMbLUNX PACcNafoB B UHGUALTPATAxX, HOBbLIX YMJOTHEHWUI (FOMOBKM CTPENIOK) U NAeBpanbHOro
BbINOTA.

Fig. 9. Axial Chest CT images: from 22.12.20 (a—B) and 07.01.21 (r—e) at the corresponding levels. The multidirectional
dynamics of SPE: the closure of small cavities with the formation of consolidations (arrows), while the appearance of small
cavities in infiltrates, new opacities (arrowheads) and pleural effusion.

MEIUIHCKAS BU3YATMBAIIAS 2022, rou 26, Ned
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C YeTKMMW KOHTYpamu, npeactaBneHHas GpubposHo
TKaHbO. DT O0COBEHHOCTUM HEOOXOAMMO YYUTbIBATb
npv OMHaMM4eCcKoM HabnoaeHUN, a Takxke npoeese-
HUW KIMHKKO-/y4YEBbIX Mapannienen TeyeHns 3abone-
BaHusA. Deng-Wei Chou n coaBT. npuBOAAT Cneayto-
LMe AaHHble No oOpaTHOMY Pa3BUTUIO U3MEHEHMWIA:
yepesd 7-14 gHen paspellanncb MHOUILTPATLI C He-
YEeTKMMW KOHTYpamu, a 04aroBble U3MEHEHUs paspe-
wanuncb 6onee gnntensHo — ot 14 no 60 aHen [19].
EcTectBeHHO, 4TO 0OpaTHOE pa3BUTME/pPa3peLLeHme
na3meHeHunn npu C3 aBAsSieTCs NHAMBMOYAIbHLIM NPO-
LLeCCoM aNnsa Kaxaoro nauueHTa. o gaHHeIM M. Okabe
1 COaBT., NOSIOCTU U NHbIE NBMEHEHUS B IEMKMX OKOH-
yaTesnbHO paspelannck Yyeped 14 Hed Nocne Havana
Tepanuu [48]. PMOBPO3HbLIE UBMEHEHUS B NErKNX B UC-
xone CO obHapyxmBatoT y 45,8% nauneHToB (BbIOOp-
Ka NaumMeHToB, ynoTpebnsioLmx HapKOTUYECKME Npe-
naparthbl) [16].

B uenom nonoxuTenbHy AMHAMUKY MOXHO OMnu-
caTb CleayloWmMM 06pa3oM — HOBbIE OYaru, MHOWb-
TpaTbl Y NOIOCTU HE NOSIBNSIOTCS, paHee MMEeBLUNECS
He YBENNYMBAIOTCS B pa3mMepax, NPOUCXOAUT CaHa-
UMsi cooepXuUMoro M3 nosiocterr ¢ 06pa3oBaHMEM
TUMNUYHBIX “KONbLEBUAOHBLIX” MONOCTEN C AaNlbHENLLNM
MX 3aKpbITUEM B TeyeHne 1-3 mec B 3aBMCMMOCTU
OT pa3mepa.

MNpwu oTpuuaTensHOM OMHAMUKE MOSBASIOTCA HO-
Bbl€ OYarn 1 MHPUNLTPATbLI C UX JaNbHENLLMM B3aUMO-
NPEeBPALLEHNEM B NOSIOCTU, YXKE UMEIOLLMECS MOSIOCTH
YBENNYMBAIOTCSA B padmMepax, HECKOJSIbKO MOSIoCTeNn
MOTYT CNMBaTbCs OPYr C APYroM. B Tspkenbix cnyyasx
OCJIOXKHEHHOr O TeYEHMS MPOUCXOANT NPOPbLIB B MNEB-
panbHYl0 MONOCTb C (GOPMUPOBAHUEM SMIMEMBI,
NMHEBMOTOPAKCA; pPexe BO3HWKAET MeONACTUHMUT,
OCTpbIV AucTpecc-cuHapom [49].

JononHuTtensHo No gaHHbiM KT MOXHO nony4ntb
cnenyioLlyio MHPOpPMaUMIO: HaNIMYME NCKYCCTBEHHbIX
KnanaHoB CepAaLa/MpoBOAOB KapANOCTUMYAATOPA;
yBENMYEHME KOMYECTBA 1 Pa3MepPOB MEAMNACTMHASTb-
HbIX NMMdaTMYecKnx y3noB (BCTpeyaeTcs B 24,4-
27,3% - y3nbl OAHOPOLAHON CTPYKTYPbl, MPOLLECC HO-
CUT peakTUBHBIN XapakTep 1 He MPUHUMAET XapakTep
pacnpocTpaHeHHon numdaneHonatum) [50, 51],
naeBpasnbHbIA BbINOT (CM. puc.1, 3) 1 BbINOT B MO-
JIOCTb CepAeyHon copodkn npu U3, Hanuume rasa
B MNEBPASbHOM NONOCTN NPU OCAOXHEHHOM TEYEHUM
C3 1 NPOHUKHOBEHMM ra3a M3 MONOCTEN B JIErKnx
[52]. MNMpwn aTOM He Bceraa yaaeTcs YeTKO NpocneanTb
CBSI3b BbINOTa M U3MEHEHU NMMATUYECKMX Y3/10B
Tonbko ¢ C3 — mpu gMtenbHO Tekywem U3 BbINoT
MOXET ObITb CBSI3aH C CEPAEYHON HEAOCTATOYHOCTbIO
Ha dOHe KnanaHHOM NaTonornun, a yBeamyeHne nnmm-
dartnyecknx yanoB y 6onbHbix ¢ BUY-uHdekumei
C coyeTaHHbIM Ty6epkynesom unm MAC-nHpekumen.
Mpw HaNMYMKM coveTaHHbIX TPOMOOB B KPYMHbIX BETBSX

NIErO4YHON apTepun oNpepensioT AedekTbl HanoHe-
HUS B €e NPOCBeTE (CM. puc. 6r).

3aksno4yeHue

Takum 06pas3oM, MOXHO KOHCTaTMpOBaTb, YTO
npobnema C3 nerkux coxpaHsieTcs B NOBCEAHEBHOMN
npaktuke. Kpome “knaccuyeckoro” N3 y naumeHToB
C HapKOTMYEeCKON 3aBUCUMOCTbIO, CO nerkux Bce va-
LLle BCTpeYaeTcs nocie Kapanoxmpypruyecknx BMe-
LWaTenbCTB, @ TakkXe MPU WHbIX BHEKAPAMabHbIX
MCTOYHMKAX FHOMHOro npouecca. Hapaay ¢ atnono-
rMYeCKON OMAarHOCTUKOM Jly4eBble MEeTOAbl uUrparoT
BAXHENLLYIO POJSib B MOUCKE KaK HEMOCPEACTBEHHOIO
MCTOYHMKA, Tak U OCNIOXHEHWUA CEenTUYECKOro rnpo-
uecca. B otHoweHun C3 nerknx metogom Bblibopa
ctaHoBuTCcs KT (B TOM Yncne C KOHTPACTHLIM ycune-
HMEM), KOTOpPas MO3BOJIIET BbIBUTb CaMbl€ PaHHME
N3MEHEHNS U OTCNEXMBaTb ANHAMUKY Ha POHe neye-
HUS, AMArHOCTMPOBATb BO3MOXHbIE OCNTOXHEHNS.
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KonnyectBeHHble XapakTepPUCTUKMN JTYy4eBOro
NOBPEXAEHUSN JIErOYHON TKAHU Y OHKOJI0rM4ecKux
NnauueHTOoB NMpu JIy4eBOn Tepanumn

Ha OCHOBaHuM paHHbIX PKT

© Jlenexes B.B.2*, Conoakuii B.A.", HygHos H.B.', CoTHukos B.M.!

T ®OrBY “Poccuiickmii Hay4HbIin LEeHTP peHTreHopaavonorun” Munaapasa Poccuu; 117997 Mocksa, yn. MpodcotosHas, 4. 86,
Poccuiickas ®enepaums

2 PrKY “LleHTpanbHblli KNMHUYECKNUIA BOEHHbIN rocnutank”, 123182 Mocksa, yn. LLlykmnHckas, g. 20, Poccuiickaa denepaums

Lienb uccnepoBaHus: CONOCTaBIEHVE BEIMYNHBI UBMEHEHWNS MIIOTHOCTU IEFOYHOWN TKaHW 1 OOBEMOB 3TUX
M3MeHeHuI nocne nydesor Tepanum (JIT) ¢ Te4eHneM BpeMeHM Ha OCHOBaHUM AaHHbIX, MOy4aeMbIX C MOMOLLbIO
pa3paboTaHHOI HamMV HOBO METOAMKM KOSIMYECTBEHHOIO aHaIM3a 1 Npy 06bIYHOM BU3yanbHOW OLEHKE JAaHHbIX PKT.

Martepuan u metogpl. /Icnonb3oBanncb AaHHble AMHAMUYecKoro HabntogeHns 90 naumMeHToB, KOTOPbIM
Obina npoBegeHa JIT no noBoady onyxonel TopakanbHOW nokanusauun 3a nepuog ¢ 2014 no 2021 r. B dIrby
“POCCUNCKNIA Hay4HbIA LEHTP PEeHTreHopagmonorun”. Y BCex 3TuUxX nauneHToB umenucb PKT-uccnepoBaHus,
BbIMNOSIHEHHBbIE A0 U nocne JIT. KOHTponbHblE NCCNEA0BAHNS BbIMONHANUCH Yeped 1-237 cyTt nocne JIT (cpegHui
MHTEepBan KoHTponsa 96 + 64,3 cyT). Bcero 66110 npoaHanuanposaHo 238 PKT-nccnenoBaHuii Co CpeaHUM KoJin-
yecTBOM PKT-nccnenoBaHuii Ha ogHOro nauuenTa 2,6. Cpean oto6paHHbIx naumeHToB 6610 36 (40,0%) MyX4urH
1 54 (60,0%) xeHwuHbl B BO3pacTe oT 23 A0 86 net (cpenHuin Bodpact 51,9 = 15,6 roga).

Pesynbrathl. [peanaraemas MeToauka KoiM4eCTBEHHOr0 aHannaa AaHHbIx PKT BbISBNSIET yBEIMYEHNE MNOT-
HOCTM 06JTy4EHHBIX Y4ACTKOB JIEFKOro HauuHas ¢ BenmuunHbl oT 20 HU 1 o6bema ot 3,2% Ana paHHero nepuoga
(15-35 cyT) nocne okoH4aHus JIT. HaunHasa ¢ 25-x no 50-e cyTkn nocne okoH4YaHus JIT KONMYECTBEHHbIM aHanms3
NMO3BOJISIET BbISBUTb NEPBUYHbLIE N3BMEHEHNWS B JIEFOYHOM TKaHW, B TOM YMC/E 1 He ONpeaeniieMble BU3yanbHO Mo
CPaBHEHMIO C MCXOAHOW MNOTHOCTBLIO OT 20 fo 80 HU, n npeanonoxuTe AanbHENLLYIO AUHAMUKY STUX U3MEHEHUI
B 3aBMCUMOCTM OT MeToaukn npoBegeHHon JIT. C 50-x no 80-e CyTkM KONMYECTBEHHbIV aHaNM3 BbISIBASET peab-
Hbli 0OBLEM JIy4EBOr0O MyJIbMOHUTA 32 CHET y4eTa HEBUAMMBIX MPU BMU3YyasibHOM aHann3e U3MeHeHU NIoTHOCTMU
JIEro4HoM TkaHu, obny4eHHol B no3e ot 20 no 30 Mp. C 80-x no 120-e cyTKM — NO3BONSET OLEHUTb HANNYnE U
OVHaMVKy U3MEHEHWIA B IEFOYHOW TKaHW, 06ny4yeHHol B fo3e 6onee 30-35 'p. HaunHasa co 120-x cyTok 1 panee
KONNYeCTBEHHbIM aHann3 PKT faHHbIX, Kak 1 BU3yasibHas OLLEHKa, BbISIBASET GOPMUPOBAHME CTONKOIO NOCTyYe-
BOro NMHeBMOGMOPO3a B yyacTkax nerkux, 06ay4eHHbIx B fo3e 6onee 30-35 p. Ha ocHOBE Mosy4eHHbIX Kosimye-
CTBEHHbIX [aHHbIX O Jly4EBOM MOBPEXAEHW JIEFOYHOM TKaHK Oblla paccymMTaHa maTemartnyeckas 3akoHoMep-
HOCTb Pa3BUTUS 3TOrO MPOLECCA C Y4ETOM BPEMEHHOIO 1 4,030BbIX PAKTOPOB.

SaknoveHue. KonmyecTBeHHas OLEeHKa M3MEHEHUS MIOTHOCTM NIErkux Mo AaHHeiM PKT B AvHaMmuke no pas-
paboTaHHO HaMW METOAMKE SBNISIETCSH PAANOMUYECKUM MOKA3aTENEM VX JIYYEBOrO NOBPEXAEHUS NMPU TEPaneB-
TUYECKOM 06JTy4EeHUM OHKOMOMMYECKNX NMALMEHTOB, KOTOPbLIA B COYETAHMM C MPEeACTaBIEHHOM MaTeMaTU4yecKon
MOAENbI0 MOXET OblTb UCMONB30BAH B ANArHOCTUYECKNX LENSX A5 KOIMYECTBEHHOW OLEHKM CTEMEHWN THXECTU U
NPOrHO3MPOBAHNS AVHAMWUKM JIy4EBOrO MOBPEXAEHUS JIErKMX B LESIOM, @ TakKe BbISIBNEHUS UHAMBUAOYANbHOMN
pPaanoYyBCTBUTENBHOCTU.

MonyyeHHble pe3ynbTaTel MOryT ObITh MPEACTABIEHBI HE TOJILKO B BUAE rPaduKoB, HO 1 B BUAE LIBETOBbLIX KapT
C COXPaHEHNEM aHAaTOMUYECKMX OPUEHTMPOB, YTO YA06HO A1 MCMO/b30BaHMS B KMHUYECKON NPAKTUKE C LIENbIO
noaaepPXK1 NPUHATUS BpaYeOHbIX peLLeHnii No BeAEeHMIO NauneHTOB.

KnioueBble cnioBa: nyyeBble NMOBPEXAEHUS NErknx, JlydeBas Tepanus, nydesast AMarHoCTKa, PEHTreHOBCKasi KOM-
nbloTepHas Tomorpadusi, KOMYECTBEHHAs OLEHKa

ABTOpbI NOATBEPXAAIOT OTCYTCTBME KOH(DJIMKTOB MHTEPECOB.

Ansa untuposanua: JleneHes B.B., Conoakuii B.A., HyaHoB H.B., CoTHukoB B.M. KonnyecTBeHHbIe XxapakTepucTukim
Jly4€BOr0 MNOBPEXAEHNS NIErOYHOM TKaHW Y OHKONIOMMYECKMX NaLMEHTOB NP Jy4eBON Tepanumy Ha OCHOBaHUW JaHHbIX
PKT. MeguuunHckas Budyann3saums. 2022; 26 (4): 60-74. https://doi.org/10.24835/1607-0763-1182
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Quantitative characteristics of radiation-induced
lung damage in oncological patients during
radiotherapy based on RCT data

©Vasiliy V. Ledenev?*, Vladimir A. Solodkiy', Nikolai V. Nudnov', Vladimir M. Sotnikov'

" Russian Scientific Center of Roentgenoradiology of the Ministry of Healthcare of the Russian Federation; 86, Profsoyusnaya str.,
Moscow 117997, Russian Federation

2 Central Clinical Military Hospital; 20, Shchukinskaya str., Moscow 123182, Russian Federation

Objective. Comparison of the magnitude of the change in the density of lung tissue and the volume of these
changes after radiation therapy over time based on the data obtained using the new method of quantitative analysis
developed by us and with the usual visual assessment of the CT data.

Materials and methods. We used the data of dynamic observation of 90 patients who underwent RT for the
tumors of thoracic localization during the period from 2014 to 2021 at the Federal Institution “Russian Scientific
Center of Roentgenoradiology”. These patients had CT examinations performed before and after RT. Control CT
studies were performed 1-237 days after RT (mean control interval 96 + 64.3 days). A total of 238 CT studies of
these patients were analyzed, with an average number of RCT studies per patient of 2.6. Among the selected
patients, there were 36 (40%) men and 54 (60%) women aged 23 to 86 years (the average age was 51.9 + 15.6
years).

Results. Radiation damage in the lungs using the method of quantitative analysis of CT data is detected start-
ing from the value of AHU = 20 and volume from 3.2% for the early period (15-35 days) after the end of treatment.
Starting from 15-25 to 50 days after the end of RT, quantitative analysis reveals primary changes in the lung tissue,
incl. and undetectable visually (from 20 to 80 HU), and to suggest further dynamics of these changes depending
on the characteristics of the performed RT. From 50 to 80 days — reveals the real volume of radiation pulmonitis by
taking into account the changes invisible during visual analysis in the lung tissue irradiated at a dose of 20 Gy to
30 Gy. From 80 to 120 days — allows you to assess the presence and dynamics of changes in the lung tissue with
the threshold radiation dose in the lung tissue 30-35 Gy. From 120 onwards, quantitative analysis of CT data, as
well as visual assessment, reveals damage in areas of the lungs with the dose of more than 30-35 Gy, which is
caused by post-radiation pneumofibrosis. On the basis of the obtained quantitative data on radiation lung damage,
the mathematical regularities of the development of this process were calculated, taking into account the time and
dose factors.

Conclusions. Quantitative assessment of changes in lung density according to CT data in dynamics, carried
out using the technique developed by us, is a radiomic indicator of their radiation damage during therapeutic irra-
diation in cancer patients, which, in combination with the presented mathematical model, can be used for diagnos-
tic purposes to quantify the severity and predicting the dynamics of radiation damage to the lungs in general, as
well as identifying individual radiosensitivity.

The results obtained can be presented not only in the form of graphs, but also in the form of color maps with
preservation of anatomical landmarks, which is convenient for use in clinical practice to support medical decision-
making on patient management.

Keywords: radiation-induced lung damage, radiation pneumonitis, diagnostics, CT, quantitative assessment
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BeepneHue

OcHoBHo 3agadein nyyeBoin Tepanum (J1T) y OHKO-
JIOFMYECKUX MALMEHTOB SBASIETCH SpaAMKaumns BCex
OMyXONEBLIX KIIETOK MO0 NOAABNEHNE UX KIIOHOMEH-
How cnoco6bHocTy [1]. Mpu 3TOM HEM3BEXHO B 340P0-
BbIX TKAHAX MPOUCXOOST NOBPEXAEHNE U rmbenb Yac-
TW KNIETOK, a CNefoBaTeNlbHO, BO3HMKAET UX JIy4eBOE
NoBpPEXAEHNE.

3a nocnegHne 10-15 net B JIT onyxonemn Topa-
KanbHOW nokanu3auum nosiBUIUCL MPOTOKOSbI, MO-
3BOJISIIOLLME YBENNYMBATL B HECKOJIbKO pa3 cyMmap-
Hyto ouarosyto go3y (COJ) B codyeTaHun ¢ napan-
JleNIbHbIM COKpAaLLIEHNEM CPOKOB JIe4eHUs ¢ nonyTopa
MeCSLEB [0 TPeX AHEN [2], TPOTOKOIbI NeYeHUs paka
Nerkoro KpynHeiMn ¢pakumamn (oo 12-20 Mp) [3],
a Takxe co4yeTaHue Jly4eBOW M WUMMyHOTepanuu
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I vHCRAS BHSYATHAALNS

C npumMmeHeHnem 6nokatopos PD-1 unu PD-1 nuranga
[4]. Bcnenctene 3TOr0 CTAHOBATCS HEMPUMEHUMBI
o0LIeNpU3HaHHbIE KOJIMYECTBEHHbIE MNapamMeTpbl
obnyyenuns nerkux (MLD, V5, V20), asnsiowmecs
npeankTopamun nynbMoHuTa npu J1IT cTaHAapTHLIMU
dpakunaMn, 4TO BbIHYXXAAET UCCNeaoBaTenemn onpe-
0enaTb npeaen TonepaHTHbIX 403 cyrybo amnmpuye-
ckum nyteMm [5]. KnuHnyeckne n peHTreHonormye-
CKMe NPOosIBNEHNS y4eBOro NOBPEXAEHUSI NErOYHON
TKaHM NMpu 3TOM TakXe MOryT BapbMpoOBaTb OT He-
3HAYUTENbHBIX [0 3HAYNTENbHO BbIPAXEHHbIX B 3a-
BUCUMOCTM OT NOKanMsauum n pasmepoB OMyXonu,
a Takke napameTtpos JIT [6]. Bce 910 yka3biBaeT Ha
HEeobX0OMMOCTb MakCMMaslbHO PaHHEro BbISIBNIEHUS
Jly4EBbIX NOBPEXOEHNIA NErKNX N HAOEXHOrO NPOrHO-
31poBaHMA CTeneHn nx Taxectn. Ho knaccuyeckas
BU3yasibHass OLEHKA PaHHUX M MO3OHUX Jy4EBbIX
noBpexaeHun nerknx no aaHHoiM PKT Bcneacteune
MHOVBUOYaNbHOW CYyObEKTUBHOCTM BOCNPUSATUS N30-
OpaxeHus B LIeSIOM W LLKaslbl CepOoro B 4aCTHOCTM [7]
NPUBOAMT K yTpaTe 4acTu ANarHOCTMYECKOM UHPOP-
MaLun, YTO CHMXAET 3HAYMMOCTb AAHHOrO MeTona
OWNarHOCTUKW B LLEJIOM.

MoaTomy Ha CMeHy 0ObI4HOW BM3yasibHOW OLEHKe
OAHHbIX NY4YEBbIX METOAOB OMArHOCTUKM B COBpE-
MEHHbIX MUCCNeaoBaHUAX NPUXOOUT MeTon, paamno-
MUKW, CYTb KOTOPOro 3akjo4yaetcsi B obpaboTke
MW aHanuse MeOULMHCKUX U300paxeHWin C Uenbto
co3aaHua GMomapkepoB BU3yanuaauum, KOTopble
MOrYT ObITb MCMONb30BaHbI B KIMHUYECKOW NpPakTn-
Ke ONnsg NoaaepXKu npuHaTus peweHunin [8-10].
MpsiMbIM CNeacTBMEM PAANOMUKK SBASETCS KON-
YeCTBEHHbIM aHanM3 pagnauMoHHO-UHAYLMPOBAH-
HbIX MOBPEXAEHUN B Nerkmx. Bo3MOXHOCTU 1 Noa-
X04bl K KONUYECTBEHHOMY aHanuady MOBPEXOAEHUI
B nerkmx nocne JIT B nocnegHve rofbl akTUBHO
N3y4alTCs HEeCKONMbKUMW TpynnaMmmn 3apyOexHblxX
aBTopoB [11-14].

OObEKTUBHBIN KONMYECTBEHHbIA aHaNN3 OaHHbIX
PKT c uenbto paHHen anarHOCTUKN Jly4eBOrO MHEB-
MOHWNTa Ha AOKIMHNYECKOW CTaanmn NO3BONSET CBOE-
BPEMEHHO HayaTtb ero fieyeHne n, BOSMOXHO, n3me-
HUTb MeToanky JIT y ocTanbHbIX NOA0OHbLIX NaLMeH-
TOB. OTO B COBOKYMHOCTM MOXET MOMOYb NPeaoT-
BPaTUTb Pa3BUTUE KITMHUYECKU 3HAYUMBbIX, TSXKENbIX
JIy4EBbIX MHEBMOHMUTOB, @ 3HAYMT, YYHLINT KAYECTBO
XWU3HM MaUWeHTOB, a TakXe HenocpencTBEHHbIe
M OTOANEHHble pPedysibTaTbl UX MPOTUBOOMYXOSIEBOIO
nevyeHuns. EgUHoM ctaHaapTHON METOAMKN ANS KOSIN-
YECTBEHHOr0 aHanM3a Ha HaCTOALWWIA MOMEHT He
npenioXxeHo, 4To Aenaet pa3padoTKy HOBbIX TEXHWN-
4YeCKMX NOAX0M0B K KOMMYECTBEHHOM OLIEHKE 13Me-
HEHWIN B NEro4yHOM TKaHM Ha OCHOBe AaHHbiXx PKT
aKTyanbHbIM WU NEPCAEKTUBHLIM HanpaBiiEHNEM UC-
cnenoBaHum,

2022, rom 26, Ned

Llenb uccnepoBaHua

ConocTaBnieHne BeMYUHbI U3MEHEHUS MI0THO-
CTW NIErOYHOM TKaHN 1 0O BEMOB 3TUX U3MEHEHUI MO-
cne JIT ¢ Te4eHMEeM BPEMEHN HA OCHOBAHWM OAHHbIX,
noJslyd4aemMblx C NMOMOLLBIO pa3paboTaHHOM HaMK HO-
BOW TEXHONOrMM KOMIMYECTBEHHOrO aHanm3a n npu
006bI4HOV BM3yasibHOW oueHKe AaHHbix PKT.

MaTtepuan n metoabl

[nsa pelleHns nocTaBAeHHbIX 3a4a4 6b1m NCNob-
30BaHbl pe3ynbTaThl AMHAMMYECKOro 006CcnenoBaHUS
90 naumeHTOB, KOTOPLIM ObINa NpoBeaeHa J1T no no-
BOJY Oryxosnern TopakanbHOW foKkanMsaumm (pak ner-
KOro, numdoma cpefocTeHns, pak MOJIOYHON xene-
3bl, 3/10KA4ECTBEHHas TMMoMa) 3a nepuog ¢ 2014 no
2021 r. B PI'BY “POCCUINCKNIA HAYYHBIN LIEHTP peHTre-
Hopaauonorun” Munsgpasa Poccun. Bcem naumeH-
TaMm BbINOAHANNCL KOHTPONbHble PKT-nccnenosaHms
B nHTepeane ot 1 no 237 cyt nocne okoHyaHus JIT
(cpenHuin nHTepean 96 = 63,3 cyT). Bcero 6bin10 npo-
aHanmsnpoBaHo 238 PKT-uccnenoBaHuii Co CpeaHUM
konuyectsoM 2,6 PKT-uccnemosaHua Ha naumeHTa.
Cpenn obcnenoBaHHbIX naumeHToB Ob1o 36 (40%)
MyX4nH 1 54 (60%) xeHwumHbl B Bo3pacTe OT 23 A0
86 net (cpepHuit Bodpact 51,9 = 15,6 ropa).

Do NT 77 (85,6%) nauneHTam OblIO BbINOSHEHO
oT 1 go 16 KypCOB pPa3nu4HbIX BAPUAHTOB XUMO-
Tepanun (XT) No COOTBETCTBYIOLIUM 3a001EBAHNSAM
CTaHOApPTHbIM CxeMaM nedveHud, a ewe y 13 (14,4%)
nauwenToB XT npoBogunack Takxke n nocne JIT. KoHT-
pOsbHbIE UCCneaoBaHus y naumeHToB ¢ XT nocne JIT,
BbINOJIHEHHbIE MOCAEe Havana kypca XT, He aHann3u-
poBannCb BCNEeACTBME HEBO3MOXHOCTU AnddepeH-
LMPOBaTb NOCT/Y4EBOE NOBPEXAEHNE NErO4YHON TKa-
HN OT BO3MOXHOMO JIEKAPCTBEHHOIO MOBPEXAEHUS.
NHTepBan mexay okoH4aHnem XT 1 Hayanom npose-
nexua JIT coctaBun 67,4 + 38,6 oHA (MUHUManNbHbINA —
11 gHel, MakcManbHbIN — 166 oHeNR).

Bcem naupeHtam nposogunacb kKoHbopmHasa J1T
C 06bEMHBIM MIAHMPOBAHNEM U OorpaHmndeHmem CO/LL
OJ19 KPUTUHYECKNX OPraHOB COrNMacHO PEKOMEHAALMNSAM
QANTEC [15]. MeToauka J1T onpenensinack 3abone-
BaHMEM MauueHTa, ero cragunein u nokanusaumen
OnyxoJn C Y4eTOM ee COCEACTBA C XU3HEHHO BAXHbI-
Mn opraHamu. Pexunm JIT — exenHeBHO, No 5 ¢pak-
L1 B HEOENt0.

JDaHHble PKT-uccnepoBaHuii naumMeHToB Obiin
NOABEPIHYThI BU3YyaslbHOM OLEHKE N KOJIMYECTBEHHO-
My aHanuay C NpUMeHeHneM pa3paboTaHHOW Hamu
HOBOW opurMHanbHoM Metoauku. CylHOCTb ee 3a-
KnoyaeTca B cnegywowem. ns npoBeaeHUs Konu-
4YeCTBEHHOro aHann3a HeobxoamMmo Hanuune PKT-
MCCJIeLOBaHNN OPraHoB rpyaHOM MNONOCTY 40 M Nocne
JIT, BbINOSIHEHHBLIX HA BOOXE B MOJIOXEHUM Nexa Ha
cnuHe, a Takke Hanuume kapT 3D-nnaHuposanHusg JIT.
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MepBOHa4YanbLHO NPOBOAMIOCHL COMOCTaBNEHNE AaH-
HbIX PKT nerkux oo v nocne JIT, a Takxe KapT naaHn-
poBaHus JIT ¢ UCNoib30BaHMEM aHATOMUYECKNX OPU-
E€HTUPOB B yCnoBusx nporpammbl Dicom Viewer oT
komnaHum Bugap (Bepcus 3.2.9.0240 o1 25.01.2022).
Janee ¢ nomoullblo noanporpaMmmbl “CybcTpakummn’
(BblMMTAHUS MUCCNEeAOBaHNS) BbINOMHANOCHL BblYUTA-
Hue PKT-uccneposannin oo J1T n3 PKT-nccnenosaHus
nocne JIT ¢ nocnenywLmMM OKOHTYpPUBaHMEM 00be-
MOB NIEro4HON TKaHW, 0ONyYEeHHbIX B 3aaHHOM aua-
nasoHe 130003 oT 0-2 'p 10 MakcUMarsbHbIX 3Ha4e-
HWIA 003bl B Nerknx. PaccumtbiBanncb BESIMHUHDI
cpenHero USMeHEeHUs! NAOTHOCTU, MeanaHbl U3MeHe-
HUS NIOTHOCTU N CTAaTUCTUYECKOro OTKJIOHEHUst Ans
JIero4HOM TKaHM B 06bemMax, 00J1ly4eHHbIX B 3a4aHHbIX
AuanasoHax 130403 C napafefibHbiM onpeaeneHmn-
eM aTux 006beMoB. Ha ocHOBE MOJyYeHHbIX AaHHbIX
ONs Kaxaoro 60/1bHOro CTPOUIUCh rpadukn 3aBmcu-
MOCTU U3MEHEHMS MNOTHOCTM OT O03bl, MPU 3TOM 3a
HOMb MPUHUMANNCh 3HAYEHNS BENNYMHBI UIBMEHEHUS
MJIOTHOCTM B y4acTkax Nerkux ¢ O030iM He 6Gonee
0-2Ip, 4TO 3aBEOOMO HUXE Npeaena ToNepaHTHOCTH
NIeroyHon TkaHu. B nocneayowem nposoauncs ma-
TeMaTUYECKNIN aHaIM3 1N NOUCK 3aBUCUMOCTEN n3me-
HEHWS NIOTHOCTM IEFOYHON TKaHW OT A03bl U BpeEMeE-
HWU KOHTPOJIbHOrO MccnenoBaHus. bonee noapobHO
CYTb, OTINYMS N NEPBOHAYaNbHbIE PE3YNbTaThl NPea-
JIOXXEHHOM MEeTOAMKM KONIMYECTBEHHOIO aHanmM3aa ony-
6nnkoBaHbl Hamu paHee [16, 17].

Pe3ynbTaTthbl

Y 9 nauyueHTOB nepBoe KOHTpPonbHOoe PKT-
nccneooBaHne BbIMOJIHANOCL B MHTepBane oT 1 oo
23 cyT nocne okoH4aHwus J1T. [Mpwu BM3yanbHOM oueHKe
M3MEHEeHNs B Nero4YHon TKkaHu Oblnn BbisiBNEHbl y 3 na-
LMEHTOB C KOHTPOJIbHbIMU PKT Ha 15, 19 1 21-e cyTkun
nocne JIT ¢ COL 72 I'p-akB, 52 n 67 o cooTBeTCT-
BEHHO. Bu3yanbHO M3MEHEHUS Yy 9TUX NALUWEHTOB
onpenensnnch B y4acTkax nerkmx, 06y4eHHbIX B 40-
3e 6onee 20 I'p, 6onee 30 'p v 6onee 20 'p cooTBET-
cTBeHHO. OObeM M3MEHEeHUI BU3yasibHO COCTaBUJI
27,1, 8,7 1 53,9% oT ob6bema 061y4EHHOro NEerkoro
COOTBETCTBEHHO. Halla meToanka KONM4ecTBEHHOro
aHanmM3a No3Bonuna BbiFBUTb CTaTUCTUYECKN 3HAYM-
Mbl€ BEJIMYNHBI MeanaHbl UBMEHEHUS MIIOTHOCTYU Nie-
royHon TkaHu (AHU) BenunumnHonm ot 54 + 19,0 HU
(p = 0,038). Mpn 3TOM KONMYECTBEHHO Ny4EBLIE MO-
BPEXOEHUS Oblnn BbiSBNIEHbl Y 3 MaUMEHTOB (mauu-
eHT M., 86 net, naumentka P., 58 net n naumeHt X.,
67 neT) B yyacTkax Nerkux ¢ [o301 065y4eHuns, HUXe
0OLLENPUHATOro nNopora ToNepaHTHOCTM As Neroy-
Hon TkaHu B 20 p (5-7 'p-ake, 10-13 1 13-16 Ip
COOTBETCTBEHHO), a 06beM ux coctasun 43,5, 34,2
n 80,2% oT o6bema 00JlyHEHHOr0 NEerkoro COOTBET-
CTBEHHO. [15191 9TMX NauneHToB Takxe Obln oTMeye-

Hbl HECKOJIbKO ©0snee BbICOKME 3HAYEHUS MeauaHbl
MCXOOHOM MAOTHOCTU NIerO4YHOM TKAHWM MO BCEMY
06beMy 0bny4eHHoro nerkoro: — 873 £ 17,0, —-847 +
9,8 n-875 + 12,5 HU cooTBeTCTBEHHO (NpY Meana-
HE 3HAYEeHW MAOTHOCTU Yy OCTasIbHbIX MALWEHTOB
—886 + 18,7 HU). Bce aT0 MOXET ykasbiBaTb Ha HaNu-
4yme y HMUX MOBbLILUEHHOW NHOMBUAYANBHOW PaanoYyB-
cteuTenbHocTn (PY) [17]. Y ocTanbHbix 6 naumMeHToB
KOJIMYECTBEHHbIN aHaNn3 He BbIABU U3MEHEHUN
MAOTHOCTU NErkux B JAHHOM BPEMEHHOM Nepuofe,
OOHAKO OHW BbIABASNUCL Npwu nocneayouwmx PKT-
NCCNea0BaHUSIX.

Ha ocHOBaHMM NOAYYEHHbIX OAaHHbBIX MOXHO Npes-
MONOXMUTb, YTO BPEMEHHOW WMHTEepBan C MOMEHTa
okoH4aHusa JIT 1 kak MUHUMYM Jo 25 cyT TpebyeTcs
JIYHEBOMY MOBPEXAEHWUIO JIErKOro ONsi AO0CTUXEHUS
BEJINYNHBI HUXXHEN TpaHuLpbl YyBCTBUTENBHOCTU Ha-
e METOANKN KONTIMYECTBEHHOIO aHanM3a, 4To coye-
TaeTcs C KNMHUYECKUMW NPOABIEHUAMM NYIbMOHUTA.
McknoyeHne cocTaBnsitoT NauMeHTbl C NOBbILLEHHOM
VHAVBUAYaNnbHOM PY, y KOTOPbIX U3MEHEHNS KONn4ye-
CTBEHHO MOTYT OblTb BbisIBAIEHbI HA4YMHas ¢ 15 cyT no-
cne okoH4yaHusa J1T (puc. 1).

Y 25 naumeHToB KOHTPOJbHbIE PKT-nccnenoBaHus
OblNK BbINOJHEHBI Ha 28-50-€e CyTKK Nocne OKoHYa-
Hua JIT. MNMpwn konnyecTBeHHOM aHanu3e PKT-uccne-
posaHun 20 naumeHToB, nonyyaswmx JIT ¢ PO go
3 'p, 6biNK BbISIBNEHbI CTAaTUCTUYECKN 3Ha4YMMble AHU
B 00nacTax nerkux, o6ny4eHHbIXx B go3e 22-27 Ip,
B amanaszoHe oT 20 po 61 HU ¢ meamaHon 25 =
* 19,2 HU (p = 0,039). [laHHble 3HA4YEHUS HUXe
YCNOBHOW BENNYMHBI 01 BU3YaNbHOW OLLEHKM Hanu-
YN U3MEHEHUIN MNOTHOCTU, KOTOPas MHAMBUAYaNbHA
1 cyObekTMBHA, HO [J1 NEero4YHON TKaHu pacnonara-
eTcsa Ha yposHe 80-100 HU n 6onee. 310 noaTsep-
XOaeTcs CPaBHEHWEM BM3yalbHO OnpenensiemMoro
cpenHero o6bema MocCT/yY4eBbIX U3MEHEHUIA Y OaH-
HOW rpynnbl NauueHToB, coctasmBwero 3,6 + 10,0%
oT o6bema nerkoro (amanasoH 0,7-22,0%) co cpen-
HUM O0OBLEMOM UX MPU KONMMYECTBEHHOM aHanuMse —
14,6 £ 11,5% o1 obbema nerkoro (gmanasoH 3,2-
28,4%) (pwc. 2).

OToenbHO cnenyet OTMETUTb OAHHbIE KOJIMYECT-
BEHHOr0 aHanM3a nuccnenoBaHuin OCTalbHbIX 5 na-
LIMEHTOB 3TOW rpynnbl, KoTopble nonyyanu J1T ¢ PO/,
ot 3 0o 4,4 'p n akBmBaneHtHor COL ot 38 oo 84 I'p.
Y HUX U3MEHEHNs NIOTHOCTU JIErOYHOM TKaHW Oblnn
fonee BblpaXeHHbIMU WU UMenn BenuunHy AHU ot
23 =7,5HU no 404 + 232,2 HU. Npwn 3TOM OOCTOBEP-
Hble Konu4yecTBeHHOo onpeaensemble AHU y 3 naum-
eHTOoB (nauueHT M., 86 net, naumeHnT Y., 75 net, naun-
eHT H., 84 neT) Gblnn BbISIBAEHbI B y4aCTKax NErkux,
00ny4yeHHbIX B [03ax, BCerga CUUTaBLLMXCH HUXe
nopora tofiepaHTHocTh (5-7, 9-11 n 15-20 Np-3kB),
4YTO MOXET yKa3blBaTb HA UX MOBbILUEHHYIO NWHANBU-
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Puc. 1. a — koHTponbHOe PKT-nccnenosaHme rpyaHon NnoaoCT! Npy HATUBHOM CKaHMPOBAHUKN B akCuanb-
HOW MAOCKOCTW naumeHTkn P, 58 net, ¢ pakoM npaBoro nerkoro Ha 19-e cytku nocne okoHyaHus JIT.
MapameguacTuHanbHO B 060UMX IETKNX ONPEeAENSIOTCS JIMHENHO-TSXNCTLIE Y4aCTKM KOHCONMAALUMM Neroy-
HOIA TKaHW B CO4eTaHUM COo CnaboBbIpaXeHHbIM “MaTOBbIM CTEKIOM”;

6 - akcuanbHbIii cpe3 3D-nnaHa JIT 3Toro e naumeHTa Ha ypoBHe, aHanorM4Hom puc. 1a, NnpoBeaeH-
Holi ¢ PO, 2 'p 1 COM oo 52 Mp B NErO4HON TKaHW;

B — PE3ybTMPYIOLLAsa KOIMYECTBEHHOro aHann3a PKT-nccnenoBaHus aToro nauMeHTa ¢ UBETOBbIM
KapTMPOBaHMEM B akCuasibHOM NPOEKLMM Ha cpede, aHanormyHoMm puc. 1a. OtMeyaeTca Hanmyme 30HbI
N3MEHEHWNIN NIIOTHOCTM B NIEFOYHON TKaHW MPU LIBETOBOM KapTUPOBaHUKM C OCTATOYHO YETKOM rpaHuLLEen,
NPOXOASLLEN Mo MMHMM N30403, cooTBeTcTBYytoWen 10 p (061acTb N3MEHEHN OTMEYEHA CTPEJIKON);

I — pe3ynbLTUpYyoLLas KonnyectBeHHoro aHanusa PKT-nccnegoBaHus aToro naumeHTta C LBETOBbIM
KapTUPOBAHUEM B aKCUANIbHOW MPOEKLUMM Ha Cpe3e, aHanorM4yHOM YPOBHIO puUC.1a, C HAIOXEHMEM KapTbl
3D-nnaHupoBaHus 1T (puc. 16) (06nactb U3MEHEHUIA 0TMeYeHa CTPENKON).

Fig. 1. a — control CT examination of the chest cavity with native scanning in the axial plane of patient R.,
58 years old with cancer of the right lung on the 19th day after the end of RT. Paramediastinally in both lungs,
linear-stranded areas of consolidation of the lung tissue are determined in combination with a mild “ground
glass”;

6 — axial section of the 3D plan of RT of the same patient at a level similar to Fig. 1a, performed with 2 Gy
and SOD up to 52 Gy in the lung tissue;

B — “Substraction” CT scan of this patient with color mapping in the axial projection on a section similar
to Fig. 1a. The presence of a zone of changes in density in the lung tissue is noted in color mapping with
a fairly clear boundary passing along the line of isodoses corresponding to 10 Gy (the area of changes
is marked with an arrow);

r — “Substraction” of the CT scan of this patient with axial color mapping on a slice similar to the level
of Fig. 1a, with a 3D RT planning map overlaid (Fig. 16) (the area of changes is marked with an arrow).

METUIIHCKAS BUSYATMBAIIAT 2022, mo 26, Ned



OPUTUHAJILHOE UCCJIEJOBAHUE | ORIGINAL ARTICLE

\-I]“"

—e— MauueHT V., 76 net, 40-e cytkm nocne JIT PO 2 'p u COL oo 28 I'p
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Puc. 2. a — koHTponbHOoe PKT-uccnegosaHve rpyaHon NoAoCTM NPpyY HATUBHOM CKQHMPOBAHMUW B aKCMasIbHOWM MAOCKOCTU
naunexTa Y., 76 net, ¢ numdomoin XomxknHa Ha 40-e cyTkn nocne okoHdyaHus JIT. MapamenmnactMHanbHO B 060MX Nerkmx
ONpPeaensioTCa IMHENHO-TSXKNCTbIE YHAaCTKM KOHCONMAALMN NIEFOYHON TKaHW B COYETaHMM CO CNaboBbIPaXKEHHBIM “MaTOBbIM
CTeKknomM”;

6 — akcuanbHbllii cped 3D-nnaHa JIT 3TOro Xxe naumMeHTa Ha ypoBHE, aHanorM4yHoM puc. 2a, npoeeaeHHon ¢ PO, 2 I'p
n COZL, no 28 I'p B Nero4Hom TkaHu;

B — PE3yNbTMPYIOLLAsA KONMYECTBEHHOrO aHann3a PKT-uccnenoBaHma 3TOr0 maumeHTa C LBETOBbIM KapTUPOBaHMEM
B aKCMaJibHOWN NpoeKkunn Ha cpese, aHanornyHom puc. 2a. OTMeyaeTcst Hamume 30Hbl U3MEHEHWUIA NIOTHOCTU B JIErOYHOM
TKaHW MpU LIBETOBOM KapTUPOBAHUN C AOCTATOYHO YETKOWN rpaHuLLEln, MpoXoasaLler no NIMHNM n30403, COOTBETCTBYIOLLEN
20 I'p (puc. 26);

I — AaHHble KONIMYECTBEHHOIrO aHanmaa KoHTponbHoro PKT-nccnenoBaHms aToro xe nauveHTa (puc. 2a), npeacTtaBieH-
Hble B BuAe rpaduka 3aBUCUMOCTU BENMHYUHBI U3MEHEHUSA MIOTHOCTN NIero4HON TkaHu (B HU) OT BennyuHbl 4036l (B )
C MnaHKkamy MOrpeLlHOCTEN, COOTBETCTBYIOLUMX AOBEPUTENbHBIM MHTEPBANaM AN Kaxaoro 3HadeHus. CtaTtncTnyecku
[OCTOBEPHbIE M3MEHEHMS MAIOTHOCTM B JIEFOYHON TKaHM onpenenstoTcs npu gosax 6onee 20 Mp.

Fig. 2. a — control CT examination of the chest cavity with native scanning of a patient in the axial plane U. 76 years old with
Hodgkin's lymphoma on day 40 after the end of RT. Paramediastinally in both lungs, linear-stranded areas of lung tissue
consolidation in combination with a “ground glass”;

6 — axial section of the 3D plan of RT of the same patient at a level similar to Fig. 1a, which was performed with single focal
dose 2 Gy and total dose to 28 Gy in the lung tissue;

B — “Substraction” CT scan of this patient with color mapping in the axial projection in a similar Fig. 2a. The presence
of a zone of changes in density in the lung tissue is noted in color mapping with a fairly clear boundary passing along the
line of isodoses corresponding to 20 Gy in accordance with Fig. 26;

r — data of quantitative analysis of the control CT study of the same patient, shown in Fig. 2a, presented as a plot of the
magnitude of the change in lung tissue density (in HU) on the dose (in Gy) with error bars corresponding to confidence intervals
for each value. Statistically significant changes in density in the lung tissue are determined at doses of more than 20 Gy.
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BT eovHCKAS BHSYATHAALNS

ayanoHyio PY [17]. BuayanbHO onpepensiembiii
00beM Ny4eBOro MynbMOHUTA Yy 3TUX MALUEHTOB
coctasun 35,1, 5,4 n 29,3% oT 0o6beMa 06/1y4EHHO-
ro NIerkoro, a rno AaHHbIM KOJIMYECTBEHHOIO aHaINn-
3a - 54,4, 14,0 n 32,6% o1 ob6bema 06Jy4EHHOTO
nerkoro (puc. 3).

C 54-x no 79-e cyTkmn nocne okoH4aHus JIT KOHT-
ponbHoe PKT-uccnemoBaHne BbINOAHANOCH Y 26 na-
LMEHTOB. ¥ 5 NaUMEHTOB yXe MMENNCh paHee BbINoJi-
HeHHble PKT (c 31-x no 42-e cytkm nocne JIT), B cpaB-
HEHUW C KOTOPbIMU KOJIMYECTBEHHbI aHANN3 BbISBUJI
CTaTUCTUYECKUN 3HAYMMYIO AnHamuky AHU, BbipaxeH-
HOCTb KOTOPOW 3aBucenia 0T XapakTepucTuk npoee-
neHHon JIT. Tak, y naumenTtoB ¢ PO/, 3 'p n 6onee
OTMe4anacb 4aCTU4YHas PErpeccusi paHee BblSBIIEH-
HbIX W3MEHEeHW (B TOM uyucne u y nauyeHta M.,
86 net, n naumeHTa Y., 75 net ¢ npM3Hakamu NoBbl-
weHHon PY). Ons nauwentoB ¢ PO ot 2 oo 3 Ip,
HaobOopOT, ObINIO XapakTePHO HapacTaHWEe BeJINYMHbI
AHU n obbema uameHeHuin. Tak, y naumeHTta K.,
41 ropa, nony4yasLuero JIT Ha noxe yganeHHoM TUMO-
Mbl ¢ POL, 2,5 T'p u COL, 47 p-9KB, B nepuog, mexay
KOHTPONbHbIMU PKT-nccnenoBaHnaMm, BbINOJHEH-
HbIMU Ha 35-e 1 66-e CyTku, Npyn BU3yarbHOM aHanun-
3€ OTMEYaeTCcs MOSBIEHNE MWHUMASNbHbIX U3MEHEe-
HWUIA N0 TUMNY CNAaBONHTEHCMBHOIO “MaToOBOro cTekna”
(BennunHom okono 90 HU) B napanepvkapavanbHom
JIErOYHOWM TKAHW NEBOro JIErkoro, COOTBETCTBYIOLLEN
30He 065y4eHns B no3e 6onee 32 p (35 p-aks),
BEIMYNHOW 0KONO 4,7% OT o6bema NeBOro Nerkoro.
Mpu KONMYECTBEHHOM aHanM3e 3TUX Xe UCCneno-
BaHWN oOnNpefensercd CTaTUCTUYECKU 3Ha4Mmoe
yBenunyeHne AHU (c 20 + 7,9 HU go 138 = 35,8 HU
(p = 0,041)) n obbema 3TUX M3MeHeHuI ¢ 3,2 [0
35,0% o1 obbema nerkux (puc. 4).

Ona 21 naumeHTa KOHTPOJIbHOE WMCCNELOBaHUE,
BbINOSIHEHHOE Ha 54-79-e CyTKM MOCNE OKOHYaHWUs
JIT, aBnsnocb nepBuYHbIM. Bu3yanbHO BbISIBASIUCH
N3MEHEHNS B y4acTkax Jierkux, oby4eHHbIX B J03€e
6onee 30 'p n meamnaHo obbemMa 3TUX U3MEHEHNIA
5,7 + 59% ot o6bema 06sy4eHHOro sierkoro. Mpu
KOJIMYECTBEHHOM aHann3e AOMNOMHUTENbHO BbISIBNIS-
JIUCb BM3YyanbHO HEBUAMMbIE, CTATUCTUYECKN 3HAYM-
mble AHU BenununHon 39 = 35,3 HU (p = 0,042) B 06-
nacTax nerkux, o6nyyeHHbix B ose ot 20 oo 30 Mp.
Mpu atom y 4 naumeHToB (naumeHT M., 32 roaa,
naunenTka M., 48 net, nauyexTtka K., 56 net, naumn-
eHTka K., 33 roga) smeHeHunss npy KONMYECTBEHHOM
aHann3e BbIBASNCH B y4acTKax JIErkMx ¢ 0301 OT
8 I'p co cTatucTmnyeckn aHadnmbim AHU, BennymHom

2022, rom 26, Ned

22 £ 8,2 HU (p = 0,035). MeanaHa obbema BbisiBNsie-
MbIX MPW KOJINYECTBEHHOM aHanM3e U3MEHEHU COo-
ctaBuna 10,4 £ 12,9% obbema nerkux (p = 0,054).

C 82-x no 113-e cytkm nocne okoH4yaHus JIT
KOHTpONbHble PKT-nccnenoBaHus Oblin BbIMNOAHEHbI
y 29 naumeHToB. [1Boe naumeHToB (naumeHTtka JI1.E.,
33 roga v naupenTtka E. ,33 roga), nonyyaswnx JIT no
nosoay numopom ¢ COL oo 30 Np, B nEroyHom TkaHm
He UMeNN N3MEHEHUI, onpeaensieMbix H1 BU3yasbHO,
HW KONIMYECTBEHHO. Y OCTaNbHbIX 27 NaunMeHTOB BU-
3yanbHble U3MEHEHUS OMpeaensanMcb B yyacTkax
nerkmx, obsy4yeHHbix B o3e 6onee 30 p, meanaHa
obvema 2,5 + 1,9% B amnanasoHe ot 1,0 0o 6,7% oT
obbemMa nerkoro, BXOAMBLLUErO B 30HY 00ny4eHus.
KonnyecTtBeHHbIN aHann3 y aTux 27 naumeHToB Oo-
NMOMHUTENbHO BbISIBMJ CTATUCTMYECKM 3Ha4MMble AHU
B yyacTkax nerkux, o6sy4eHHbIX B 103€ TakXKe TOJIbKO
6onee 30 I'p, B ananasoHe ot 19 no 89 HU ¢ megna-
Hom 57 + 27,5 HU (p = 0,045). NcknioyeHnem aBns-
nncb 2 naupenTa (naumerTtka J1.10., 33 roga n nauu-
eHTka C., 24 ropa) ¢ npusHakamMmm NoBbILLEHHOW MHON-
BuayanobHon PY, y KOTOPbIX NU3MEHEHUS MPU KONnYye-
CTBEHHOM aHann3e BbIBNSANNCL B y4acTKax JIerkux
¢ 00301 ot 8 p. O6bEM KONMHYECTBEHHO BbISIBSEMbIX
n3MeHeHunn umen megunany 8,6 + 15,9% B ananasoHe
oT 2,4 0o 55,4% ot obvema nerkoro. Y 12 n3 atmx
27 NauMeHTOB UMENNCb PaHEE BbIMNOJIHEHHBIE KOHT-
ponbHble PKT-nccnepgoBanus (¢ 29-x no 45-e cytku
1 ¢ 56-x N0 78-e CyTKn), HA OCHOBE KOTOPbIX KOSIMYEe-
CTBEHHbIl aHan“3 B JAHHOM BPEMEHHOM nepuope
BbISIBUJT PEFPECC UMEBLLUNXCA U3MEHEHWUI NJIOTHOCTHU
NeroYHom TkaHu, 06y4yeHHor B ananasoHe 20-30 Ip
(puc. 5).

C 119 po 237 cyT nocne okoH4aHus JIT KOHTPONb-
Hble PKT-nccnenosaHusa Obiv BbINOJIHEHbI Y 63 na-
umeHToB. MNpn aTOoM 37 NAUMEHTOB YXXEe UMENN paHee
BbinosHeHHble PKT-uccneposaHusi, B CpaBHEHUMU
C KOTOPbIMW KONMYECTBEHHbIN aHaNM3 BbIABUS NOJ-
HbI PErpecc M3MeHeHUn NIOTHOCTU NErOYHON TKa-
HW, obnyyeHHoU B no3e meHee 30-35 p. Crartuc-
TUYECKM 3Ha4YMMble M3mMeHeHnss AHU nnoTHoOCTU co-
XPaHSNNCh TOJIbKO B y4acTkax JIerkmnx, oby4eHHbIX B
no3e 6onee 30-35 Ip, BenuumHom ot 18 + 7,4 HU po
81x27,1 HU (p=0,047). BennumHa AHU B 3T1 CpoKu
TakkKe co4yeTanacb C BbICOKMMU 3HAYEHUSIMU cpef-
HeKBagpPaTMYHOro OTKJIOHEHUS (G), Kak XapakTtepu-
CTUKW HEOAHOPOAHOCTM MAOTHOCTN NEroYHON TKaHW,
YTO MPW OTCYTCTBUMN KIIMHNYECKOWN KAPTUHBI JIY4EBOIO
Ny7bMOHMTA MOXHO TpakTOBaTb KakK MOCTYy4YeBOMN
nHeBMOGMOpPO3 (puc. 6).
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—eo— lMaumeHt H., 84 ropga, 43-u cytkm nocne JIT PO 4,4 'p n CO/, 66 p-9kB
Patient N., 84 y.0., 43 days after RT single dose 4.4 Gy and total dose 66 Gy-eq.

Puc. 3. a - koHTponbHOe PKT-uccnegoBaHve rpyaHon NofnoCTy NPU HAaTUBHOM CKaHMPOBAHUM B aKCUanbHOW MAOCKOCTU
naumeHTa H., 84 net, ¢ pakom [MaHKOCTa NEBOro NErkoro, BbIMOSHEHHOE Ha 43-1 CcyTku nocne okoH4vaHus J1T. BusyanbHo
N3MEHEHUSI HA JAHHOM YPOBHE He OMpeaensioTcs (MakCcMasibHas [o3a 0051y4eHUst B TOUKe Ha AaHHOM ypoBHe 20 p-3kB);

6 — akcvanbHbli cpe3 3D-nnaHa JIT Ha ypoBHe, aHanornyHom puc. 3a, nposeneHHoi ¢ PO 4,4 Tp u COL, o 44 p
(66 'p-3kB);

B — Pe3ynbTupyloLwas Koam4yecTBeHHOro aHanmsa PKT-uccnenoBaHus 3Toro naumeHTa ¢ LBETOBbIM KapTUPOBAHUEM
B aKCMasIbHOM NPOEKLIN Ha YPOBHE, aHanornmyHoM puc. 3a. iMeet MecTo Hanmume 30Hbl UBMEHEHWNI NAIOTHOCTY B IEFOYHON
TKaHW MpU LBETOBOM KapTMPOBAHMM C AOCTATOYHO YETKOWN rpaHuLLen, NPOXoasaLLen no IMHUA 30003, COOTBETCTBYIOLLEN
15 p-9KB B COOTBETCTBMM C pUC. 36, YTO B COYETAHUM C NOKA3ATENSIMM UCXOLHOW MIOTHOCTA NIEFOYHOM TKaHW yka3biBaeT
Ha ero NOBbILWEHHYIO MHANBMAYaNbHYIO PY;

r — faHHble KOJIMYECTBEHHOI 0 aHann3a KOHTponbHoro PKT-nccnenoBaHns naumeHToB, NpeacTaBneHHble B Buae rpadu-
Ka 3aBUCMMOCTU BEJIMYMHBbI U3MEHEHUS NMJIIOTHOCTU Nero4Hon TkaHu (B HU) oT BennynHbl 0o3bl (B [p) € nnaHkamu norpetw-
HOCTEN, COOTBETCTBYIOLLMX AOBEPUTENbHBIM UHTEPBANaM A/15 KaX40ro 3HadeHns. CTatucTuyeckm 4OCTOBEPHbIE N3MEHE-
HWS MNOTHOCTW B IEFOYHOM TKaHM onpeaensitoTesa npu gosax ot 15 Mp-akB 1 6onee.

Fig. 3. a — control CT examination of the chest cavity with native scanning in the axial plane of patient N., 84 years old, with
Pancoast cancer of the left lung, performed on the 43rd day after the end of RT. Visually, changes at this level are not
determined (the maximum dose of radiation at a point at this level is 20 Gy-eq);

6 — axial section of the 3D plan of LT at a level similar to Fig. 3a, carried out with single focal dose 4.4 Gy and total dose
to 44 Gy (66 Gy-eq);

B — “Substraction” of the CT scan of this patient with color mapping in the axial projection at a similar level Fig. 3a. There
is a zone of changes in density in the lung tissue in color mapping with a fairly clear boundary passing along the line of
isodoses corresponding to 15 Gy-eq in accordance with Fig. 36, which, combined with the initial lung tissue density, indicates
its increased individual radiosensitivity (RS);

r — data of a quantitative analysis of the control CT study of patients, presented as a graph of the dependence of the
change in lung tissue density (in HU) on the dose value (in Gy) with error bars corresponding to confidence intervals for each
value. Statistically significant changes in density in the lung tissue are determined at doses from 15 Gy-eq and more.
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Puc. 4. a - koHTponbHoe PKT-
nccnefoBaHWe OpraHoB TPYAHOM
NnosioCTN NPU HAaTUBHOM CKaHWpPOBa-
HAW B akCuasibHOM MIOCKOCTU nauu-
eHta K., 41 roga, BbINONHEHHOE Ha
35-€ cyTkn nocne okoH4aHmsa JIT noxa
TUMOMbI MEepPefHero CpenocTeHus
(mocne ypanenusi) ¢ PO 2,5 Tp un
CO/ B neroyHom Tkaum oo 44 p (48
[p-akB). BudyanbHO M3MEHEHUN B
JIErOYHON TKaHM Ha MOMEHT uccneno-
BaHWUS He onpepenseTcs;

6 - KoHTponbHoe PKT-uccne-
[OBaHVE OPraHoOB rPyAHON MONOCTU
npuY HATUBHOM CKaHMPOBAHMM B aKCU-
aNIbHOM MNOCKOCTW 3TOr0 Xe naLmeHTa
K. Ha ypOBHe, aHanornyHom puc. 4a,
BbINOJIHEHHOE Ha 66-e CcyTku nocne
OKOH4YaHus JIT. MuHMManbHble n3me-
HeHWs Mo Tuny cnaboMHTEHCUBHOIO
“mMaToBOro cTekna” (BENNYMHOM OKOMO
90 HU) onpepensitotca B napanepu-
KapananbHOM NeroyYHoM TkaHu NeBOro
JIErKOro, COOTBETCTBYIOLLEN 30HE
006nyyeHus ot 38 'p-akB 1 bonee;

B — pe3ynbTupylowas KoimyecT-
BeHHoro aHannsa PKT-uccnepoBaHni
3TOro Xe naumeHTa B akCuanbHOWN
NJOCKOCTM HA YPOBHE, aHAIOMMYHOM
puc. 4a, Ha 35-e CyTKM Nocne OKOHYa-
Hust JIT C LBETOBbIM KapTUPOBAHMEM.
MIMeeT MeCTo KONIMYECTBEHHO BbISIBAS-
€eMOe YBENIMYEHME NAOTHOCTM B IEr0Y-
HOW TKaHW B napanepukapavasnibHon
obnact NeBOro Nerkoro, COOTBETCT-
BYIOLLEro 30He 46-48 p-9KB;

I — Pes3ynbTUpyoLas KoamyecT-
BEHHOro aHannaa PKT-uccnenosaHmm

3TOro0 Xe nauneHta B aKcuasibHOM
,\}/% NJIOCKOCTM Ha YPOBHE, aHaNOrMyHOM
puvc. 4B, Ha 66-e CYTKM NOCNIe OKOHYa-

1 1 1 1 1
325 38,0 43,5 47,3  Hua JIT C LBETOBbIM KapTUPOBaHMEM.
OTmevaeTcs HapacTaHue obbema u
Losa, Tp /Dose, Gy WHTEHCMBHOCTMW MIOTHOCTU neurquoM
-40 = TKaHM B nNapanepvkapamansHoii obna-
CTW NIeBOro Ierkoro yxe B 06nacTsix
oT 20-24 p-akB 1 6onee;

170 ' NaumenT K., 41 rog, POL, 2,5 Mp v CO/J, 0o 48 Mp-3kB.

:gg : Patient K., 41 y.0., single dose 2.5 Gy and total dose to 48 Gy-eq.

140 | —— 35-e cytkmnocne JIT / 35 days after RT
180 - —m— 66-e cyTkm nocne JIT / 66 days after RT
120 -
110
100

AHU

-10

A — JaHHble KONIMYECTBEHHOIO aHanm3a KOHTPOnbHbIX PKT-nccnegosannin naumenTta K., BbINOAHEHHbIX HAa 35-€ (CUHWIA)
1 66-e (KpacHbIn) cyTku nocne okoH4aHus JIT, npeacTaBneHHble B BUAE rpaduKoOB 3aBUCUMOCTM U3MEHEHWIA NMIIOTHOCTM
(8 HU) ot po3sebl (B p) € nnaHkamu NorpeLlHocTen, COOTBETCTBYIOLLMX JOBEPUTENbHBIM MHTEPBaNam A Kax40ro 3Ha4eHus.
OTmevaeTcs HapacTaHMe CTaTUCTUYECKN 3HAYNMbIX UIBMEHEHMI MAIOTHOCTM NNErOYHOM TKaHW B BUAE YBEIMYEHUNS NX BENN-
YMHbI W paclumpeHns obbemMa 061acTy 3MEHEHUIA OT y4acTka ¢ 0301 46-48 p-3kB Ha 35-e CyTKM [0 y4acTKOB C [030M
0T 20-24 'p-9kB 1 10 46-48 p-3kB Ha 66-e CyTKu.

Fig. 4. a - control CT examination of the chest organs with native scanning in the axial plane of patient K., 41 years old,
performed on the 35th day after the end of RT of the anterior mediastinal thymoma bed (after removal) with single focal dose
2.5 Gy and total dose to 44Gy (48 Gy-eq). Visual changes in the lung tissue at the time of the study is not determined;

6 - control CT examination of the chest organs with native scanning in the axial plane of the same patient K. at a level
similar to Fig. 3a, performed on the 66th day after the end of RT. Minimal changes in the type of low-intensity “ground glass”
(about 90 HU) are determined in the parapericardial lung tissue of the left lung, corresponding to the irradiation zone from
38 Gy-eq or more;

B — “Substraction” CT studies of the same patient in the axial plane at a level similar to Fig. 4a on the 35th day after the
end of RT with color mapping. There is a quantitatively detectable increase in density in the lung tissue in the parapericardial
region of the left lung, corresponding to the zone 46-48 Gy-eq;
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r — “Substraction” CT studies of the same patient in the axial plane at a level similar to Fig. 48 on the 66th day after the
end of RT with color mapping. There is an increase in the volume and intensity of the increase in density in the lung tissue in
the parapericardial region of the left lung already in the areas from 20-24 Gy-eq and more;

A - Results of the quantitative analysis of control CT-studies of patient K., performed on days 35 (blue) and 66 (red) after
the end of RT, presented as graphs of the dependence of changes in density (in HU) on the dose (in Gy) with bars errors
corresponding to the confidence intervals for each value. Reliable changes in lung tissue density increased in the form of an
increase in the size and volume of the area of changes from the area irradiated at a dose of 46-48 Gy-eq on the 35th day to
the area with a radiation dose of 20-24 Gy-eq and more for 66 days.

N @ ‘ Puc 5. a - koHTponbHoe PKT-
nccnenoBaHWe OpraHoB TpPyOHOM
KNETKM NPU HATMBHOM CKaHMPOBaHUM
B aKCWasibHOM MJIOCKOCTU MauneHTKn
K., 33 net, BbINONHEHHOe Ha 77-e
CYTKM nocne okoH4aHus JIT no nosoay
numoombl XooxkuHa ¢ PO 2 Tp
n COL 32 Ip. BusyanbHO M3MEHEHMUI
B JIErOYHOWM TKaHM HA MOMEHT nccne-
[OBaHUS He onpeaenseTcs;

6 - koHTponbHoe PKT-uccne-
[OBaHWE OpraHoB rpygHON MOA0CTU
NPy HaTUBHOM WCCEA0BaHNN B aKCU-
aNlbHOW NIOCKOCTM Ha TOM X€ YPOBHE,
aHaNormyHoMm puc. 4a, naumeHtkm K.,
BbINONIHEHHOe Ha 107-e cyTku nocne
OKOHYaHua J1T. BudyansHo nsmeHeHui
B JIEFOYHOW TKaHW MO-MPEXHEMY He
onpenensieTcs;

B — pe3ynbTupylowas KoamyecT-
BeHHOro aHanmsa PKT-nccnepoBaHus
@ 35 - B aKCMabHOWN MIOCKOCTM Ha YPOBHeE,

MauymenTka K., 33 neT, PO,EL 2 Fp n CO)ZI. Ao 32 Fp aHaJIOrMYHOM pUC. 4a, 3TON Xe naum-

Patient K., 33 y.o., single dose 2 Gy and total dose to 32 Gy EHTKM Ha 77-e CyTKU1 NOC/e OKOHYaHWS!

30 —e— 77-ecytu nocne NIT / 77 days after RT JIT. IMeeT MecCTO Hanuuve MnoBbiLLe-

—&— 107-e cytkm nocne JIT / 107 days after RT HWUS MAIOTHOCTW JIEFOYHOM TKaHW B nNapa-

MeauacTuUHaNbHbIX obnacTax oboux

NErknx, HeCKosbko 6onee BblpaKeHHoe
cnesa, BenuunHom 27 + 4,4 HU;

r — pesynbTupyoLwas KoamyecT-
BEHHOro aHannaa PKT-uccnenosaHmi
B aKCMaslbHOWM MIOCKOCTM Ha YPOBHE,
aHasiormyHom puc. 46, aTol xe naum-
eHTKM Ha 107-e CyTKM Nocne OKOHYa-
Husa JIT. OTmMeyaeTcs perpecc B Buae
YMEHbLUEHNS BEANYNHBI U MHTEHCUB-
HOCTU N3MEHEHWI NIOTHOCTW B Napa-

| MeamacTuHalbHbIX 06nacTax 060ux
nerkux oo 8 £ 2,0 HU;

A — [OaHHble KONMYECTBEHHOro
aHanm3sa PKT-nccnenoBaHuin naumeH-
Tkn K. Ha 77-e (cuHnin) n 107-e (3ene-
HbI) CYTKM rnocne OKoHyaHus JIT,

AHU

Hosza. o /Dose. Gv

npencTasneHHble B BUAE rpadmnkoB 3aBUCUMOCTU M3MEHEeHUn NnoTHoCcTK (B HU) OT Benn4ymHbl £03bl (B ['p) ¢ nnaHkamu
NOrpeLUHOCTEN, COOTBETCTBYIOLLMX AOBEPUTENBHBIM UHTEPBAAM A5 KAXA0ro 3Ha4YeHns. OTMevaeTcs YaCTUYHBI pErpecc
N3MEHEHWNIN C OCTOBEPHBLIM COXPaAHEHMEM MOCAEAHUX TOJbKO B y4acTkax Nerkmx, 06y4eHHbIx B fo3e oT 27 32 'p n Gonee.

Fig. 5. a — control CT-examination of the chest organs with native scanning in the axial plane of the patient K., 33 years old,
performed on the 77th day after the end of RT for Hodgkin's lymphoma with single focal dose 2 Gy and total dose 32 Gy.
Visual changes in the lung tissue at the time of the study are not determined;

6 - control CT a study of the organs of the chest cavity during a native study in the axial plane at the same level, similar
to Fig. 4A of patient K., performed on the 107th day after the end of RT. Visually, changes in the lung tissue are still not
determined,;
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B — “Substraction” CT scan in the axial plane at a level similar to Fig. 4a of the same patient on the 77th day after the end
of RT. There is an increase in the density of the lung tissue in the paramediastinal areas of both lungs (27 = 4,4 HU), somewhat
more pronounced on the left;

r — “Substraction” CT studies in the axial plane at a level similar to Fig. 46 of the same patient on the 107th day after the
end of RT. There is a regression in the form of a decrease in the magnitude and intensity of density changes in the
paramediastinal region of both lungs (8 = 2,0 HU);

A — data of quantitative analysis of CT studies of patient K. on days 77 (blue) and 107 (green) after the end of RT,
presented as graphs of the dependence of changes in density (in HU) on the dose (in Gy) with error bars corresponding to
confidence intervals for each value. There is a partial regression of changes, with a significant preservation of the latter only
in areas of the lungs, irradiated at a dose of 27-32 Gy or more.

Puc 6. a - koHTponbHOe PKT-
nccnenoBaHMe OpraHoB rpPygHoM
KNEeTKM NPU HAaTMBHOM CKaHMPOBaHUM
B aKCWasibHOM MIOCKOCTU MauneHTKM
[., 52 net, BbiNoNHeHHOe Ha 147-e
CYyTKM nocne oOkKoHYyaHua JIT Ha
06nacTb NpaBoOlii MOJIOYHOKN Xenesbl
nocne MacTakTOMUM C OOHOBPEMEH-
HOW NNaCTMKON 1 NocnenoBaTesibHbIM
nposeaeHuem MXT u JIT PO4 2 p n
COL 52 TIp. JIMHENHO-TAXUCTbIE
GnOpPO3HbIE M3MEHEHUS B cybnnes-

pasibHbIX OTAENAX BEPXHEN N CpedHEN
[0/ NPaBOro N1Ierkoro, 06yCoBeH-
Hble JIT TaHreHumanbHbIMKM NONSAMU
75 | 06ny4eHuns:;

6 - pesynbTUpYoLas KONM4ecT-
65 BEHHOro aHanunsa PKT-unccnenoBaHms
55 1 —A B aKCuasnbHOM MJIOCKOCTU Ha YPOBHE,
5 aHanorn4Hom puc. 6a, aTom xe naum-
THr eHTkn . Ha 147-e nocne OKOHYaHus
a5 | JIT ¢ uBEeTOBbIM KapTUPOBAHUEM.
BusyanbHO onpenenaswiveca Ha
25 - — puc.6a  PUOPO3HLIE  U3MEHEHUS
15 L MMEIOT KPACHYIO0 rammy, BU3yasbHO He
onpenenseMble W3MEHeHUss MMeloT
S 0onee ApKyl XenTo-canaTtoByio
5t ﬂf 3 T ‘ T ‘ '.? 11,5145 175 2P 27,5 32,5 37,5 42,5 rammy Ha obLem crHem doHe (Heus-

MEHeHHas fleroyHas TKaHb);
-15 - Hosa, 'p /Dose, Gy B — [JaHHble KOJMYECTBEHHOro
—— MauuenTka ., 52 net, 147-e cytku nocne JIT PO, 2 Mpu COA, 52 'p aHanusa PKT-nccnenosaHus aTom xe
Patient G., 52 y.o., 147 days after RT single dose 2 Gy and total dose 52 Gy nauneHTkn Ha 147-e cyTkm nocne

OKOH4aHus JIT, npeacTaBneHHble B

BMAe rpadrka 3aBMCUMOCTU U3MEHEHMI NoTHOCTYM (B HU) OT BENMumHbI f03bI (B P) C NnaHkamu NOrpeLHoCcTen, COOTBET-
CTBYIOLLMX JOBEPUTESIbHBIM MHTEPBASIAM ANs KaXA0ro 3Ha4eHus. [JoCTOBEPHbIE KOIMYECTBEHHO ONMpeaensoLmecs N3MeHe-
HUSI COXPaHSIOTCS B yHacTKax nerkux, obnydeHHbIx B 1o3e 35-40 Mp.

Fig. 6. a — control CT examination of the chest organs with native scanning in the axial plane of patient G., 52 years old,
performed on the 147th day after the end of RT. RT was performed on the area of the right mammary gland after combined
treatment (mastectomy with simultaneous plastic and sequential conduction chemotherapy and RT) single focal dose 2 Gy
and total dose 52 Gy. Linear-strand fibrotic changes in the subpleural sections of the upper and middle lobe of the right lung,
caused by RT with tangential radiation fields;

6 - “Substraction” CT scan in the axial plane at a level similar to Fig. 6a of the same patient G. at 147 after the end of RT
with color mapping. Fibrous changes visually determined in Fig. 6a have a red range, visually undetectable changes have
a brighter yellow-green range, against a general blue background (unchanged lung tissue);

B — Data of the quantitative analysis of the CT study of the same patient on the 147th day after the end of RT, they are
presented as a graph of the dependence of density changes (in HU) on the dose value (in Gy) with error bars corresponding
to confidence intervals for each value. Reliable quantifiable changes persist in the areas of the lungs irradiated at a dose
of 35-40 Gy.
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OOGcyxaeHue

MNpeactaBneHHas MeToAuKa KOJNYECTBEHHOM
oueHkn AHU B nero4yHom TkaHu rno JaHHbIM OUHaAMU-
yeckoro PKT nossonuna nonyumtb pesynbtaTbl, CBU-
0EeTeNnbCTBYIOLLME O BO3MOXHOCTN MCMNOMb30BaTh €€
(AHU) kak mapkep ny4eBOro NOBPEXAEHUS NErkoro.
MoMMMO 3TOro, Hawu JAaHHble OalT OCHOBaHUSA
npeanonaraTb, YTO UCXOAHAs MAOTHOCTb JIEMKMX MO-
XeT ABNATbCA PagnoMUYecKnM MapKepoM, ykasblBa-
IOLMM Ha BO3MOXHYIO MOBLILLEHHYIO WHAMBUAYaNb-
Hyt0 PY OTOENbHbIX OHKONOrMYecknx 60nbHbIX [17],
o4Hako aTa npobnema TpedyeT AanbHenLwero nayye-
HUS.

KonnyecTBeHHbI METOn, aHanusa NyyeBblX MO-
BPEXAEHWNI NErKNX MNO3BONSET BbISIBUTb UX B PAHHUN
nepuoa nocne okoH4YaHus nedveHns. OgHako ny4eBo-
My noBpexaeHuio Tpedyetcsa 15-25 cyT nocne oKoH-
Yyanua JIT ons OCTUXKEHUS BENNYUHbI, AOCTATOYHOWN
ONS BbISIBJIEHNS €ro AaHHOM MeToAuKONM Y NauueHToB
¢ 00bI4HOM PY. MckntoueHnem B 3TOT NEPUOL, ABNSIOT-
CSl NauMeHTbl C NHAMBMAYyanbHOM PY, y KOTOPLIX Bbl-
ABASIOTCA M BU3YyasibHble, U KOJIMYECTBEHHbLIE N3Me-
HEeHUS MJIOTHOCTU OOYYEHHbIX YYaCTKOB JErkoro
B 06beMHOM cooTHoweHun oT 1/1,5 oo 1/3,9 pasa.
JNUTENbHOCTb [aHHOTO BPEMEHHOro WHTepBana,
Nno NpeacTaB/IeHHbIM AaHHbIM, 0OPaTHO NPONOPLMO-
HanbHa BenndmHam COJ, B neroyHom TkaHu. B nepuog,
¢ 25-30-x no 50-e cyTkm nocne okoH4aHus JIT Konum-
YECTBEHHbIV aHanM3 MNO3BONSIET BbIABUTb MEPBUY-
Hbl€, B TOM YNCSIE U HEBUOMMBIE M1a30M, NU3MEHEHNS
MIOTHOCTM NIEFOYHOM TKaHM 1 NPeanonoXntb Oanb-
HEenLwylo AMHaAMNKY 3TUX UBMEHEHMUI B 3aBUCUMOCTH
oT ocobeHHocTel npoeaeHHon JIT. C 50-x no 80-e
CYTKM nocne okoH4aHusa JIT npencrasneHHas MeTo-
[1Ka NO3BOJIIET BbISBUTb peasibHbIi 06beM Ny4eBOro
Ny1bMOHWTA 32 CHET y4yeTa HEBUAMMbIX NPY BU3yallb-
HOM aHanM3e M3MEHEHWIN B NEro4YHOM TKaHu, o6ny-
yeHHow B 0o3e ot 20 oo 30 I'p. MicknoyeHne cocTaBs-
NS0T MaUMEHTbI C MOBbLILEHHON WMHOVNBUAYASILHOW
P4, y KOTOpbIX MOTryT BO3HMKATb U3MEHEHUS U Npu
MeHbLuunx, Yem 20 I'p, go3ax. Hanuume 6onee paHHMX
KOHTPOJIbHbIX NCCNEA0BAHNN B COYETAHUN C KOINYe-
CTBEHHbIM aHaNN30M NO3BONSET OLEHUTb, NPONAEH
M “nvk” B AMHaAMKKE NYy4YEBOIro NOPaXEeHUs B NErkKmnx.
C 80-x no 120-e cyTkmn nocne okoH4aHus J1T konunye-
CTBEHHbIN aHann3 no3BONSET OLEHUTb Hanudme
N ANHAMUKY U3MEHEHUIA B NIErOYHON TKaHW npu JIT
¢ COA B neroyHoi TkaHu 6onee 30 p. JlyyeBoi
Ny1bMOHUT B 3TOT Nepuogd npu go3ax meHee 30-
35 I'p perpeccupyeT 1 He onpenenseTcsa aaxe npu
KONMYEeCTBEHHOM aHanuse. McknovyeHme coctaBns-
10T NAUWEHTbl C MOBbILEHHON MHOVBUAYyanbHON PY,
Y KOTOPbIX KOJIMYECTBEHHbI aHann3 No3BOJSISET Bbisi-
BWTb B 3TOT BPEMEHHOV Nepu1oa, USMEHEHNS MNOTHO-
CTM B yqacTkax nerkux, obnyydeHHbix B fo3ax 20-30 p

HUXEe CYObeKTUBHOW rpaHuubl BU3yanusauum npu
PKT (okono 80-100 HU).

HaunHas co 120-x cyTok n ganee (B Halwem uc-
cnepoBaHun o 237 cyT) nocne okoHyaHusa JIT
KoHTponbHoe PKT-uccnepoBaHve v npu Bu3yaib-
HOM, 1 NPW KOTMYECTBEHHOM aHaM3e BbISBSET Nep-
CUCTEHLMIO U3MEHEHWIA MIIOTHOCTM B y4acCTKax ner-
knx, 06s1y4eHHbIX B 1o3e 6onee 30-35 Ip, obycnos-
JIEHHBIX YK€ MOCTNy4eBbIM MHEBMODUOPO30M, KOTO-
pbll MOXET co4yeTaTtbCd C yvyacTkamm 3MPU3EMbI
1 B6poHxo3kTa3zamu. [laHHble M3MeEHeHUs Bonee xa-
paKTepHbl AN CPeaHen030Boro GpakLMOHMPOBAHUS
C BbICOKMMM 3Ha4YeHMsiM1 CO/JL,. B LlaHHOM BPEMEHHOM
VMHTEpBasne KOMNYECTBEHHBIN METO/ aHanM3a He AaeT
LOMNONHUTENBHOM MHDOPMaLMKM Mo 0O6bEMY 1 BEANYN-
HE N3MEHEHWIA.

Ha oCcHOBE Mony4YeHHbIX KOIMYECTBEHHbIX AAHHbIX
0 Ny4eBOM MOBPEXAEHNN NIEFOYHON TKaHW OblN NPo-
BeEH MOWCK MaTeMaTUY4EeCKUX 3aKOHOMEPHOCTEN
Pa3BUTUSA MOBPEXAEHNS NIEFKOr0 C y4eTOM BPEMEH-
HOro 1 [030BbIX PakTOPOB. Hamm 6bino ycTaHoBME-
HO, 4TO MONIMHOM BTOPOro nopsigka (Unu keagpaTny-
Has oyHKUMS) BUgay =a * x>+ b « x + ¢c Hanbonee
TOYHO anMPOKCUMUPYET SKCMEPUMEHTANbHO MOJy-
YeHHble rpadurkm 3aBUCUMOCTU BEANYUHBI U3MEHE-
HUA MAOTHOCTM NIEFrOYHOM TKaHm OT A03bl. Koad-
duupneHT annpokcmauumn (R2) ana takon GyHKumn
coctaBun ot 0,467 po 0,985 ¢ megmanon 0,903 +
0,128.

KoaddurumeHT “c” B 4aHHOM KBaapaTUYHOM QyHK-
LM MaTEMATMYECKON MOLENN XapakTepuadyeT name-
HEHWE BENIMYUHBI MAOTHOCTWU NIEFrOYHOM TKaHU Mpu
KOHTPONbHOM NCCNEA0BAHUN B HEOOTYYEHHBIX Y4acT-
Kax nerkux. [laHHOe M3MEHeHWe MIOTHOCTUM MOXET
MMETb MECTO Mpu pas3Hoi rybrHe BAOXa BO BPEMS

ckaHuMpoBaHus. oaTomy “C” MOXHO MPEACTaBUTb,
KaK GYHKUMIO BUAA:

c=Kk(t) * AV,

roe k(t) — koadduuUMeHT, OTANYAIOLWMIACSA B 3aBUCU-
MOCTW OT BPEMEHMU KOHTPONS, a

AV = VKOHTp. - VVICX.!

roe Vo — 970 06bEM NErKOro Npu KOHTPOABHOM UC-
cneposaHum nocne J1T, a V,,, — 06beM 3TOro xe ner-
KOro npu ucxogHoM uccrnegosaHun po  JIT.
KoadppuumeHT “k” B 3aBUCUMOCTN OT BPEMEHN UMEN
3HavyeHus:

Ha 33-45-e cyTkK - -0,079;
Ha 57-68-e cyTku - -0,093;
Ha 73-103-e cyTkn - -0,101;
Ha 132-147-e cyTku - -0,058.

BennynHa gaHHoro koagouumneHTa CBUAETENLCT-
ByeT 06 oxmoaemoli obpaTHOM 3aBUCUMOCTU BENU-
YMHbl UBMEHEHMS MIIOTHOCTM OT U3MeHeHUsi obbema
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METUIHHCEAS BI3YATI3ALIS

NEerkoro B CO4ETaHUN C HaNMYMeM BPEMEHHOM CBS3N,
Kak cneacTeme BAUSHUSA OMHAMUKK JTY4EBOr0 NoBpe-
XOEHWS B NEFOYHON TKaHW.

KoappuumeHTsl “a” n “b” B aHHOWN KBaapaTUHHOWN
GYHKUMN MaTEMATMYECKON MOLENN XapakKTepusyroT
OVHAMUKY JYY4EBbLIX U3MEHEHUA B NErOYHOM TKaHU
B 3aBMCUMOCTU OT [03bl. [1py 3TOM 3aBMCUMOCTb
ons KoadduuneHTos 1 “a”, n “b” npun BbINOAHEHUN
KoHTpons no3pgHee 120 cyT mocne okoH4YaHus JIT
aCMMMTOTMYECKN NPUBAMXKAETCH K OCU BPEMEHM.
[nsa onncaHunsa Takom guHamMukm TpebyeTcs NOSIMHOM
6osee BLICOKOro Nopsizika, Yto ewe 605ee yCrnoxHu-
J10 BUA, UCKOMOM MaTeMaTnU4eCcKor 3aKOHOMEPHOCTH.
Bcnencrteme 3TOro gaHHbIe MCCNeaoBaHMA No3aHee
120 cyT nocne okoH4yaHus JIT OblIn UCKIIIOYEHb! U3
DanbHenwero MaTeMaTnyeckoro aHanmnaa.
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BpeMeHHasi 3aBUCUMOCTb A1 KOIDDULMEHTOB
“a” 1 “b” B KaxXO0N M3 rpynn nyTem annpokcumMauum
Takxe Oblia NpYBeaeHa K KBaApaTU4HOM GYHKLMN BU-
pa:a(t)=k, « 2+k, «t+k3ub(t)=k, - 2+ kg * t+kg
COOTBETCTBEHHO, rae Ki, Ky, Ks, K4, Ks 1 Kg — NOCTOSAH-
Hble KOODPUUNEHTHI.

Koagpopuumentol k;, k, n k;, oTBedawowme 3a
BPEMEHHYIO AMHAMUKY U3MeHeHuns “a” (a(t)), oTnya-
I0TCS ONS NauneHTOoB C pasHom PY:

06blyHaa PY -0,00007, 0,0090 1 —-0,219;
nosblLleHHas PY -0,00004, 0,0063 n-0,171
COOTBETCTBEHHO.

3HauyeHus aTuX KO3PPUUNEHTOB CBUOETENLCTBY-
0T, 4YTO Ha CTEeNneHb TAXECTU JIy4eBbIX noapex,u,eHmVl
NErknx BJINAET HaJIM4Me y naumeHToB NOBLILLEHHOWN
PY: nameHeHns y HMUX NOSIBASIOTCS paHblue, 6onee

Puc 7. a - rpadunyeckoe npencrasne-
HVE OaHHbIX MaTeMaTu4yeckon Moaenm
Jly4eBbIX MOBPEXOEHUN B NErO4YHOMn
TKaHW, OTpaxaroLwmx 3aBUCUMOCTb
BENNYMHBI  WU3MEHEHUI MI0THOCTH
(8 HU) ot mosbl (B ['p) 1 OT BpemeHn
C MOMeHTa OkoH4aHusa JIT (B cyTkax)
019 NaumMeHToB ¢ 00bI4HOM PY;

6 - rpacduyeckoe npeacrasBneHne
OAHHbIX MaTEMaTM4eckor Monenu
Jly4eBbIX MOBPEXAEHUN B NIErOYHOM
TKaHW, OTpaxarwLwmx 3aBUCUMOCTb
BENVNYMHBI  U3MEHEHUI MIOTHOCTH
(8 HU) ot mosbl (B 'p) 1 OT BpemeHn
C MOMeHTa OkOH4aHus JIT (B cyTkax)

* 0719 NALUMEHTOB C NOBbLILLEHHOW MHOW-
Q ) Y
%\e ?S@( BMayanbHom PY.
O Fig. 7. a — graphical representation

of the data of the mathematical model
of radiation damage in the lung tissue,
reflecting the dependence of the
magnitude of changes in density
(in HU) on the dose (in Gy) and on the
time since the end of RT (in days) for
patients with normal radio sensitivity;

6 - graphical representation of the
data of the mathematical model of
radiation damage in the lung tissue,
reflecting the dependence of the
magnitude of changes in density (in
HU) on the dose (in Gy) and on the time
since the end of RT (in days) for
patients with increased individual
radiosensitivity.
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4eTKO NPOosBAATCA K 60-M CyTKam nocie OKOHYaHUs
JIT n perpeccunpyloT MeasieHHee.

Habop koadpurumeHToB k4, k5 1 k6, oTBEvatoLLmX
3a BPEMEHHYI0 AuHaMuKy KoadduumenTa “b” (b(t)),
CYLLIECTBEHHO HE OTANYAETCS A9 MAUMEHTOB C Pas-
Howm PY:

00OblyHasa PY 0,0033, -0,414 1 12,902;
nosblilleHHas PY 0,0032, 0,409 n 12,447
COOTBETCTBEHHO.

NXx MOXHO ycpeoHuTb Ofis o6enx rpynn oo 3Ha-
yeHui: 0,0033, —0,412 n 12,675. CnepoBaTenbHO,
K09 dUUMEHT “b” He nmeeT CBA3N C MHOVBMAYANb-
HbIMW OCOBEHHOCTAMN NaLUEHTOB 1 MOXET paccMa-
TpMBaTbCA Kak NapameTp, ykasdbiBaloLMiA Ha obume
naTtodun3noNornyeckne MexaHn3mbl PasBuTma U pe-
napaummn Iy4eBOro nysibMOHUTA Y BCEX NALNEHTOB.

B peaynbrate dopmyna, onmcbiBaoLLas AMHaMmKy
N3MEHEHNS NNOTHOCTM JIErOYHON TKaHW B 3aBUCUMO-
CTU OT ,03bl B Pa3Hble BPEMEHHbIE MHTEPBAIbI MOCHE
OKOH4YaHua J1T, umeeT Bna;

AHU = (K, * 2+ K, » t+ ko) + D2+
(ks * 2+ K » t+kg) » DHK(L) * AV,

roe AHU - BennynHa meguaHbl UISMEHEHUS MIOTHO-
CTW NIEro4HOM TKaHW B y4aCTKe JIerkoro, 06,1y4eHHOro
B 0o3e D;

k (t) — K0OadPUUMEHT COOTHOLIEHMS BeNNYUHBI AHU
OoT AV ons ysacTtkoB nerkux, roe D = 0 I'p, u 3aBucs-
LM OT BPEMEHW Nnocne OkoH4aHus JT;

AV - BenuMuMHa n3MeHeHust obbema nerkoro npwu
KOHTPOJILHOM MCCNEeAO0BaHNUM B CPABHEHUM C UCXOA-
HblM 06bemom Ao JIT.

[aHHas kBagpaTniHas Mmoaenb 40CTOBEPHO pabo-
TaeT BO BPEMEHHOM MHTepBane oT 35 go 100 cyT no-
cne okoH4aHus J1T. PaHee 15 CyT UBMEHEHUS B IErKNX
nocne JIT He 6binn BbISBNEHDI. [ BPEMEHHOrO WH-
Tepeana 15-25 cyT nmeloTca eamHYHbIE AaHHbIE NO
naumMeHTam C nosbilweHHON PY, 4yTO He nossBonser
[OCTOBEPHO 3KCTPanoaMpoBaTb MaTeMaTUYeckylo
OVHAMUKY n3MeHeHui. Ana gaHHbix xe nocne 100 cyT
TpebyeTcs MOCTPOEHME WMHOM MOJEenn BCNeacTBue
MHOrO Xapaktepa M3MEHEeHU 13-3a GopMupytoLLe-
rocsi nocTiy4esoro ¢pnbposa.

MonyyeHHas popMysia MOXET ObiTb MCMOSIb30BaHA
OnNs MHOVMBWAYaNbHOrO MPOrHO3MPOBAHUS CTENeHu
TSXKECTU U OUHAMUKM JNIy4EBbIX MOBPEXAEHUI NErKnX
B AMarHOCTUYECKMX (BbIOOP ONTUMAaNbHbIX NHOMBUAY-
anbHbIX MHTepBanoB ana PKT-KOHTpONS) 1 kKivHuye-
CKUX Lenax (NMPUHSATUE peLleHnst 0 HeobXoaMMOCTH
OOMOJIHUTENbHBIX NIe4eOHbIX MEeponpuUATUIA) Lensax
(puc. 7).

3aknoyeHue

KonnyecTBeHHass OugHKa M3MEHEHUsT MAOTHOCTU
Jnierkmx no gaHHeim PKT B gnHamuke, ocyllecTsrsie-
Masi ¢ NOMOLLUBIO pa3paboTaHHOM HaMK MEeTOOMKM,
ABSETCS PAANOMUYECKMM NOKa3aTenemM nx iy4eBoro
NoBpEXAEHUsT Npu TepaneBTUYECKOM 00y4yeHumn
Yy OHKOJIOrMYeCKMX NAUVEHTOB, KOTOPbLIN B COYETAHUN
C NpeacTaBfiEHHOM MaTEMATUYECKOM MOAENbIO MO-
XeT ObITb UCMONb30BaH B AMArHOCTUYECKUX LEensx
ONS KONMMYECTBEHHOW OLLEHKM CTENeHn TAXECTU
1 NPOrHO3MPOBAHNSA OAVHAMUKM Iy4EBOr0 NOBPEXOe-
HUS NTIErKUX B LLEJIOM, a TakXe BbIBIEHUS HOVUBUAY-
aNbHOM Pagno4yBCTBUTENBHOCTH.

Mony4yeHHble pe3ynbTaTbl MOryT ObiTb NPencTas-
JIEHbI HE TOJIbKO B BUAE rpaduKoB, HO 1 B BUAE LIBETO-
BbIX KAPT C COXPAHEHMEM aHATOMWUYECKUX OPUEHTU-
POB, 4YTO YAOOHO AJ1 UCMONb30BaHUSA B KJIMHWUYECKOM
npakTuKe C LeNblo NoaaepXKn NPUHATUS BpadeOHbIX
pPEeLLeHnin N0 BEAEHNIO NAUVEHTOB.
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Llenb nccneposaHus: n3y4ymtb BO3MOXHOCTU AnbOEPEHLMANBHON ONArHOCTUKN KMCTO3HbLIX METAcTa3oB
paka noaXXenyao4HON Xenedbl B IErkKUX U MOPaXeHUs NEerkmx npu rmcTmoumTose U3 kneTok JlaHrepraHca.

Martepuan n metoppbl. PaboTta npoBeeHa Ha OCHOBE AaHHbIX MaLMEHTa, CTPAAAIOLWLErO AYKTalbHbIM PaKOM
rOMIOBKW MOOKENYA0YHON Xene3dbl, B IEMKUX KOTOPOro BbISIBIIEHbI €AVHUYHBIE OHarv U MHOXECTBEHHbIE KUCTbI.

Peaynbratbl. B nerkvx nauneHta 6binm B1U3yanm3npoBaHbl MHOXECTBEHHbIE KUCTbI, KOTOPbIE UMENW TOHKYIO
1 TONCTYIO CTEHKM, @ Takxke MosocTu. B To e Bpemsi Obif0 YCTAHOBIEHO HANMYME €OMHUNYHBIX MEJIKMX Xa0TUYHO
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HUX OTAENnax Nerkux, C HaJMYneM b €AUNHUYHBIX KUCT U o4aroB BO6M3K pebepHo-avadparmansHbiX YroB.
OnddepeHumanbHo-amarHoCcTniecknii psg, cOopMMpPOBaH M3 MEeTacTaTUYeCcKoro nopaxeHus ferkux npu gyk-
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Mopdonormyeckas sBepndukaums N3MEHEHNI B NIErKNX MOATBEPANIA METACTATUYECKOE NMOPAXEHNE JIETKUX.
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rONOBKWN MNOOXKENYA0HHON Xenesbl.
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MEIMHCKAS BH3YATHIBALS

Multiple cystic pulmonary metastases
of pancreas cancer masquerading as pulmonary
Langerhans cell histiocytosis: a case report

© Alim Kh. Balkarov', Nina S. Zagudaeva?, Ksenia V. Prusakova?,
Vladimir A. Kushnarev', Natalia V. Boyko', Petr S. Kalinin?*, Andrei V. Mishchenko?

"N.N. Petrov National Medical Research Center of Oncology; 68, Leningradskaya str., Pesochny, St. Petersburg 197758,

Russian Federation

2L..D. Roman Leninrad Regional Oncology Dispensary; 37-39, Liteiniy prosp., St. Petersburg 191014, Russian Federation
3 Moscow City Clinical Oncology Hospital Ne1; 18A, Zagorodnoe shosse, Moscow 117152, Russian Federation

Aim of the study: to evaluate the possibilities of differential diagnosis of cystic metastases of pancreatic cancer
in the lungs and pulmonary Langerhans cell histiocytosis (PLCH)

Materials and methods. Multiple cysts were visualized in the patient's lungs, which had thin and thick walls.
We visualized in the patient's lung several small nodes with random distribution. These changes were located
mainly in the upper and middle sections of the lungs, with the presence of several cysts and nodes near the costal-
diaphragmatic angles. The differential diagnosis is formed from metastatic lung disease and pulmonary Langerhans
cell histiocytosis. Morphological verification of changes in the lungs confirmed metastatic lung disease.

Conclusion. A careful assessment of the thickness of the walls of cysts and the type of location of nodes in the
patient's lungs made it possible to diagnose metastatic lung disease according to CT scans.

Keywords: cystic and cavitary pulmonary metastases, pancreas cancer, CT, pulmory Langerhans cell histiocytosis
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BBepeHue

Jlerkne — aTo Hanbonee 4acTo NOpaXaeMblil OpraH
npu METaCTasnpoBaHUM 3110KA4YECTBEHHbBIX OMYXOJNEN.
3ayacTylo MeTacTaTU4ecKoe MOopaxeHue Jerkmnx
BCTPEYAETCH MPU 3/I0KAYECTBEHHBIX OMyXONnax pas-
JINYHBIX OPraHOB: MOYEK, MOJIOYHBIX Xefes3, MaTku,
ronoBbl N LWen. XopuokapuuHoma, OCTeocapkoma,
ONyXxoJib ANYEK, pak LMTOBUOHOW Xenesbl B 60Mb-
LWUMHCTBE C/ly4aeB TakXe METacTasvpyloT B ierkue,
XOTS 4acToTa 3TUX MEPBUYHBLIX OMyXONer OTHOCU-
TenbHO HeBenuka [1]. MopaxeHne nerkux npu age-
HOKapUUHOME MOMXENYA0YHON Xenesbl BCTpeyaeT-
caropasgopexe (B 10-12% cnyyaes) [2]. KnuctosHble
MeTacTasbl B JIerkux Hanmbosiee 4acTo BCTPeYalnTCs
npv capkoMax MSArkux TKaHen, JNieMoMmocapKkoMax
N Me3eHxXMMasbHbIX onyxonax. Kpome Toro, 4acto
nosiocTu AeCTpykuun GOpMUPYIOTCS B MeTacTasax
Ha ¢oHe nekapcTBeHHon Tepanuu [3].

KomnelotepHas Tomorpadus (KT) asnsgetcsa oc-
HOBHbIM METOAOM JIy4EBON AMArHOCTUKN MeTacTatu-
4eCKOro nopaxeHus nerkmx, B TOM Yncie KUCTO3HOro
M NoJIOCTHOro xapakrepa. OgHako amddepeHum-
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aNlbHO-AMarHOCTUYECKWNIA pag, 3a601eBaHNIA, KOTOPbIE
MOryT NPUBECTU K HOPMUPOBAHUIO MHOXECTBEHHbIX
NnosIoOCTEN M KUCT B JIErkuX, LWMPOKO BapbUpyeT.
MpuyYnHbl Pa3BUTUSA yKa3aHHbIX U3MEHEHWU B Neroy-
HOW TKaHM Pa3HO00pa3HbI: BO-MEPBbLIX, 3TO NOCAeACT-
BV MEPEHECEHHbIX MHPEKUMI NP MMMYHOCYMPEC-
CUK, Hanpumep MNpU MHEBMOLIMCTHOM MHEBMOHUN,
MMOPOUNTAPHON MHTEPCTULMASIBHON MHEBMOHUN,
BO-BTOpPLIX, OpdaHHble 3aboneBaHnss C KUCTO3HOM
TpaHchopMaLmern Nero4Hon TkaHu (MMMeaHrnoneno-
MMUOMATO3, JlaHrepraHCoKNeTO4YHbIA TUCTUOLMUTO3
nerkux (JIKIJ)), a Takke 6onee penkue 3abonesa-
HMA — cuHapoM Bepta—Xora-[bioba, 3HOOMETPUO3
nerkux [4]. Mpn aToM, HECMOTPS! Ha Gonee 4YacTyio
BCTPEYAEMOCTb BTOPUYHOrO MOPAXEHUs Nerkux
npu pakax pasnnyHon nokanusaumu, KapLMHOMbI
He BXOAST B 4YMC/NO Hamboniee BEepPOSATHbIX MPUYMH
KMCTO3HOIO MOPaXeHWs Nerkmux, 0Co6eHHO Npu n3o-
JIMPOBaHHOM BapuaHTe.

Ha nonto NpOTOKOBOW afeHOKapLIMHOMBI NOOXKENY-
JOYHOWM Xenesbl NpuxoamuTcs okono 95% Bcex 9K30-
KPVHHbIX HOBOOOPA30BaHMIA NOAXENYA04HHOW Xeneabl.
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Mpu 3TOM TUNUYHBLIM ANS NPOTOKOBOW afeoKapunHO-
Mbl MNOOKENYA0UYHON XeNnesbl ABNSeTCS MeTactatmye-
CKO€ NMopaxeHne neveHun. Yatue Bcero onyxosb guar-
HOCTUPYETCS Ha CTaAMM BHEOPraHHOrO pacnpocTpa-
HEHMS OMyXONN 1 OTAANEHHbBIX METaCcTa30B. JTO CBS-
3aHO C OTCYTCTBMEM WM HecneundruyHOCTbIO
KIIMHUYECKNX CUMMNTOMOB Ha PaHHUX CTagusx Teye-
HMS 3TOro 3ab6oneBaHnsl, KpaHe BblPpaXeHHbIM ObICT-
PbIM MHUNETPATUBHBIM XapakTEPOM POCTa U BbICO-
KON 4aCTOTOM BHEOPraHHOro MeTacTa3upoBaHus
(0o 81-100%) [2].

[aHHble nuTEpaTypbl CBUAETENLCTBYIOT O TOM, YTO
He Bcerga npu Haan4ymMm 3710Ka4eCTBEHHON OMyXosum
KWCTbI, MOMOCTU N O4arn B JIETKUX SIBASAKOTCS NPOSAB-
JIEHVEM reHepanusauum OnyxoneBoro npouecca.
Hanpumep, onucaHbl crnyd4an OOHOBPEMEHHOro
TEYEHUS TUrAHTOK/IETOYHON OCTeobacTUYecKomn
capkombl 1 JIKTJT [5], ageHOKapUMHOMbI NEerkoro
1 numdanrnoneriommomartosa [6]. C gpyroin cTtopo-
Hbl, HernpaBWfibHas WHTepnpeTaumuss KUCTO3HbIX
oOpa3oBaHUiA B IEBrKOM MpU UMEIoLLEencs 3nokaye-
CTBEHHOWN OMyX0JI1 NOAXESYO0YHON Xenesbl NpuBo-
OVT K BbIOOPY HeaaeKkBaTHOWM TaKTUKWN NeYeHUs: MO0
npoBefeHne HEHYXHOIM onepauun, nnbo, HaobopoT,
oTka3 oT Hee. Takum 06pa3om, OJ1 KOPPEKTHON MH-
TepnpeTauumn KUCTO3HbIX 1 MOJIOCTHLIX 00pa3oBaHuin
B Nerkux, Ans HeoonyLweHNs HEBEPHOro CTaanpoBa-
HUS1 OMyXOJIEBOr0 npouecca Heobxoaumo rnybokoe
3HaHME CEeMUOTUKM Pa3ANYHbIX OHKONOMMYECKUX,
MHPEKUMOHHbIX, OpdaHHbIX 3a00/1eBaHNIA.

B cTatbe onvcaHo HabnoaeHe NPpoTOKOBOM aae-
HOKapLMHOMbI MOMXENYA04HOW Xenesbl C MHOXECT-
BEHHbIMW MOJIOCTHLIMU N KAUCTO3HBIMK MeTacTa3amu
B Nlerkue, OCBeLLeHbl acnekTbl gudpdepeHumnansHom
JMarHocTuKn gaHHon natonorum ¢ JIKIJ1.

KnuHuyeckoe HaGnogeHue

MauweHT U., 57 neT, Obi 3KCTPEHHO rOCNUTANIM3NPOBAH
B CTaUMOHap B CBSA3WN C MOAO3PEHMEM HAa MEXaHUYECKYI0
xentyxy 06.05.2019 ¢ xxanobamu Ha KOXHbIV 3y, obecLBe-
YEHHOCTb Kasia 1 TEMHO-KOpPUYHEBYIO Mouy. Mpu obcneno-
BaHUK Mo faHHbiM KT 6€3 BHYTPMBEHHOIO KOHTPACcTUpPOBa-
HWS NOCTAaBMIEH MpeaBapuTeNbHbI AnarHo3 “Onyxonb ro-
JIOBKW MNOAXENYA0YHOM Xenesbl”, a MHOXECTBEHHbIE KMCTbI
1 MOMOCTU B NErKNUX MHTEPMNPETMPOBAHbLI KaK MOpaxeHne
nerkux npw JIKI1. Ona kynupoBaHus GUnnapHoin runepTeH-
3um naymeHTy 07.05.2020 BbINOMHEHA XONELMCTOCTOMUS.

MauneHT HanpaeneH ans 4oo6CcnefoBaHNS U peLleHns
0 panbHenwen Taktuke BedeHus B HMWLL oHkonorum
uMm. H.H. MeTtposa. Mpwn KoHTponbHOM KT GPIOLLHOM Noso-
CTW C BHYTPUBEHHBIM KOHTPACTUPOBAHNEM BbISIBIEHbI MPU-
3HaKM aleHOKapLUHOMbI FONTOBKW MOLXKENYA0YHOW Xenesbl
C MeTacTaTM4yeckMM MOpaXeHUeMm MnepefHUX MaHKpeaTo-

Puc. 1. KT xnBoTa Ha ypoBHE BOPOT NPaBoM NO4YKM C BHY-
TPUBEHHBIM KOHTpacTUpoBaHMeM (apTepuanbHas ¢asa).
Onyxonb B rofIoBKe NOAXENYA04HONM Xenessbl (1), meTacTa-
TMYECKOE MOPaXeHWe PermoHapHoro nMMeaTnyeckoro
y3na (2).

Fig. 1. CT at the level of the gate of right kidney with
contrast enhancement (arterial phase). The (1) — indicates
the tumor in the pancreas head, (2) — metastases to the
regional lymph node.

AyoneHanbHbIX iumdaTmyeckmnx ysnos (puc. 1). NpuaHakos
MEeTacTaTM4eCcKoro NOPaKeHUs NEYEHN He BbISIBNEHO.

Mpu nposenerHnn KT rpyoHON KNeTku ¢ BHYTPUBEHHbBIM
KOHTPACTUPOBAHNEM OblNIN BbISIBSIEHBI MHOXECTBEHHbIE KU~
CTbl C TOHKMMW U TONCTBIMW CTEHKAMW, MNONOCTU U €ONHNY-
Hble MeNiKMe COnuAaHble o4arn Ao 5 MM B AuaMeTpe OOHO-
POLHOWM CTPYKTYpPbI (pUC. 2). I3BMEHEHNS NPENMYLLLECTBEH-
HO NOKaN30BaNINCh B BEPXHUX 1 CPESHMX OTAENAX NIErkumx.
MPYYMHBI JaHHBIX U3MEHEHWIA [0 KOHLA Oblfv HE SICHBI U
N3Ha4yasbHO ObINN pacLEeHeHbl Kak NopaxeHue Nerknx npu
JIKIJ1, HO, y4nTbIBas OHKONOrMYECKUIA aHaMHe3, BbICKa3aHOo
NPeAnosIoXeHne 0 BO3MOXHOM BapuaHTe HETUNNYHOIO re-
MaTOreHHOro MeTacTaTM4eCckoro NOPaxXeHns Nerknx, Peko-
MeHOoBaHa Mopdonormnyeckas sepubrkaums.

Mop, ynbTpa3BYKOBLIM KOHTpPOJSieM Oblna BbiNOSHEHA
TpenaHoburoncus HoBO0HPa30BaHKS FONOBKY NOAXENYA04-
HOW >Xenesbl. B maTteprane BblsiBNEeHbl eOuHUYHbIE KOM-
MAeKCbl KNeTok ¢ 60s1ee BbIPAXEHHBIM KIIETOYHBIM U S4ep-
HbIM NOAMMOPGU3MOM, KOTOpblE BEPUOULIMPOBAHbLI Kak
KNeTKn NPOTOKOBOM ageHoKapunHombl (G2) noaxenynoy-
HoW xenesbl (puc. 3). B nocneayowem naumMeHTy BbINOJ-
HEeHa BMAEOTOpakoCcKoMMyeckas kpaeBas pesekuus S,
npaBoro nerkoro. Matepuan 6bl1 OKpaLleH remMaTokcu-
JINH-3031MHOM, MPOBEAEHO MMMYHOMMCTOXMMNYECKOE WUC-
cnepoBaHue ¢ aHTutenamu kK CK7, CK20, CDX-2, SMADA4,
TTF-1, Pax8. B pesynbtate Obl1 AMarHOCTMPOBaH MeTa-
CTa3 [AyKTaslbHOM afeHOKapUUHOMbI NOOXKENYA04YHOM Xe-
Nesbl B Nerkom (puc. 4).
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Puc. 2. KT rpyam ¢ BHYTPMBEHHBIM KOHTPACTUPOBAHNEM. @ — apTepuasnbHasa dasa, akCuasnbHblil Cpe3 Ha YPOBHE JIEFOUYHOIO
cTBona; 6 — apTepuansHas dasa, akCuasbHbI CPe3 Ha YPOBHE NeBOro npeacepamst. MHOXeCTBEHHbIE TOHKOCTEHHbIE KUCThI
(1) n TONCTOCTEHHbIE KNCTBI (2), nonocTn (3), connaHble odaru (4).

Fig. 2. Chest CT with contrast enhancement. a — arterial phase axial section at the level of the pulmonary trunk; 6 — arterial
phase axial section at the level of the left atrium. Multiple thin- (1) and thick-walled cysts (2), cavities (3), solid nodes (4) are
detected.

a]

Puc. 3. luctonornyeckoe m MMMYHOTMCTOXMMMUYECKOE
nccnegoBaHne TpenaHobuonTata M3  MoaXKenynoo4yHoWn
Xenesbl. @ — MUKpOMNpenapar, okpacka reMaTOKCUSINH-
903MHOM, yB. xX5; 6 — MMKpoOnpenapar, okpacka remar-
OKCUMNH-3031HOM, YB. X20. MNMonumopdHble Xenesncrble
CTPYKTYPbI OMyXonu Cpeau AeCMOMIacTU4ecKon CTPOMbI
B OKPYXEHWM auMHAPHbIX CTPYKTYP HOPMAasIbHOW TKaHu
noaXenynoo4HON Xenesbl; B — MUKponpenapar, MMMYHO-
rMCTOXUMMYECKas Okpacka aHTUTENOM K LIMTOKepaTuHy 7
(CK7), yB. x20. OnyxoneBble knetkn guddy3HO NO3UTKB-
Hbl, C NoOKanuM3aumen aHTureHa B UMTOMNIA3ME.
MIMMYHOIMCTOXMMUYECKOE WCCNeaoBaHne C aHTuUTeNnamu
k CK20, CDX-2, SMAD4 HeraTnBHO. 3akJlo4eHMe: ayKTab-
Has KapumMHoMa NogXXenynoyHom xenesol, G2.

Fig. 3. Histological and immunohistochemistry procedure of trepanobioptate from the pancreas. a — micropreparation
(hematoxylin-eosin, original magnification x5); 6 — micropreparation (hematoxylin-eosin, original magnification x20).
Polymorphic glandular structures of a tumor among the desmoplastic stroma surrounded by acinar structures of normal
pancreatic tissue; B — micropreparation (immunohistochemical staining with an antibody to cytokeratin 7 (CK7), original
magnification x20). Tumor cells are diffusely positive with antigen localization in the cytoplasm. Immunohistochemical
study with antibodies to CK20, CDX-2, SMAD4 showed negative results. Resume: ductal carcinoma of the pancreas, G2.
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Puc. 4. nctonornyeckoe v MMMYHOTMCTOXMMUYECKOE
nccnepoBaHne marepuana atunuyHom pesekummn npasoro
Nlerkoro. a — MuKponpenapar, okpacka reMaTOKCUIMH-
9031HOM, YB. X5; 6 — MUKponpenapart, okpacka reMaToKCu-
JINH-303MHOM, yB. x20. Cpean napeHxvmMbl Nerkoro onpe-
LEeNsoTCs XeneancTole CTPYKTYPbl ONyX0nu, COCTOsLLME 13
KPYMHbIX, CBET/bIX CTONGYATHIX KNETOK Ha GOHE CKOMIEHWI
aNbBeEOJSIAPHBLIX Makpodaros, KPOBOU3NUAHUIA, (HOKYCOB
$unbposa; B — MuKponpenapart, UMMYHOrMCTOXMMUYECKas
okpacka aHTutenom Kk umtokepatuHy 7 (CK7), ys. x20.
Onyxonesble knetkv And@ysHO NO3UTUBHbLI, C N0KaNM3a-
umen aHtTureHa B uutonnasme. VIMMyHOrmcToxmMmmyeckoe
nccnegosaHme ¢ aHtutenamm k CK20, CDX-2, SMAD4,
TTF-1, Pax8 noka3ano HeratMBHble pe3ynbTaThl.
3aksio4eHne: MeTacTas AyKTanbHON KapuMHOMbI NOAXENy-
nouHoM xenesbl, G1.

Fig. 4. Histologicalandimmunohistochemistry procedure of material of atypical resection of the rightlung. a—micropreparation
(hematoxylin-eosin, original magnification x5); 6 — micropreparation (hematoxylin-eosin, original magnification x20). Among
the lung parenchyma, glandular structures of the tumor are determined, consisting of large, light columnar cells against the
backgroundofclustersofalveolarmacrophages, hemorrhages, andfocioffibrosis; B—micropreparation (immunohistochemical
staining with an antibody to cytokeratin 7 (CK7), original magnification x20). Tumor cells are diffusely positive, with antigen
localization in the cytoplasm. Immunohistochemical study with antibodies to CK20, CDX-2, SMAD4, TTF-1, Pax8 showed
negative results. Resume: metastasis of ductal carcinoma of the pancreas, G1.

OOGcyxaeHue

[emaToreHHoe MeTacTaTMyeckoe NopaxeHne ner-
KUX MpU ageHoKapLUUMHOME MOMXKENYA0YHOWN Xenesbl
BCTpeyaeTcs penko. Mpu atom npu KT, Kak npasuno,
OnpeaensioTCs MHOXECTBEHHbIE XaOTUYHO Pacnosio-
XEHHbIe CONMAHbIE pa3HoKannbepHbie oYaru Lwapo-
BUOHON OOPMbI C YETKUMU U POBHLIMU KOHTYpamMu.
OTnnMunTENBbHOM 0COBEHHOCTbLIO PACMONOXEHUS O4a-
roB B NIEMKMX NPU METACTaTUYECKOM MOPaXKEHUMN SB-
naetca npeobnagaHne ux KONM4ecTBa B HUKHUX OT-
nenax Ierknx no CPaBHEHUIO C BEPXHUMM OTAENAMM.
3HaunTeNbHO pexe MeTacTasbl NMPOTOKOBOrO paka
NOAXXENyA04YHON Xenesbl B Nerkne MoryT Bbl3blBaTb
KapLMHOMATO3HbIN AMMPaHrnT, 4TO NPOSIBASIETCH B
BUOE YTOJILLEHUS MEXA0JIbKOBOr0 UHTEPCTULMSA C
bOPMMPOBAHNEM MHOXECTBEHHbIX MEJIKUX NEPUNNM-
daTmyeckmnx o4aroB M 3a4acTyld COMPOBOXOAETCH
yBenM4YeHnemMm pa3mMepoB OPOHXOMYbMOHabHbIX

numMmdaTnyeckmx y3nos. B npeactaBneHHOM KinHMYe-
ckoM ciniyyae KT-kapTuHa BecbMa atunuyHa: Bu3ya-
JIM3NPYIOTCS MHOXECTBEHHbIE TOHKO-, TOJICTOCTEH-
Hble KUCTbI 1 NOIOCTY (pacnonarakTCs NPenMyLLecT-
BEHHO B BEPXHWX U CPEHUX OTAENax Nerkux, ¢ Hanum-
yMeM eOMHUYHBLIX YKal3aHHbIX WU3MeHeHu BO6M3KU
pebepHo-anadparmanbHbiX YrOB) WU €AWHUYHbIE
MeK1e Xa0TUYHO PACMOJIOXEHHbIe oyaru. MNaroreHes
JaHHbIX NU3MEHEHNIA MOXET ObiTb 00YCNIOBNEH Cneay-
IOWUMK  NpUYnHaAMK. Bo-nepBbiX, runepcekpeuns
MYLIMHA, XapakTepHas Aas NpOoTOKOBOW afeHOoKapLm-
HOMbI, MOXET CnocobCcTBOBAaTL OOCTPYKLMN MESKMX
OpbixaTeNbHbIX NyTen 1 numdaTniecknx cocynos [7].
370, B CBOIO 04epenp, NPUBOANUT K BOSHUKHOBEHWUIO
KWUCT MO KnanaHHOMY MexaHu3Mmy. Bo-BTopbix, pocT
3/10KQ4ECTBEHHbIX KJIIETOK BOOJIb afIbBEOJISIPHBIX CTE-
HOK MPMBOAMT K POPMUPOBAHUNIO TPAKLMOHHBIX OPOH-
XMON03KTa30B — “ncesgononocrtein” [8].
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BTN euniHCKAS BHSYATHAALNS

BbigBneHHble y naumeHTa nameHeHns npu KT op-
raHOB FPyAHOM MOJIOCTU XapaKTepHbI ANs psaa nato-
JIOTUI, COMPOBOXAAILMXCA KMCTO3HBIM MOPaXeH-
em nerkux, noatomy guddepeHumanbHas OuarHo-
CTUKa B A@HHOM Clly4ae NpoBOAMSIaCh Npexae BCero
¢ JIKIJ1. UmeHHo nopaxeHune nerkux npu JIKIM nmeet
Hanbonee cxomHble KT-npuaHaku: Menkue CosiaHbe
oyYaru, TOHKO- U TOJICTOCTEHHbBIE KACTbI, Pacnofioxe-
HME WN3MEHEHUI NPEeNMYLLECTBEHHO B BEPXHUX W
CpenHux oTaenax Ierknx ¢ NosiHbIM MX OTCYTCTBMEM
BONM3K pebepHo-anadparManbHbIX YrmoB. BaxHbIM
NPU3HaKOM MPW TMCTUOLNTO3E ABNSETCHA LLEHTPUIIO-
OynsipHOE PaCMOIOXEHNe CONMMAHBLIX 04aroB BOKPYr
BHYTPUOO0NBbKOBbLIX OPOHXOB 1 OTCYTCTBUE NOPaAXKEHUS
nerkux B obnactu pebepHo-anadparmanbHbIX YrioB.
OpHako, nomMuMO AaHHbix KT, crnegyeT y4uTbiBaTh
aHamHe3. [McTnoumTo3 — 3abonesaHne nuL, MoJIoao-
ro BO3pacTa, Yalle My>X4nH, UMEIOLLIMX CBSA3b C Kype-
HMem. laumeHT, nNpencTaBfEHHbI B KIMHUYECKOM
HabnaeHUn, — MyX4mHa B BO3pacTe cTaplue 55 net
co ctaxeM kypeHus 30 ner.

OpHako anst OKOHYaTenbHOM NOCTAHOBKM AMarHo-
3a Heobxoguma Mopdonornyeckas sepudukaulms
TOHKO-, TOJICTOCTEHHbIX KUCT B JIErKUX, 4TO U ObINO
BbIMOJIHEHO.

CnenyeTt 06paTuUTb BHMMaHME Ha eLle OoHYy 0CO-
OeHHOCTb NpeacTaBNeHHOro KMHMYeCKoro Habnoae-
HUA — 9TO OTCYTCTBME MeTacTaTU4Yeckoro nopaxe-
HWS MeYeHN, KOTOPOE BECbMA TUMNYHO N ANArHOCTU-
pyetcsi y OONbLUIMHCTBA MALWEHTOB C MPOTOKOBOW
a[leHOKapLUMHOMOW MOOXEeNyA04HOM Xenesbl.

3aknoyeHue

Takm 06pa3om, Mbl CTOJIKHYINCL C PEOKUM CIly-
YaeM MeTacTasnpoBaHUSA ageHOKapPLUWHOMbI NoaXe-
JIYO04HOW Xeneabl B Ierkne, Kotopas nepBoHavyaibHO
cumynmpoBana nopaxeHue nerkmx npu  JIKMJI.
Knio4yom K KOppPeKTHOMY onpenesieHnto reHesa name-
HeHUI B nerknx Ha ocHoee KT aBnsinoch cnepytollee:
onpenenieHne XxaoTUYHOro TMMa PacrnonoXeHUs ova-
roB B JIEMKMX, @ TaKXe BU3yanmaaumns e QUHNYHbIX KUCT
MU nonocTten B nerkux BOGAM3M pebepHo-amnadpar-
MaJbHbIX CUHYCOB.
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N3T-KT ¢ '"C-MeTMOHUHOM B AMArHOCTUKE
aHannacTU4YeCcKnx acTpoLuToM
WU aHanaacTU4YeCKUX OSIMroaeHapornmom

©Bensies A.10.*, Buxposa H.B., Kanaesa [.6., Batanos A.U.,
Adanpues P.M., ManctaH C.A., Koo6sikos I'.J1., MpouuH U.H., Ycaues [1.10.

Oray “HMUL, Heiipoxvpyprum um. akag,. H.H. BypaeHko” Munsapasa Poccuun; 125047 Mocksa, 4-a Teepckas-gmckas yi.,
n. 16, Poccuiickas ®epepaups

Llenb nuccnepoBaHusa: onpenesieHne ycpeaHeHHbIX nokasarenen nugekca Hakonnexwmsa (MH) pagnodapm-
npenapata (P®PI) (""C-metnoHuHa) B rpynne mvom Grade Il Ha 6ONbLIOM KIMHMYECKOM MaTtepuane, a Takxe
n3yyeHne B3anmMocBs3un nokasarenein MPT- n M3T-uccnenosaHnii n 3HadeHnin IH PO ¢ nokasatensmm obLiei
1 6e3peunanBHON BbIXXMBAEMOCTH.

Martepuan n metopgbl. B nccnenyemyio rpynny BOLIIO 78 NaUMEHTOB, U3 HYX C AMArHO30M aHanaacTnieckas
actpoumtomMa (AA) 48 (61,5%) naumeHToB 1 aHannactTuyeckas onurogeHapornvoma (AO) 30 (38,5%) naumeH-
TOB; BO BCEX CNy4asax cynpaTeHTopuanbHOM nokanudauun. Bcem naumeHTam BoinosHeHa M3T-KT ¢ '"C-MeTUOHUHOM
no cTaHgapTHOM MeToamke, a Takke MPT B pexumax T1, T2, T2-FLAIR, DWI n 3D T1+Gd. B 71 cnyyae BbINOJIHEHO
yoaneHve onyxonu, B 8 — Bepudukaums rmcTosIortMY4ecKoro AuarHosa nyTemM CTEPEOoTakCUMYeckolr Guoncuu.
Bce onyxonv noaBeprnuck MOMEKYIapPHO-reHeTUYeCkoMy aHannay, B TOM YUCHE C uccnegoBaHmem mytaumm IDH1
n ko-geneunu 1p/19q.

PesynbraTthl uccnepoBaHus. Metabonnyeckmin o06bem onyxonu n seandnHa MH POI 6binn ctatnctuyeckm
3Ha4yMMmo BhliLLe B rpynne IDH-HeratueHbIX AA, Hexxenu B rpynne IDH-no3nTreHbIX AA; KpomMe Toro, AA ouKoro tmna
NPOAEMOHCTPUPOBaM 6osee BbICOKME 3HA4YEHMS [0NeBOoro HakorneHns POI. HavmeHbLunii o6uwmin 06bem ony-
xonv no MPT npopemoHcTpupoBanu AO/L, npu 8TOM [0NEBON OObEM KOHTPACTMPOBAHWS 3TUX OMyXonel Obii
3HAYUTESIbHO BbILLE, YEM B 0OLLIEN rpynne acTpoumMTapHbix onyxonen; ona AO xapakTepHO MUHMMANbHOE OTIn-
yme obuero o6bema onyxonu ot metabonmyeckoro. 3HavyeHus MH POM ymeHbluaeTcs B psgy AA IDH- — AOL —
AA IDH*, ogHako 3TK pasamyms He JOCTUIMIIN CTaTUCTUYECKN 3HAYMMBbIX BeNnYnH. B rpynne IDH-HeratnBHbIX AA
006bemM MeTaboIM4eckn akTMBHOM TKaHW MO AaHHbIM M3T AeMoHCTpMpoBan cnabooTpuLaTesibHyio 3aBUCMMOCTb
c o6LLei 1 6e3peunamBHO BbXXMBAEMOCTbLIO, 8 00bEM onyxonu B rpynne IDH-MyTaHTHbIX AA KOPpenvMpoBag, Tosb-
KO C 6e3pEeLMANBHON BEKMBAEMOCTbIO.

BaknoveHue. Hacroswaa pabota Ha KpynHEnLwemM KIMHUYECKOM MaTepuane aHann3npyeT COOTHOLUEHUS
peaynsratoB MPT u MN3T-KT ¢ '"C-meTtnoHnHom B rpynne muvoM Grade lll. Ha ocHoBaHWMM NONy4EHHbIX AaHHbIX
yAasI0Cb NPOAEMOHCTPUPOBATbL HEOAHO3HAYHOCTb 3aBUCUMOCTHM 3HaYeHuin MH POI B rpynne aHannacTu4yeckmnx
IIMOM OT HanN4yusi OJIMrOAEeHAPOKOMIMOHEHTA B MMCTOCTPYKTYpPE OMyXonu, rae, B omimyve ot muom Grade I,
He MOJy4eHO 3HAYMMbIX OT/INYUI B YPOBHE METAB0IMYECKON aKTUBHOCTU aCTPOLMTAPHBIX U OJIMrOAEHAPOIIMOM,
ob6e rpynnbl AEMOHCTPUPOBaIM 60/bLLONK Pa3bpoc nokasaTesne.

KnioueBble cnoa: [MOT-KT, ""C-MeTMOHMH, aHannacTnyeckas actpouMTomMa, aHanaacTuyeckas oNMrogeHapo-
rnnoma, IDH, meTabonmnyeckuii 06 bLeM onyxonu

ABTOpbI NOATBEPXAAIOT OTCYTCTBME KOH(PJIMKTOB MHTEPECOB.

Ana uutupoBaHusa: benses A.lO., Buxposa H.b., Kanaesa [.B., batanos A.WN., AbananeB PM., lanctan C.A.,
Kobskos IJ1., MpoHuH U.H., Ycaues [.10. M3T-KT ¢ ""C-METMOHNHOM B OMArHOCTMKE aHamnIaCTMY4ECKNX acTPOLMTOM
1 aHannIacTM4ecKmx onurogenapornnom. MeaguumHckas sudyanmsaums. 2022; 26 (4): 82-92.
https://doi.org/10.24835/1607-0763-1170
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11C-methionine PET-CT in the diagnosis of anaplastic
astrocytomas and anaplastic oligodendrogliomas

© Artem Y. Belyaev*, Nina B. Vikhrova, Diana B. Kalaeva, Artem |. Batalov, Ramin M.
Afandiev, Suzanna A. Galstyan, Grigory L. Kobyakov, Igor’ N. Pronin, Dmitry Y. Usachev

N.N. Burdenko National Medical Research Center of Neurosurgery of the Ministry of Healthcare of the Russian Federation;
16, 4rd Tverskaya-Yamskaya str., Moscow 125047, Russian Federation

The aim of this study was to evaluate average ''C-methionine uptake for grade Il (anaplastic) gliomas in a large
cohort, as well as relations between MRI and PET characteristics and their unfluence on overall and progression-
free survival.

Materials and methods. The study was based upon 78 patients with supratentorial tumors, among them
48 with anaplastic astrocytoma (AA) and 30 with anaplastic oligodendroglioma (AQ). ALL patients underwent
PET-CT with ""C-methionine and MRI study (T1, T2, T2-FLAIR, DWI n 3D T1+Gd regimes). Tumor removal was per-
formed in 71 cases, stereotactic biopsy in 8 patients. Tumor specimen were assessed by neuropatomorphologists
and IDH1-status and 1p/19q co-deletion were evaluated.

Study results. AA IDH- tumors demonstrated statistically significant bigger metabolic volume and radiotracer
uptake comparing with AA IDH*. Moreover, AA IDH™ characterized by higher fractional MET uptake. The smallest
tumors (by MRI) were AOs, meanwhile their fractional contrast enhancement was higher than for AAs. AOs were
also known as tumors with minimal difference between MRI and PET-CT volume. MET uptake decreased in a row
AA IDH- — AOZL — AA IDH*, but the difference has not reached statistical significance. For wild-type AAs meta-
bolic volume correlated with OS and PFS, meanwhile for IDH-mutant AAs tumor volume (measured by MRI) cor-

related only with PFS.

Conclusion. Present study based on the largest cohort of patients with anaplastic gliomas who underwent both
MRI and PET with ""C-methionine. It turned out, that unlike grade Il oligodendogliomas, AOs do not always demon-
strate higher than their astrocytic counterparts MET uptake levels.

Keywords: PET-CT, '"C-methionine, anaplastic astrocytomas, anaplastic oligodendrogliomas, IDH, metabolic

tumor volume
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BeBepneHue

[MOMBI COCTaBNSAIOT OKOJIO YETBEPTU OT BCEX Nep-
BMYHBIX OMyXOJie rOI0BHOr0 MO3ra y B3POCHbIX, SIB-
NI99Cb BTOPOW NO 4aCTOTE BO3HUKHOBEHWS NEPBUYHON
BHYTPUYEPENHON OMyxoJiblo Mocne MeHuHrnom [1].
Mpu aTtoMm, no gaHHbIM CBTRUS [2], yacToTa BCcTpeya-
€MOCTW aHannacTU4eckor acTPOLUTOMbI COCTaBNSET
b 1,7% ot Bcex onyxonen UHC, a aHannactmnye-
ckoi onurogeHapornmomel — okono 0,5%, 4to BO
MHOIOM OnpenenseT CAOXHOCTU ANAarHOCTUKN B 3TOM
rpynne HoBooOpaszoBaHuii. Knaccuoukaums BO3
(World Health Organisation — WHO) onyxonen LUHC
B ee nepecmoTpe oT 2016 r. BbigenseT 8 TMnos aHa-
nnactuyeckux muom [3]. B HacToswern paboTte
paccmaTpuBaloTcs ABe Hambosee KpyrnHble 13 aTux
rpynn — aHanaactTnyeckme actpountomsl (AA) n aHa-
nnactuyeckne onurogeHapornuomsl (AOL).

MeTonom BbibOpa B AMarHOCTUKE aHannacTuye-
CKMX [IMOM (KaK 1 Apyrux rnmanbHbix HOBOOOpasoBa-
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HWIA) ABNSIETCA MArHUTHO-PE30HaHCHas ToMorpadus
(MPT) ¢ BHYTpPMBEHHbIM BBEOEHMEM KOHTPACTHOrO
npenapara. HecMoTpsa Ha KOMMAEKCHY MHbopma-
LMo 06 aHaTOMUYECKMX B3AMMOOTHOLLEHMSX OMyXO-
JIN 1 OKPY>XXatoLLe MO3roBoM TKaHW, a TakXe BblCO-
Kylo paspeluaroulyto cnocobHocts MPT, nHpopma-
LUK, NONYYEHHOW NpW NPOBEAEHUM UCCNEAOBaHMUS,
3a4acTylo ObIBAET HELOCTATOYHO ANS NPUHATUS pe-
LWEHMSA O TaKTUKE NEeYEeHUs TON UM MHOW OMyXonu,
4YTO 0COBEHHO aKTyasbHO A1 aHanJIacTUYECKUX Mn-
oM. 3Ta KaTeropms BHYTPUMOS3IOBbIX OMyXONen, 3a-
HUMaIoLWAa “NPOMEXYTOYHOE” MONOXEHNE Mexnay
OTHOCUTENBHO [00pPOKAYECTBEHHBIMU [AIMOMaMK
WHO Grade Il n 3nokayecTtBeHHbIMU onyxonamu WHO
Grade IV, MOXeT LeMOHCTPMPOBaTL NPU3HaKyM 06enx
rpynn. 3dOEKTUBHLIMU JOMNOHUTENBHBIMU UHCTPY-
MeHTamMu cTanu Takue pexumsl MPT, kak MP-nep-
dyanan MP-gnddyasns, a Takke MP-cnekTpockonus.
OpHako B psae ciyyaeB AaHHbIe METOAVKUN HE MO3BO-
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MEIMHCKAS BH3YATHIBALS

NIF0T OAHO3HAYHO NPEONOSIOXKUTL FMMCTOIOMNYECKYIO
NPUHAONEXHOCTb OMyXOn 1 AaXe CTeneHb ee 3/10Ka-
4EeCTBEHHOCTMW.

B noao6HbIX cUTyaumax Nofe3HbIM MHCTPYMEHTOM
CTaHOBATCA MeTabonmnyeckne MCCnenoBaHUs — no-
3UTPOHHO-3MUCCUOHHAsA ToMorpadus, COBMELLEH-
Has ¢ KoMMbloTepHo ToMorpaduen (M3T-KT) ¢ pas-
NMYHBIMK  paamodapmnpenapatamu (P®IM). 3710
NPUHUMNNANbLHO MHOW B cpaBHeHun ¢ MPT meton
anarHocTtukm. CerogHs OCHOBHbIMKM 3agadamu [M9T-
KT B AnarHoCTuke rmmom SBaAstoTCS: OTANYME OMyXo-
NN OT Heonyxonesbix 06pas3oBaHuii, onpeneneHne
rpaHnL, pacnpocTpaHeHNs OMNyXoawu, yCTaHOBJIEHUE
ee CTeneHn 3/710KaYeCTBEHHOCTU, BbIOOP Lenn ong
npoBefeHnss GrMoncum onyxonu, a Takxke OLEeHKa
9P PEKTMBHOCTN NPOBOAVMON Tepannum M NPOrHo3
Nle4eHns, OTAn4YMe MnoCTTePaneBTUYECKMX WU3MEHEe-
HUI OT peumauBa onyxonu. Bropasa 3agaya, no Ha-
lWeMy MHeHMIo, sIBAsieTca Hambonee akTyanbHOM
B AMArHOCTMKE aHannaCTUY4eCKMX MMMOM C LEeNblo
BbIOOpa 06beMa ONepaTUBHOIO BMELIATENbCTBA.

B HacTosiLee BpeMs B HEMPOOHKOAOrMK Hambo-
flee WMpokoe pacnpocTpaHeHne noaydnnu PO
Ha OCHoBe amuHokmucnoT: '"C-metnoHuH (MET)
n 8F-tupo3unH (PIT). Ons oueHkn n3obpaxeHui
M3T-KT ncnonb3yeTtcs Kak KAYeCTBEHHbIN (BU3yalb-
Hbli1), TaK N NONYKOJIMYECTBEHHbIN METO[L, C pacye-
TOM wuHAekca Hakonnenusa (MH) P®M, koTopbiit
npeacTaenset cobo oTHoweHe MeTabonnM4eckon
aKTMBHOCTW B OMyX0N€BOW TKaHW K HEM3MEHEHHOMY
BELLECTBY KOHTpanaTepanbHOro noylapus rosos-
HOro mMosra.

A.H. Katsanos n coasT. [4] npoBenu meTaaHanm3a
23 nccnenoBaHuii, CpaBHUBAIOLLMX HYBCTBUTENIbHOCTb
M3T-KT ¢ ncnonb3oBaHnem pasHoix PO ona onpe-
OeneHvs CTEneHn 3710Ka4YeCTBEHHOCTU rmuoM. [lo
pesynbTataM 1x paboTbl Hanbonee MHOOPMATUBHBI-
MW ABASIIOTCA UCCNedoBaHus C nNpuMmeHeHnem MET,
4yTb MeHee MHPOPMATUBHBLIM OKa3aoCb UCMOMNb30-
BaHne ®3T M CyLIeCTBEHHO MEeHblle NPUMeHeHue
8F-cbTopaesokcurnokodbl (OAr).

HecmoTps Ha 6oraTblii KNIMHUYECKNIA OMNbIT UCMOSb-
30BaHus metoaukum MNIT-KT ¢ pasnuyHeiMu Tpencepa-
MUV B AMArHOCTUKE MINOM, K HACTOSILLLEMY BPEMEHUN HE
MoJTy4eHO OAHO3HAYHbIX AaHHbIX 0 3Ha4eHusax NH PO,
XapaKTepPHbIX 419 TOM UAV MHOW FPYNMbl aHanaacTuye-
CKMX rnmomM. BO3MOXHO, 9TO CBSI3aHO C pPeaKon
BCTPEYAEMOCTbIO 3TUX HO301I0MMHYECKMX FPYNM.

M3BECTHO Takxe, YTO Hann4me oNnroaeHapornm-
aNbHOr0 KOMIMOHEHTA B OMNyX0JIM OTPaXaeTCs BbICO-
KO MeTabonmnyeckon akTUBHOCTbIO 00pal3oBaHMUS;
Tak, MH MET y onurogeHapornMom 3Ha4Mmo BbILLIE,
yeM y Anddy3HbIX aCTPOLUTOM, OAHAKO NPV CPaBHe-
Hun AA n AOJ, aTa 3aKOHOMEPHOCTb HOCUT HE CTOJb
JIVHEVHbIN xapakTep [5].
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HacTtosiaa paboTa NoCBsLLEHA M3YYEHUIO BO3-
MoxHocTtern M3T-KT ¢ MET B auddepeHumanbHom
anarHoctuke AA n AOJ, a Takxe NoMCKy B3anMOCBSI-
31 Mexay nokasatensamMm o6beMOB OMNyxOJien, Nony-
YeHHbIX No AaHHbIM MPT un M3T-KT, ¢ monekynspHo-
reHeTn4eckmm npodannom onyxosnu.

MaTtepuan n metoabl

B wuccnegyemyio rpynny Bowio 78 naumeHToB,
M3 HMX C AMArHO30M aHaniacTnyeckas actpoumToma
48 (61,5%) naumeHToB M aHannacTU4eckass Onuro-
nengpornnoma 30 (38,5%) nauneHToB; BO BCEX CIy-
Yyaax cynpaTeHTopuanbHon nokanudaumm. Cpegn H1UX
Obino 38 (48,7%) xeHwuH n 40 (51,3%) MyX4uH.
CpegHuin Bo3pact coctaBun 44,3 = 13,2 roga
(17-71rop).

Bcem naumeHTam nepepn onepauven npoBefeHo
MP-nccnepoBaHme ronoBHOrO Mo3ra ¢ BHyTPUBEHHbBIM
BBEEHMEM KOHTpaAcTHOro npenaparta (T1, T2, T2-
FLAIR, DWI n 3D T1+Gd) n N3T-KT ronosHoro mosra
¢ MET Ha annapate Siemens Biograph 40 (Siemens
Medical Solutions, CLLIA) yepe3 10 MuH nocne BHyTpU-
BeHHOro BeegeHuns POI, onnutenbHOCTb CKaHMPOBa-
Husg 10 MUH, COrMacHO yCTaHOBIEHHOMY MPOTOKONY.
Ins pekoHCTPyKUMM n3o0paxeHuidi ncrnonb3osascs
anroputm 3D OSEM (Ordered Subset Expectation
Maximization) ¢ 5 utepauusmm n 8 NOAMHOXeCTBaMU
C Koppekumen atteHyaumm npu nomoum KT.

Ha pabouenn ctaHuum AW Server 3.2 Ext. 2.0
(General Electric) ¢ ucnonb3osaHmnem naketa Ready-
View Oblnn Bbl4MCNEHBI 0ObLEMBI OMyXxosielt B ABYX
Hanbonee MHOOPMATMBHbBIX pexmnmax — T2-FLAIR
1 3D-T1 nocne BHYTPUBEHHOIO KOHTPACTHOr O ycune-
HUS. B oTanymne OT opyrmux CTaHO4APTHBIX UMMYbCHbIX
nocneposatensHocTen (T1, T2 n DWI), T2-FLAIR no-
3BoJIsIeT 6onee TOYHO ONpenennTb PacrnpoCTPaHEH-
HOCTb OMMyXOJIEBOr0 MPOLecca, Tak Ha3blBaeMblil 00-
Wi obbem onyxonu (Vys,). Ha NOCTKOHTPACTHbIX
3D-T1 namepsincs 06bEM KOHTPaACTUPYEeMOM 4acTu
onyxonu (V). [AByMS peHTreHonoramut ¢ onbiTom
paboTbl 6onee 5 neT Ha AaHHbIX UMMYNbCHbIX MOCNEL0-
BaTENbHOCTAX BPYYHYIO ObIIN OKOHTYPEHbI MPaHuLLbl
30Hbl OTeKa-NHGUALTPALIMM OMYXOSN U KOHTPacTUpye-
MO ee HaCTu Ha KaXa0M Cpese, Nocne Yero nporpam-
MOl aBTOMaTMyecku cospaBanack 3D-mopenb co
3HaYeHnaMM oO6bEMOB, M3mepsieMblx B cM®. [lanee
13 NONy4eHHbIX 00 bEMOB BbIYMCIANOCH CpeAHee 3Ha-
yeHue obbema onyxosu.

CoBmMellleHre 1 aHanm3 gaHHbix MPT 1 obcuet
MN3T-KT npoBoaunca ¢ MOMOLLBIO MPOrpamMMHOro
obecneyeHns Syngo via (Siemens, VB40). 3oHa nHTe-
peca (Volume of Interest — VOI) B cooTBeTcTBMMA
C NPUHATLIM NPOTOKOSOM 06paboTkn M306paxeHui
Oblna npenctaBneHa OOHUM KyOU4eCcKUM caHTUMe-
Tpom (1,0 cm®) Hanbonee akTUBHOI YaCTW OMyXOnu,
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roe M3Mepsincb CpefHue 3HayYeHus CTaHgapTU30-
BaHHOM BennyuHbl nornoweHuns (Standardized Uptake
Value — SUV) P®r1. Ouexka HakonneHns MET B ony-
X0JIM MPOBOAMSIACE C MOMOLLbIO MHOEKCA Hakonne-
Hus (MH MET), koTopblin npeacTtaensn coboli 0THO-
weHne SUV, .., B 1 cm® Hanbonee akTUBHOW YacTu
onyxonu K SUV,.,, B HEM3MEHEHHOI MO3rOBOW TKaHU
KOHTpanaTepanbHOro nonaywapus, U3Mepsemoro,
Kak npaBuo, B TOOGHOM 061acTy ¢ 3aXBaTOM CEPOro
1 6enoro BeLLecTBa.

3HayveHnss oo6beMa MeTaboIMYeckn akTMBHOM Yac-
T onyxonu (V_MN3T) Gblan nosnyyYeHsl NyTeEM OKOHTY-
puBaHus ovara runepmetabonuama MET npu aBTo-
mMaTtunyeckomMcosmMeLLeHn MPT-nl3T-n3obpaxeHuni
¢ BblbopoM VOI B npenenax natonornyeckn m3me-
HeHHOro MP-curHana Ha T2-FLAIR-n3obpaxeHunsx
C UMCMNONb30BaHMEM OOLLENPUHATOr0 MOPOroBOro
3Ha4yeHusa natonorusi/Hopma MIH = 1,3 ¢ yyeTom peko-
MmeHpgaumn EANM/EANO/RANO [6, 7].

Ecnn onyxonb He OemMoHCTpupoBana BUOAUMOIO
1 KOJIMYECTBEHHOI O NPEBbILLEHNS pedePEHCHbIX 3HA-
yeHuii HakonneHus POM (M3T-HeraTMBHbIE OMYXO-
nn), pacyet V_TM3T He npoBoauncs.

YoaneHne onyxoam BbINOJHEHO B 71 cnyyae,
y 8 nmaumeHTOB MNpoBOAMiachb CTepeoTakcuyeckas
ovnoncua. 'vcTtonornyeckmuin AmMarHo3 ycTaHaBu-
BanCs B COOTBETCTBUM C KpuTepusmmn BO3 2016 r.

MonekynsipHO-reHeTUYECKUI aHann3: rMcToNoru-
4yeckoe nccnegoBaHne NPoBOAUIIOCh 2 KBanuduum-
poBaHHbIMM NaToMopdosoraMmm Nocne OKpacku npe-
napaToB reMaTOKCUIMH-303MHOM U MOACHEeTa MHAEK-
ca nponudepaTnBHoOn akTMBHOCTU. OKOHYATENbHbIN
OMarHo3 ycTaHaBNMBaICS Ha OCHOBAHMM COBOKYM-
HOCTU MOP®dONOrM4EeCcKUX N MONEKYSAPHO-TEHETU-
YeCKNX NCCNeaoBaHN.

MaTepuanomMm Aansa wuccnegoBaHUs MNOCYXUIN
78 OVONCUIMHBIX MaTepuanoB OT OMNepupoBaHHbIX
B LleHTpe Helpoxupyprum naumeHToB ¢ AA n AO/L
WHO Grade I, ¢ukcupoBaHHbix B 10% pacTtsope
HEeNTpanbHOro ¢gopmManmHa u 3annTbix B napaduH
Histomax (Leica).

B 61 cnyyae ona yctaHOBKM MYTaLMOHHOMO cTa-
Tyca reHa uaoumuTpatoermaporeHassl IDH1 6biio
NpPoOBeAEHO MMMYHOrMCTOXUMMUYECKOE UCCenoBa-
Hue ¢ aHtutenammn Anti-IDH1 R132H (clone HQ9)
(dianova), B 17 ocTaBLIMXCS UccnenoBaHMe MyTaumm
IDH1 R132H 6bino npoeneHo meTtoaom MLP B pe-
aNlbHOM BPEMEHM C WCMONb30BAHMEM CaMOCTOS-
TenbHO NoaobpaHHbIX NpamepoB U 30HA0B. OOnH
n3 obpasuoB nokazan auvkui tun IDH1 R132H,
B CBSI3M C YeM Obl1 LOMONHUTENBHO UCCNEAOBaAH Me-
TOAOM MPSIMOr0o CekBeHupoBaHus no CeHrepy ans
onpegeneHnss MyTaunMoHHOro cratyca reHos IDH1
1 IDH2 ¢ ncnonb3oBaHMeM A1 MOCTAHOBKM CUKBEH-
COBOW peakumn NpsMbIX NpanMepos.

Onpepenenne ko-geneunn 1p/19q ObI10O BbINOS-
HEHO MeToaoM GNYOPECLEHTHON rnbpuamnsaumm
in situ ¢ ncnonb3oBaHnem npobbl ZytolLight Glioma
1p/19q Probe Set (ZytoVision).

Mo pe3ynbTatam NPOBEPKM HA HOPMaJIbHOCTb Pac-
npeneneHns Nosly4eHHbIX pedynstaTos (TecT LLanmnpo-
Yunka) onis onnucatenbHOn CTaTUCTUKKM Obinn Bbibpa-
Hbl MeguaHa 1 MexXKBapTWUbHbLIN pa3dmax (onpeae-
NeHHbIn 1 1 3 KBapTUNaMKU pacnpenenexus), a anas
OLLEHKM CTaTUCTUYECKM 3HAYMMOM pPasHULbl Mexay
paccMaTpMBaeMbIMU rpynnammn Obil MCNob30BaH
HernapameTpuyecknii kputepnin MaHHa-YutHu. [nsg
napamMmeTpoB C YpoBHeM 3HaummocTu p < 0,05 6bin
paccyMTaHbl YYBCTBUTENBHOCTb U CNeumdu4HOCTb
¢ onpegenennem nnowaan nog ROC-kpuson (AUC)
1 MOPOroBbIX 3HAYEHUI C UCMONB30BaHNEM KPUTEPUS
lOpnena J = max(sensitivity(t)+specificity(t)-1), roe t —
n3mepsiemMast B akCnepuMeHTe BennymHa. loporosoe
3HayeHne t COOTBETCTBYET MAKCUMaIbHOMY 3Hauye-
HWo nHaekca togeHa.

Kpome Toro, 66111 paccynTaHbl A0NeBble 00beMbI
KOHTPaCTMPOBaHMSA U MeTabonM4yeckol akTMBHOCTU
MET B Buge otHoweHUn V., Nogw, V_NMOT Vg,
a Takxke [0NeBoit 06beEM KOHTPACTUPOBaHNS B MeTa-
GONNYECKM aKTUBHOM YacTu OnyXonu (V,g,., /V_M3T).

lMpoBeneH KOPPEensauUOHHbIM aHann3 ndyyaembix
006BEMOB 0MNyX0nn Mexay coboli U ¢ ypoBHEM MeTa-
B6onunyeckon aktueHocTn (MH), a Takke ¢ BbKMBae-
MocTbto 06Leli (OB) n 6e3peunameHoin (BPB) ¢ nc-
nosib30BaHNEM KO3 PULIMEHTA PAHTOBON KOpPPens-
umn CnupmeHa. KoppensumnmoHHasa CBs3b cuMmTanach
CUNbHOW Npu 3HavyeHnn koadduumenta Rs Boiwe 0,7
M CTaTUCTUYECKM 3HAYMMONM MpPU YpPOBHE 3HAYU-
mocTtun p < 0,05.

Pesyn bTaTbl UCcienoBaHudd

BHyTpnBEHHOE BBEAEHME KOHTPACTHOro npena-
pata npu MP-nccnegoBaHum BbINOJIHANOCH 72 naum-
eHTaM, M3 HUX KOHTPACT-No3uUTUBHbIMU Obinn 43%
(n = 31), Nnp1 OTAENLHOM PACCMOTPEHUN KOTOPbIX
cpenHee 3HaveHue V.. coctasuno 7,08 com?
(o1 0,05 0o 39,74 cm®). CpegHuit meTabonmyeckui
o6bem onyxonu V_TM3T B 0obuieit rpynne uccnepye-
MbIx cocTtaBun 23,91 cm® (ot 0 no 134 cm?3), cpen-
Hee 3HavyeHue WMH MET B o00wen rpynne -
2,36 (0,78-5,79).

Mo pesynbraTtamM rMCTONOrMYECKOro uUccneaooBa-
HUS nauneHTbl Obinn pasgeneHsl Ha 3 rpynnbl: AOL,
¢ mytaumeii IDH1 n ko-peneunenn 1p/19q; AA c n 6e3
mMyTaumm reHa IDH1 (AA IDH1* 1 AA IDH1- cooTBeTCT-
BEHHO). Bblnn n3yyeHbl BONIOMETpPUYECKNE nokasaTe-
v onyxonen no gaHHeiM MPT u M3T-KT. MeguwaHsl
1 MEXKBaPTUIIbHbIN pa3max 00beMHbIX NokasaTene,
a TaKke AaHHble meTabonunyeckon aktmeHocTn MET
B OMyX0JIEBOM Yy3Je NpeacTaBneHbl B Tadn. 1.
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Ta6nuua 1. MegmaHa 1 MeXKBapTW/bHLIA pa3max nokasateneii 0O6bEeMOB OMyxonu Mo AaHHbiM MPT n MIT-KT,
meTabonmyecko aktmeHocT MET 1 nokasaTenei BbXXMBAEMOCTY B OOLLEN rpynne, rpynne aHannacTMyeckmx acTpoumuToM
(IDH* n IDH") n onurogeHapornuoMm. [MapameTpbl, KOTOPblE OEMOHCTPUPOBANM CTATUCTUYECKM 3HAYMMble Pa3nnyms

BblaeJieHbl CepbIM LLBETOM

Table 1. Medians and interquartile ranges of MRI and PET-CT tumor volumes, metabolic activity of ''C-methionine, overall
survival (OS) and progression-free survival(PFS) rates in the general group, the group of anaplastic astrocytomas
(AA IDH* and AA IDH-) and oligodendrogliomas (AOD). Parameters with statistically significant differences are highlighted

in grey
p Aoj P
MapameTpbl Parameters AA IDH* AA IDH- (AA IDH* vs AA AOD (AAvs
AA IDH") AO)
n n 25 23 48 30
Vosu, V_FLAIR 70.9 4.7 0.474 53.6 442 0.108
(38.4-97.6) | (29.8-107) (81-107) (86.0-57.5)
Vo, V_CE 1.93 3.73 0.525 2.52 5.79 0.336
(6e3 0 3HayeHuii —  (without 0-values — | (0.28-6.54) | (1.58-5.26) (0.3-5.36) | (1.13-9.79)
n=231) n=231)
V_NaT V_PET 7.23 21.9 0.011 13.5 18 0.324
(0-18.6) |(10.8-33.9) (4.51-28.1) | (8.35-33.4)
MH T/N 1.81 2.46 0.013 2.12 2.34 0.329
(1.26-2.41) | (2.10-2.96) (1.58-2.73) | (1.75-2.94)
Viorrp./Vosu, V_CE/V_FL 0(0-0.012) | 0(0-0.001) 0.322 0 0(0-0.08) | 0.132
(0-0.007)
V_TM3T Vg, V_PET /V_FLAIR 0.119 0.47 0.001 0.227 0.49 0.082
(0-0.414) |(0.17-0.92) (0.05-0.636) | (0.19-0.58)
Viourp./V_N3T V_CE/V_PET 0.006 0 (0-0.005) 0.104 0 0 0.372
(0-0.129) (0-0.042) (0-0.129)
OB (O] 19+ 11.1 17+£9.34 0.520 18 £10.2 24.6+9.59 | 0.008
EPB PFS 16.4+11.4 | 14.7+10.2 0.725 15.5+10.7 | 23.1+£9.34 | 0.004

BT oovHCRAS BHSYATHAALN

Kak BngHo n3 1abn. 1, no obuwemy obbemy 1 00b-
€My KOHTpacTupoBaHusa onyxonn npu MP-uccne-
[0BaHMM BO BCEX rpynnax CTaTUCTUYECKN 3HAYMMBbIX
OTNINYNIA BbISIBNIEHO He OblN0.

Pesynbtatbl oueHkn gaHHbix MOT-KT nokasanu,
yto H n V_N3T B rpynne AA IDH- ctatuctuyeckm
3Ha4umo (p = 0,011 n 0,013 cooTBETCTBEHHO) OblNN
Bbile, 4eM y AA IDH*. MNoporosbie 3Ha4yeHns 1 gmar-
HOCTUYECKas 3HAYMMOCTb 3TUX MoKasaTenen cocra-
Bunn — IH =2,09 (Se = 78%, Sp = 64%, AUC = 0,71);
V_N3T =5,1 cm® (Se = 96%, Sp = 44%, AUC =0,71).

Mpu oueHke OonNeBoro oObema KOHTPacTMpOBa-
HUA (Vyoump/Vosw,) ¥ Hakonnenns POM (V_M3T/ Vg, )
CTaTUCTUYECKME OTNNYMS OblN BbiSIBNIEHbI TOJIbKO MO
naHHbIM 3T, 4To nokasano 6Gonee BbICOKME 3HaYe-
HUS noneeoro oobema Hakonnenns MET B rpynne AA
IDH- (meamaHa V_M3T/Vys, = 0,47) no cpasBHeHWIO
¢ AA IDH* (megmana V_PET/Vs,, =0,119), p=0,001.

CpaBHUTENBHLIA aHanM3 06beMHbIX U MeTabo-
JINYECKNX XapakTEPUCTUK rpynn nauMeHToB B 3aBu-
CUMMOCTM OT Halnyns WM OTCYTCTBUSA KOHTPACTu-
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poBaHusa No AaHHbiM MPT (cM. pucyHOK) nokasarn,
YTO KOHTPACT-NMO3UTUBHBIE N KOHTPACT-HEraTuBHbIE
rpynnbl AA IDH* 1 AOJ], pacnpenenunmcb NpUMepPHO
B paBHOM cooTHoweHun 50/50, a B rpynne AA IDH-
onyxonn B 2 pasa Yale He Hakanameanu
MP-KOHTpacCTHbI Npenapar.

Ha prcyHke BUAHO, 4TO B rpynne KOHTpacT-Hera-
TUBHbIX OMyxofiei Oblnn NOMy4YeHbl CTATUCTUYHECKN
3Ha4YMMBble OTINYUS MEXAY MYTUPOBaHHbIMU AA 1 AA
AMKOro Tuna B nonb3y 60Jiee BbICOKOro YPOBHS Ha-
konneHusa PP n ero o6vema B AA IDH-. Moporosbie
3HaveHunda coctasman: MH=1,6 (p=0,011; Se 100%,
Sp = 67%, AUC 0,8); V.N3T = 8,2 cm® (p = 0,08;
Se = 100%, Sp = 67%, AUC = 0,81); V_MOT/ Vs, =
0,15 (Se = 100%, Sp = 75%, AUC = 0,86).

B rpynne KOHTPACT-MO3UTUBHbIX OMyX0Neln Bbinn
BbISIBNEHbl CTAaTUCTUYECKN 3HA4YMMble OTamymsa AA
ot AOJl no 3HayeHuMsaM [0NieBOro obbema Hakomn-
neHua MET (p = 0,01), Ho npu nposegeHun ROC-
aHanm3a nokasaTenv okasanncb HU3KNUMK (Se = 65%,
Sp =57%, AUC = 0,55).
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Bce naunenTsl / All

n=72
IDH* vs IDH- AA n =41 n=31 AAvs AOA,
MH:p=0,011 IDH* AA: 12 IDH* AA: 11 V_M3T/Nosy,: p=0,01
V_M3T: p = 0,008 IDH- AA: 14 KoHTpacTt IDH- AA: 6 Ki-67: p = 0,028
V_M3TNysy,: p=0,002 AOL: 15 B Ha MPT + |AoL: 14 AA Vs AOD
. _ il - MRI contrast ™|V PETAV FLAIR:
IDH* vs IDH™ AA IDH+ AA: 12 enhancement IDH* AA: 11 _PET/V_ :
T/N:p=0.011 IDH- AA: 14 IDH- AA: 6 p=0.01
V_PET: p =0.008 AOD: 15 AOD: 14 Ki-67: p =0.028
V_PET/V_FLAIR:
p =0.002

PucyHok. AHann3 JaHHbIX NauveHToB
Figure. Diagnostic flowchart of patient data analysis results

Mpwu cpaBHeHUM rpynn no 3HadveHusm OB n BPB
3HaYMMble OT/IMYMS MPOSIBASANNCE TONbKO B 0OLWel
rpynne mexay AA n AO/L (p = 0,008, 0,004 coort-
BETCTBEHHO).

lNpoBeneHHbIN KOPPENSALMOHHBIA aHann3 mMexay
OTAENbHLIMU ANArHOCTUYECKMMIM NapaMeTpamMu, Takum-
MK KaKk 06beMbl onyxonu no MPT un MN3T, ux nonesble
COOTHOLLEHMS], aKTMBHOCTb HakornieHns POM (MH),
1 aaHHbiMn OB 1 BPB nokasan CtatucTnyeckn 3Hauu-
Mble B3aVMOCBSI3N kak B OOLLEN rpynne naumeHTos,
TaKk M B rpynnax OTAENbHbIX MOJNEKYNSPHO-TFeHe-
TUYECKUX MOATUMOB OMyXOJSIElr, YTO HArsSAHO Npes-
CTaBfeHo B Tabn. 2.

OTmevaroTcst CTaTUCTUYECKM 3HAYUMbIE KOPPENs-
umn Vog,, ¢ V_N3T 1 Vg, ¢ V_NIST B 00LLEN FPyNNe
naupneHToB (Rs = 0,322 n Rs = 0,304) n B rpynne AO/L
(Rs=0,738 n Rs = 0,505), npn aTom B 06eux rpynnax
AA Takux 3aBMCUMOCTEN He HabntogaeTca. Tem He
meHee V.., Koppenmposan ¢ Vs, TONbKO B 00Lei
rpynne 6onbHbIX 1 rpynne AA IDH*,

Bo Bcex rpynnax oTmedyanacb 3Ha4mmas B3anuMo-
cBa3b mexay V_MN3T u MH MET. MIHTepecHO, 4TO Vg,
koppenuporan ¢ MH MET Tonbko B rpynne AOZL,
a Vigup, — B 00weit rpynne n B rpynne AA IDH +
n AO/J.

Mpw conocTaBneHmMmn n3yvyaemMbix 06bLEMOB C Noka-
3aTensiMy BbXMBAEMOCTW Obln BbISIBNEHBI CReayto-
LLIME YMEPEHHbIE 3HAYMMblE OTPULATESTbHBIE KOPPENS-
LIMOHHblIe B3anMocBaA3un: Vg, 1 BPB TonbKko B rpynne
AA IDH* (Rs =-0,46); V4. ¥ OB TOsbKO B rpynne AOJ,
(Rs = -0,418); V_N3T c OB n EPB B 06Lei rpynne
nauyeHToB (Rs = -0,29 n Rs = -0,273 cOOTBETCTBEH-
Ho) n B rpynne AA IDH- (Rs =-0,371 n Rs = -0,434).

Mpn aTom Habnganacb cnabas oTpuuaTesbHas
3Haunmas koppensumsa mexay NH MET n BEPB B 06-
wen rpynne nauneHTos (Rs = —0,246), npu pasgene-
HUW Ha OTAENbHble MOArpynMbl aHaNOrMYHbIX B3au-
MOCBS$I3€ei1 BbISIBNEHO He ObIno.

MoMUMO KONMYECTBEHHBIX MapaMeTpoB 0ObEMOB
Mbl OLEHWUIN B3aMMOCBSI3U [0JIEBOFO HAKOMIEHUS
KOHTPACTHOrO npenapara u MeTaboanM4eckon akTmnBe-
HocTu PO B 06L1eM 06beMe OMyxon, TO €CTb OTHO-
weHne Vg, Nogw, ¥ V_M3T/Vg,. B conocrasneHunm
BbILLEOMNCAHHbIX OTHOLUEHMI 0OBEMOB C BbIXMBaE-
MOCTbIO MaUMEHTOB OblIM NONYYEHbI 3HAYUMbIE KOP-
pensiuMm TONbKO C AO0NEBbIM OOBbEMOM HAKOMIEHNS
PO (V_M3T/Vye,.), NPY 3TOM B 06LLeW rpynne Obina
BbiiBfieHa cnabas oTpuuatenbHas B3auMMOCBS3b
Tonbko ¢ OB (Rs = -0,232), B rpynne AA IDH- ¢ OB
(Rs = -0,434) n BPB (Rs = —0,441), a B rpynne AA
IDH* koppensumin He Obino, a cpean AO/, B3anmMoc-
BA3b BbIsiB/IEHA TO/IbKO ¢ BPB (Rs = -0,407).

Mpwn aHanuze nokasatenet OB n BPB 60nbHbIX
MCMNONb30BANNChL OAaHHbIE, MOJlyYeHHble 13 ambyna-
TOPHBIX KapT, GUKCMPYIOLWMX CTaTyC HabnoJaemMbix
naumMeHToB, NPU NMOMOLLM NPSIMbIX TeNEePOHHbIX KOH-
TakTOB C OOJNBHBIMU WU UX POACTBEHHMKAMMU.
Menmana OB n BPB B 00wl rpynne cocTaBnsieT
20,7 n 18,2 MeC COOTBETCTBEHHO.

Cratnctnyeckmn 3Ha4mMmas pasHua Mexay cpoka-
MW BbDKMBaeMOCTM Habsoganack TOAbKO NpU CpaB-
HeHuun rpynn AA n AOJ.

OpHoneTtHas n apyxneTHas OB B rpynne AO/
coctaBnsann 93 m 59% COOTBETCTBEHHO NPOTUB
64 1 32% B rpynne AA 6e3 pasgeneHns nNo Hanndno
IDH myTtaumin. CTaTMCTUHYECKN 3HAYUMbIX Pa3INYUIA
no OB B rpynne AA ¢ pa3nnyHbimM IDH cTaTtycom B Ha-
el BbIGOPKE NaLMEHTOB BbISIBJIEHO HE Oblf0.

AHanormnyHas kapTuHa Habnoganacb U B OTHOLLE-
Hun BPB. B rpynne AO[ ogHoneTHAs 1 ABYXNETHASA
BPB cocTtasnsina 81 un 46%, B rpynne AA — 56 1 23%.
O600LeHHbIE faHHbIE NPEeACTaB/EHb! B Tabn. 1.

Taknum 006pa3om, Hanbonee 3Ha4YMMble pPe3ynbTa-
Thl, CBSA3AHHbIE C BbXKMBAEMOCTbIO NALMEHTOB, NOKa-
3bIBAlOT Hanmume cnabon B3auMMOCBS3N B 00OLel
rpynne mccnenoBaHHbix 60bHbIX ¢ V_M3T, koTopas
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Ta6nuua 2. Koppensauum ndydaemblix napameTpoB obbema onyxonv Ha MPT 1 M3T-KT, a Takxe nx OTHOLIEHUS (J0NeBOro
oObema KOHTPacTMPOBaHWUS M MeTabOoNMYECKOW aKTMBHOCTW) Mexay coboi, ¢ MH v nokasatensMu BbIKMBAEMOCTM
nauMeHToB B OOLLer rpynne, rpynne aHannactudeckux actpoumutoMm (AA IDH* n AA IDH-) n aHannacTu4eckmx
onurogengpornvom (AOL). Mo cTeneHn 3HasumocTn (npumedanue: * p < 0,05, ** p < 0,01, *** p < 0,001)

Table 2. Correlations of the studied tumor parameters on MRI and PET-CT, including their relations (relation of contrast
enhancement tumor volumes and metabolic activity) with each other, with T/N and survival rates (OS, PFS) of patients in the
general group, the group of anaplastic astrocytes (AA IDH* and AA IDH-) and anaplastic oligodendroglioma (AOD). According

to the degree of statistical significance (Note: * p < 0.05, ** p < 0.01, *** p < 0.001)

MapameTpbl Parameters 06u.|.azlrlpynna AA IDH* AA IDH- ﬁgg‘
Vosu, Viorrp. V_CE 0.359** 0.482*
V_FLAIR vV _naT V_PET 0.322** 0.738***
VH /N 0.444*
Vi Vosu V_CE/V_FLAIR 0.262*
V_N3TN,,  V_PET/V_FLAIR —0.639*
Vigurp/V_N3T V_CE/V_PET 0.314**
Bbix1BaeMocTb 0S
5PB PFS —0.46*
Viour. vV naT V_PET 0.304** 0.505**
V_CE VH T/N 0.315** 0.442* 0.428*
Viorro/ Voo V_CE/V_FLAIR 0.987*** 0.984*** 0.993*** 0.982***
VN3TN,,  V_PET/V_FLAIR 0.455*
Vigurp/V_N3T V_CE/V_PET 0.977*** 0.963*** 0.986*** 0.979***
BbpknBaemMocTb oS -0.418*
EPB PFS
vV naT VH /N 0.802*** 0.873*** 0.689*** 0.787***
V_PET Vi Vosu V_CE/V_FLAIR 0.281* 0.432*
V NOTN,,  V_PET/V_FLAIR 0.791*** 0.897*** 0.732*** 0.759***
Viourp/V_M3T V_CE/V_PET 0.393*
BbIX1BaeMoCTb oS -0.29* -0.371*
EPB PFS -0.273* —0.434*
VH Vi Vosis V_CE/V_FLAIR 0.323* 0.408* 0.425*
TN V_N3TNy,  V_PET/V_FLAIR 0.817*** 0.854*** 0.752*** 0.833***
Vigup/V_N3T V_CE/V_PET
BbIxX1BaeMocTb 0S
EPB PFS —0.246*
Vioro/Vosis V NOTN,,  V_PET/V_FLAIR 0.463*
V_CE/V_FLAIR Viourp/V_M3T V_CE/V_PET 0.975*** 0.977*** 0.977*** 0.985***
BbknBaemMocTb 0S —0.422*
EPB PFS
V_M3T N, Vigurp/V_N3T V_CE/V_PET
V_PET/V_FLAIR BbIX1BaeMocTb oS —0.232* —0.434*
EPB PFS -0.441* -0.407*

MEIMHCKAS BH3YATHIBALS
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ycunumeaetcs B noarpynne AA IDH-. lMpu atom cpean
AA IDH* BPB B Gonbliei cTeneHn Obina CBa3aHa
C Vogy, MO OaHHbIM MPT, a B rpynne AO/J BhisiBNieHa
koppenauua OB ¢ V., Ha MPT.

OOGcyxaeHue

HacTosiwaa pabota aHanuavpyeT pesynbraThl
cpaBHeHuss MPT n M3T-xapakTepucTMk aHanaactum-
YeCKMX MIMOM M BbINOSIHEHA Ha KPYNHEenwen cepun
nauMeHTOB C 3TOM PeaKon NaTosiormen.

BonbLUMHCTBO paboT, MOCBSALLIEHHbIX 3TOM TEMATU-
Ke, BKJIO4anM B UCCNeayemMylo rpynny nalMeHTOB
C MManbHbIMK OMYXONSIMU Pa3fINYHbIX TMCTONOrMYe-
CKMUX Fpynn 1 CTeNeHern 3/10Ka4eCTBEHHOCTU, NPUYEM
aHannacTnyeckme Oonyxonv B 3TON KOropTe Mo4yTv
BCEraa OKas3blBaMCb B MEHbLLUMHCTBE, Noavac byay-
4yn npencTaBieHbl NNLLIb eAMHNYHBbIMK HabMoAeHNS -
Mn. OBbEM KIMHNYECKOW cepumn aaHHOM paboTbl MNo-
3BOJINS OOHAPYXMTb CTAaTUCTUYECKM 3HAYMMbIe B3au-
MOOTHOLUEHNST MO PSAY HEenpoBU3yann3aunoHHbIX
napamMeTpoB, a Takke MX KIIMHUYECKME KOPPENsThbl
c OB n BPB.

PeaynbraThbl MPOBEAEHHbBIX PaHEe UCCNeA0BaHWUN
C MCMNoNb30BaHMeM pa3HoobpasHbix PO ans oueH-
Kn nx H B pasnnyHbIx rpynnax rmmuanbHbIX ONyxonemn
NPOOEMOHCTPUPOBANM pPsan  3aKOHOMEPHOCTEN:
N. Shinozaki 1 coasT. [8] nokazanu, 4To Ans acTpoum-
TapHbIX MWOM CMNPaBEANVBO MPABUAO YBEIMYEHUS
WNH MET npw noBbilweHnn nponndepaTnBHON akTuB-
HocTu onyxonu. T. Hatakeyama u coagT. [9] o6Hapy-
XN CTaTUCTUYECKM 3HAYMMbIE PA3NINYMS STOrO MOo-
KasaTens Tonbko Mexay AnddysHbIMU 1 aHannacTu-
4eCcknMmM acTpoumTomMamu; B npotmeoeec um T. Kato
n coasT. [10] nNpoAEMOHCTPMPOBANU pPa3nMyUd
WMH MET ona anddysHbix, aHannacTM4eckmx actpo-
untoM 1 rmmobnactoM. Hacrtosiwee vccnenosaHve
CTaBWNO CBOEWN LENbIO N3yYeHne 3aKOHOMEPHOCTEN
Hakonnenmsa MET TOfbKO B rpynne aHanaacTUieCcKmx
rMUOM C OAHOBpPEeMeHHON oueHkon MP-xapakTe-
pucTuK onyxonu. MNpu cpaBHEHUM 0OGBLEMOB OMyX0Jn
no ganHeiM MPT n M3T B Tpex rpynnax (AA IDH*,
AA IDH- 1 AO/L]) cTano o4eBUAHbLIM, YTO HANDONBLLINIA
06Lwmii o6bem onyxonu (no MPT B T2-FLAIR) 6bin 3a-
pernctpupoBaH B rpynne AA IDH*; ogHako 3T onyxo-
I XapakTepu30BaiMCb HAUMEHbLUUM YPOBHEM
HakonneHmsa PO n MUHMManbHbLIM cpeam Tpex rpynn
00beMOM MeTaboNIMYeCKN akTUBHOW TKaHW Ha
M3T-KT. BO3MOXHO, 3TOT ¢dakT 0ObSACHAETCA 0CO-
©6eHHocTsaMK aBontounm AA IDH*, BO3HMKaIOLLNX B pe-
3ynbTate MHOrONETHEro mnpouecca ManaurHu3aumm
OMOPY3HbIX aCTPOLMTOM, y4aCTKM aHannasmm B KO-
TOPbIX MOTFYT BO3HMKATb B XAOTMYHOM MOPSAKE.
Nx konmyecTBo (a 3Ha4unT, 1 MeTabonnMyecknin 06bLeM)
Ha pasHbIX aTanax rmMomareHe3a MOXET CYLLLECTBEH-
HO OTNINYATLCS B NOMYSLMN NALMEHTOB C OAHOVMMEH-

HbIMW OnyxonsamMu. 3OTO 0OYyCNOBAMBAET, Ha Hall
B3rNs4, OTCYTCTBME 3aBMCUMMOCTU Mexay o0Lum
N MeTabonnyeckum oObLEMOM OMyXoaun, a Takxe
YPOBHEM X MeTab0/IMYECKOM aKTUBHOCTU, @ UIMEHHO
MH MET. B noooepxky aTOM KOHLEMNLUMN BbICTYNaeT 1
Hannyme NnoIOXUTENbHON YMEPEHHOW KOPPENSLIMOH-
HOW CBSI3M Mexay obwmum o6bemMomM onyxonu 1 obbe-
MOM €€ KOHTPaCcTUPyeMOn YacTu. AnnTenbHbIn nepum-
O[, BPEMEHW, KOTOPbIA MPOXOAUT OT Havasa npovecca
ManurHndauum gndaeysHon actpountomsl B AA IDH*
[0 MOMEHTa ee NePBUYHON ANArHOCTUKK, OObSICHAET
Gonblunii 06bEM N OOJbLLEE KONMYECTBO Y4acTKOB
aHannasmm, COOTBETCTBYIOLMX, NO AaHHbIM Psaa Uc-
cnegoBartener, 30HaM HaKOMIEHUs napamarHeTuka
npu MPT un yuyactkam runepdukcaumm PO npu
NaT-KT [11].

B rpynne AA IDH- o6bem onyxonu, XoTs U Hepo-
CTOBEpPHO, Obl MeHblue, 4yeM y AA IDH*, a obbem
KOHTPACTMPYEMOI YacTu onyxonu — Gonblie. Mpu
aTOM 3HaveHuss MNH MET, meTtabonnyeckoro o6bema
1 gonesoro o6bema HakonneHns MET Oblnn 3Ha4YM-
MO Bbilwe, Yyem ansa AA IDH*, 4yTo nogTBepXaeHo
B LESIOM psige aHanoruyHbix pabot [5, 12-17].
9T0 BMNoJIHE corflacyeTcs ¢ ux 6onee arpecCuBHLIM
OVONIOrMYecknM MoBeAEeHNEM, KOraa Ornyxosib “He
ycneBaeT” ooCTuYb 60MbWOro oo6bema, umes 60Jb-
e y4aCTKOB aHannasuu, beictpee MaHUdeCTUpyeT
KNUHUYECKMN.

HanmeHbLumin obwpmii o6vem onyxonv no MPT npo-
nemoHcTpuposanu AO/LL (xoTs pa3nuyus He A0CTUMK
CTATUCTUYECKM 3HAYUMBbIX 3HAYEHUn), NMpu 3TOM
[ONeBO 0ObLEM KOHTPACTMPOBAHMS 3TWX OMyXOJeWn
OblJT 3HAUMTESNBHO BhILLE, YeM B 00LLen rpynne AA.

MNpu paccMoTpeHUM OTAENbHO rpynnbl KOHTPACT-
NO3UTUBHbIX OMYyX0J1el B Hallen BbIGOpKe OblIo 0TMe-
4yeHo, 4To ansa AO/LL xapakTepHO MUHUMAaNbHOE OTNn-
yne obuero obbema onyxonm oT MeTabonnM4eckoro
(npn atom AO/JL BEMOHCTPUPYIOT HaMBOobLINIA aone-
BO 0Obem HakonneHus MET). OTta 0COOEHHOCTb
0aBHO 00CYyXaaeTcs M 00bIMHO 0ObACHAETCS CTPYK-
TYPHbIMWU OCOBEHHOCTAMU ONUFOOEHAPOKOMMOHEH-
Ta: rematoaHuedanniecknin 6apbep B 3TON rpynne
onyxosiein 6onee npoHuuaem, 4To oOycnoBnvBaeT
0COOEHHOE BAMISIHME HA MUKPOOKPYXEHME U 300p0-
BYIO MO C MOBbILLUEHNEM NMPOHULLAEMOCTM COCY0B,
yepes peuentopbl AMPA (MOHOTPOMHBIA peuenTop
rnytamarta). AHanormyHble pesynbTaThl NOAyYnUIn nc-
cneposaTteny B MNPOBEAEHHbIX paHee paboTax —
S. Kebir n coast. [17], T. Saito u coasT. [18] He3aBu-
CUMO Opyr OT Apyra nokasanau, 4To Halnine Onauro-
OEHAPOMManbHOro KOMMNoHeHTa B onyxonu (1p/19q
MyTauun) conpsixxeHo ¢ 6onee Bbicokum MH MET. Tem
He MeHee CyLLLeCTBYeT uccnenosaHue A. Verger u co-
aBT. [19], roe aBTOpbI MokKasanu, 4YTO cTaTU4eckoe
M OMHaMMYecKoe uccnenoBaHue HakorsieHus POI
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BT euiHCKAS BHSYATHAALNS

(B paHHoMm cnydyae PN nossonseTr omimuntb IDH-
MYTaHTHbIE OMyXONM OT OMyxofie AMKOro Tuna mno
WHOEKCY ero HakomneHus, npu 3TOM onpeaeneHve
ko-peneumn 1p/19q (oaMrogeHapPOrNManbHOro KOM-
NMOHEHTA 0OMNyx0Jin) OblI0 HEBO3MOXHbIM.

B Hawem nccneposaHnn pasnuuns 3aHavenuin MH
MET mexay AA n AO/L (B TOM 4Mcne Npy pasgeneHnm
aCTPOUMUTOM Ha 2 rpynnbl B 3aBMCUMOCTM OT HaNN4ms
IDH-myTauum) He OOCTUIMU CTAaTUCTUYECKU 3Hayun-
MbIX BENIMYMH. Bonee Toro, cpegHne 3Ha4YeHnst aToro
nokasatensa ona AOL, (MH = 2,34 (1,75-2,94)) He cy-
LLIECTBEHHO OTIMYa/INCh OT TaKOBbIX OJ151 00LLEN rpyn-
nol AA (MH = 2,12 (1,58-2,73)). 310, Ha NepBbIN
B3rNsa, NPOTUBOPEYNT YCTOSIBLLMMCS B HEMPOBU3Yya-
omsaumn npeactaenedmam — S. Kebir n coast. [20],
T. Kato n coaBrt. [10], T. Saito n coasT. [18] nokasanu,
yto ana onyxonen Grade Il v lll UH MET Bbiwe y AOZ,
yem y AA. TeM He MeHee Oonee nosgHue PadoThl,
B KOTOPbIX cpaBHMBanucb He AAn AO/L, a AO/L, nonap-
HO ¢ AA IDH* n AA IDH-, n03BONWAY BbISIBUTb HECKOJ1b-
KO MHble 3aKOHOMepHOCTW. Tak, H. Takei n coasrT. [5],
nokasanu, 4to MIH POy AA gukoro tvna Bbllle, 4em
y A0/, a y AO/L, B cBOIO 04epenp, Bhille, 4em y IDH-
MYTaHTHbIX AA, NpuYemM 3T pes3ynbTaTbl OKa3anncb
WOEHTUYHBIMW A9 Tpex pasHbix Tpencepos (MET,
xonuH 1 dAOr). K. Nakajo u coasT. [21], Ha060pPOT,
He BbISBUAW 3HA4YMMbIX pasnuynii mexagy WH PO
B 9TUX Tpex rpynnax onyxonei. Cneoyer OTMETUTb,
4yTO B 06€eunx paboTax YMCNo NaLUMeHTOB C aHanacTu-
4YeCKUMU rMroMamMm BbINo A0CTaTOYHO Mano (B nep-
BOW 7 6onbHbIX ¢ AA IDH- 1 12 ¢ AOJl; BO BTOpOI —
9 AAIDH-, 2 IDH* n nnwb 1 AOA). Hawa padoTta 0606-
LAeT OnbIT ONArHOCTUYECKNX WUCCNedOBaHUA KPyr-
Henwen cepum nNauMeHTOB C aHanaacTU4eCKumun
rmMoMamm n oueHmnsaet peadynbtatbl MNAT-KT n MPT
B rpynne n3 78 60nbHbIX. HECMOTPS Ha [,OCTaTOYHbIN
006beM BbIOOPKK, Mbl TAKXKe He NOSTy4nIM CTaTUCTMYe-
CKW 3Ha4yMMbIX pasnuyuii B 3HadeHusax NH MET ana
TPEX U3yHaeMbIX FPYMNn ONyXONen.

B oTHoLweHun 3aBmucumocTt OB n BPB oT Helipo-
BU3YaNIN3ALMOHHbIX XapaKTEPUCTMK OMyXonen B Ha-
3BaHHbIX rpynnax ObinyM 0OHapyXeHbl cneaylme
B3aumoceaa3un. O6wuin o6bem onyxonu B rpynne AA
IDH* naumeHTOB Koppenupyet ¢ BPB, 4tO0 mMoOXxet
ObITb 0ObACHEHO MeHee arpeCccuBHbIM BMONOrnNYec-
KM NOBEAEHMEM 3TUX OMYyXOJen, KOTopble AoCTUra-
0T KPYMHbIX pasmMepoB npyu 6€CCMMNTOMHOM KTMHU-
4YECKOM TEYEHUM U, BO3MOXHO, PacTyT B MeOJIEHHOM
TEMME Kak 40, Tak U NOCne XMpPyprnieckoro BMeLla-
TenbcTBa B cpaBHeHun ¢ AA IDH-. Kakux-nmbo nono-
XUTENbHBIX KOppensaToB ¢ [MOT-xapakrepucTnkamm
onyxoJsiei obHapy>xeHo He Ob110. HaoboporT, B rpynne
AA IDH- 06bemM MeTabonnyeckn akTMBHOW OMyxone-
BOW TKaHM Mo gaHHbIM MN3T gemoHcTpuposan cnabo-
oTpuuartenbHylo 3aBncnumocTs ¢ OB n BPB, uto B Le-

2022, rom 26, Ned

JIOM COrNacyeTcsi C COBPEMEHHbLIMW NPEeACTaBNEHMSI-
MU O BMOSIOrMYECKOM MOBEAEHUN 3110KAYECTBEHHbIX
rmvoM. B cBolo ovepenpb, o6wmii 00beM M 06beM
KOHTpACTHOM YacTu onyxonu no MPT Boo6LLe He Kop-
penMpoBanu C NokasaTensaMu BbXXMBAEMOCTU NaLm-
eHToB. OUEeHUTb B3aMMOOTHOLLEHNE HENPOBU3YyaNu-
3aLMOHHBIX MAPAMETPOB C UX KIIMHUYECKOWN 3HAYNMO-
CTblo ObIIO 3aTPyaHUTENBHO BBUAY Gonee 6aaronpu-
ATHOro TeyeHust 3abonesaHus y nauneHtos ¢ AO/:
B XO[e KaTaMHEecTM4eckoro HabnwoaeHus okasa-
Nocbk — 60/1e€ NONIOBUHBI U3 HUX ObIIN XUBbLI K MOMEH-
TY OKOHYaHUS UCCNeaoBaHus.

3aknodyeHue

HacToswasn pabota Ha KpynHeEWLWeM KvHUYe-
CKOM MaTtepuane aHanmaupyeT COOTHOLUEHUS pe-
3ynbratoB MPT 1 MN3T-KT ¢ ""C-MeTMOHUHOM B rpyn-
ne rnuom Grade lll. Mo ee peadynbTatam ObINO ycTa-
HOBJIEHO, 4TO HamMbosbLINA MeTabonn4yeckmii obbem
cpeam n3ydaemblx rpynn gemoHcTpuposanu AA IDH-.
OTnnumnTensHom ocobeHHocTbio rpynnel AOL, cTano
HanMyne CTaTUCTUYECKU 3HAYUMMOW KOppenauum
0o0uero obbema onyxonu no aaHHeiM MPT ¢ meTabo-
nmyecknm ob6bemom no MIT-KT, a Takke C YpOBHEM
runepmetabonnama MET. MNokasaTtenu obLiei 1 6es-
PELUMOMBHON BbIXMBAEMOCTU [OEMOHCTPUPOBAIU
CTaTUCTUYECKM 3HAYNMYIO (OTPULATENBHYIO) B3anUMO-
CBSI3b NNLWb C 0ObEMOM METabOoNMYECKN aKTUBHOM
4yacTu Onyxonu, YTo Hanbonee CUILHO NPOSIBNANIOCH
B rpynne AA IDH-.

MonyyeHHble pes3ynbTaThl NO3BOAAIOT MO-HOBOMY
B3I/ISHYTb Ha YCTOsIBLUEECSH MHEHME O 6onee BbICO-
KOM YPOBHE MeTabonnamMa aMUHOKUCIOT B OMyXONsxX
C ONUrOAEHOPOKOMMOHEHTOM B CPABHEHUM C acTPO-
uMTOMaMK, NPOCneanB B3aMMOCBS3b N3y4aeMblxX Na-
pPamMeTpOB C BbIXXMBAEMOCTbBIO MALNEHTOB.
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Technetium-99m labelled somatostatin analogue
myocardial uptake in subacute and “old” myocardial
infarction: initial experience

© Julia N. llyushenkova*, Anna G. Syrkina, Andrei A. Trusov, Anna I. Mishkina,
Olga V. Mochula, Svetlana I. Sazonova, Vyacheslav V. Ryabov

Cardiology research Institute, Tomsk National medical research Center of the Russian Academy of Sciences, 11A, Kievskaya str.,
Tomsk 634012, Russian Federation

Background. It has been shown that prognosis following acute myocardial infarction (Ml) strongly correlates
with intensity of inflammatory reactions in response to myocardial injury. Thereby diagnostic methods for myocardial
post-infarction inflammation (PIl) monitoring are needed. Scintigraphy with somatostatin receptor targeted
radiotracers has prospects for Pll imaging, but its clinical value is poorly studied.

Methods. Six patients with ST-segment elevation anterior myocardial infarction (STEMI) were examined by
chest SPECT/CT with %mTc-Tektrotyd and rest myocardial perfusion scintigraphy (MPS) at subacute and remote
(8" month) period of the disease. Parameters of both scintigraphic methods were estimated.

Results. In subacute stage of Ml myocardial perfusion defects were revealed in all 6 patients (mean SRS
11.83 *+ 8.89), ¥mTc-Tektrotyd uptake in myocardium was revealed in 3 of 6 patients. At remote period intense
uptake of *mTc-Tektrotyd was found only in 1 patient. This uptake was more spread and clears, comparing with
accumulation in subacute stage of AMI.

Conclusion. Myocardium scintigraphy with *mTc-Tektrotyd allows identifying overexpression of somatostatin
receptors in areas of recent and old myocardium infarction. In some patients the radiopharmaceutical uptake may
expands to a remote period of the disease. Further larger studies and histological validation of scintigraphic results
are needed.

Keywords: *°mTc-Tektrotyd, scintigraphy, acute myocardial infarction
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Ucnonb3oBaHne Me4YeHHOro TexHeunem-99m
aHanora comMaTtocTtaTuHa y 00JibHbIX C NOAOCTPbIM
uHpapKTOM MMUOKapAa U B OTAASIEHHOM nepuoae:
nepsBbIin ONbIT

© UnbloweHkosa 10.H.*, CoipkuHa A.T., Tpycos A.A., Muwkuna A.U.,
Mouyna 0.B., CasoHoBa C.U., Pa6oB B.B.

HayuyHo-nccnenoBaTenbekuii MHCTUTYT kapamonorun denepansbHoro rocyaapCTBEHHOMO GI0AXKETHOr0 HAYHHOT0 YYPEXAEHNS
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BeepeHue. [loka3aHo, 4TO MPOrHO3 nocne octporo mHdapkra (MM) nmeetr CunbHyl0 KOPPENSLMOHHYIO
B3aMMOCBSI3b C UHTEHCMBHOCTbIO BOCMA/IMTENIbHON peakLmn B OTBET Ha NMOBPEXAEHME Mruokapaa. B cBasu ¢ aTum
0N MOHUTOPWHIa NOCTUHMAPKTHOrO BOCNasieHns TPeOYITCS HOBbIE AMarHocTuyeckme noaxonsl. CunmHTUrpacdus
C MEYEHHbIMU TexHeLMeM-99m aHanoraMmm coMacToCcTaTMHa SBASETCS NEPCNEKTUBHBIM METOLOM BM3yanusaumm

MEIMHCKAS BH3YATHIBALS

NoCTUHGAPKTHOrO BOCMANEHUS, OAHAKO €€ KIIMHNYECKOE 3HAYEHME MAJIO U3YYEHO.

Marepuan n metogbl. B nccnenoaHve BKIIOYEHO 6 NauMeHToB ¢ nepeaHumM VMIM ¢ nogbemMom cermenTa ST.
Bcem naumeHTam 6bina nposeseHa OPIKT-KT rpyaHon kneTkm M Te-TekTpoTMaoM 1 nepdy3noHHas CLUMHTUrpadus
MUOKapaa B COCTOSHUM NMOKOS! B MOAOCTPOM 1 OTAAJIEHHOM (8 Mec) nepuoae.

PesynbraTtbl. B nogoctpom nepuoge nedektbl nepdy3nn Myokapaa Obiv BbISBNEHbI Y BCEX MaLMEHTOB
(SRS 11.83 * 8.89). B T0 xe BpeMs HakomnsieHve “mTc-TekTpoTuaa B MMokapae Oblio BbiSIBIEHO Yy 3 MauveHToB
13 6 obcnenoBaHHbIX. B oToaneHHoM neprone UHTEHCMBHOE HakomnieHve ®MTc-TekTpoTMaa OTMEYanoch TObKO
y 1 naupeHTa 13 6 1 Hocuno 6osiee pacnpoCTPaHEHHBI XapakTep MO CPaBHEHMIO C MOAOCTPLIM nepuogom VIM.

3aknioyeHne. CuuHTUrpadus muokapaa C ®mTc-TekTPoTMAOM MO3BOJISET BbISBUTb CBEPXIKCMPECCUID
PEeLLENTOPOB COMATOCTATUHA Y MAUMEHTOB, NepeHecLunx MM kak B MOLOCTPOM, Tak 1 B OTAAJEHHOM NEPUOAE.

KntoueBble cnoBa: **mTc-TeKTpOTUA, CUMHTUIPadus, OCTpbIn MHOAPKT M1okapaa
ABTOpbI NOATBEPXAAIOT OTCYTCTBME KOH(JIMKTOB UHTEPECOB.

Ana uutnpoBanus: Mnolowerkosa tO.H., CoipkuHa AL, Tpycos A.A., MuwkuHa A.U., Mouyna O.B., CasoHosa C.U.,
Pabos B.B. Mcnonb3oBaHve MeYeHHOro TexHeumem-99m aHanora comartocTatvHa y OOMbHbIX C MOAOCTPLIM
MHMAPKTOM Muokapaa v B OTAANEHHOM nepuoae: nepsblid onbiT. MeauumnHckas Budyanusaumsi. 2022; 26 (4):

93-101. https://doi.org/10.24835/1607-0763-1230
Moctynuna B pepakumio: 29.06.2022.

Abbreviations

MI — myocardial infarction

STEMI — ST-segment elevation myocardial infarc-
tion

LV EF - left ventricular ejection fraction

SSTR-t — somatostatin receptor targeted

TTE - transthoracic echocardiography

MPS - myocardial perfusion scintigraphy

9mTc-MIBI - #9mTc-sestamibi

Introduction

Despite of the significant improvement in acute
myocardial infarction (MI) diagnosis and treatment,
it remains one of the main causes of disability and
mortality worldwide [1]. The reperfusion therapy
with primary percutaneous coronary intervention is
a method of choice in patients with ST-segment el-
evation myocardial infarction (STEMI) within 12 h of
symptom onset, limiting infarct size, preserving left
ventricular ejection fraction (LVEF), and improving
clinical outcomes [2]. However, about 22% of STEMI
patients develop post-infarct heart failure, which is
largely determined by infarct size resulting from both
myocardial ischemia and reperfusion injury [3]. Also it
has been shown that acute myocardial damage caus-
es local and systemic inflammatory reactions, which
intensity strongly correlates with prognosis following
an acute Ml [4]. In this connection the impact of anti-
inflammatory therapeutic strategies, including inhibi-
tion of interleukin-13 by the monoclonal antibody
canakinumab and inhibition of leucocyte tubulin po-
lymerization by colchicine, on cardiovascular out-

2022, rom 26, Ned

MpuusTa k nevatu: 16.08.2022.

Onyo6nukoBaHa online: 20.10.2022.

comes in patients with previous Ml was studied in
several randomized controlled trials [5-8]. However,
there results have not fully proven the rationale for
the use of anti-inflammatory drugs in Ml patients,
possibly due to the absence of specific methods to
control an inflammation in the myocardium [9].
Recently, the applicability of somatostatin receptor
targeted (SSTR-t) radiotracers for post-ischemic
myocardial inflammation imaging using PET and
SPECT [10-13] has been shown on several clinical
cases and the possibility of using them for image-
guide anti-inflammatory therapy in MI patients
was discussed. In our pilot study we have attempted
to expand this initial experience and to estimate the
ability of technetium-99m SSTR-t radiotracer
9mTc-Tektrotyd to accumulate in the myocardium in
the early and late period after MI.

Methods and materials

From October 2020 to October 2021 a total of
6 patients with anterior STEMI (the average age
of 57.83 £ 10.72 years, 5 males), which were treated
in the Cardiac Emergency Department of Cardiology
Research Institute Tomsk NRMC, were included in the
study.

The following inclusion criteria were defined.

Patients over 18 years with primary anterior STEMI
[14], signed informed consent.

Exclusion criteria were the following:

1. Patients with re-infarction;

2. Patients with non-ST elevation myocardial in-
farction;
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5. Myocarditis, infective endocarditis, infiltrative
cardiomyopathy;

8. Prior therapy with somatostatin analogues;

9. Patient refusal to participate in the study.

All patient underwent primary percutaneous coro-
nary intervention (PCI) with stenting of left anterior
descending artery (LAD) (with or without preliminary
thrombolysis) and medical treatment according to
current guidelines [14].

Besides conventional diagnostic procedures [14]
on the 7th day after Ml onset (the time of M2 mac-
rophages peak accumulation in acute MI area ac-
cording to “Timeline of the inflammatory response
cascade” presented by Krenning B.J 2020 [15]) all
patients underwent SPECT/CT with %™Tc-HYNIC-
[D-Phe’, Tyr3-oktreotide (°*mTc-Tektrotyd) and on the
9th day — myocardial perfusion scintigraphy (MPS)
at rest, using *mTc-sestamibi (**"Tc-MIBI).

At 8" months after AMI, patients who demon-
strated any accumulation of ®mTc-Tektrotyd in the
myocardium were re-examined with transthoracic
echocardiography (TTE), °*mTc-Tektrotyd and %™Tc-
MIBI SPECT/CT at rest (an interval between scinti-
graphic examination was of 2 days).

All scintigraphic procedures were performed on
SPECT/CT scanner GE Discovery NM/CT 570c (GE
Healthcare, Milwaukee, WI, USA) equipped with solid
state cadmium-zinc-telluride (CZT) detectors. Both
99mTc-Tektrotyd and MPS scans were acquired using
low-energy multi-pinhole collimator and 19 stationary
detectors simultaneously imaging 19 different views
without detector rotation. Each detector contained
32 x 32 pixelated (2.46 x 2.46 mm) CZT elements.
20% energy window at 140 keV was used. All patients
were imaged in the supine position with arms placed
over their heads. The acquisition time was 7 min.

Cardiac SPECT/CT study was performed at 1 and
3 hours after intravenous injection of 370 MBq of
99mTc-Tektrotyd.

Myocardial perfusion scintigraphy (MPS) was
performed at 60 min after injection of 5 MBqg/kg of
%9mTc-MIBI in rest condition. Image acquisition and
reconstruction was performed according to EANM
procedural guidelines for myocardial perfusion scin-
tigraphy using cardiac centered gamma-cameras
[16].

To obtain attenuation map and anatomical heart
imaging, low-dose unenhanced CT scan without ECG
triggering and breath-hold was performed in all pa-
tients with the following parameters: tube voltage of
120 kV, tube current of 20 mA, rotation time of 0.8 s,
helical pitch 0,969:1, slice thickness of 5 mm, and in-
terstice interval of 5 mm for both *™Tc-Tektrotyd and
rest MPS scans [17].

99mTe-Tektrotyd data processing

and analysis

Hybrid SPECT/CT images were reconstructed on
the dedicated workstation (Xeleris 4.0; GE Healthcare,
Haifa, Israel) into axial, sagittal, and coronal planes,
using Corridor 4DM SPECT (GE Healthcare, Haifa,
Israel) software. The reconstructed fused SPECT/CT
images were viewed in multiplanar projections by two
nuclear medicine physicians. A positive finding (pres-
ence of uptake) was defined as the observation of ra-
dioactivity relatively higher than uptake in adjacent
tissues and LV cavity.

The intensities of %mTc-Tektrotyd uptake in the
myocardium and in the LV cavity were quantitatively
assessed using Volumetrics MI software (GE
Healthcare, Haifa, Israel). All circular ROl were meas-
ured at one slice and had equal size of 1 cm?; average
count was used for further calculations. After that,
myocardium / LV-cavity ratio was calculated.

Myocardial perfusion scintigraphy

data processing and analysis

All MPS images were interpreted by two experi-
enced nuclear cardiology physicians. CZT images
were reconstructed on the dedicated workstation
(Xeleris 4.0; GE Healthcare, Haifa, Israel) using maxi-
mum-penalized-likelihood iterative reconstruction
(60 iterations; Green OSL Alpha 0.7; Green OSL Beta
0.3) to acquire perfusion images in standard cardiac
axes (short axis, vertical long axis, and horizontal long
axis). The software Myovation for Alcyone (GE Health-
care, Haifa, Israel) was used for image reconstruction,
and Butterworth post-processing filter (frequency
0.37; order 7) was applied to the reconstructed slices.
The reconstruction was performed in 70 x 70 pixels
matrix with 50 slices.

Rest images were analyzed with a commercially
available software package Corridor 4DM (University
of Michigan, Ann Arbor, MI, USA). The calculation of
MPS parameters was performed based on uncor-
rected and attenuation corrected image analysis.
Perfusion in each of 17 segments was visually classi-
fied as 0 = normal, 1 = mild reduction, 2 = moderate
reduction, 3 = severe reduction or 4 = absent perfu-
sion, and the segmental scores were summed rest
(SRS) images. MPS studies were considered abnor-
mal in the presence of SRS >4 [18].

Results

Baseline characteristics of the enrolled patients
are presented in a Table 1. Most of them were men
(5 of 6), mean age was 58.17 £ 10.34 years. Three of
six patients had moderately reduced LV EF, three oth-
ers — preserved or normal LV EF (51.17 £ 6.55 %).

MEDICAL VISUALIZATION 2022, V. 26 , N4




OPUTUHAJILHOE UCCJIENOBAHUE | ORIGINAL ARTICLE

Table 1. Baseline characteristics of the enrolled patients

- Patient Patient Patient Patient Patient Patient

Characteristics No 1 No 2 No 3 No 4 No 5 No 6
Age 51 63 56 72 43 64
Sex male male male female male male
Hypertension stage 11l 1l 11l I 11l I
Diabetes mellitus no no no no no no
Dyslipidemia yes yes yes yes yes yes
Obesity yes no yes yes no no
Smoking no yes yes no yes yes
Family history of CVD yes no no no yes no
Pre-CHF no no no no no no
Hemoglobin (g/L)*** 146 155 157 145 162 168
Glucose (mmol/L )*** 5.01 5.68 6.4 6.36 4.87 4.72
Creatinine (mcmol/L) *** 71.00 85.00 95.00 85.00 80.00 80.00
Troponin | (ng/ml) * 3.81 0.02 35.07 2,07 10.66 14.16
Troponin | (ng/ml) * 5.1 0.87 120.44 87.42 25.00 25.00
CRP (mg/L)*** 5.1 2.9 10,4 12,3 79 3.2
LV EF (%) 44 54 a7 53 62 47
LV EDV (ml) 124 91 108 107 93 99
LV ESV (ml) 70 42 57 50 35 52
Culprit lesion LAD LAD LAD LAD LAD LAD
Total ischemic time (min) 1110 215 274 946 937 214

Note: * - in admission; ** - peak value; *** — on 7t day after acute myocardial infarction onset; CVD - cardio-vascular dis-
ease, CHF - chronic heart failure, CRP — C-reactive protein, LV EF - left ventricular ejection fraction, LV EDV - left ventricular
end diastolic volume, LV ESV - left ventricular end systolic volume.

Table 2. Scintigraphic and echocardiographic parameters of enrolled patients

. Patient Patient Patient Patient Patient Patient

Characteristics No 1 No 2 No 3 No 4 No 5 No 6
9mTc-Tektrotyd uptake Apex, Absence Septum, Anterior Absence Absence
on 7" day after Ml onset | anteriorwall / | of uptake/ | anterior, lateral wall / 2.6 of uptake / | of uptake /
(localization/focus to LV 2.1 1.7 wall /2.5 1.5 1.7
cavity ratio)
9mTc-Tektrotyd uptake on | Absence of NP Septum, Absence of NP NP
8" months after Ml onset | uptake/ /1.6 anterior, apical | uptake / 1.06
(localization/focus to LV lateral wall 2.4
cavity ratio)
Rest MPS on 9™ day 10 4 23 23 5 6
after Ml onset (SRS)
Rest MPS on 8" months 8 NP 32 23 NP NP
after Ml onset (SRS)
LV EF (%), baseline / 44/48 54/NP 47/46 52/54 62/NP 47/NP
8" months after Ml onset
LV EDV (ml), baseline / 124/143 91/NP 108/150 107/120 93/NP 99/NP
8" months after Ml onset
LV ESV (ml), baseline / 70/75 42/NP 57/81 50/55 35/NP 52/NP
8" months after Ml onset

Note: NP - not performed, Ml - myocardial infarction, LV - left ventricle, MPS — myocardium perfusion scintigraphy,
SRS - summed rest score, LV EF - left ventricular ejection fraction, LV EDV - left ventricular end diastolic volume,
LV ESV - left ventricular end systolic volume.
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Fig. 1. a — Cardiac ®"Tc-Tektrotyd SPECT/CT which was performed in subacute stage of the myocardium infarction
shows increased local uptake of the tracer in apical and intermediate anterior wall, septum and lateral wall of the left
ventricular (pointed with arrows). b — In the same patient cardiac %mTc-Tektrotyd SPECT/CT performed in remote period
of myocardium infarction (8 months) shows expanded and clearer uptake of the tracer. ¢ - Rest myocardium perfusion
scintigtraphy with %*mTc-sestamibi performed in remote period of myocardium infarction (8 months) shows areas of
hypoperfusion matched with areas of %mTc-Tektrotyd uptake.

Accumulation of ®mTc-Tektrotyd in myocardium
was revealed in 3 of 6 patients on the 7t" day after Ml
onset (Table 2, Fig.1). In all cases the uptake was
localized in the apex and anterior area of LV, and in
1 case additionally in the septum and lateral wall of
LV. Images of patient Ne1 were previously presented
by Sazonova S.I. et al. [12].

Rest myocardium perfusion scintigraphy per-
formed on the 9" day after Ml onset revealed perfu-

sion defectsin all 6 patients (mean SRS 11.83 + 8.89),
located predominantly in the apex and anterior wall
of the LV (Table 2).

At 8 months after Ml onset TTE, rest MPS and
myocardium scintigraphy with %mTc-Tektrotyd were
performed in 3 patients, who showed positive findings
in subacute stage of STEMI (Table 2). Among them
intense uptake of ¥mTc-Tektrotyd was found only in
1 patient No3. This uptake was more spread and in-
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Fig. 2. Cardiac %" Tc-Tektrotyd (Tektr), **mTc-sestamibi SPECT images at rest (Rst) and their polar
maps shows «mirror» accumulation of tracers in patient with old myocardium infarction.

tensive, comparing with °°mTc-Tektrotyd accumula-
tion, observed at 7t day after Ml onset. Its localization
was fully corresponded to the area of perfusion de-
fect, detected by rest MPS (Fig 1, 2). Additionally,
patient No3 underwent cardiac magnetic resonance
imaging (MRI), which showed area of hyperenhance-
ment on LGE images in the basal and middle anteri-
or-septal wall as well as in the apical part of the infe-

MEIVIMHCKAS BUSYATTUBALIAA 2022, mom 26, Ned

rior wall of the LV, corresponding to the old myocar-
dial infarction region (Fig 3). No MRI signs of myo-
cardial inflammation were revealed. The patient
No3 was also different from the others in the largest
SRS, troponin | and glucose level in subacute stage
of STEMI, and had the largest increase of EDV
(on 38%), ESV (on 42%) and SRS (on 39%) after
8 months.
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Discussion

In the present pilot study was shown the possibility
of 9¥9mTc-Tektrotyd to accumulate intensively in the site
of recent myocardium infarction following by the ex-
pansion of the uptake area during the Ml remote pe-
riod, indicating overexpression of somatostatin recep-
tors and increased number of activated macrophages
in the scar and adjacent ischemic myocardial tissues
[10-13]. Also few different variants of %°mTc-Tektrotyd
accumulation in the myocardium of clinically similar
patients with anterior STEMI were demonstrated:
1) the absence of uptake in subacute stage of AMI,
2) the presence of intensive local uptake in subacute
stage of Ml followed by the absence of uptake in the
remote period, 3) the presence of intensive local up-
take in subacute stage of Ml followed by expansion
of the uptake area. This demonstrates the individual
inflammatory response to myocardial injury and its
severity during myocardial healing. What is signifi-
cant, is that ®*mTc-Tectrotide uptake area in all cases
was matched with areas of hypoperfusion, detected
by rest MPS.

Our results are consistent with data, presented by
Tarkin J.M. et al in 2019 [11]. The authors found that
68Ga-DOTATATE (somatostatin receptor subtype-2
positron emission tomography ligand) can identify
active inflammation in recently infarcted myocardium,
as well as old ischemic injury. The pathophysiological
explanation of these results, contradictions with ex-
perimental data in mice [19], and the necessity of
histological validation of scintigraphic results are
discussed in details in their paper [11].

The current data indicate the prospect of using
scintigraphy with technetium labelled SSTR-t radi-

Fig. 3. Cardiac MRI images of the
patient with 9%mTc-Tektrotyd intense
accumulation in the area of old MI: scar
in the anterior-septal wall, no signs of
inflammation. a - late gadolinium
enhancement (LGE) images. Area of
hyperenhancement corresponded to
anteroseptal segments of left
ventricular. b - T2-weihgted images.
No signs of edema.

LGE visualizes postinfarction
cardiosclerosis in the projection of the
anterior septal wall in the basal and
middle sections of the left ventricle and
the inferior wall of the left ventricle in
the apical section. This picture does not
correspond to an acute infarction,
because. an increase in the intensity of
the MR signal (edema zone) on T2-Wl is
not visualized.

otracers to identify groups of post-MI patients who
need anti-inflammatory therapy to prevent an adverse
myocardium remodeling. Definitely, to assess the
clinical value of the method, it is necessary to study
many issues, including timing for images registration,
definition of quantitative uptake criteria and associa-
tion of SSTR-t scintigraphy results with adverse re-
modeling.

Limitations

The present study has several limitations, the most
notable of which are small sample size and short fol-
low-up period. This limits the full assessment of the
9mTc-Tektrotyd accumulation patterns in patients
with acute MI. In addition, histological validation of
scintigraphic results is necessary, but was not per-
formed in current study.

New knowledge gained

Myocardium scintigraphy with 9mTc-Tektrotyd
allows identifying overexpression of somatostatin
receptors in areas of recent and old myocardium
infarction. In some patients the area of the radiophar-
maceutical uptake expands to a remote period of the
disease.

Conclusion

Thus, in the presented study, it was shown the pos-
sibility of %mTc-Tektrotyd to accumulate intensively
both in sites of recent and old myocardium infarction,
indicating overexpression of somatostatin receptors
there. Herewith an intensity and distribution of the ra-
diopharmaceutical uptake were individual in subacute
and remote period of the disease. These results may
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point to the prospect of using scintigraphy with tech-
netium labelled SSTR-t radiotracers to identify groups
of post-MI patients who need anti-inflammatory ther-
apy to prevent an adverse myocardium remodeling.
However, further larger studies of the clinical and
prognostic value of the method and histological vali-
dation of scintigraphic results are needed.
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of hypervascular pancreatic neuroendocrine tumors
from renal cell carcinoma metastases:
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Objective: to develop a diagnostic model that includes CT and radiomic features for the differential diagnosis
of pancreatic neuroendocrine tumors (PNETs) G1 and G2 and pancreatic renal cell carcinoma (RCC) metastases.

Material and Methods. 78 patients with 79 hypervascular PNETs and 17 patients with 24 pancreatic RCC
metastases who underwent pancreatic resection and histological verification were selected in the study. All the
patients underwent preoperative contrast enhanced CT (CECT). We assessed tumor attenuation, composition
(cystic/solid), homogeneity (homogeneous/heterogeneous), calcification and presence of the main pancreatic
duct (MPD) dilation. We calculated lesion-to-parenchyma contrast (LPC), relative tumor enhancement ratio (RTE)
and extracted 52 texture features for arterial phase of CECT. Qualitative and texture features were compared
between PNETs and pancreatic RCC metastasis. The selection of predictors for the logistic model was carried
out in 2 successive stages: 1) selection of predictors based on one-factor logistic models, the selection criterion
was p < 0.2; 2) selection of predictors using L2 regularization (LASSO regression after standardization of indepen-
dent variables). The selected predictors were included in a logistic regression model without interactions, the coef-
ficients of which were estimated using the maximum likelihood method with a penalty of 0.8.

Results. There was no difference in composition, homogeneity (homogeneous/heterogeneous) and presence
of the MPD dilation between groups. We did not find calcification in pancreatic RCC metastasis, in contrast to the
PNETs (9% contained calcifications). After selection, the LCR, CONVENTIONAL _HUmin, GLCM_Correlation,
NGLDM_Coarseness were included in the final diagnostic model, which showed a sensitivity and specificity of
95.8%; 62% in the prediction of pancreatic RCC metastases.

Conclusion. The diagnostic model developed on the basis of texture and CT-features has high sensitivity
(95.8%) with moderate specificity (62%), which allows it to be used in complex diagnostic cases to determine the
patient’s treatment tactics.

Keywords: computed tomography, texture analysis, renal cell carcinoma, metastases, pancreatic neuroendocrine
tumor
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TekctypHbie n KT-npusHaku B audpdepeHumnanbHOM
AMarHo3e runepBacKyNAPHbIX HEMPOIHAOKPUHHbBIX
onyxosiev NnogXxenyao4yHom xenesbl
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Lienb uccnepoBaHus: paspabotartb ANArHoCTUYECKYIO MOAESb, BKoHatoLLyto KT-xapakTepucTmku 1 nokasa-
Tenu paguoMukn ansg anddepeHLmManbHON ANAarHOCTUKN HEMPOIHOOKPUHHBIX OMYX0ien NOAXKENYA04HON Xenesbl
(NMH30) G1 n G2 n meTacTa3oB NO4YEYHO-KNETOHHOrO paka (MKP).

Matepuan n metogpl. B nccnenoBaHve 6binm 0To6paHbl 78 naumeHToB ¢ 79 runepsackynspHbivy NMH30
1 17 naumeHToB ¢ 24 meTactadamu [MKP, koTopbiM Oblia BbINMOSIHEHA PE3EKLIMS NOAKENYA04HON XeNedbl C r’MCTo-
niornyeckor Bepudukaumein. Bcem naumeHtam nepep onepaumeri 6ouina nposegeHa KT ¢ KOHTpPACTHbIM ycune-
HMeM. Mbl OLEHMBANY MIOTHOCTb ONYXON, CTPYKTYPY (KMCTO3HAs/CoNMaHas), FOMOreHHOCTb (FOMOreHHasi/rete-
pOreHHas), kanbuMduKaumio 1 Hanavyme paclUMpeHus raBHOro MPOToKa MoAXenynodHow >xenedbl (ITM).
Mebl paccumTanu OTHOLLEHWE MAOTHOCTM OMYXOM K MAOTHOCTU NapeHxmMbl (LPC) n oTHOCUTENbHbIN KOS PULIMEHT
KOHTpacTupoBaHua onyxonn (RTE) m Bblumcnunm 52 TeKCTypHbIX MoKa3atens Ans apTtepuanbHOM ¢asbl
KT-nccnepoBaHuns. KayecTBeHHbIE 1 TEKCTYPHBbIE XapakTEPUCTUKM cpaBHMBanu mexay NMH30 n meTtactasamu
MNMKP. OT60p NpeauKTopoB B NOMMCTMYECKYIO MOLENN OCYLLECTBAANICS B 2 NMocnefoBaTenbHbix a1ana: 1) otbop
NPeAuKTOPOB Ha OCHOBE OAHOMAKTOPHbLIX JIOTMCTUYECKMX MOAENen, kputepuem otbopa cnyxuno p < 0.2;
2) oTbop NpeamkTopoB ¢ nomoLubio L2-perynapusaumm (LASSO-perpeccus nocne crtaHgapTusaumm HesaBucH-
MbIX NepeMeHHbIX). OTo6paHHbIe NPeaNKTOPbI BKIOYAINCH B JIOTUCTUYECKYIO PEFPECCUOHHYIO Moaenb 6e3 B3au-
MOLENCTBUI, KOIPDULMEHTBI KOTOPOW PACCHUTLIBAINCH C UCMONAb30BAHMEM METOAA MaKCUMabHOrO MPaBao-
nono6us co wrpagom 0,8.

Pe3ynbratbl. He 66110 pa3nuynii B CTPYKTYPE, FOMOr€HHOCTUN (FOMOr€HHbIE/TETEPOreHHbIE) Y HANMYMK Auna-
Tauum TN mexay rpynnamu. Mel He 06Hapyxunu kanbumdukaumm npu metactasax MKP, B otanyne ot MNMH30.
Mocne ot6opa LCR, CONVENTIONAL_HUmin, GLCM_Correlation, NGLDM_Coarseness 6b111 BK/IIOYEHbI B OKOHYa-
TeJbHYI0 ANArHOCTUYECKYIO MOLESb, KOTOPas nokasana YyBCTBUTENbHOCTb U cneumdunyHocTb 95,8%; 62% B npor-
HO3MpoBaHMM meTacTasos MNKP.

3aknioyeHue. PaspaboTaHHas HA OCHOBaHMM TEKCTYPHbIX U KT-Npn3HakoB guarHocTuyeckas Mogens obna-
[AaeT BbICOKOW YyBCTBUTENLHOCTHIO (95,8%) npu ymepeHHo! cneumduiHocTn (62%), 4TO NO3BONSIET MCMONIb30-
BaTb €€ NPU CNOXHbIX AMArHOCTUYECKUX CRyYaax Ans onpeneneHns TakTUKU Ne4eHns naumeHTa.

KnioueBble cnosa: KOMMNbOTEPHAA TOMOrpadus, TEKCTYPHbIM aHann3, NOYe4YHO-KNEeTOYHbIN pak, MeTacTasbl, Hen-
PO3HOOKPUHHASA OMYX0Jb MOAXENYA0YHOM Xenesbl

UcTouHuku puHaHcupoBaHus U KOHPIUKT UHTEPECcOB. VCTOYHKN HUHAHCUPOBAHUS: UCCeA0BaHME BbINO-
HeHo npu duHaHcoBol noaaepxke PO®U B pamkax HaysHoro npoekta Ne 20-315-90070.

Ana uutupoBanus: [pysnes W.C., KapmaszaHosckuii I, JlanteBa M.I., 3amstuHa K.A., TuxoHoBa B.C.,
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Introduction

Renal cell carcinoma (RCC) annually causes the
death of 30,000 patients in Europe [1, 2]. At the same
time, RCC is the most common malignant tumor that
metastasizes to the pancreas. The method of choice
for diagnosing both kidney cancer and pancreatic tu-
mors is contrast enhanced computed tomography [3,
4]. The most common pancreatic tumor is hypovascu-
lar intraductal adenocarcinoma, which, according to
CT-features, significantly differs from renal cell carci-
noma and its metastases [5]. At the same time, rather
rare pancreatic neuroendocrine tumors (PNETs) grade
1 (G1) and grade 2 (G2) have similar contrast en-
hancement characteristics with pancreatic RCC me-
tastases, being hypervascular compared to the intact
pancreatic parenchyma [6]. Additional difficulties are
caused by clinical situations when pancreatic RCC
metastasis to the pancreas is the only manifestation of
the disease after a long time after surgical treatment
of kidney cancer [7, 8].

The management of PNETs and pancreatic RCC
metastases differs. The only radical treatment for
PNETs is surgical resection [9, 10]. However, for small,
non-functioning tumors the radiological follow up or
immunotherapy could be considered [11]. Patients
with RCC metastases are recommended to undergo
pancreatic resection or targeted immunotherapy [12,
13]. Accurate preoperative differential diagnosis al-
lows early treatment and avoids additional invasive
interventions such as fine needle biopsy.

Recently, radiomic features have shown promising
results in the differential diagnosis of various pancre-
atic tumors [14-16]. van der Pol et al. compared the
quantitative and qualitative CT characteristics of 43
resected PNETs and 28 pancreatic RCC metastases
and found that the radiomic feature entropy has mod-
erate sensitivity and specificity (71.4/79.1%, respec-
tively) in the diagnosis of PNETs [17].

The purpose of our study was to develop a diag-
nostic model based on CT and radiomic features for
the differential diagnosis of PNETs G1 and G2 and
pancreatic RCC metastases.

Material and Methods

This retrospective study, based on patient data
from A. V. Vishnevsky National Medical Research
Center of Surgery and N. N. Blokhin National Medical
Research Center of Oncology, was approved by the
decision of the local ethics committee, Protocol No.
008-2019 dated September 27, 2019.

Study population

The study included 78 patients with PNETs G1 and
G2 and 17 patients with RCC metastases to the pan-
creas. All patients underwent preoperative CECT. The
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inclusion criterion was the presence of the unen-
hanced and arterial phases of the CT examination.
The inclusion criterion for patients with PNETs was
the availability of data from an immunohistochemical
study with grade determination. All patients with pan-
creatic RCC metastases underwent surgery and sub-
sequent morphological verification.

Morphology and immunohistochemistry

Analyzes of the gross specimens were performed
in the pathoanatomical departments of the A.V.
Vishnevsky National Medical Research Center of
Surgery and N.N. Blokhin National Medical Research
Center of Oncology. PNETs were graded according to
the guidelines of the World Health Organization (WHO,
2020) based on the mitotic count and the Ki-67 index.
The grade was determined based on the value of the
Ki-67 proliferation index and mitotic count in 10 fields
of view (G1 - Ki-67 < 2, mitotic count <2, G2 — Ki-67 =
2-20, mitotic count = 2-20).

CT acquisition

The majority of patients (50 patients with PNETs
and 1 patient with RCC metastasis to pancreas) un-
derwent CECT according to the standard protocol of
the N.N. A. V. Vishnevsky. The following scanning
parameters were used: slice thickness 1.5 mm, tube
voltage 100 kV, reconstruction gap 0.75 mm. A con-
trast agent with an iodine concentration of 350 mg/
ml was injected using an automatic injector at a rate
of 3.5 ml/s, followed by the injection of 25 ml of sa-
line. The volume of the contrast agent was calculated
according to the formula 1 ml/kg of the patient's body
weight, but not more than 100 ml. Contrast enhanced
imaging was performed using the “bolus traking”
technique with a density threshold of 150 HU on the
descending thoracic aorta at the level of the dia-
phragm, starting the arterial phase scan for 10 s. CT
scans of the rest of the patients (44) were performed
on different CT-machines. The slice thickness varied
from 1 to 5 mm, and the tube voltage varied from 100
to 140 kV. The inclusion criteria were the presence of
the native and arterial phases of the CECT.

Qualitative CT analysis

Two radiologists with 3 and 12 years of abdominal
imaging experience measured the density of tumor
tissue and intact pancreatic parenchyma. In tumors,
the most contrast-enhancing component of the tu-
mor was measured by the largest possible region of
interest. In the case of a heterogeneous tumor struc-
ture, areas of cystic degeneration of the tumor and
the zones of calcifications were avoided. In the pan-
creatic parenchyma, the most representative area
was measured with no calcifications, cystic inclu-
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sions, and atrophy. In pancreatic RCC metastases,
well-demarcated lesions whose maximum size ex-
ceeded twice the section thickness (2-10 mm) were
selected for analysis. Next, we calculated the ratio of
PNET density to the density of intact pancreatic tissue
LPC (Lesion to Parenchyma) and the relative tumor
enhancement ratio (RTE) for the arterial phase of the
study using the following formulas:

LPC =Ta/Pa,
RTE = (Ta—Tn)/(Pa — Pn)

Ta - the density of the tumor tissue in the arterial
phase, Pa - the density of the parenchyma in the arte-
rial phase, Tn — the density of the tumor tissue in the
unenhanced phase, Pn — the density of the paren-
chyma in the unenhanced phase.

The presence and absence of the following CT
features were assessed in pancreatic tumors: cysts,
calcifications, homogeneity, main pancreatic duct dil-
atation, pancreatic parenchymal atrophy.

Radiomic analysis

The open-source software the LIFEx application
(version v5.10, www.lifexsoft.org) was used to cal-
culate texture features [18]. Segmentation of the
entire tumor volume was performed using a three-
dimensional region of interest (3D ROI) in the arterial
phase of the study (Fig. 1). After segmentation,
52 radiomic features were automatically calculated
for arterial phase of the study. Textural features were
selected from them, in which the Kendall concord-
ance coefficient was 0.7 or more [19].

Statistical analysis

Data analysis was carried out using the R 4.1.0
statistical computing environment (R Foundation for
Statistical Computing, Vienna, Austria).

To analyze the consistency of qualitative scores
between two radiologists, type | intraclass correlation
coefficient (ICC) was used for quantitative variables
and Cohen's kappa statistic (k) for binary variables.

The selection of predictors for the logistic model
was carried out in 2 successive stages: 1) selection
of predictors based on one-factor logistic models, the
selection criterion was p < 0.2; 2) selection of predic-
tors using L2 regularization (LASSO regression after

Fig. 1. CECT in a patient with RCC metastasis in the head of
the pancreas, arterial phase. The entire visible volume of the
metastases is segmented.

standardization of independent variables, hyperpa-
rameter A was determined using 10-box cross-valida-
tion while minimizing model deviation). The selected
predictors were included in a logistic regression mod-
el without interactions, the coefficients of which were
estimated using the maximum likelihood method with
a penalty of 0.8 (Penalised maximum likelihood esti-
mator). Model characteristics were evaluated using a
nonparametric bootstrap (B = 100).

Results

A total of 79 resected PNETs in 78 patients
and 24 pancreatic RCC metastases in 17 patients
were included in the study. Among patients with
PNETs, 25 patients underwent tumor enucleation,
12 pancreatoduodenal resection, 8 median pancreat-
ic resection, 32 distal pancreatic resection, and 1 total
pancreatectomy.

Table present the results of an analysis of the
agreement between the scores of two radiologists re-
garding contrast ratios. It was found that, in general,
the consistency of the scores was satisfactory, how-
ever, as can be seen from Table 1, the consistency
depended on the diagnosis and was significantly
higher when evaluating the contrast features in the
case of PNETs. In general, LCR is more consistent

Table. Consistency of Radiologists’ Assessments. ICC - intraclass correlation coefficient, Cl — confidence interval

Index PNETs + RCC metastases PNETs RCC metastases
ICC [95% CI] P ICC [95% CI] P ICC [95% CI] P
LCR 0.62[0.49; 0.73] <0.0001 0.73[0.60; 0.82] <0.0001 0.18[-0.18; 0.51] 0.1663
RTE 0.58[0.43; 0.69] <0.0001 0.68[0.53; 0.79] <0.0001 0.23 [-0.12; 0.56] 0.0996
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than RTE, which can be explained by a simpler for-
mula for its calculation and fewer measurements.

Among CT features, all criteria were in full agree-
ment, except for the presence of calcifications, since
no calcifications were detected in the structure of
RCC metastases to pancreas, and homogeneity of
contrast enhancement. In our opinion, the assess-
ment of contrast homogeneity is too subjective, as it
may vary with changes in image contrast, which may
affect the results of the differential diagnosis.

After applying single-factor logistic models, 13
texture features were selected for further selection of
predictors in a multi-factor model. There was a strong
correlation between LCR and RTE scores (p = 0.93
[95% CI: 0.9-0.95]), with no significant difference
in association with diagnosis in univariate models
(AUC = 0.76 vs. AUC = 0.77 for LCR and RTE respec-
tively). So it was decided to include the LCR in the
subsequent selection due to a slightly higher consist-
ency of assessments by radiologists (Table).

0 10 20 30 40 50 60 70 80 90 100
POII'ItS L i i i i i i i i i J
LCR r T T T T T T v v T T "
06 0.8 1 1.2 1.4 16 1.8 2 22 2.4 26 2.8
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Fig. 2. Nomogram for assessing the probability of pancreatic RCC metastasis. To assess the value of the logistic function
(a linear combination of predictors) and the probability of an outcome, it is necessary to determine the corresponding score
for each predictor, then sum the scores for all predictors. Using the corresponding score and the diagram (Fig. 3), the

probability of presence a RCC metastasis is calculated.

100

RCC metastasis probability, %

-3.0 -25 -2.0 -1

Linear

5 -1.0 -05
predictor

Fig. 3. Estimation of the accuracy of predictions obtained in the multiple logistic regression model. The points correspond to

the estimates of the probability RCC metastasis depending on

the values of the linear predictor, the vertical lines correspond

to the standard errors of predictions. For example, the final score = 1,7 (from Fig. 2) corresponds to the probability of a RCC

metastasis 85%.
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When using L2 regularization, 4 predictors, 1 con-
trast ratio (LCR) and 3 texture features were selected
in the final model:

+ CONVENTIONAL _HUmin - characterizes the
minimum voxel value (HU) in the region of interest

+ GLCM Correlation (Grey Level Co-occurrence
Matrix Correlation) — Correlation in the gray level coin-
cidence matrix, linear dependence of gray levels in
GLCM

+ NGLDM_Coarseness (Neighborhood Grey-Level
Difference Matrix Coarseness), gray neighborhood
difference matrix. NGLDM characterizes the differ-
ence in gray level between a voxel and its 26 neigh-
boring voxels in three spatial dimensions. NGLDM _
Coarseness is the spatial rate of change in gray level
intensity.

Figures 2-3 present a nomogram for the probabil-
ity of pancreatic RCC metastases derived from the fi-
nal model. The resulting model was characterized by
the following characteristics: Nigelkerke's pseudo-R2
was 0.35 (Nijelkirk's adjusted pseudo-R2 was 0.31)
and C-index (AUC) was 0.82 [95% CI: 0.74; 0.91] (ad-
justed C-index — 0.79). The developed diagnostic
model had a sensitivity and specificity of 95.8%; 62%,
respectively, in the diagnosis of RCC metastases to
pancreas (Youden index = 16%).

Discussion

The number of publications devoted to the differ-
ential diagnosis of PNETs and pancreatic RCC metas-
tases is extremely small, since metastases are a fairly
rare pathology of the pancreas compared to pancrea-
titis and primary tumors. Moreover, a very small pro-
portion of patients undergo surgical treatment due to
limited indications. At the same time, large medical
centers with a large volume of surgical interventions in
the hepatobiliary zone accumulate a fairly large num-
ber of patients with both PNETs and RCC metastasis,
in which it is difficult to determine the correct treat-
ment tactics.

Differential diagnosis of PNETs and pancreatic
RCC metastases by imaging methods is difficult due
to the similarity of their imaging features. There are
very few publications devoted to this problem. Kang et
al. were among the first to reveal that the washout of
the contrast agent in RCC metastases was signifi-
cantly higher compared to PNETs in 16 patients with
37 RCC metastases and 28 patients with 31 PNETs
[20]. With a washout threshold of 19% for RCC metas-
tases, the accuracy, sensitivity, and specificity were
83.8%, 83.8%, and 83.9%, respectively. In our work,
we could not evaluate the influence of contrast agent
washout on the accuracy of diagnosing RCC metasta-
ses, since CT studies were performed at different in-

stitutions with different delay times, which could affect
the results of the study. Lu et al. assessed the possi-
bilities of a chemical shift artifact on the dual-echo
gradient MRl in differentiation of RCC metastasis from
PNETs [21]. The use of double echo made it possible
to detect RCC metastases with sensitivity and specific-
ity of 79.2% and 90.9%. However, the results obtained
are limited to using the single institution standard pro-
tocol on a single MRI-machine. The use of the pub-
lished algorithm in other centers and the reproducibility
of the results were not evaluated during the work.

At the time of our study, two articles have been
published on the use of texture analysis in the differ-
ential diagnosis of PNETs and RCC metastases to
pancreas. Ambrosetti et al. assessed the performance
of first-order texture features (histogram characteris-
tics) using a two-dimensional region of interest on 29
RCC metastases and 27 PNETs [22]. In their work,
only the Skewness (skewness of the histogram) was
significantly different between the two types of neo-
plasms. However, it could not be used as a reliable
differential diagnosis tool. Such negative results can
be explained by the use of a two-dimensional region
of interest and only first-order texture features, which
significantly reduces the amount of information ob-
tained from medical images. At the same time, van der
Pol et al. on groups of 43 morphologically verified
PNETs and 28 RCC metastases, revealed that the en-
tropy has moderate sensitivity and specificity in the
differential diagnosis of PNETs (71.4/79.1%, respec-
tively), which allows it to be used for accurate differen-
tial diagnosis, but it is necessary further study on
larger patient samples [17]. However, in contrast to
our work, van der Pol et al. used only a two-dimen-
sional region of interest and only first-order texture
features, which could reduce the accuracy of texture
analysis. Among the characteristics of contrast en-
hancement, their work evaluated only the homogene-
ity of the accumulation of the contrast agent, which, in
our opinion, is very subjective, while the difference in
the density of lesions and intact pancreatic paren-
chyma was not studied. At the same time, as in our
work, van der Pol et al. did not reveal calcifications in
the structure of RCC metastases.

Conclusion

Our diagnostic model is the first in the world to use
a combination of contrast enhancement and texture
features in the differential diagnosis of PNETs and
pancreatic RCC metastases. It has high sensitivity
(95.8%) with moderate specificity (62%) in the diag-
nosis of RCC metastasis to pancreas, which allows it
to be used in complex diagnostic cases to determine
the patient’s treatment tactics.
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AHanuns axorpadunyeckmx npn3HaKkos
onyxoJsien AN4YHNKOB
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T ®rAQY BO “Poccuiickunin yHneepcuteT apyx6bl Hapoaos” MuHobpHaykn Poccum; 117198 Mocksa, yn. Muknyxo-Maknas, 6,
Poccuiickast @epepaupys

2000 “MenckaH”, otoeneHve ynsTpasBykoBow amarHoctuku; 119421 Mockea, yn. O6pyuyeBa, 4. 21A, Poccuiickas Pepnepaums

Lienb uccnepoBaHus: aHanmsa axorpapuyeckmx Nnpu3HakoB 40O6POKaYECTBEHHBIX U 310KA4ECTBEHHbIX 06pa-
30BaHU NPUAATKOB MATKN C MPUMEHeHneM pekomeHgaumii rpynnsl IOTA.

Matepuan u metoabl. [MpoaHanuanpoBaHbl 17 ctatei, onybnnkoBaHHbIX B XXypHane Ultrasound in Obstetrics
& Gynecology 3a 2007-2020 rr. Kaxpas ctatbsi NOCBSLLEHa aHaIM3Y YNbTPa3BYKOBOro M306paxeHus pasnmnyHoi
rMCTONOrMYECKN BepUdULMPOBaHHOM NAaToNOrMmM NpuaaTkoB MaTkuy, rae 431 — nobpokayecTBeHHble 1 1205 — 3510-
Ka4yeCTBEHHblE HOBOOOPa3oBaHus. Mpy onMcaHnm NaToaormyecknx 06pasoBaHNii MCCIeL0BATENN MCNONL30BAM
€0VHbIA NPOTOKOJI, pekoMeHAoBaHHbI rpynnor IOTA. OueHuBany 21 napamMeTp, BKIOYAIOLWLMIA YIbTPA3BYKOBOE
CTpOeHne 00pa3oBaHusl, CTPYKTYPY XWUAKOCTHbIX BKIIOYEHWI M CONMAHONO KOMMOHEHTa, Hainyme >XnOKoCTu
B NM03aAMMaTO4YHOM MPOCTPAHCTBE M aCLIUT, @ TaKXKe CTEMEHb BACKYISPU3ALMM OMyXON.

Peaynbratbl. Bce ynbTpasBykoBble MPU3HaKM OMyxosiein Obiin obHapyXeHbl B 06enx rpymnnax, Ho YacTtoTa
1X BCTPEYAEMOCTM OKadasiacb pa3nnyHoii. Tak, ogHOKaMepHble HOBOOOPa30BaHWS Yallle BbisiB/ieHbI B L0OpoKaye-
CTBEHHbIX OMyX0NsX, YeM B 3nokadyecTBeHHbIX (p = 0,05). Takke B JOOPOKAYECTBEHHBIX OMYyXOJAX AOCTOBEPHO
yawie BCTpevanuch akyctuyeckme teHn (p < 0,05). Mpu oueHke ynbTpa3ByKOBOrO CTPOEHUS OMyxOnu cneayet
06paTnTb BHMMaHWe Ha TeHAeHLUMW, 6onee xapakTepHble ANs 3710Ka4eCTBEHHbIX OMyX0el, K KOTOpbIM Heobxoam-
MO OTHecCTu conuaHoe ctpoenme (p = 0,13) n BosHMkHOBeHME acumTa (p = 0,13), B TO BpeMsi kak MHOrOKaMepPHOCTb
6€e3 comMaHOro KOMMOHEHTA yalle BcTpevanack B 4obpokadecTBeHHbIx (p = 0,10). Pa3mepbl HOBOOGpa3oBaHus,
HEPOBHbIV KOHTYP, NanUANsSpHbIE pa3pacTaHus, TMNEPIAX0OreHHbIE BKIIOYEHUS 1 XapakTep BHYTPEHHEO COAEPXM-
MO0 KMCTO3HbIX NMOJIOCTEN 0OHAPYXMBAOTCSH MPUMEPHO C OANHAKOBOW YacTOTOM B 00eunx rpynnax. MNpu oueHke
KPOBOCHAOXEHWS NAaTONOrMYeckoro 06pasoBaHus FMNepBacKyNsapr3aLys MOXET yKkasbiBaTb Ha 310KAYECTBEHHYIO
npupoay onyxonu (p < 0,05), BMecTe ¢ Tem aBackynsipusaums Takke Obina oTMedeHa B Nog06HbIX HOBOOOPa30-
BaHMAX, MPY 3TOM Pasnmymsa ¢ 4OOPoKa4eCTBEHHbIMY OblNv HeaocToBEPHbIMU (p = 0,06).

3aknioueHue. [JocToBEPHbIE 3x0orpaduyeckme npuaHaku, onpenensiome 0cob6eHHOCT! MoOPdOIOrM4ecKoro
TMna HoBoobOpa3oBaHus, OTCYTCTBYIOT. COBOKYNMHOCTb KPUTEPUEB MO3BOJIUT MOBLICUTL KAYECTBO [00MepaLoH-
HOW YNbTPA3BYKOBOM AMArHOCTUKN ONYyXONen AUHHNKOB.

KnioueBbie cnoBa: onyxonv SM4HUKOB, ybTPAa3BYKOBas AnarHoctuka, International Ovarium Tumor Analysis (IOTA)
ABTOpPbI NOATBEPXAAIOT OTCYTCTBME KOH(JIMKTOB UHTEPECOB.

Ana uutupoBanus: O3epckas M.A., Hekanosa M.A., VieaHoB B.A., KazapsH I[. AHanus axorpadpuyeckmnx npmusHa-
KOB onyxoJiein suyHukoB. MeauvumHckasi Busyannsaums. 2022; 26 (4): 110-128.
https://doi.org/10.24835/1607-0763-1121
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Analysis of echographic signs of ovarian tumors

©Irina A. Ozerskaya'*, Marina A. Chekalova', Vladimir A. lvanov', Gayane G. Kazaryan?

" The Peoples’ Friendship University of Russia (RUDN University); 6, Miklukho-Maklay str., Moscow 117198, Russian Federation
2LLC “Medskan”; 21A, Obrucheva str., Moscow 119421, Russian Federation

Purpose: analysis of echographic signs of benign and malignant formations of the uterine appendages using
the recommendations of the IOTA group.

Materials and methods. 17 articles published in the journal Ultrasound in Obstetrics & Gynecology for
2007-2020 were analyzed. Each article is devoted to the histologically verified pathology of the uterine append-
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ages, of which 431 are benign and 1205 are malignant neoplasms. When describing pathological formations, the
re-searchers used a single protocol recommended by the IOTA group. 21 parameters were assessed, including the
morphology of the formation, the structure of fluid inclusions and solid component, the presence of fluid in the
posterior uterine pocket and ascites, as well as the degree of tumor vascularization.

Results. All ultrasound signs of tumors were found in both groups, but the frequency of their occurrence was
different. Thus, unilocular neoplasms were more often detected in benign tumors than in malignant ones (p = 0.05).
Also, acoustic shadows were found significantly more frequently in benign tumors (p < 0.05). When assessing
tumor morphology, attention should be paid to tendencies that are more characteristic of malignant tumors, which
include a solid structure (p = 0.13) and the occurrence of ascites (p = 0.13), while a multilocular structure without
a solid component was more common in benign (p = 0.10). The size of the neoplasm, uneven contour, papillary
growths, hyperechoic inclusions and the nature of the internal contents of the cystic cavities are found with approx-
imately the same frequency in both groups. When as-sessing the blood supply to a pathological formation, hyper-
vascularization confidently indicated a malignant tumor (p < 0.05), while avascularization in such neoplasms was

rare, however, the differences with benign ones were insignificant (p = 0.06).
Conclusions. There are no reliable echographic signs of the nature of the neo-plasm. The set of criteria will
improve the quality of preoperative ultrasound diagnostics of ovarian tumors.

Keywords: ovarian tumors, ultrasound diagnostics, International Ovarium Tumor Analysis (I0TA)
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BeepeHue

3/10Ka4eCTBEHHbIE HOBOOOPA30BaHUS SNYHWMKOB
3aHUMAIOT TPETbE MECTO B CTPYKTYPE OHKOJOrM4yec-
Knx 3ab0neBaHUin XEHCKMX MOJIOBbIX OPraHoB, HO
CMEPTHOCTb OT 3TOro 3abosieBaHMS CTOUT HA MEPBOM
MecCTe 1 cocTaBnseT okono 49% [1, 2].

Onyxonn ANYHMKOB BCTPEYAIOTCH BO BCEX BO3-
pacCTHbIX rpynnax, Ha4yMHas ¢ PaHHero AeTCKoro 1 Ao
CEHUSILHOIO, HO B OCHOBHOM 3a00J1EBAEMOCTb HAYu-
HaeT yBennumnBaTbes nocne 40 net [3].

CornacHo ructonorunyeckon knaccudukaumm BO3
2013 r., onyxonn AMYHMKOB OENATCS Ha creayloLline
OCHOBHbIE rpynnbl [4]:

* ANUTENNasbHbIE OMYXONW;

* ME3EeHXMMaJIbHblE OMyX0u;

+ ONyXONN CTPOMBI NOJIOBOrO Tsika aMOproHab-
HbIX FOHA,;

* ONYXOJIM N3 TEPMUHOMEHHbIX (3apOoAblLLEBbIX)
KIEeTOK;

+ MeTacTaTuyeckmne onyxosu;

* MPOYME — PEAKO BCTPEYAIOLLMECS.

YnbTpa3ByKOBOE UCC/IEA0BAHME OPraHOB Masioro
Tasa, OPIOLLHONM MONOCTM U PErMOHAPHbLIX NuMbaTn-
YeCKUX Y3/0B SBNSETCSH 0053aTeNbHbIM NPU BbisSIBIE-
HUW OMYXONKN ANYHUKOB. ToYHas NpegonepaLmoHHas
yNbTpa3ByKOBas XapakTepucTuka naToniorum He
TONMbKO SIMYHMKOB, HO MPUAATKOB B LIE/IOM MOMOraeT
CNAaHMpoBaTh leYeHME NaUNEeHTOB U ONTUMN3NPO-
BaTb XMPYPruyecknin noaxomn,.

MexayHapoaHas rpynna aHannaa onyxonemn siny-
HukoB, unu rpynna IOTA (International Ovarian Tumor
Analysis), — 3TO MHOroueHTPOBOE COTPYAHUYECTBO,
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Lenblo KOTOPOro siBnsieTcs paspaboTka NHCTPYMEH-
TOB A4N51 NpenonepaumoHHOn oMarHOCTUKX ONyXOnen
ANYHWKOB.

Mpynna IOTA Hayana paboTaTb B KOHUe XX Beka
n B 2000 r. onybnmkoBana ctaHgapTbl onMcaHus na-
TOJIOrMYeckrx 06pasoBaHnii MPUAATKOB MaTku, Kyaa
BOLLUN NpaBuiia U3MepeHus, oueHka GopMbl, CTPYK-
TYPbl, 9XOr€HHOCTW, BaCKy1apu3aumm, a Takke Hanm-
ynsg XUAKOCTM B MN0O3agMmMaTo4yHOM MPOCTPaHCTBE
n acumr [5].

Mo pekomengaumu rpynnel IOTA natonornyeckoe
obpasoBaHune creagyet U3MepsaTb Mo ero MakCcuMarb-
HOMY AMaMeTpy, a OMNMCbIBaTb Kak OOHOKaMepHOe,
OAHOKaMepHO-CONMAHOE, MHOrOKamMepHoe, MHOro-
KaMepHO-COIMAHOE U CONUAHOE, B KOTOPOM CONNA-
HbIn KOMMNOHEHT cocTaBnsieT 6onee 80%. KNCTO3HbIN
KOMMOHEHT MOXET OblTb Kak aH3XOreHHbI, HWU3KOW
9XOreHHOCTK, TUMNa “MaToBOro crekna”, remopparm-
YECKUIn 1 CMellaHHbIn. Kpome TOro, yaensercs
BHMMaHME HaIMYMIO SXOMEeHHbIX BKJTIOYEHWIA, OAOLLMX
aKyCTU4eckue TeHW, a Takxke nanuansapHbIM paspa-
CTaHusaM. Takum 06pasom, CTaHAAPTU3MPYETCS Yib-
TpasBykoBOe n3obpaxeHne, 00ycnoBneHHoe Mopdo-
NIOrMYecKom CTPYKTYPO HoBoOOpa3oBaHus (Tabn. 1).

LJnarHoctnyecknin KOMMIEeKC BKJIIOYAET COCTOSA-
HMWEe NepUTOHEasIbHOM MOMOCTU HAa HanMyne Xmoko-
CTW, B MEPBYIO o4epenp, rMybrHy no3aammMaToyHOro
NPOCTPaHCTBA B CarnTTaslbHOM MIOCKOCTU, a Takxe
acuuTa.

Mpu oueHke BacKynapusaLmMmM NaTtonornyeckoro
obpazoBaHus rpynna IOTA pekoMeHayeT UCMoJib30-
BaTb GansibHYIO LWKasy, Bkaoyatowyo ot 1 oo 4 6an-
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Ta6nuua 1. CTpykTypa natonormyeckoro o6pasoBaHns NpuaaTkoB MaTky No pekoMeHgaumam rpynns IOTA
Table 1. The structure of the pathological formation of the uterine appendages according to the recommendations of the

IOTA group

YnbTpa3BykoBOE CTPOEHUe
Ultrasound structure

OnucaHue
Description

OnHokamepHoe 0bpa3oBaHne
Unilocular

HeT neperopofiok, CONMAHOro KOMMOHEHTA, NaNUANISPHbLIX pa3pacTaHuii
No septa, no solid component, papillary growths

OnHokaMepHo-conmMaHoe
obpa3oBaHue
Unilocular-solid

ECTb CONMAHBIA KOMMOHEHT W/Mnn NanuisipHble pa3pactaHns
Has a solid component and /or papillary growths

MHorokamepHoe o6pa3oBaHune
Multilocular

OpnHa unu 6onee neperopoaok, HET CONMAHOrO KOMMOHEHTa /UK NanuansapHbIX
paspacTtaHui
One or more septa, no solid component and /or papillary projections

MHorokamepHo-conmaHoe
obpasoBaHue

Multilocular-solid

ECTb CONMAHbBIA KOMNOHEHT W/UNK He MEeHee YeM OJIHO NanuINsipHoe paspacTaHne
Has a solid component and /or at least one papillary projections

ConupgHoe o6pa3oBaHne
Solid

ConunaHelii KOMNOHEHT cocTaBnseT 6onee 80%; MOXET cofepxaTb NanuINsapHbIe
paspacTtaHus
A solid component is more than 80%; may contain papillary projections

Heknaccuduumpyemble

Sanyﬂ,HeHHaﬂ B13yannsauug, Bknovasa ciydan ¢ Bblpa)KeHHOI7I aKyCTVI‘-IeCKOﬁ TEeHbIO

METULIHCKAS BU3YATHBALINA

Unclassified

Difficult visualization, including cases with pronounced acoustic shadow

nos: 1 6ann — aBackynspusaums, 2 6ania — MUHU-
MaJibHOe KONMYEeCTBO JIOKYCOB, 3 6anna — ymepeH-
HOE KONIMYECTBO JIOKYCOB, 4 6anna—runepeackynsapu-
3aums.

MNpeanoxeHHbIMU CTaHAAPTU3NPOBAHHBLIMU KPU-
TEPUSIMN ONUCaHUS NaTONOrMN NPUAATKOB MOryT
nob30BaTbCA CneunanncTbl Mo YJbTPa3BYKOBOMY
06CNefoBaHMIo Pas3IMYHOr0 NPOQPECCHMOHaNbLHOro
YPOBH4, B TOM 4YMCJie HA4YnHaowme.

Llenb nccnepoBaHua

AHanuna axorpaduyeckux npuaHakoB nobpoka-
YECTBEHHbLIX W 3/10KAYECTBEHHbIX 00pa3oBaHuii
npUOaTkoB MaTku C NPUMEHEHUEM pekoMeHOauumin
rpynnel [OTA.

MaTtepuan n metoabl

MpoaHanu3uposaHbl 17 cTaTen, onybnMKOBaHHbIX
B XypHane Ultrasound in Obstetrics & Gynecology 3a
2007-2020 rr. [6-22]. Kaxpas cTaTbs MNOCBSLEHA
aHann3y ynbTPa3ByKOBOrO M3006paXeHNs rmcTonorn-
yeckn BepudUUMPOBAHHOM NAToNoOrMm npuaoaTkos
MaTtkun, M3 Kotopbix 431 — nOOPOKAYECTBEHHbIE,
176 - norpaHnyHble n 1029 — 3noka4eCTBEHHbIE HO-
BooOpa3oBaHus. B rpynny p[o6GpokavyeCTBEHHbIX
00pasoBaHuin BOWAM 5 MOpdONOrMyeckmx BapmaH-
TOB OMyxoneW ANYHNKOB (CTpyMa, drnbpoma/dnbpo-
TekoMma, onyxonb bpeHHepa, MyuMHO3Has uncTage-
HOMa 1 unctageHodurbpoma), a Takke dHIAOMETPUO-
Ma npu 6epemeHHOCTU. Cpean 3/10Ka4eCTBEHHbIX
onyxoJieit AMYHMKOB OblNN MeTacTaTU4eckme, aHapo-

2022, rom 26, Ned

ONnacToMbl, rpaHyne30kIeTo4Hble, Onyxoib bpeH-
Hepa, OUCFEPMUHOMbI, MYLMHO3HbIE WU CEepO3Hble
af.eHOKapLMHOMbI, SHOOMETPUONOHbIE U CBETIIOK/Ee-
TOYHbIE KAPLMHOMbI, OMYyXONW XENTOYHOro MELLKA,
CTpOMaJibHbIe, a TaKXe KapLMHOMbI MaTO4YHOM TPYObI.
lMorpaHnyHble ONYyXONU SAMYHWKOB BKAKOYANM MyLM-
HO3HbIE N CEepPO3Hble MOPGOTUMbI, KaK NepBUYHBIE,
Tak U peunamBbl. Bo3pacT naumeHTok konebasncs
ot 35 0o 94 net (Tabn. 2).

MpoaHanu3npoBaHbl 1 NpeacTaBieHbl Habnoae-
HUS, cOOpaHHbIe B pa3HbIx cTpaHax: Utanun, benbrum,
LLiBeuun, Poccun, Benukobputanuum, Yexun, Micnanun,
CLUA v MonbLue.

BcemM XeHLlmHaM npoBenn ynbTPa3BykOBOE WUC-
CcnefoBaHMe OpraHoB Masioro tasa C UCnosb30BaHN-
eM Kak abaoMWHalNbHbIX, Tak U BbICOKOYACTOTHbIX
TpaHcBarnHabHbIX OaTinkoB. Metoaomka obcneno-
BaHWNS AEBOYEK HM B OJHOM UCTOYHMKE HE yKa3aHa.

Mpu onucaHuu naToNorM4yeckmux 00OpasoBaHWIA
nccnegoBaTenn MUCNonb30Bann eauHbIn NPOTOKON,
pekomeHaoBaHHbIV rpynnoi IOTA. B ¢Bsi3u ¢ TeM 4TO
HEe BO BCEX Ciy4yasix B MNMepBOMCTOYHMKAX MUMeSIoCb
M30NMPOBAHHOE OMMCaHME MOrPaHMNYHbIX U 3/10Ka4e-
CTBEHHbIX OMYyX0JIEN, B MPOBOAVMMOM aHanN3e peLle-
HO X 0O BLEOVHUT.

OueHvBanu 21 napameTp, BKIIOYAIOLWMIA ybTpa-
3BYKOBOE CTPOEHMe 0b6pas3oBaHusl, CTPYKTYPY Xua-
KOCTHbIX BKJ/IOYEHUM W COANAHOTO KOMMOHEHTA,
Hann4yme XnaKocTu B N03aAMMaTOYHOM NPOCTPAHCT-
BE M B BEPXHUX 3Taxkax OPIOLLHOM MOMOCTN, a Takxke
CTeneHb BacKynspusaumnm onyxosu.
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Ta6nuua 2. VICTO4HUKM aHanuT14eckoro o63opa
Table 2. Sources of the analytical review

BospacrT, rogpbl

UcTouHuk MMcTonornyeckuii puarHos no’ noz 303
n . . . . . . Age, years
Source Histological diagnosis Benign' | Boderline? M3 .
M (min—max)
Testa A.C. etal., 67 | MeTtacTaTnyeckast onyxosb - - 67 56 (25-82)
2007 [6] Metastatic tumor
Demidov V. N. et al., 22 | Angpobnactoma - - 22 33,5 (4-61)
2008 [7] Androblastoma
Van Holsbeke C. 23 | [paHyne3okieToqHas - - 23 52 (3-77)
etal., 2008 [8] Granulosa cell tumor
SavelliL. etal., 2008 | 32 | Crtpyma 32 - - 40 (18-80)
[9] Struma
Paladini D. et al., 68 | dubpoma/prbpoTekoma 68 - - 54 (17-80)
2009 [10] Fibroma/fibrothecoma
Guerriero S. et al., 22 | OncrepmmHoma - - 22 20 (16-31)
2011 [11] Dysgerminoma
Dierickx I. et al., 28 | Onyxonb BpeHHepa 23 - 5 56,5 (33-94)
2012 [12] Brenner's tumor
Franchi D. et al., 68 | MorpaHuyHas onyxosnb - 68 - 31,6 (15-66)
2013 [13] Borderline tumor
Ludovisi M. et al., 79 | KapuuHoma Tpyo6sl - - 79 61 (33-83)
2014 [14] Tubal cancer
Mascilini F. et al., 18 | 9HpomeTpromMa HepeMeHHbIX 18 - - 34 (20-43)
2014 [15] Endometriomas pregnancy
Moro F. et al., 2017 123 | MyupHo3Has umMctageHoma 57 44 22 50 (19-82)
[16] (apeHokapumHoma)
Mucinous tumor
Moro F. et al., 2017 406 | CeposHas uuctageHoma - 64 342 55 (15-86)
[17] (apeHokapumHoma)
Malignant serous tumor
Moro F. et al., 2018 239 | BHpomeTpronaHas - - 239 55 (19-88)
[18] KapumMHoma
Endometrioid cancer
Pozzati F. et al., 2018 | 152 | CBeTnokneTo4Has kapLumHoMa - - 152 53,5 (19-92)
[19] Clear cell carcinoma
Virgilio B.A. et al., 233 | UncrapneHodpubpoma 233 - - 54 (14-89)
2019 [20] Cystadenofibromas
Anfelter P. et al., 21 | Onyxonb aHOOAEPMASIbHOrO - - 21 25 (19-31)
2020 [21] CuHyca
Endodermal sinus tumor
Ambrosio M. et al., 35 | CtpomanbHas onyxonb - - 35 57 (21-85)
2020 [22] Stromal tumor
Bcero 1636 431 176 1029
All

' lobpokayecTBeHHOe obpa3oBaHue / Benign tumor.
2 MorpaxuyHasg onyxons / Borderline tumor.
3 3nokayecTBeHHas onyxonb / Malignant tumor.
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METULIHCKAS BU3YATHBALINA

PesynsraTtel 0OpabaTbiBannch CTaHAAPTHLIMK CTa-
TUCTUYECKUMU METOAAMMN C UCMOJIb30BAHMEM PECYP-
coB MS Excel n MedCalc. Peaynstathl npeacraBieHbl
Kak cpegHee (M), MUHUMaNbLHOE N MakCUMasibHOE
3HayeHve (min—-max). [MnoTedy 0 paBeHCTBE Cpes-
HUX MPOBEPSAN C NOMOLLbIO t-kpuTepust CTblogeHTa.
JocToBepHbIMU cumTanmck pasnuyms npu p < 0,05.

Pe3ynbTraTthbl

B rpynne nobGpokavyecTBEHHbIX OMyxosieil Makcu-
ManbHbI anameTp konebancs ot 19 go 350 MM, 4TO
B cpegHeM cocTtaBuno 82,6 Mm. HepoOBHbI KOHTYP
oTMeuvancs B 33 (7,7%) cnyyasax (Tabn. 3).

Yaue Bcero obpaszoBaHue 6bi10 MHOrOKaMepPHO-
connagHoe, kotopoe o6OHapyxeHo y 134 (31,1%)
XEHLMH, 1 MHOrokaMepHoe 6e3 CONMAHOro KoMmno-
HeHTa, 4yTo Habmoganocek y 92 (21,3%) 6GONbHbIX.
Y 86 (20,0%) OoHO onncbIBasIOCb Kak OfHOKaMEpPHO-
conuaHoe n conuagHoe —y 71 (16,5%). OtcytcTBME
XWOKOCTHbIX BKJIIOYEHUA B COJIMAHOM KOMIMOHEHTE
oTmedeHo y 58 (13,5%) naumeHtok. CambiM pef-
KUM okasanocb ogHokamepHoe oOpa3oBaHue -
y 48 (11,1%) (Tabn. 4).

AHOXOreHHOEe BHYTPEHHEE COAEPXMMOE KUCTO3-
HOrO KOMMOHeHTa onyxonen onmcaHo B 195 (53,1%)
cny4yasix, HM3kas axoreHHocTb — B 125 (29,0%), cme-
LwaHHoe — B 25 (6,8%), menkoamcnepcHas B3BECh, KO-
TOpasi B @HrOs3bI4HbIX CTaTbsIX, B TOM YAC/E B PEKO-
MeHpaumsx rpynnel IOTA, o6o3HavaeTcs Kak “MaToBoe
cTekno”, obHapyxeHay 18 (4,9%) 60nbHbIX 1 remoppa-
rnyeckoe — y 4 (1,1%). K remopparnyeckomy cogep-
XMMOMY OTHOCSITCS! BHYTPEHHWE HATEBUAHBLIE CTPYKTY-
pbl, NpeacTassiioLme cobo HUTH GubprHa, a Takxke

Takylo XapakTepucTuKy, Kak 3Be3ayarasi, nayTMHO-
nonobHasa unm xeneobpasHas [5]. CMeluaHHas axo-
FEHHOCTb, NPW KOTOPOW MMEIOTCS pasfnnyHble BKIIIO-
YeHus1, OT aH- A0 rMMNepaxoreHHbIX, YTO YacTo Habso-
naeTca npu Tepatomax, obHapyxeHa y 25 (6,8%)
XeHLLUMH (Tabn. b).

CTpykTypa COAMOHOro KOMMOHEHTA BK/OYana
nanungpHble paspacTaHusi, KOTOpble OMMCaHbl
B 160 (37,1%) 0oOpOKa4YeCTBEHHbIX OMYXONAX ANYHU-
KOB, U TMNEepPaxXoreHHble BKIOYEHUS, 0OHAPYXEHHbIE
B 13 (3,0%) cny4aax. AKycTuyeckme TeHU okas3anucb
Bosiee 4aCcToW HaxoaKoWN, MeBLLEN MecToy 72 (16,7%)
naumMeHToK.

XKungkocTe B MONOCTM Masoro Tasa OTMeveHa
B MaTO4HO-NMPSIMOKULLIEYHOM MPOCTPaHCTBE (Ayrna-
COBOM KapmaHe) y 78 (18,1%) xeHwmuH, a B BUaOe
acumTa BCTpeyanacb pexe, B 18 (4,2%) cnydyasx
(Tabn. 6).

Backynapusauus natonorn4ecknx obpasoBaHui
ANYHMKOB Yalle Bcero Obina B BUAE eOANHNYHBIX JIOKY-
COB, 4YTO COOTBETCTBOBasIO 2 Oannam, oOHapyXeH-
HeiM B 178 (41,3%) cnydasax. Asackynspusauus
BcTpeyanacb y 154 (35,7%) naumeHTok. YMepeHHas
Backynsapusaums (3 6anna) nmenace y 90 (20,9%)
OonbHbIX 1 rmnepeackynapudaums —y 9 (2,1%) xeH-
LWWH (Tabn. 7).

MorpaHnyHble 1 310KAYECTBEHHbIE OMYXOSM NMe-
M MakcumanbHbin anameTp ot 11 go 387 mm, 4to
B cpegHeM cocTtaBuno 97,1 Mm. HepoBHbI KOHTYP
oTMeueH B 90 (7,5%) onyxonsix (Tabn. 8).

Cpeon 310Ka4yeCTBEHHbIX OMyXOnein camMon 4a-
CTOW CTPYKTYPOW oKazanacb ConuaHasi U MHOrokKa-
MepPHO-CoNIaHas, koTopble onncanbl y 518 (43,0%)

Ta6nuua 3. MakcrmanbHbI AMameTp U KOHTYP f06poKkaYecTBEHHOro 06pa3oBaHUs AUMYHNKOB
Table 3. Maximum diameter and contour of benign ovarian masses

. MakcumanbHbIil AnamMeTp, MM .
McTonornyeckuii gnuarHo3 . . HepoBHbIli KOHTYP, N (%)
Histological diagnosis n Maximum diameter, mm Irregular wall, n (%)
9 9 M (min-max) 9 PR

Crtpyma 32 94 (25-198) 8 (25,0%)
Struma
dubpoma/PprbpoTekoma 68 78 (19-258) 10 (14,7%)
Fibroma/fibrothecoma
Onyxonb BpeHHepa 23 69 (20-278) 3(13,0%)
Brenner's tumor
AHpomMeTpromMa 6epeMeHHbIX 18 66 (41-121) 0
Endometriomas pregnancy
MyumnHo3Has umcTageHoma 57 112,5(31-301) 12 (21,1%)
Mucinous tumor
UucrapneHopunbpoma 233 76 (21-350) 0
Cystadenofibromas
Bcero 431 82,6 (19-350) 33 (7,7%)
All
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Ta6nuua 4. YnbTpaseykoBoe CTPOeHne 00pa3oBaHma B 3aBUCUMOCTM OT MOPGhOIOrMYeckoro Tuna Ao6poKayecTBeHHOM
OMnyXOomun ANYHKKa

Table 4. Ultrasound structure depending on the morphotype of benign ovarian masses

McTonornyeckuii OpHo- MHoro- OpHo- MHoro- ConugHoe, Bes
AunarHos KamMepHoe, | KamepHoe, KaMepHo- KaMepHo- n (%) XUAKOCTHBIX
Histological n (%) n (%) conupHoe, conupHoe, Solid, BKJIIOYEHWIA,
diagnosis Unilocular, | Multilocular, n (%) n (%) n (%) n (%)
n (%) n (%) Unilocular- Multilocular- No cyst fluid,
solid, n (%) solid, n (%) n (%)
Crpyma 1(3,1%) 6 (18,8%) 3(9,4%) 19 (59,4%) 3(9,4%) 5(15,6%)
Struma
dnbpoma/ 0 2 (2,9%) 4 (5,9%) 11 (16,2%) 51 (75,0%) 43 (63,2%)
purbpoTekoma
Fibroma/fibrothecoma
Onyxonb bpeHHepa 5(21,7%) 2 (8,7%) 1(4,3%) 3 (13,0%) 12 (52,2%) 5(21,7%)
Brenner's tumor
3HOomeTproma 1(5,6%) 0 10 (55,6%) 7 (38,9%) 0 0
6epeMeHHbIx
Endometriomas
pregnancy
MyupmHo3Has 10 (17,5%) 37 (64,9%) 1(1,8%) 9 (15,8%) 0 0
uucTageHoma
Mucinous tumor
UnctapeHopubpoma | 31 (13,3%) 45 (19,3%) 67 (28,8%) 85 (36,5%) 5(2,1%) 5(2,1%)
Cystadenofibromas
Bcero 48 (11,1%) 92 (21,3%) 86 (20,0%) 134 (31,1%) | 71(16,5%) 58 (13,5%)
All

Ta6nuua 5. 3XOreHHOCTb KMCTO3HOr0 COLEePXMMOro f0OPOoKayecTBEHHbIX 00pa3oBaHuii AMHHUKOB
Table 5. Echogenicity of cystic contents of benign ovarian masses

MmcTonornyeckuii gnuarHo3 | AH3XoreHHoe, Huskas Menko- Femopparu- CwmewaHHoe,
Histological diagnosis n (%) 9XOreHHOCTb, | AucnepcHas yeckoe, n (%) n (%)
Anechoic, n (%) B3Be°°hs Haemorrhagic, Mixed,
n (%) Low-level, n (%) n (%) n %)
n (%) Ground-glass,
n (%)
Crpyma 19 (59,4%) 7(21,9%) 0 4(12,5%) 0
Struma
durbpoma/PpubpoTekoma 11 (16,2%) 6 (8,8%) 1(1,5%) 0 5(7,4%)
Fibroma/fibrothecoma
Onyxonb bpeHHepa 4 (17,4%) 6 (26,1%) 1(4,3%) 0 4 (17,4%)
Brenner's tumor
AHpomeTpuomMa 6epemMeHHbIX 2(11,1%) 4 (22,2%) 12 (66,7%) 0 0
Endometriomas pregnancy
MyLMHO3Has uMcTageHoMa 11 (19,3%) 41 (71,9%) 3(5,3%) 0 2 (3,5%)
Mucinous tumor
UunctapeHodmbpoma 148 (63,5%) 61 (26,2%) 5(2,1%) 0 14 (6,0%)
Cystadenofibromas
Bcero 195 (53,1%) 125 (34,1%) 18 (4,9%) 4(1,1%) 25 (6,8%)
All
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Ta6nuua 6. CTpyKTypa CONMOHOrO KOMMOHEHTA U XUAKOCTb B NEPUTOHEeaNbHO NOM0CTY NPy A06POKaYeCTBEHHBIX 00pa30-

BaHNAX ANYHNKOB

Table 6. The structure of the solid component and fluid in the peritoneal cavity in benign ovarian masses

Mctonornueckuii MNanunnsipHeie | MMnepaxoreHHble | AkycTuuyeckue XugkocTb Acuur,
AnarHos paspacTtaHus, BKJIIOYEHUS, TEHMU, B AYyrNacoBOM n (%)
Histological n (%) n (%) n (%) kapmaHe, n (%) | Ascites,
diagnosis Papillary Calcifications, Shadowing, Fluid in pouch n (%)
projections, n (%) n (%) of Douglas,
n (%) n (%)

Crtpyma 16 (50,0%) 0 13 (40,6%) 4(12,5%) 3(9,4%)
Struma
dnbpoma/purbpotekoma 4 (5,9%) 0 22 (32,4%) 34 (50,0%) 11 (16,2%)
Fibroma/fibrothecoma
Onyxonb bpeHHepa 0 13 (56,5%) 14 (60,9%) 2 (8,7%) 1(4,3%)
Brenner's tumor
JHOomeTproma 17 (94,4%) 0 0 0 0
6epeMeHHbIX
Endometriomas pregnancy
MyLMnHO3Has uMcTageHoMa 1(1,8%) 0 0 7 (38,9%) 1(5,6%)
Mucinous tumor
UncrapeHodubpoma 122 (52,4%) 0 23 (9,9%) 35 (15,0%) 2 (0,9%)
Cystadenofibromas
Bcero 160 (37,1%) 13 (3,0%) 72 (16,7%) 78 (18,1%) 18 (4,2%)
All

Ta6nuua 7. Backynapusaums 0o6pokayecTBeHHbIX OMyX0mnei SUYHMKOB

Table 7. Vascularization of benign ovarian tumors

MacTonornyeckuii guarHo3
Histological diagnosis

1 6ann, n (%)
No color, n (%)

2 6anna, n (%)
Minimal, n (%)

3 6anna, n (%)
Moderate, n (%)

4 6anna, n (%)
Abundant, n (%)

Crtpyma
Struma

durbpoma/PpubpoTekoma
Fibroma/fibrothecoma
Onyxonb BpeHHepa
Brenner's tumor

AHpomeTpuoma 6epeMeHHbIX
Endometriomas pregnancy

MyurHO3Has umcTageHoma
Mucinous tumor

UnctaneHodprbpoma
Cystadenofibromas

Bcero
All

12 (37,5%)
9 (13,2%)
7 (30,4%)
3 (16,7%)
27 (47,4%)
96 (41,2%)

154 (35,7%)

13 (40,6%)
29 (42,6%)
12 (52,2%)
2(11,1%)
23 (40,4%)
99 (42,5%)

178 (41,3%)

6 (18,8%)
22 (32,4%)
5(21,7%)
13 (72,2%)
7(12,3%)
37 (15,9%)

90 (20,9%)

1(3,1%)
7(10,3%)
0
0
0
1(0,4%)

9(2,1%)

METULIHCKAS BU3YATHBALINA
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TaGnuua 8. MakcrmanbHbI AMamMeTp U KOHTYP NOrpaHnYHbIX M 3/10Ka4€CTBEHHbIX OMyX0Jei NpuaaTKoB MaTKu
Table 8. Maximum diameter and contour of borderline and malignant tumors of the uterine appendages

TucTonornyeckuit gnuarHo3 n MakcumanbHbIi guameTp, MM HepoBHbIii KOHTYP, N (%)
Histological diagnosis Maximum diameter, mm Irregular wall, n (%)
M (min—max)
MeTacTaTnyeckas onyxosib 67 89 (16-220) 42 (62,7%)
Metastatic tumor
Anppobnactoma 22 61 (13-175) 0
Androblastoma
lpaHyne3okneTo4Has Onyxosb 23 102 (37-242) 0
Granulosa cell tumor
Onyxonb bpeHHepa 5 66 (16-143) 3 (60,0%)
Brenner's tumor
MorpaHunyHas onyxonb 68 32 (11-106) 0
Borderline tumor
KapunHoma maTo4How TpyObl 79 58 (18-141) 0
Tubal cancer
OuncrepmurHoma 22 118 (40-210) 4(18,2%)
Dysgerminoma
MyupHo3Has afneHokapLuMHOMa 66 197 (32-387) 38 (57,8%)
Malignant mucinous tumor
Cepo3Has ageHokapuyHomMa 406 83,5 (13-290) 0
Malignant serous tumor
SHOoMEeTpronaHas kapumHoma 239 102,5 (20-300) 0
Endometrioid cancer
CBeTnokieTo4Has kapumyHoma 152 117 (25-310) 0
Clear cell carcinoma
Onyxo/b 3HO0AEPMASILHOrO CMHYCa 21 157 (107-181) 0
Endodermal sinus tumor
CTtpomarsnbHast onyxonb 35 79 (24-201) 3 8,6%)
Stromal tumor
Bcero 1205 97,1 (11-387) 90 (7,5%)
All

n 408 (33,9%) 60nbHbIX COOTBETCTBEHHO. OHOKA-
MEPHO-COMInOHbIE Onyxonu BcTpedanucb B 209
(17,3%) cnyyaax. OTCyTCTBME XUOKOCTHbIX BKIOYE-
HWIA B CONUAHOM KOMMOHEHTe OblNo 3adpuKCUpPoBaHO
B 282 (23,8%) natonorunyeckmx o6pas3oBaHUSIX.
MHOrokamMepHoe CTpOeHME 0Ka3anoCb [AOBOJIbHO
penkumM n3obpaxeHnemM 310Ka4eCTBEHHOr0 HOBOOO-
pasoBaHusg, OHM cocTtaBunn 53 (4,4%), ewe pexe
OoTMe4YeHa oaHokamepHas cTpyktypa — 16 (1,3%)
HabnoaeHui (tabn. 9).

B aHanuse npucytcTBoBanu faHHble 748 onyxo-
Nen, VMEeKLMX KMUCTO3Hble MosiocTu. Yawe Bcero
XWIAKOCTHOE COAEPXMMOE 3TUX MONOCTEN BbIIO HU3-
KO 3XOr€HHOCTU WU @HSXOrEHHbIM, YTO COCTaBUJIO
367 (49,1%) n 220 (29,4%) cny4aeB COOTBETCTBEHHO.
MenkoaucnepcHas B3BeCb NO TNy “MaTtoBOro CTek-
na” onucaHa B 76 (10,2%) onyxonsix, CMeLlaHHas

9XOreHHOCTb — B 66 (8,8%) n remopparuyeckoe —
B 19 (2,5%) (Tabn. 10).

ManunngpHele pa3pacTtaHus  3adUKCUPOBaHbLI
B 317 (26,8%) norpaHnyHbIX 1 3N10KA4ECTBEHHbIX OMy-
XON§AX, TUMNEepPa3XOreHHble BKJIOYEHUS — TOJbKO
B 43 (3,6%) n akyctnyeckme teum — B 31 (2,6%).
XnpkocTb B N03aAMMaTO4YHOM MPOCTPAHCTBE OOHa-
pyxeHa B 227 (34,8%) cnyyasix, a B BEPXHUX aTaxax
OptoLHo nonocT (acumnt) —B 264 (23,2%) (Tadbn. 11).

Backynapusauus norpaHuyHbIX U 310Ka4€CTBEH-
HbIX Onyxonen Oblna [A0BOSIbHO BblPaXEHHOIA.
Tak, ymepeHHas BacKynsipn3aums, COOTBETCTBYIOLLAS
3 bannam, otMeyeHa B 545 (45,2%) cnyyasx, runep-
Backynapudaums — B 314 (26,1%). BmecTte ¢ Tem
eONHNYHbIE LIBETOBbIE NOKYCbl O0OHapyxXeHbl B 254
(21,1%) onyxonsix U aBackynapusaums 3adukcupo-
BaHay 76 (6,4%) 60sbHbIX (TabnN. 12).
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TaGnuua 9. YnbTpasBykOBOE CTPOEHUE HOBOO6paSOBaHI/I9| B 3aBMCUMOCTM OT MOPGDONOrNYecKoro Tuna MnorpaHnyHbIX
N 3/10Ka4YE€CTBEHHbIX OMyX0oner npuaaTkos MaTku

Table 9. Ultrasound structure of the neoplasm depending on the morphotype of borderline and malignant tumors of the uter-

ine appendages
MucTonornyeckuin OpHo- MHoro- OpHo- MHoro- ConupgHoe, be3
AuarHos KamepHoe, KamepHoe, KaMepHO- KaMepHo- n (%) XUAKOCTHbIX
Histological n (%) n (%) conuaHoe, conuaHoe, Solid, BKJIIOYEHUMA,
diagnosis Unilocular, | Multilocular, n (%) n (%) n (%) n (%)
n (%) n (%) Unilocular- | Multilocular- No cyst fluid,
solid, solid, n (%)
n (%) n (%)
MeTacTaTtnyeckas 1(1,5%) 8 (11,9%) 2 (3,0%) 12 (17,9%) 44 (65,7%) 35 (52,2%)
onyxonb
Metastatic tumor
AHgpobnactoma 0 1(4,5%) 0 6 (27,3%) 16 (72,7%) HeT oaHHbIX
Androblastoma Information
not available
lpaHyne3okneTo4Has 0 1(4,3%) 1(4,3%) 12 (52,2%) 9(39,1%) 0
onyxonb
Granulosa cell tumor
Onyxonb bpeHHepa 1(20,0%) 1(20,0%) 0 2 (40,0%) 1(20,0%) 0
Brenner's tumor
MorpaHuyHas 2 (2,9%) 6 (8,8%) 50 (73,5%) 9(13,2%) 1(1,5%) 1(1,5%)
OnyxoJb
Borderline tumor
KapunHoma 2 (2,5%) 0 10 (12,7%) 14 (17,7%) 53 (67,1%) 36 (45,6%)
MaTO4YHON TPYOBl
Tubal cancer
IuncrepmmnHoma 0 0 0 1(4,5%) 21 (95,5%) 21 (95,5%)
Dysgerminoma
MyupHo3Has 6 (9,1%) 31 (47,0%) 6 (9,1%) 19 (28,8%) 4 (6,1%) 1(1,5%)
afleHokapuuHoma
Malignant mucinous
tumor
CeposHas 2 (0,5%) 2 (0,5%) 50 (12,3%) 141 (34,7%) | 209 (51,5%) 184 (45,3%)
afleHokapuuHoma
Malignant
serous tumor
dHoomeTpuonaHas 2 (0,8%) 3 (1,3%) 37 (15,5%) 115 (48,1%) 82 (34,3%) 0
KapumHoma
Endometrioid cancer
CBeTnokieToyHas 0 0 53 (34,9%) 63 (41,4%) 36 (23,7%) 0
KapumHoma
Clear cell carcinoma
Onyxonb 0 0 0 10 (47,6%) 11 (52,4%) 4 (19,0%)
3HAOAEPMaNbHOMO
CUHyca
Endodermal sinus
tumor
CtpomanbHas 0 0 0 4 (11,4%) 31 (88,6%) 0
onyxonb
Stromal tumor
Bcero 16 (1,3%) 53 (4,4%) 209 (17,3%) | 408 (33,9%) | 518 (43,0%) 282 (23,8)*
All

*McKno4eHbl 0nyxonun, B ONmncaHum KOTOPbIX HET AaHHbIX / Excludes tumors with no data in their description.
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Ta6nuua 10. Sx0reHHOCTb XNAKOCTHOrO COLEPXMMOro KNCTO3HbLIX NOIOCTEN MNOrPaHNYHbLIX U 3/I0KA4ECTBEHHBIX ONyXO0sei
NPUAATKOB MaTKM (PaccymMTaHO Ha KOJIMYECTBO OMyXOsen C KUCTO3HbIMU NOIOCTAMMN)

Table 10. Echogenicity of fluid contents of cystic cavities of borderline and malignant tumors of the uterine appendages
(calculated for the number of tumors with cystic cavities)

MicTonornyeckuin
AnarHos

Histological
diagnosis

AH3Xxo0reHHoe,
n (%)
Anechoic,

n (%)

Huskas
3XOreHHOCTb,
n (%)
Low-level,

n (%)

MenkogucnepcHas
B3BECb,
n (%)
Ground-glass,
n (%)

femopparu-
yeckoe,
n (%)
Haemorrhagic,
n (%)

CwmeluaHHoe,
n (%)
Mixed,

n (%)

MeTtacTtaTunyeckas
0onyxoJsib
Metastatic tumor

AHppobnactoma
Androblastoma

lpaHyne3okneToyHas
0nyxoJib

Granulosa cell tumor

Onyxonb bpeHHepa
Brenner's tumor

MorpaHnyHas onyxosnb
Borderline tumor

KapunHoma
MaTO4HOM TPYObl

Tubal cancer

OncrepmmnHoma
Dysgerminoma

MyumHo3Has
afeHokapumHoMa
Malignant mucinous
tumor

CeposHas
afleHokapLuuHoma
Malignant serous tumor

SHpomeTpuonaHas
KapLmHoma
Endometrioid cancer

CeTnoknetoyHas
KapuuHoma
Clear cell carcinoma

Onyxonb
3HO0AEPMaSIbHOIrO
CUHyca

Endodermal sinus tumor

CTpomanbHas onyxosb
Stromal tumor

Bcero
All

12 (37,5%)

2 (12,5%)

1(25,0%)

30 (50,8%)

32 (57,1%)

1(100%)

4 (6,2%)

67 (30,2%)

37 (23,6%)

29 (25,2%)

5 (29,4%)

220 (29,4%)*

13 (40,6%)

7(43,8%)

2 (50,0%)

25 (42,4%)

7 (12,5%)

50 (76,9%)

121 (54,5%)

83 (52,9%)

50 (43,5%)

6 (35,3%)

3 (75,0%)

367 (49,1%)*

1(3,1%)

HeT gaHHbIX
Information not available

0

1(25,0%)

3(5,1%)

3(5,5%)

6 (9,2%)

12 (5,4%)

25 (15,9%)

25 (21,7%)

76 (10,2%)*

1(3,1%)

1(6,3%)

13 (23,2%)

2(1,3%)

2 (11,8%)

19 (2,5%)*

5 (15,6%)

6 (37,5%)

1(1,7%)

1(1,8%)

5(7,7%)

22 (9,9%)

10 (6,4%)

11 (9,6%)

4 (23,5%)

1(25,0%)

66 (8,8%)*

*McKno4eHbl Onyxonun, B ONmncaHum KOTOPbIX HET AaHHbIX / Excludes tumors with no data in their description.
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Ta6nuua 11. CTpykTypa COMMOHOMO KOMMOHEHTA W XWOKOCTb B MEPUTOHEAsbHOW MOM0CTU MpU MOrpaHUYHbIX

M 3N10Ka4€CTBEHHbIX OMYXONAX NpUOaTKOB MaTKN

Table 11. The structure of the solid component and fluid in the peritoneal cavity in borderline and malignant tumors of the

uterine appendages

Muctonorunyeckuii ManunnsipHbie | MMnepaxoreHHblie | AKycTuyeckue XupkocTb Acuur,
AnarHos paspacTtaHus, BKJIIOYEHUS, TEHMU, B AYr/1aCOBOM n (%)
Histological n (%) n (%) n (%) kapmaue, Ascites,
diagnosis Papillary Calcifications, Shadowing, n (%) n (%)
projections, n (%) n (%) Fluid in pouch
n (%) of Douglas,
n (%)
MeTtacTaTnyeckas 8 (11,9%) 0 0 HeT aaHHbIX
0nyxonb Information not available
Metastatic tumor
AHgpobnactoma 0 0 0 4 (18,2%) 1(4,5%)
Androblastoma
lpaHyne3okneTo4Has 4 (17,4%) 0 0 0 5(21,7%)
onyxonb
Granulosa cell tumor
Onyxonb bpeHHepa 1(20,0%) 3(60,0%) 2 (40,0%) 1(20,0%) 0
Brenner's tumor
MorpaHnyHas onyxonb 61 (89,7%) 0 0 24 (35,3%) 0
Borderline tumor
KapunHoma 13 (16,5%) 0 0 HeT naHHbIX 11 (13,9%)
MaTO4HO TPYOBI Information
Tubal cancer not available
IuncrepmmnHoma 1(4,5%) 0 0 11 (50,0%) 1(4,5%)
Dysgerminoma
MyupmHo3Has 7(10,6%) 0 0 22 (33,3%) 9 (13,6%)
afeHokapuuHoma
Malignant mucinous
tumor
CeposHas 92 (22,7%) 24 (5,9%) 0 HeT naHHbIX 138
afeHoKapLyHoma Information (34,0%)
Malignant serous tumor not available
AHpomeTpuonaHas 70 29,3%) 0 15 (6,3%) 105 (43,9%) 57 (23,8%)
KapumHoma
Endometrioid cancer
CBeTnokneToyHas 58 (38,2%) 0 10 (6,6%) 56 (36,8%) 32 (21,1%)
KapLmHoma
Clear cell carcinoma
Onyxonb 2 (9,5%) 16 (76,2%) 0 0 8 (38,1%)
9HAO0LAEPMANbHOMO
CUHyca
Endodermal sinus tumor
CTpomanbHas onyxosb 0 0 4 (11,4%) 4 (11,4%) 2 (5,7%)
Stromal tumor
Bcero 317 (26,8%) 43 (3,6%) 31(2,6%) 227 (34,8%)* 264
All (23,2%)*

*MICKNI04EHBI ONyX0AK, B ONMCaHUM KOTOPbIX HET AaHHbIX / Excludes tumors with no data in their description.
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Ta6nuua 12. Backynsapusaums norpaHnYHbIX 1 310Ka4eCTBEHHBIX ONyX0oe NPUAATKOB MaTKM
Table 12. Vascularization of borderline and malignant tumors of the uterine appendages

McTonoruyeckuii guarHo3 1 6ann 2 6anna 3 6anna 4 6anna
Histological diagnosis No color, n (%) | Minimal,n (%) | Moderate,n (%) | Abundant, n (%)

MeTacTaTnyeckas onyxosib 3 (4,5%) 12 (17,9%) 28 (41,8%) 24 (35,8%)
Metastatic tumor
Anppobnactoma 13 (59,1%) 1(4,5%) 4(18,2%) 4 (18,2%)
Androblastoma
lpaHyne30kneTo4Has Onyxosb 0 2 (8,7%) 13 (56,5%) 8 (34,8%)
Granulosa cell tumor
Onyxonb bpeHHepa 0 2 (40,0%) 2 (40,0%) 1(20,0%)
Brenner's tumor
MorpaHnyHas onyxonb ' 23 (34,8%) 17 (25,8%) 26 (39,4%) 0
Borderline tumor '
KapuymHoma mMaTo4How TpyObl 1(1,3%) 8(10,1%) 45 (57,0%) 25 (31,6%)
Tubal cancer
AncrepmuHoma 2 0 1(7,1%) 6 (42,9%) 7 (50,0%)
Dysgerminoma ?
MyuLMHO3Has ageHokapumHoma 7(10,6%) 34 (51,5%) 22 (33,3%) 3 (45,5%)
Malignant mucinous tumor
Cepo3Has ageHokapLyHoma 3 16 (4,0%) 95 (23,5%) 201 (49,8%) 92 (22,8%)
Malignant serous tumor 3
AHOoMeTpronaHas kapuuHoma 4 3(1,3%) 49 (20,7%) 113 (47,7%) 73 (30,8%)
Endometrioid cancer #
CBeTnokieTo4Has kapumyHoma ° 8 (5,3%) 31(20,7%) 67 (44,7%) 44 (29,3%)
Clear cell carcinoma 5
Onyxo/ib 3HO0AEPMASILHOrO CMHYCa 1(4,8%) 0 10 (47,6%) 10 (47,6%)
Endodermal sinus tumor
CTpomarbHas onyxonb © 1(2,9%) 2 (5,9%) 8 (23,5%) 23 (67,6%)
Stromal tumor ©
Bcero 76 (6,4%) 254 (21,4%) 545 (45,9%) 314 (26,4%)
All

' B nctoyHumke [13] nmetoTcs gaHHble Backynspusaumnm 66 onyxonei.
The source [13] has data on vascularization of 66 tumors.

2 B uctouHuke [11] umetoTcst JaHHbIE Backynsipusaumm 14 onyxonen.
The source [11] has data on vascularization of 14 tumors.

3 B nctounuke [17] umetotcs faHHble Backynspudaumm 404 onyxonei.
The source [17] has data on vascularization of 404 tumors.

4 B uctouHuke [18] umetoTcs AaHHbIe Backynspuaaumm 237 onyxonei.
The source [18] has data on vascularization of 237 tumors.

5 B nctounuke [19] umetotcs aaHHble Backynspusaumm 150 onyxonei.
The source [19] has data on vascularization of 150 tumors.

6 B ncTouHuke [22] umMetoTcs JaHHble BacKynsipusaumm 34 onyxonein.
The source [22] has data on vascularization of 34 tumors.
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Ta6nuua 13. ConocTtaBneHne 4acToThl BCTPEYAEMOCTY MPU3HAKOB, PEKOMEHLOBaHHbIX rpynnoi I0TA, ans onucaHus
[06POKAYECTBEHHBIX 11 3/10KAYECTBEHHbIX OMyXO0Jei NpnaaTkoB MaTKu

Table 13. Comparison of the frequency of occurrence of signs recommended by the IOTA group for the description of benign

and malignant tumors of the uterine appendages

3nokavyecTBeHHble
. [ o0OpokayeCTBEHHble
Kpm.'epvm onyxonu, n (%) on_yxonu, n (%) b
Variable Benign tumors, n (%) Mallgnan(t, tumors,
n (%)
Konuyectso, n 431 1205
Quantity, n
BospacrT, roabl, M (min—-max) 48,1 (14-89) 46,5 (3-94) 0,76
Age, years, M (min—-max)
MakcumanbHbIin anameTp, MM, M (min—-max) 82,6 (16-350) 97,1 (11-387) 0,32
Maximum diameter, mm, M (min—-max)
HepoBHbIN KOHTYP, N (%) 33 (7,7%) 90 (7,5%) 0,76
Irregular wall, n (%)
OnHokamepHas, n (%) 48 (11,1%) 16 (1,3%) 0,05
Unilocular, n (%)
MHorokamepHas, n (%) 92 (21,3%) 53 (4,4%) 0,10
Multilocular, n (%)
OpnHokamepHo-conuaHas, n (%) 86 (20,0%) 209 (17,3%) 0,88
Unilocular-solid, n (%)
MHorokamepHast KUCTO3HO-conunaHas, n (%) 134 (31,1%) 408 (33,9%) 0,62
Multilocular-solid, n (%)
ConupgHas, n (%) 71 (16,5%) 518 (43,0%) 0,13
Solid, n (%)
CTpyKTypa XUAKOCTHOrO KOMMOHEHTa KUCTO3HbIX NosiocTen
Structure of the fluid component of cystic cavities
AHaxoreHHas, n (%) 195 (45,2%) 220 (29,4%)* 0,45
Anechoic, n (%)
Hu3skas axoreHHoCTb, N (%) 125 (29,0%) 367 (49,1%)* 0,52
Low-level, n (%)
MenkogucnepcHasi B3BeCh (“MaToBOE CTEK/0”), 18 (4,2%) 76 (10,2%)* 0,43
n (%)
Ground-glass, n (%)
lfemopparuyeckas, n (%) 4(0,9%) 19 (2,5%)* 0,48
Haemorrhagic, n (%)
CwmeluaHHas, n (%) 25 (5,8%) 66 (8,8%)* 0,64
Mixed, n (%)
CTpyKTypa CONMAHOro KOMMNOHEHTa
Solid component structure
ManunnapHele paspactanus, n (%) 160 (37,1%) 317 (26,8%) 0,90
Papillary projections, n (%)
HeT XnOKOCTHbIX BKJIIOYEHNIA, N (%) 58 (13,5%) 282 (23,8%)* 0,41
No cyst fluid, n (%)
lMnepaxoreHHble BKOYEHUS, N (%) 13 (3,0%) 43 (3,6%) 0,71
Calcifications, n (%)
AkycTunyeckme TeHn, n (%) 72 (16,7%) 31 (2,6%) 0,01
Shadowing, n (%)
MeputoHeanbHas NONOCTb
Peritoneal cavity
KnpokocTb B yrnacoBoM kapmMaHe, n (%) 78 (18,1%) 227 (34,8%)* 0,57
Fluid in pouch of Douglas, n (%)
AcumT, n (%) 18 (4,2%) 264 (23,2%)* 0,13
Ascites, n (%)
METUIMHCKAS BIBYATHBAIILT 2022, o 26, Ned
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Ta6bnuua 13 (okoHYaHue)
Table 13 (end)

3nokavyecTBeHHble
Kputepwuii nogﬁgiﬁ;ﬁ?ﬁﬁ;‘;"'e onyxonu, n (%) b
Variable . Malignant tumors,
Benign tumors, n (%) n (%)
Backynsipusauus
Vascularization
1 6ann, n (%) 154 (35,7%) 76 (6,3%)* 0,06
No color, n (%)
2 6anna, n (%) 178 (41,3%) 254 (21,1%)* 0,60
Minimal, n (%)
3 6anna, n (%) 90 (20,9%) 545 (45,2%)* 0,12
Moderate, n (%)
4 6anna, n (%) 9(2,1%) 314 (26,1%)* 0,02
Abundant, n (%)

*McKnio4eHBI ONyxonu, B ONMCaHUM KOTOPbIX HET AaHHblX / Excludes tumors with no data in their description.

Mpwn conocTaBAEHUN HaCTOThbl OMMCAHHbIX MPU3Ha-
KOB [,0OPOKAYECTBEHHBIX 1 310KAYECTBEHHbIX, BKIIIO-
yasl norpaHunyHble, ONyxosier NPUOATKOB MaTKn 3Ha-
yumble pas3nuyns (p < 0,05) BeISBUANCH TONBKO B Cy-
Yyasx NPU3HaKoB OLHOKAMEPHOro obpal3oBaHus Uu
NpU HaIMYMM aKyCTUHYECKUX TEHEN, YTO XapakTepHO
0ns 1o6pokavyecTBEHHbIX 06pa3oBaHuniA, a Takxe npu
rMnepBackynapm3aumm, KoTopas AOCTOBEPHO 4valle
06Hapy>KeHa B 3/10Ka4ECTBEHHLIX ONyxonsx (Tabn. 13).

O6cyxpaeHue

Onyxonm SM4HNKOB ABASKOTCS LOCTATOYHO Pacnpo-
CTpaHeHHbIM 3aboneBaHvemM B t0OOOM BO3PACTHOM
NEepPUOAE XN3HW XEHLLUMHbI: OT PaHHEro AEeTCKOro Ao
ceHunbHoro. Cpean nccnenoBaHHbiX 1636 60MbHbLIX
He BbISIB/IEHO LOCTOBEPHOW Pa3HNLbI MEXY rpynnou,
BKJItOYalOLLLEel 00OpOKavyecTBeHHbIE 0Opa3oBaHus, B
KOTOpOW cpenHwuin Bo3pact coctaBun 48,1 (14-89)
roga, v rpynnon Co 3n10Ka4eCTBEHHbIMU ONyX0NsaMu
Cco cpegHuM Bo3pactoM 46,5 (3-94) ropa. AHano-
TMYHYI0 3aKOHOMEpPHOCTb BbigBuan M.A. Basha un
coaBT. [23], No ux HabNAEHUAM CpeaHuii BO3pacT
coctaBun 48 + 13,7 roga ¢ ananasoHomM 18-72 roaa.

Ncnonb3oBaHve equHon CUCTEMbl ONUCaHWUS na-
TONOrMYECKMX 06PaA30BaHNIA NPUAATKOB MaTKN, NPes-
noxeHHou rpynnow IOTA, N03BOANIO NPOBECTN CPaB-
HEHME NPU3HAKOB OMYX0Nen ANYHNKOB, OTHOCSILLIMXCS
K pasfiMyHbIM rmctonormyeckum tunam. Cpegm atumx
onyxosen 6binn Kak 4oOpPoKaYeCTBEHHbIE, TaK U MO-
rpaHnYHblE, N 310KAYECTBEHHbIE. B HekoTopbIX mc-
cneposaHusx [7, 8, 13] aBTOpbI He gaBanv U30aMpo-
BaHHOM MHPOPMaLMK No 3axorpaduyeckomy nsobpa-
XXEHWIO MOrPaHNYHBIX U 310KA4ECTBEHHbLIX HOBOOOPa-
30BaHMN KU paccmaTpuBann ux B obOLWen rpynne,
NMOCKOJIbKY B COOTBETCTBUM C MOPPONOrn4eckom

Knaccudurkaumen norpaHnyHbIe OTHOCAT K OMyXOnsam
C HM3KMM 3/10Ka4€CTBEHHbIM NOTEeHUManom [24].

Bce ynbTpasBykoOBble MPU3HAKK Onyxosneln Obinu
06HapyeHbl B 06eurx rpynnax, Ho YactoTa Ux BCTpe-
4aemMoCTM okasasacb pPasnnyHon. Tak, ogHoKamep-
Hble HOBOOOPA30BaHMA Yallle BbiSBNEHblI B 4OOpOKa-
YeCTBEHHbIX OMyXO0NsiX, YeM B 3/10KAYECTBEHHbIX
(p = 0,05). Takke B AOOPOKAYECTBEHHBLIX OMYXOMNSX
OOCTOBEPHO Halle BCTPEYanCb akyCTUYECKNE TEeHU
(p < 0,05).

Mpwu oueHKe yNbLTPa3BYKOBOro N3obpaxeHusi B 3a-
BMCUMOCTN OT MOP®dONOrn4eckoro BapmaHTa ony-
XOnn cnegyeTt 00patuTb BHUMAHWE Ha TEHOEHUMW,
fbonee xapakTepHble OJi9 3/710KAa4ECTBEHHbIX HOBO-
00pas3oBaHuii, K KOTOPbIM HEOoOX0AMMO OTHECTW
conngHoe ctpoenme (p = 0,13) n BOSHMKHOBEHUE
acumTa (p = 0,13), B TO BpEMS Kak MHOrOKamMepHoe
CTpoeHue 6e3 CONMAHOr0 KOMMOHEHTA Yallle BCTpe-
yanocb B fobpokayectBeHHbIX (p = 0,10). Pasmepbl
HOBOOOPA30BaHWS, HEPOBHBIN KOHTYP, NanUINspHbIe
paspacTaHus, rTMNepPaxoreHHbIE BKIIIOYEHUS 1 Xapak-
Tep BHYTPEHHEr0 COAEPXMMOro KMCTO3HbIX MOJO-
cTeil 06HapyXMBalOTCS NPUMEPHO C OANHAKOBOWN Ya-
CTOTOWM B 06emx rpynnax.

Mpu oueHke KPOBOCHAOXEHUS MaTONOrM4ecKoro
o0pasoBaHUs ruMnepBackynsapu3aums YBEPEHHO
yKasblBasia Ha 310ka4ecTBeHHyo onyxosb (p < 0,05),
B TO BpeMsi kak aBackynsipusaums B Takux Hosoobpa-
30BaHUSIX BCTpedyanacb penko, OAHAKO pPasfnyns
C [ob6poKaYyeCTBEHHbIMU OblIM HEAOCTOBEPHbLIMU
(p =0,06).

Bonee TOro, cnenyet OTMETUTb, HTO OObLLMHCTRO,
TO ecTb 864 (71,7%) HabnoaeHns Co 310Ka4eCTBEH-
HbIMM HOBOOOPAa30BaHMSAMM, COCTaBUIN Cepo3Has,
SHOOMETPUOMHASA, CBETIOKNIETOYHAA U MeTacTatu-
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yeckas kapuuHoma, npu 3ToM A006pOKAYECTBEHHbIE
BapuMaHTbl, HanpuMep Cepo3Has LUCTaAEHOMA,
B CpaBHWBAEMOW rpynne He npeacrtasneHbl. B 1o xe
Bpems 6ObLLUNHCTBO, @ UMeHHO 333 (77,3%) nobpo-
KaQ4eCTBEHHbIX OMyX0nn, COCTaBWUAN OPYrue rucTono-
rmyeckmne BapumaHTbl (UMCTaneHOPUOPOMBI U HE3NU-
TenuanbHble onyxonu). B cBA3u ¢ aTUM aHanna no
YyNbTPa3BYKOBOMY NPU3HaKy “runepsackynapuaumns’”
HY>XOAEeTCs B JOMOSIHUTENbHbIX UCCNEA0BAHUSIX.

CrneunanucTbl M3 pasHbIX CTPaH, OpraHM30BaB-
LUME MOCTOSIHHO OEMCTBYIOLLYIO FPYMMY MO U3YYEHUIO
onyxonen andHnkos I0TA, cdopmynmposanm “5 npo-
CTbIX NpaBun” ang andpdepeHumanbHON AMarHoCTUKN
[0OPOKAYECTBEHHbIX U 3/I0KAQYECTBEHHbBIX OMyXOJen
anyHmkoB [25]. K npu3Hakam [o6pokayeCTBEHHbIX
00pa3oBaHNin aBTOPbI OTHECU:

— OOHOKaMEepPHOCTb,

— HanMyne CONMAHbIX KOMMOHEHTOB, KOTOPbIE
B OTEYECTBEHHON NTEpaType Halle TPaKTYITCS Kak
nanuansipHole paspacTaHusi, MakCUMasbHbIM Aua-
METPOM MeHee 7 MM,

— Hanuyne aKycTUYECKNX TEHEN,

— MHOrokamepHasi OnyxoJflb C POBHbIMW KOHTYpa-
Mn 1 anameTpom meHee 100 mm,

— aBackyngpusauus.

3110Ka4yeCTBEHHbIE OMYXOAM AMArHOCTUPYIOTCS Ha
OCHOBaHUM CneayoLmx NPU3HaKkoB:

— CONMAHas Onyxosb C HEPOBHbLIMU KOHTYpPaMMU,

— Hanuyve acumTa,

— nanunaspHble paspacTaHus B KOAMYECTBe 4 1
oonee LITYK,

— MHOrokamepHasi onyxosnb C COJIMAHbIM KOMIMO-
HEHTOM, HEPOBHbIM KOHTYpPOM, AMameTpom 6onee
100 mm,

— BbIP@XEHHas BaCKynsapuaaumns onyxoJsu.

lNepeyncneHHble KPUTEPUM BKIIKOHAKOT HE BCE
NPU3HaKkW, KOTOpblE BCTPEYAKOTCA NPU ONyXOJIEBOM
npouecce, KpomMe TOro, GOMbLIMHCTBO MPU3HAKOB
MOTyT ObITb BbISIBAIEHbI Kak NpY 06pPOKaYeCTBEHHOM,
Tak 1 3510Ka4eCTBEHHOWN Onyxonn. BmecTte ¢ TeM He-
06X0QMMO YYMTBIBATb, YTO TaKOW NPU3Hak, Kkak pas-
Mep 00pasoBaHUs, He XxapakTepudyeT HU B KOel
Mepe cTeneHb 40OPOoKaYeCTBEHHOCTM MK 3/10KaYe-
CTBEHHOCTM OMNYyXO/AN U He YYUTbIBAETCS Npu CcTagun-
POBaHMN 3/10KQYECTBEHHbIX OMyXONeln SNYHUKOB,
NMOCKOJ/IbKY XOPOLIO M3BECTHO, YTO MHOrokamepHas
onyxosib 10 40 cM B MakcuMasbHOM AMamMeTpe (Ha-
npumep, MyLMHO3Hast) MOXET OblTb L0OpOKavecT-
BEHHOM, B TO BPEMS KaK AUCCEMUHMPOBaHHAs CEPO3-
Hasg kapuuHoma auyHuka lll unm IV ctagum 3abonesa-
HUSE MOXET MMETb MUKPOCKOMNYECKNE Pa3MepbI.

Mo MHeHW0 3apyBeXXHbIX KOMMEr, NCMONb30BaHNE
“5 npocTbix NpaBun” AOMKHO YYUTbIBATb MPUHLAM
HaMYNA—OTCYTCTBMS BKJIIOYEHHbBIX MPU3HAKOB. Tak,
npw HaNM4MKM XoTs 6l OAHOI0 U3 MPU3HAKOB 3/10KaYe-

2022, rom 26, Ned

CTBEHHOCTM M OTCYTCTBMM NMPU3HAKOB A00pOoKavecT-
BEHHOCTU OMyX0Jib KNacCUPULMPYETCS Kak 3/10Kave-
CTBEHHas. B cnyyae Hanuums xoTs Obl OQHOMO K3
NPU3HaKoB J,OOPOKAYECTBEHHOCTM 1 OTCYTCTBMM MPU-
3HAKOB 3/10KAYECTBEHHOCTU OMyX0Jlb PACLEHMBAETCH
Kak pgobpokavecTBeHHas. Npu HanMuMM MM OTCyT-
CTBMM NMEPEYNCIIEHHbIX NPU3HAKoB A0OPOKA4YeCTBEH-
HOCTW WM 3/10KQYECTBEHHOCTM OMyXofieBuaHoe 06-
pa3oBaHMe He MOXET ObITb KIIaCCUPULMPOBAHO.

Ncnonb3oBaHve npoTokona “mpocTbix npasun”
C TOYHOCTbIO 76-89% nO3BONSET AMarHOCTMPOBATb
3/10KQYECTBEHHYIKO OMyXOJb SIMYHUKOB, OLHAKO B TEX
clyyasix, Koraa npoToKoa He MOXET OblTb NPUMEHEH,
TpebyeTcs KOHCYNbTaUMs 3KCnepTa no YabTPa3ByKO-
BOW AmarHocTtuke [26].

B aHanuMsupyembix MCTOYHMKAX MNpencTaBieHbl
OAHHbIE COBMaAeHNs ynbTPa3ByKOBOro Aoonepaum-
OHHOrO MCCNeaoBaHUS xapakTepa HoBOOOpa3oBa-
HUS1 B CPABHEHUM C NOCIE0NepauoHHbIM MMCTON0-
rmyecknum peaynstatom. Tak, [o6pokayecTBeHHas
onyxonb Oblna NpaBuibHO npeackaszaHa B 71,0%
cnyyaeB, a 3fnokadectBeHHas — B 95,1%. BmecTte
C TEM COMHEHMS B XapakTepe OnyxosiM okas3anncb
B 5,8% cpean 0o6poKayeCcTBEHHbLIX HEOMNa3nii, B TO
BpeMs Kak Cpeamn 310Ka4eCTBEHHbIX — TONbKO B 0,4%.
Ha Takon pesynbrar NOBAMANO HE TONIbKO MHOro-
obpasue “macok” onyxofieit ¢ npuaHakamu, He Mo-
3BONISIIOLLMMUN OOHO3HAYHO TPAKTOBATb KOHKPETHOE
HoBOOOpa3oBaHue, B CBA3M C 4eM BOJIbLUMHCTBO COM-
HEHWN peLLanochb B NOJSIb3y 3/10KA4E€CTBEHHOCTM.

Ha koHeuHbIli pe3ynstat, 6e3yciioBHO, BAMS MPO-
deccunoHanbHbI  ypOBEHb uccnegosatens. Tak,
B 9KkcnepumeHTe |. Tavoraite n coasT. [27] Tpu 3k3a-
MeHaTopa OLUEHMBaAN O4HU 1 Te Xe TpaHCBarnHanb-
Hble YNIbTPa3BYKOBbIE N30OPaXEHWS OMYXONEN AUYHUN-
KOB. Kak 0xnaanocb, Bpay-aKkCnepT nokasan Hamnyy-
LMe pesynbraTbl, TOYHOCTb onpeaeneHns nobpoka-
YECTBEHHOCTU WM 3JI0KAYECTBEHHOCTM COCTaBuia
96%; opauHaTop-rmHekonor 4-ro roga obydyeHus —
82% wn CTyOoeHT nocnegHero kypca MeguLMHCKOro
dakynsTeTa nocne 6a3oBoi Nnoarotokn — 80%.

MHTepecHoe mnccnenosaHue nposenu P. Sladke-
vicius u L. Valentin [24]. ABTOpbI ABYKPATHO C MHTEP-
BaNOM MOAro4a CpaBHWUAM BOCMPOU3BOANMOCTb
CYOBEKTMBHOIM OLEHKM XapakTepa Onyxonen SuyHu-
KOB 4yepe3 12-18 mMec ¢ MOMeHTa nepBOHaYasbHOM
ONarHOCTUKM OBYMS Bpadyamu, 06a n3 KOTopbIX Oblnn
OMbITHBIMK CcneuuanucTamu. Pedynbrat okasancs
BbILLIE PACYETHOI0 PUCKa, YTO OTpaxaeT dakT Heob-
XOAMMOCTU KOMMIEKCHON OLLEHKN HE OTAESbHbIX MPU-
3HAKOB, @ COBOKYMHOCTW BbISIBJIEHHbIX U3MEHEHWUN,
XapakTepuayloLwmux naTonormyeckoe obpasoBaHue.

Ha Heo6X0AMMOCTb UCMOIb30BAHUS CTaHOAPTHbIX
NPOTOKONOB AMAarHOCTUKM Y NALMEHTOK C NOO03PEHM-
€M Ha HeonnaCTUYeCKUn MPOLECC, BKIOHAILLNX
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onpegeneHne oHkomapkepos CA-125, HE4 ¢ pacye-
ToM nHoekca ROMA, obpalualoT BHUMaHne 0TevecT-
BeHHble wuccneposatenu [28-31]. CoBpemeHHas
[00MNepaunoHHasl AMarHocTmka Onyxonen SNYHUKOB
C NMOMOLLbI0 HOBbLIX COBPEMEHHbBIX METO0B 0COHOEHHO
aKkTyasbHa Yy XEHLUWMH, MaHMPYIOLWNX peann3oBatb
penpoaykTMBHYO GyHkuuio [32].

3aknoyeHue

Takum 006pa3oM, NPOBEAEHHbIN aHann3 4acToThl
BCTPEYAEMOCTU Pa3/INYHbIX 3xorpaduyecknx npu-
3HAKOB W OLEHKM CTEMeHn Backynspusaumm oobem-
Horo obpasoBaHMs MPUAATKOB MaTKW, cpeamn KOoTo-
pbIX ObIIM TMCTONOMMYECKN BEPUPULMPOBAHHbLIE O0-
OpoKaYeCTBEHHbIE 1 3/10KA4ECTBEHHbIE OMYXON AnY-
HWKOB, KapLMHOMa MaTO4YHOW TPYObI M AHAOMETPUOMA
6epeMeHHbIX, OCHOBaHHbIM Ha daHHbIX 17 UCTOYHU-
KoB, onybsMKoBaHHbIX B 6a3e gaHHbix PubMed, cBu-
[eTenbcTByeT 00 OTCYTCTBUM OOCTOBEPHbLIX 3XOrpa-
durYecknx NprU3HaKoB xapakTepa HOBOOOPa30BaHUS.
BmecTe ¢ TeM 04eBNOHO, 4TO AnddepeHUMpoBaHHOe
MCNOJSIb30BAHME COBOKYMHOCTU KPUTEPMEB NO3BOJIS-
€T MOBbICUTb KA4YECTBO A00MNePaLNOHHON yNbTPa3By-
KOBOW OMarHOCTMKM OMyXOnen SIMYHUKOB, YTO HEeob-
XOOMMO O/ NMpaBWSIbHON W aAeKBaTHOM MapLUpyTu-
3aUmn NaumMeHToK.
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Pe,ql(oe KJINHN4YeckKoe |-|a6mop,e|-me NauneHTKHA
c rurpomow noo6kosoro cumdpusa
©Kpytoea B.A., Haymosa H.B., Bongosckas E.A., Ananb 3.4.*

Knunnka @re0Y BO “KybaHckuii rocynapCTBeHHbIN MeanumMHekmin yHneepeuteT” Munsgpasa Poccuu; 350010 KpacHozap, ya.
3unosckas, 4. 4/1, Poccuiickas ®epepaums

BeepeHue. CBOEBPEMEHHAs AMArHOCTUKA Takol PeaKoi maTonoruu, kak rurpoma nobkoBoro cumodusa,
npeacTaBnseT cobo akTyanbHyo NPobaemy, Tak Kak AaHHOe 3a00neBaHNE XxapakTepu3yeTcsl He BCeraa TUNMnYHom
KJIMHUYECKON CUMMNTOMATUKOM U MOXET MpOTekarb NoA, MacKOW MHOMMX YPONOrMHYECKUX U FTUHEKOIOrMYECKMX
naTonorun.

Llenb nccnepoBaHus: 13yyvTb BO3MOXHOCTb JIy4EBBIX METOA0B AMArHOCTUKM FMIPOMbI JTIOOKOBOIO cumMduaa
Ha NPUMEpPE KIIMHNYECKOro HabmoaeH s,

Martepuan u metopgbl. [loa HabnoaeHeM Haxoamnachk naumeHTka b., 63 roga, ¢ AMarHo30oMm: rurpoma y106-
KOBOro cuMmdun3sa. YnbTpa3BykoOBOE MCCEeA0BaHME BbIMOHANIOCH Ha YnbTpa3BykoBoM ckaHepe GE Voluson E10
TpaHcBarmHanbHbiM 3D-gatynkom RIC5-9-D (5-10 MIu). MarHMTHO-pe30HaHCHYI0 TOMOrpaduio BbIMOAHAAN HA
Tomorpade Siemens Magnetom Aera.

Pesynbratbl. [10 JaHHLIM YNBTPA3BYKOBOIrO UCCNEO0BAHNUS YPETPLI MEXAY CUMOU3OM 1 NepeaHen CTEHKOM
YPETPbLI ONpenensnocb 06bemMHoe 06pa3oBaHME C POBHLIM YETKUM KOHTYpPOM, pasmepamu 43 x 33 x 40 mwm;
ypeTpa 6e3 oyaroBoil natonorum. Ha cepun MP-ToMorpamMm mManoro t1a3a B No3aannobKoBOW KnetyaTke Mexay
3aAHEHVXHUM Kpaem cumbdusa 1 NepefHelt CTEHKOM ypeTpbl ONPenensiniocb He OTAENSAOLEECcs OT HUX HEOOHO-
poaHoe aBackynspHOe KUCTO3HO-CconnaHoe 06beMHoe obpasoBaHue pa3amepamu 3,0 x 2,8 cM; CONNaHbIA KOMMO-
HEHT MO TUMY MHOXECTBEHHbIX GMOPO3HBIX MEPEropoa0K; KNCTO3HbIA KOMMOHEHT 06pa30BaHNS CBA3aH C Hepac-
LUIMPEHHOM MOMOCTLIO CYCTaBHOM ey cuMmbusa, CoAePXaLUmMin XXUAKOCTb. [TpUMeHeHne ynsTpa3BykKOBOro Uccre-
00BaHUS YPETPbI C UCMOSIb30BaHNEM 3D-pEKOHCTPYKLMN B COYETAHUM C MarHUTHO-PE30HAHCHON ToMorpadven
MaJioro Tasa nomMorsio MOCTaHOBKE AMarHo3a 1 onpeneneHunio AanbHenlen TakTUKN BeAeHNS NauyeHTKN.

SaknoveHue. [NprBefeHHOE KNMHMUYeckoe HabmoaeHe NPOAEMOHCTPUPOBANO, YTO KOMMIEKCHOE NMPUMEHE-
HME PasnnyHbIX METOLOB JIYYEBOW AMArHOCTUKM MOMOraeT TOYHO ONPELENNTL OPraHONPUHAANEXHOCTb 06 bEMHO-
ro ob6pasoBaHus. OTO NO3BOJISIET B KpaTyanLLne CPOKM BbiOpaTh MpaBUibHYIO TaKTUKY BEAEHUS NaLNEHTOB.

KnioueBble cnoa: rurpoMa 106koBoro cumdusa, napaypeTpanbHass KUcTa, yibTpasBykKOBOE WCcrefoBaHue,
MarHMTHO-pe30HaHCcHas Tomorpacdus

ABTOpbI NOATBEPXAAIOT OTCYTCTBME KOH(DJIMKTOB MHTEPECOB.

Onsa uutnporanusa: Kpyroea B.A., Haymosa H.B., Bongosckas E.A., Ananb 3.4. Peakoe knnHu4eckoe HabnioaeHne
naumeHTKn ¢ rMrpoMon NobkoBoro cumounsa. MeanumnHcekas sudyannsaums. 2022; 26 (4): 129-134.
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A rare clinical case of the patient with a hygroma
of the pubic symphysis (clinical observation)

©Victoria A. Krutova, Natalia V. Naumova, Elena A. Boldovskaya, Zarema Ch. Alal*

Clinic of the Federal State Budgetary Educational Institution of higher education “Kuban State Medical University” of the Ministry
of Healthcare of the Russian Federation; 4/1, Zipovskaya str., Krasnodar 350010, Russian Federation

Annotation. Timely diagnosis of such a rare pathology as hygroma of the pubic symphysis is an urgent problem,
since this disease is not always characterized by typical clinical symptoms and can occur under the guise of many
urological and gynecological pathologies.
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Purpose of the study: to study the possibility of radiation methods for diagnosing hygroma of the pubic sym-
physis on the example of clinical observation.

Materials and methods. Patient B., 63 years old, was under observation with a diagnosis of Hygroma of the
pubic symphysis. Ultrasound examination was performed on a GE Voluson E10 ultrasound scanner with a RIC5-9-D
transvaginal 3D probe (5-10 MHz). Magnetic resonance imaging was performed on a Siemens Magnetom Aera
tomograph.

Results. According to the ultrasound examination of the urethra, between the symphysis and the anterior wall of
the urethra, a volumetric formation with an even, clear contour of 43 x 33 x 40 mm was determined; urethra without
focal pathology. On a series of MRI scans of the small pelvis in the retropubic fat between the posterior-lower edge
of the symphysis and the anterior wall of the urethra, a heterogeneous avascular cystic-solid mass of 3.0 x 2.8 cm
in size was determined that did not separate from them; a solid component of the type of multiple fibrous septa; the
cystic component of the formation is associated with an unexpanded cavity of the joint space of the symphysis,
containing fluid. The use of ultrasound examination of the urethra using 3D reconstruction in combination with mag-
netic resonance imaging of the small pelvis helped to make a diagnosis and determine further tactics for managing

MEIMHCKAS BH3YATHIBALS

the patient.

Conclusion. The above clinical observation demonstrated that the complex application of various methods of
radiation diagnostics helps to accurately determine the organ belonging to a volumetric formation. This allows you
to choose the right tactics for managing patients in the shortest possible time.

Keywords: pubic symphysis hygroma, paraurethral cyst, ultrasound, magnetic resonance imaging
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BeBepneHue

B HacTOofllee Bpems yBenMyMBaeTCs 4vacTtoTa
BCTPEYaeMOoCTX NaTonorumy napayperpansHon obna-
cTn. NoaToMy TOYHaAa OMarHOCTUKA AaHHbIX 3abone-
BaHUI ABNSETCA BECbMa akTyanbHOW. Bcem nartosio-
rMyecknm npoueccam napaypeTpanbHoi obnacTtu
npexae BCero npuUcyLLy CUMNTOMbI AU3YPUn, NPOSiB-
nsowmecs B Buae 6051eBbiX OLLYLLEHNA, UMNepaTMB-
HbIX MO3bIBOB, YACTbIX MOYeuncnyckaHui u T.n. [1, 2].

KnuHnyeckas kapTvHa rurpoMbl (KUCTbI) JOOKOBOro
cumduraa He BCerga TUNUYHA 1M MOXET NpoTekaTb Nnog,
MacKOWM Apyron natosiornm (yposornieckom unm ruHe-
KOJIOrMYECKO): napaypeTpanbHbIX KUCT, AMBEPTUKYNIOB
MOYEBOro MNy3bIps U YPEeTpbl, KUCT rapTHepoBa Xxoaa,
ypeTepoLene, nponarnca Ta3oBbiX OpraHoB, HOBoOOpa-
30BaHWI Baranmuia 1 3abproLLMHHON KneTyaTku [3-5].

OunarHoctmka faHHoro 3abosieBaHusl 3aTpygHeHa
N3-3a OTCYTCTBUS TEXHNYECKON BO3MOXHOCTU, C OA-
HOM CTOPOHbI, M HACTOPOXEHHOCTWU creumanmcra —
C OPYrou, a MoryT ObiTb U OOBLEKTUBHBLIE CIIOXHOCTU
[6]. BTO 3ab6oneBaHne BCTPEYAETCS Yalle Y XEeHLWH
cpenHero 1 noXxwunoro Bo3pacra, MOXeT NPUBOANUTb
K 3HAYNTESIbBHOMY CHUXEHUIO Ka4eCTBa XU3HU N TPY-
[0CnocoBHOCTY.

Mpegpacnonarawowymm daktopamm Moryt ObiTb
TpaBMbl KOCTEN Ta3a B aHaMHe3e, AeDOpMUPYIOLLNIA
0CTEe0apTpo3, CUMOU3NT BO BPEMS BEPEMEHHOCTMU.

B naHHOW cTaTbe Mbl MPMBOAMM COOCTBEHHOE KNN-
Huyeckoe HabNAeHWe, KOTOpPoe [OEMOHCTPUPYET
penkoCTb AAaHHOM NaTonorum 1 CAOXHOCTbL ee avar-
HOCTUKMN.

Accepted for publication: 20.04.2022.
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KnuHnyeckoe HaGniopgeHve

MaumneHTka B., 63 roga, obpatunach B kKNMHUKy @reQy
BO Ky6I'MY B ceHTs6pe 2021 1. ¢ xxanobamu Ha 601u BHU3Y
XMBOTQ, YaCTOe MOYeucrnyckaHve C pe3siMv B TeyeHue
5 mec. lMonyyana nevyeHve y yposora no MecTy XUTeNbCTBa,
HEOAHOKpaTHblE KYpPCbl @HTUMOMOTUKOB — C BPEMEHHbIM
YNYHLEHNEM.

CTaumoHapHoe NeyeHre B yposiorM4eckoM OTAENEeHNM
MBY3 KI' Kb CMIN KpacHogapa B aBrycte 2021 r. ¢ amar-
HO30M: MOYeKaMeHHasi 60ne3Hb, KaMeHb YCTbsl MPaBOro
MOYETOYHMKA?, MPABOCTOPOHHSAS NMoyeyHas Konuka. Xpo-
HUYEeCKUI  PeuuManBUPYIOLNA  LUUCTUT, 00O0CTPeHue.
YpeTpanbHbii 6051eBoI cuHAPOM. MapaypeTpanbHas kucta
C BocnaneHvem. B cTaumoHape no AaHHbIM yNbTPa3BYKO-
BOro uccneposanus (Y3W) ypetpbl (TpaHCBarMHanbHbIN
noctyn) ot 20.08.2021 — ypeTpa anametTpom 8 MM, napay-
peTpasibHO CreBa BM3yann3npyeTcs rmnoaxoreHHoe obpa-
30BaHWE C YEeTKMMU KOHTypamu, pasmepamu 20 x 21 MM
0e3 NoKyCOB KpOBOTOKA. 3akJllo4yeHune: napaypeTpanbHas
kucta. 01.09.2021 6bina BbINOSIHEHA MYHKLUMOHHAs Guon-
cus obpasoBaHMa napaypeTpanbHon obnacTtu. 3akio-
yeHue: HekpoTuyeckne Tkanu. 03.09.2021 naumeHTka 6bina
BbIMMCAHA C HE3HAYNTENbHbLIM Yy4LlEHNEM MOA, Habnoae-
HMEe yposiora rno MecTy XUTENbCTBA.

OcMmoTp ruHekosora Hawein knvHukn ot 06.09.2021:
npoJsianc CTEHOK Braranuwia 2-3-i cTeneHun, BU3yasbHO
Hapy>XXHOe OTBEPCTUE YPETPbI HE N3MEHEHO, NanbnaToOPHO
061acTb HAPY>XHOro OTBEPCTUS YPETPLI YMIOTHEHA, Nasb-
nupyeTca TyroanacTuyHoe Ookpyrioe obpasoBaHue, 6e3-
6onesHeHHoe. 3aksoyeHve: napaypeTpanbHas kucta?
06.09.2021 B ycnoBusix HaLeN KIMHUKN NaLMEHTKE BbINOJI-



KJIMHAYECKOE HABJIOOEHUE | CASE REPORT

/VBO°/ 4.5cm|
Render/GYN,

Puc. 1. TpaxcearvHansHoe Y3W + 3D-pekoHCTpyKUMS opraHoB Manoro tasa. l'mrpoma nobkoBoro cumdmsa (CTpenka).

Y - ypeTpa.

Fig. 1. Transvaginal ultrasound + 3D reconstruction of the pelvic organs. Hygroma of the pubic symphysis (arrow).

Y — urethra.

HeHOo Y3W vypeTpbl (TpaHCBarvHabHbIA OOCTYN) +
3D-peKkoHCTPYKLMA: AfIMHA ypeTpbl 34 MM, AuameTp 8 MM,
MeXzy JIOHOM 1 NepefHelt CTEHKON ypeTpbl 06beMHOE 06-
pa3oBaHue, 9XOMO3UTUBHOE, C POBHBIM YETKMM KOHTYPOM,
pasmepamm 29 x 26 x 28 MM, C NOKycaMmm KpPOBOTOKa Mo
nepudepun. 3aknoyeHne: 06beMHOe 06pa3oBaHne B NPo-
exumm ypetpsbl (puc. 1).

MauneHTke pekomMmeHa0BaHa KOHCYNbTaUMs OHKOJora.

AmbynaTtopHo obcnegoBaHa B BY3 “KnuHuueckuin
oHkonornyecknin gmucnaHcep Nel” MwuHagpasa KpacHo-
napckoro kpas. 01.11.2021 BwinonHeHa MPT opraHoB
Manoro Tasa 6e3 KOHTpacTUpoBaHWs: Ha cepun MP-
TOMOrpamMM Masnoro Tasa, B3BelleHHbIX Mo T1 n T2 B Tpex
NpoeKLMsx, B N03aaunobKoBOl KieTyaTke Mexzay 3aaHe-
HWXHUM Kpaem cumdusa v nepegHert CTEHKOM ypeTpbl
ONpefenseTcs He OTAEeNsoLeecs OT HUX HEOOHOPOLHOe
aBackynspHoe KMCTO3HO-connaHoe obbeMHoe 0bpasoBa-
Hue pasmepamun 3,0 x 2,8 cm B nonepeyHnke n 2,7 cM Bep-
TUKaNIbHOWM MPOTAXEHHOCTbLIO, HEMPaBuIbHOM GOPMbI C He-
POBHbIM YETKMM KOHTYPOM MO TWUMy TOHKOM Kancysbl.
ConuaHblli KOMMOHEHT MO TUMY MHOXECTBEHHbIX GUHPO3-
HbIX NEeperopoaoK, COAEPXMUT KanbUMHAT pasmMepamu
0,5 x 0,3 cM. KUCTO3HBIN KOMNOHEHT 06pa30BaHMs CBA3aH
C HepacCLUMPEHHON MOMIOCTbIO CYCTaBHOW Wwenu cumdnaa,
cofepxaLmnii XnakocTb. CycTaBHOM XpsLL, cMM@U3a NCTOH-
YeH 00 0o6nuTepauun, MMEETCs CKIepo3 CYCTaBHbIX MO-
BepxHocTel. MepudokanbHo 06pas3oBaHMI0 30HA OTeka

no3aamnobKoBON KneTyaTku, oTeka KOCTHOrO Mo3ra JIoH-
HbIX KOCTel HeT. 3aknouyeHune: MP-kapTuHa 06bEMHOro
o6pa3oBaHns N03aaMno0OKOBONM KeTyaTkn, NepBOOYeEpPes -
HblIM 006pa30M COOTBETCTBYIOLLErO CUMHOBMANIbHON KUCTE
KancyJsbl cuMmdunsa 1 no6KoBO-ypeTpasbHOM CBA3KM Ha GOo-
He nedopMUPYIOLLIErO OCTeoapTpo3a cumdusa (puc. 2).

Puc. 2. MPT wmanoro Ttasa, carutranbHas MJ0OCKOCTb.
l'Mrpoma no6bKoBOro cumduaa (CTpesnka).

Fig. 2. MRI of the small pelvis, sagittal plane. Hygroma of
the pubic symphysis (arrow).
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Puc. 3. TpaHcBarnHanbHoe Y3W manoro tasa. lmrpoma Puc. 4. TpaHcBarnHansHoe Y3W manoro taza. Obnactb

Nno6koBro cumousa (ctpenka). No6KoBOro cumdmaa nocne onepaumm (CTpeska), KOHTypbl

Fig. 3. Transvaginal ultrasound of the small pelvis. Hygroma ~ CYCTaBHOW NOBEPXHOCTI HEPOBHbLIE, HEYETKME, C KpaeBbIMM

of the pubic symphysis (arrow). ocTeodpuTamu, 06beMHbIE 00pPa3oBaHNE HE BU3yanusmpy-
oTCS.

Fig. 4. Transvaginal ultrasound of the small pelvis. The area
of the pubic symphysis after surgery (arrow), the contours of
the articular surface are uneven, indistinct, with marginal
osteophytes, volumetric formations are not visualized.

- &
Puc. 5. TpaHcBarmHanbHoe Y3W + 3D-pekoHcTpykumsi Manoro tasza. O6nactb nobkoBoro cumduaa nocne onepaumm
(cTpenka). O6beMHble 00pPa30BaHUSA HE BU3Yann3npyoTCs.

Fig. 5. Transvaginal ultrasound + 3D reconstruction of the small pelvis. The area of the pubic symphysis after surgery (arrow).
Volumetric formations are not visualized.
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3aksio4eHne oHkonora: 06beMHoe obpa3oBaHme no3a-
OunobGKOBOWN KneTyaTkM (CUHOBMAsbHAs KuUCTa Kancysbl
cumdunsa), la kn. rp. NaumeHTke pekoMeHa0BaHO XMpPypri-
yeckoe nevyeHune.

Ha noBTopHOM TpaHcBarnHansHom Y3W o1 28.11.2021
B Hallel KJIMHMKe OTMe4YaeTcs oTpuuaTesbHasg AuHaMumka
pa3mepoB 06pa3oBaHus: AAnHA ypeTpbl 34 MM, MakCu-
ManbHbI guaMeTp 8 MM, Mexay NIoOHOM (cumdun3om) u
nepenHen cteHkor ypetpbl (12 4) o6bemHoe obpazosa-
HMe, 3XOMO3UTUBHOE, C MMNEPIXOreHHbIMU BKIIOYEHNSIMU
C POBHbIM YETKUM KOHTYpPOM, pa3mepamm 43 x 33 x 40 mm,
JTOKYCbl KDOBOTOKA PErMCTPUPYIOTCS Mo nepudepumn obpa-
30BaHus; ypeTpa 6e3 ouyaroBoi naTtonoruu. JaHHyto
CTPYKTYPY MOXHO PacCLeHUTb KakK XUAKOCTHOe 00pa3oBa-
HMe NOo3adMSIOHHOW KneTyaTku, ucxogawee ns cumousa
(puc. 3).

15.12.2021 nauueHTKa npoonepupoBaHa B yposormye-
ckom otaeneHun Ne2 bBY3 “HUW kpaeBas knvHu4eckas
6onbHMua Nel um. npodeccopa C.B. Ouanosckoro”
MwuH3gpasa KpacHogapcKoro Kpas: BbIMOJIHEHO NCCEeYEeHNne
HoBOOOpa3oBaHus cumounsa. Ob6pa3oBaHMe OTMPaBIEHO
Ha naTosoro-rucrtonormyeckoe wuccneposanHune (Mrn).
Peaynbtat MIM'N: kncto3Hoe ob6pa3oBaHne, CTEHKA COCTOUT
N3 HECKOJbKKX CloeB ¢hrBPO3HOW TkaHu, 6e3 anutenvanbs-
HOW BbICTWU/KK, C 04aroBOM CKYAHOM MakpodaranbHOn MH-
GuneTpaumern ¢ NPUMeCchbid KCaHTOMHbIX KJIETOK, NMPOCBET
06pa3oBaHNs 3anosIHEH CIM3UCTBIM COAEPXKMMbIM, 04aro-
BbIM ONCTPODUYECKMM 0ObI3BECTBNEHNEM, KOCTHON MeTa-
nnasuen. 3akndexme MNIrK: mopdonornyeckne mameHe-
HMS COOTBETCTBYIOT MMrPOME CO C/Iab0BbIPAXEHHBIM XPO-
HUYECKMM BOCMaseHneM B CTeHke. aumeHTka BbinucaHa
nog HabnoaeHve yponora no MecTy XuTenbcTea. Ha mo-
MEHT BbINUCKM Xanob He NpeabsiBaana.

15.01.2022 BbINOAHEHO KOHTPOJIbHOE TPaHCBArMHasb-
Hoe Y3U ypeTpbl + 3D-pekoHCTPYKLMSA: HA MOMEHT OCMO-
Tpa 06bemMHble 06pa3oBaHWs NapaypeTpasnbHON 1 no3anm-
nobkoBOW 06n1acTn He BU3yanuaunpyetcs (puc. 4, 5).

B HacTosLLee Bpemsl naumeHTka HabmiogaeTcs y yposo-
ra v rmHeKosora no MecTy XUTENbCTBA, Xanob He NpeabsB-
NISIET.

OOGcyxaeHue

PasnuyHble natoniornyeckne CoOCTOAHUSA napaype-
TpasnbHbIX TKAHE YacTo MMeloT obLyo Hecneundu-
yeckyto cumntomatuky [1, 6]. MoaTtomy B AaHHOM
cllydae HeobxoaMma KOMIMEKCHas [AMarHoCTuKa,
BK/tOYatoLas B cebs BbISCHEHME aHaMHe3a (TpaBMbl
KocTein Tasa, cMMpu3nT BO BpemMs OepemMeHHOCTH),
Xanob NaumMeHTKn, BHUMATEbHbIN BAaraauLLHbIiA Oc-
MoTp, Y3, MPT.

AndodepeHunanbHylo ANArHOCTUKY TUTPOMbI
nobkoBoro cumdusa cnepyet nMpoBOAUTL C
napaypeTtpasibHbIMU KNCTaMu, KUCTaMW rapTHepPOBa

X04a, KncTamu Bnaranamiia, 9KTonmyecknm ypetepo-
uene, HoBoOOOPa3oBaHMAMW BRaranuula, uucTougene
[7-9].

B Hawem knmHu4eckom HabnogeHun Y3U ypeTpsl
C MCnonb3oBaHneM 3D-pPeKOHCTPYKLUN B COYETAHUN
¢ MPT nomorno noctaHoBKe AuarHo3da v onpenene-
HUIO JanbHENLLIEen TaKTUKU BeAEHUS MaLNEHTKN.

3aknovyeHue

MpuBeneHHOE KNMHMYeckoe HabogeHne npoae-
MOHCTPMPOBANIO, 4YTO KOMIJIEKCHOE MNPUMEHEHME
pas3nnyHbIX METOOO0B JIy4EBON AMArHOCTUKM NMOMOra-
€T TOYHO OMpPefennTb OPraHoOMPUHAANEXHOCTb 00b-
€MHOro obpasoBaHus. ITO NO3BONSET B KpaTyanine
CpOKM BbiOpaTb NPaBUJIbHYIO TaKTUKY BEOEHUS naLm-
eHToB. C y4eToM 6nM30CTU 0Opal3oBaHUsS K ypeTpe
Heo6XoAMMO OblTb FOTOBbLIM K BbINONHEHNIO PEKOH-
CTPYKUMW YPEeTPbl, B TOM 4YUC/IE C UCMONb30BaHMEM
TKAHEBbIX JIOCKYTOB, OJ1 MPEAOTBPALLEHUS TaKuX
rPO3HbIX OCNIOXHEHWNI, KaK ypeTpOoBnaraauLLHbIe CBU-
W 1 OecTpykums ypetpbl. [10sToMy BBUAY pPeaKomn
BCTPEYAEMOCTM JAHHOW NaToNorMmM onepaTuBHoe ne-
YyeHne crnemyeT NMPoBOAMUTb B CNELMaNN3nNpPOBaHHbIX
cTaumoHapax, rae MMeeTCst MakCUMasbHbIA OMbIT Bbl-
NOJIHEHUS NOAOOHbLIX BMELLATENBCTB.
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A standard for measuring the relative spine values
of adults
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The paper proposes a method for using the relative values of linear dimensions for spine structures, which are
necessary to compare the results obtained from digital and conventional radiographs having different scales.

The purpose of the study: to develop a method for quantifying the spine structures of adult patients in relative
units of measurement.

Materials and methods. Using digital spine radiographs of 141 patients (from 21 to 88 years old), with careful
observance of the same magnification, it is shown that the metric length of the segment tangent to the image of the
vertebral body C, lower contour — the érel standard — has no age trend.

Results and discussion. The ratio of segment tangent to the image of sacrum upper contour (segment s) and
orel standard dimension also does not depend on age and is on average equal to 2.1. So the segment can be
approximately calculated as érel = s/2.1. A group of 64 patients, from 21 to 88 years old, taken from the general
cohort is divided into four age subgroups according to the WHO classification. It is shown that relative vertical spine
size decreases with age. The difference in average relative vertical spine size for the first and the fourth age sub-
groups was 3.75 drels. The relative contribution of each spine part to the decrease is also demonstrated.

Conclusion. The proposed relative unit of measurement “érel” can be used as a universal measure of length,
independent of the scale and method of obtaining an X-ray image for measuring and comparing the structures
of the spine in adults at any age.

Keywords: spine; radiography; “érel” dimensional segment; spine reduction with aging

Funding. The study was not funded by any source.

Conflict of interest. The authors declare no obvious and potential conflicts of interest related to the article publication.
Ethical expertise. The study was conducted in accordance with the Helsinki Declaration (adopted in June 1964,
revised in October 2013), informed consent was obtained from each participant of the study.

For citation: Orel A.M., Semenova O.K. A standard for measuring the relative spine values of adults. Medical
Visualization. 2022; 26 (4): 136—146. https://doi.org/10.24835/1607-0763-1245

Received: 23.07.2022. Accepted for publication: 01.11.2022. Published online: 1.12.2022.

JTaJIoOH anda nAamepeHnda OoTHOCUTEJibHbIX BEJINYUH
CTPYKTYP MNO3BOHOYHUKaA B3POCJIbIX
©QOpen A.M.*, CemeHoBa 0.K.

FAY3 “MOCKOBCKMIA HAy4HO-MPAKTUYECKMI LEHTP MeAULMHCKON peabunmntaumm, BOCCTaHOBUTENIbHOM 1 CMOPTUBHOW MeaMLMHBI
I3 ropoga Mocksbl”; 105120 Mocksa, yn. 3emnsiHoi Ban, a. 53, Poccuiickas @enepaums

B paboTte npensioxeH MeTof, U3MePEHNsT OTHOCUTESIbHBLIX BEJIMYUH JIMHEVHBIX PA3MEPOB CTPYKTYP MO3BOHOY-
HUKa, KOTOPbIE HEOOXOANMBI /151 CPABHEHWS PE3Y/LTATOB, MOYYEHHbIX C LMPPOBLIX 1 0ObIYHBIX PEHTTEHOrPaMM,
MMEIOLLMX PasHbIA MacLUTao.

Lenb uccnepoBaHus: paspabotartb MeTon, KOJMYECTBEHHOM OLLEHKM BEJIMYUHBLI CTPYKTYP MO3BOHOYHMKA
B3POC/IbIX MALMEHTOB B OTHOCUTESIbHLIX EANHULIAX U3MEPEHUS.

Martepuan u metogpl. Ha npumepe rpynnbl u3 141 naumneHTa (ot 21 go 88 net) npu TwLatensHoOM cobnoae-
HUM OOMHAKOBOI0 YBENNYEHWS LIMDPOBLIX PEHTreHOrpaMm 6bio MoKa3aHo, YTO MeTpuyeckast AjinHa oTpe3ka kaca-
TENbHOW K N306PaXEHMI0 HXHErO KOHTYpa Tenla no3BoHka C, — aTanoH épen — He MMEET BO3PaCTHOIo TPEHAA.
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Pe3ynbraTtbl 1 00CcyXXaeHue. BbisiBNieHo, 4TO COOTHOLLEHME pa3MepoB aTasioHa dpes (oTpeska orel) n oTpes-
Ka KacaTenbHOW K N306paXeHnI0 BEPXHEro KOHTypa KpecTua (0Tpeska S) He 3aBMCUT OT BO3pacTa U B CPeaHEM
paBHO 2,1, 1 MOXET BbITb NPUOAN3UTESNILHO BbIYMCIIEHO MO dopmyne orel = s/2,1. Ha npumepe rpynnbl 64 naumeH-
TOB, B3SATbIX U3 TOW Xe KoropTbl o6cnenoBaHHbIX, (0T 21 oo 88 net), pasaeneHHol Ha 4 BO3pacTHble NOArpynmbl
B COOTBETCTBMUU C knaccudukaumen BO3, nokazaHo, 4TO OTHOCUTESIbHbI BEPTUKAbHBIN pa3mMep NO3BOHOYHMKA,
YMEHbLUAETCH C BO3PACTOM. PasHuLa cpeaHX OTHOCUTESbHBIX 3HAYEHWIA BEPTUKANbHOrO padMepa NO3BOHOYHMKA
B MEePBO 1 B YETBEPTOW BO3PACTHOM noarpynne coctasuna 3,75 épena. Takke NpoAeMOHCTPUPOBAH OTHOCUTENb-
HbI BKJIa[, KaXA0ro oTaesia No3BOHOYHMKA B 3TO YMEHbLLEHNE.

3aknoveHue. [pennaraemas oTHOcUTeNbHAs eduHuLA M3MepeHus “Open” MoxeT ObliTb MCMoJSib30BaHa
B KQYeCTBE YHMBEPCA/IbHON Mepbl AJIMHbI, HE3ABUCKMMOW OT MacluTaba u cnocoba NosayYyeHUs PEHTreHOBCKOro
n3o6paxeHuns 4 N3MePEHNS U CPaBHEHNS CTPYKTYP NMO3BOHOYHMKA Y B3POCIIbIX B JI060M BO3pacTe.

KnioueBble cnoBa: No3BOHOYHMK, PEHTreHorpadus, 3TanoH 6pesl, yMeHblLEeHe BbICOThbl MO3BOHOYHMKA MPU cTa-
peHun

UcTouHuk puHaHcupoBaHus. ViccnenoBaHre He GUHAHCUPOBANOCh KaknM-IMH0 UCTOYHUKOM NMOMMMO CPELCTB
aBTOPOB.

KoHpnukT uHTEepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SIBHbIX M MOTEHUMANbHBIX KOHGANKTOB WMHTEPECOB,
CBSI3aHHbIX C Nybnmkaumein HacTosILLEN cTaTbu.

OTnuyeckasa akcneprTusa. ViccnenoBaHve NPOBEAEHO B COOTBETCTBMM C XeNIbCUHCKOW Aeknapaumen (npuHaTa
B mioHe 1964 r., nepecmoTpeHa B okTs6pe 2013 1), OT KaXA0ro y4acTHMKA UCCe0BaHMs Nosy4eHo MHDOPMUPOBaAH-
HOe cornacue.

Anga uutnpoBanus: Open A.M., Cemerosa O.K. 3TanoH ona namepeHns 0THOCUTESbHbIX BENIMYMH CTPYKTYP NO3BOHOY-
HuKa B3pocnbix. MeanumHckas Budyann3saums. 2022; 26 (4): 136-146. https://doi.org/10.24835/1607-0763-1245

Moctynuna B pepakuumio: 23.07.2022.

Introduction

Traditionally, the main task of radiological spine
examination was to identify morphological signs of
diseases, fractures, developmental abnormalities,
dystrophic changes, inflammatory, tumor, and other
morphological disorders affecting spine functions,
which was used to determine the possibilities of surgi-
cal intervention.

Neurosurgeons, traumatologists, orthopedists,
vertebrologists, radiologists, specialists in restorative
medicine, rehabilitologists, physical therapy doctors,
osteopaths, chiropractors and many other specialists
engaged in spine diagnosis and treatment are involved
in studying spine features.

The issue has arich history, and studies conducted
earlier offer a number of solutions used in practice
estimating the spine linear dimensions in neurosur-
gery using metric units. On the basis of metric meas-
urements of radiographs, classifications of spinal de-
formities in adolescent idiopathic scoliosis have been
developed in neurosurgery clinics. The metric param-
eters of the spine determining the balance of its arch-
es in the frontal and sagittal planes are investigated.
And they still serve to evaluate the results of surgical
intervention [1-7]. Other authors also write about this.

However, the use of a relative indicator, a bench-
mark that would reflect the individual characteristics of
each patient's spine, has not yet been proposed.
When reviewing the scientific literature, we did not find
analogues of such an invention, neither in domestic
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nor in foreign databases. Such an approach would
make it possible to compare the metric characteris-
tics of the spine in patients of different ages, made
using both analog and digital X-ray machines.

Modern digital X-ray examination has significantly
reduced the dose of radiation exposure and opened
up new opportunities for a refined detailed diagnosis
of patient's spine condition. However, the digital X-ray
examination has a significant problem. The advantage
of digital radiography is the ability to proportionally
change the scale of the X-ray image on the screen of
a personal computer. However, this inevitably leads to
a change in the linear dimensions of the studied
structures, and it requires the introduction of addi-
tional standards into the image itself. The standards
make it possible to correctly compare the results of
different X-ray studies.

Expanding the boundaries of the application for
X-ray examination, comparing X-ray images obtained
for the same patient at different ages, we are again
faced with the technical problem of measuring the
spine structures obtained with different X-ray ma-
chines, under different conditions of radiography. It is
well known that throughout patient life, the position
and shape of each vertebra change. Solving the prob-
lem of determining norm boundaries, we need to
compare linear sizes of the vertebrae, length of entire
spine and its sections both for one patient and for dif-
ferent patients. Due to large variability and uncertainty
of norm boundaries of anatomical structure and ver-
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tebra shape, the quantitative assessment of age-re-
lated changes in metric units cannot be recognized as
absolutely objective. That is why the task of develop-
ing a unit (standard) for relative measurements, ac-
quiring the properties of a universal measure that
does not depend on either the magnitude and scale of
X-ray image or features of a patient’s constitution be-
comes relevant. The relative dimensions of spine
structures measured using such a unit of measure-
ment can be compared.

As a standard, it seems most acceptable to use
those bone formations that can be easily found and
measured on a spine radiograph. It must be said that
such an approach - to measure any dimensions with
the help of a standard representing a part of human
body, has deep historical roots.

In visual arts, at various times, many systems of
typing the size and proportions of the human body
have been proposed, which have received the name
canon. When using the canon, a length of a part of
human body was taken as a unit of measure — a mod-
ule. The modules were: length of middle finger (in
Ancient Egypt), head (in Ancient Greece), foot, face,
and others. An author of one of the first literary sources
describing the canon was Polycletus, the sculptor of
Ancient Greece in classical period. In V century BC, he
wrote an essay on the regularity of human body part
proportions. Some researchers suppose that Polycletus
took palm width at the level of finger bases as a mod-
ule, while others think that his module was a head lon-
gitudinal size. Polycletus applied his canon in the work
on the statue of Doriphorus (Spearman). A face in
Polycletus sculptures is 1/10, a head is 1/8, and head
with neck is 1/6 of the entire human figure [8].

In Russia, since ancient times, it has been ac-
cepted to measure the size of any objects in arshins
(from the Persian word “arsh” — “elbow”). This is
length measure that was equal to the length of the
arm. It was equal to 71 cm and measured at arm’s
length in a straight line from the tip of the middle finger
to the shoulder. Another example of a measure of
length — a vershok — was equal to the main phalanx
length of the index finger. Other length measures based
on the size of human body parts were also used [9].

The approach of Chinese traditional medicine is
closer to our problem solving. For the purpose of acu-
puncture specialists search biologically active points
on the energy meridians of human body using indi-
vidual measures of length: individual tsun and propor-
tional tsun. Individual tsun is measured on the pa-
tient's middle finger. To measure it, it is necessary to
connect the ends of the bent thumb and middle finger
of the left hand so that they form a ring. The distance
between the outer ends of the transverse folds at the
second phalanx of the middle finger is taken as a tsun.
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Proportional tsun is the distance from the patient’s
ulnar fold to the fold of the wrist joint divided into
12.5 parts — each of the part is equal to one individual
tsun [10].

Concerning the topic of the present study, it is in-
teresting that there is a structure in the human spine
that differs in its anatomical structure from other ver-
tebrae, present in all people, clearly defined on radio-
graphs, and does not require complex equipment for
its measurement. This is the C, vertebra — axis. In radi-
ology, itis customary to start counting vertebrae in the
spine column from the axis. Even in a baby’s X-ray
spine image, the axis body is clearly defined. Though
the appearance of secondary ossification nuclei in the
axis apex area is a subject of significant variations, the
axis body ossification nucleus is primary and can be
diagnosed already at birth, it is well defined till the first
months of a person’s life. We believe that this struc-
ture reflects the features of patient’s anatomical
structure, and can serve as an individual measuring
unit, a standard for studying the spine size.

The purpose of this work is to develop a method
for quantifying the spine structures of adult patients in
relative units of measurement.

Type of study: cohort.

Location of the study. The study was conducted
at the Moscow Scientific and Practical Center for
Medical Rehabilitation, Restorative and Sports
Medicine of Moscow Health Department.

Materials and methods

Digital radiographs for patients who applied for
dorsopathies were randomly selected. The cohort
consisted of 141 patients aged 21 to 88 years, 57 men
and 84 women. The patient cohort was divided into
four groups according to the WHO age classification
[11]: I - 21-44 years (mean age 32.7 years) — 31 peo-
ple, Il - 45-59 years (mean age 52.6 years) — 39, Ill -
60-74 years (mean age 66.8 years) — 50 and IV -
75-88 years (mean age 81.1 years) — 21 people.

The inclusion criteria to the study cohort were
the availability of digital radiographs of all parts of the
spine, made simultaneously in accordance with the
required standards of radiography. Key conditions
of radiography were: focal length of at least 150 cm
(telerentgenography), the patient standing barefoot in
a natural pose at the vertical rack of X-ray machine,
during radiography the patient fixes his gaze at a dis-
tant point opposite the eyes [12]. The exclusion crite-
ria were gross violations of spinal statics in the form of
scoliosis of the IlI-IV degree, due to congenital anom-
alies of vertebral development, as well as the pres-
ence of diseases in which treatment with osteopathy is
contraindicated [13].
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It is important to note that the study was conduct-
ed on a personal computer monitor screen without the
participation and without additional irradiation of pa-
tients. The graphical capabilities of the Microsoft
Office Word 2007 software package were used. Digital
images of each spine section in the sagittal projection
were superposed at the edges, and then attached one
to the other at a fivefold magnification. At the first step
image of the cervical spine was attached to the X-ray
image of the thoracic spine. And then the image of the
thoracic spine was attached to the image of the lum-
bosacral-coccygeal section. We achieved a complete
coincidence of the sizes and contours of the com-
bined vertebrae. Therefore, a compounded digital
X-ray image in proportions and shape corresponded
to the whole spine image of the patient.

In order to measure the average size of spine sec-
tions and entire spine, 64 compounded radiological
spine images for patients aged 21 to 88 years were
selected from the general cohort. The selection crite-
rion was the presence of X-ray images for all spine
parts in sagittal projection, from skull base to sacrum
apex. Combined spine radiographs of patients who
did not have an X-ray image of sacrum apex were
excluded from the study group. There were four age
subgroups: 21-44 years — 21 people, 45-59 years -
14 people, 60-74 years — 21 people and 75-88 years —
8 people.

Tangent to axis body lower contour (segment orel)
as well as tangent to sacrum base contour (segment
s) were applied to the combined digital X-ray spine
image of each patient (Fig. 1). In order to study the
dependence of average vertical spine size on age,
a vertical straight line was applied to the combined
X-ray spine images of 64 patients, coming from the
outer contour of the external tubercle of the occipital
bone - the occipital vertical. Several horizontal lines
were drawn to intersect with occipital vertical: from the
dens apex of axis (C,), from the posterior lower corner
of the C,, vertebra body image, from the posterior
lower corner of the Ty, vertebra body image, from the
posterior upper corner of sacral base image (S,) and
from the sacral apex (S,). The screen ruler Window
Ruler 1.1 and the standard transparent ruler were
used for measurements. The values of 6rel segments
and s segments were measured in millimeters for all
141 patients. Projection values of spine vertical di-
mensions, cervical C,-C,,, thoracic C,~Ty,, lumbar
Tw—=S, and sacral S-S,, cut off by horizontal lines
on the occipital vertical, were measured in millimeters
for 64 patients. The data are recorded in the study
protocol. Statistical data processing was carried out
using Microsoft Office Excel 2007 and the STATISTICA
12 software package.

CII_CVII

CVII _TXII

TXII _S\

S-Sy

Fig. 1. Combined digital radiological image of patient X., 31
years. OO, — occipital vertical, érel — dimensional segment
orel; s — segment sacrum; C,, Cy,, Ty, S;; Sy — horizontals
drawn from the corresponding vertebrae; C,-C,, -vertical
size of the cervical spine, C,,—Ty, — vertical size of the
thoracic spine, Ty,—S, — vertical size of the lumbar spine,
S-S, — vertical size of the sacral spine. This patient has a
normal position of the sacrum. Lumbar lordosis, thoracic
kyphosis and cervical lordosis are within normal limits.
There are retrolistesis of the vertebrae C,,, Ty, L,and L. The
sacrum is segmented. The signs of chondrosis are
differentiated with a decrease in intervertebral space height
at the level of C,—-C,. There are manifestations of arthrosis
of the arcuate joints at all levels, as well as arthrosis of the
anterior atlanto-axial and sacrococcygeal joints. A large
osteophyte, the occipital spur, grows from the external
occipital protuberance. The occipital vertical passes behind
the spine.
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Fig. 2. X-ray image of atlas and axis (C, and C,) in sagittal
projection. a is the distal point of body C, anterior contour;
b is the distal point of body C, the posterior contour; ab is
the absolute value of the measuring unit “érel”.

Fig. 3. X-ray image of the lumbosacral spine in sagittal
projection. c is the front point of the sacrum base contour;
d is the back point of the sacrum base contour; cd is the
absolute value of the segment “sacrum”.

As a unit of measurement to assess the relative
size of the spine structures, we propose to take the
lower contour of the second cervical vertebra body. To
do this, on the radiograph of the cervical spine in the
sagittal projection, it is necessary to find the axis body
and draw a tangent line to its lower contour. As a unit
of measurement, we propose to take a straight line
segment between distal points of anterior and poste-
rior contours in the X-ray shadow of the axis body
(Fig. 2). This segment was named “6rel”. We noticed
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that the size of the segment differs slightly from one
person to another, but at the same time reflects indi-
vidual characteristics of each person.

The measuring segment “6rel”, as well as all other
sizes, was measured on the screen of a personal com-
puter in millimeters. We relate any measured param-
eters on the combined digital radiological image of the
spine, without changing image scale, with the orel
measuring unit. Thus we get a dimensionless relative
value, and these relative values can be compared for
different people, at different ages and during various
studies.

It is important to emphasize that the same scale of
images was observed during the study, both during a
single study and throughout the entire series of stud-
ies. Therefore, the data obtained made it possible to
compare the linear dimensions of the studied struc-
tures, both on a single combined image of the spine,
and in the entire group of studied images.

As an example of using the 6rel standard, the size
segment of the tangent drawn on the combined spine
radiograph in sagittal projection to the base of the
sacrum was studied for all 141 patients. This segment
was called “sacrum” and was designated by the letter
“s”. The sacrum is well defined on radiographs and on
any radiation images of this area. As well as the axis,
the sacrum has a characteristic structure (Fig. 3).

Results

The value of 6rel segment was measured on com-
bined digital radiological spine images of all 141 pa-
tients. It should be said that the absolute values of
the orel segment, as well as the sacrum segment,
measured in mm, given in this paper play the role of
only indicative data. They were measured on the
screen of a personal computer and depended on the
scale of the image. On the other hand, these data
reliably reflect the true size ratios of the studied
structures. The average value of the érel segment on
the digital X-ray images studied in all age groups was
9.55 + 1.08 mm.

The true dimensions of the 6rel segment can be
determined by direct measurements of the anterior-
posterior size on the lower surface of the axis body on
dry anatomical preparations. This kind of research has
been conducted repeatedly and is presented in scien-
tific sources of different countries, Table 1, the data of
the table are quoted by source: [14].

We investigated the absolute dimensions of orel
segment depending on the age of the patients (Fig. 4).
In the course of this study, it was shown that there was
no age trend in the size of 6rel segment. That is, its
value does not depend on patient age and does not
change with age, it’s just a feature of this patient spine
constitution.
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Table 1. Morphometric analysis of the anterior-posterior diameter of inferior axis vertebra surface, values in mm = DP

(Marques Filho, Gustavo de Souza, et al., 2021)

Number Anterior-posterior length
Authors Country Year of vertebrae of inferior vertebral body
examined Cll surface
Filho M., Gustavo de Souza et al. Brazil 2021 58 15.29+ 2.02
Lalit M., Piplani S., et al. North Italy 2020 60 15.10+ 1.56
Mukesh Singla et al. India 2015 30 15.42+1.78
Morales-Avalos et al. Mexico 2012 576 15.11+£1.88
Gosavi and Swamy et al. India 2012 100 14.77£1.73
Naderi et al. Turkey 2006 80 15.8+1.7
Xu R., Nadaud M.C. et al. USA 1995 50 (male) 16.1£1.5
(female) 15.0+1.7
Doherty B.J., Heggeness M.H. Houston, Texas 1994 51 16.6% 1.6

The average value of sacrum segments on the
combined digital X-ray images studied in all age
groups was 20.0 £ 2.55 mm.

When analyzing the segment size of tangent drawn
to the base of the sacrum (segment s) in the entire
cohort of 141 patients, as well as for absolute orel
length, no age trend was found (Fig. 5).

The study suggested that both segments are inter-
changeable and can equally be used to assess the
relative sizes of spinal structures. Therefore, at the
next stage of the study, we studied the relationship
between them. It was revealed (Table 2) that the ratio
between average segments s and orel was approxi-
mately equal to 2.1 for patients of all age categories.
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Table 2. Measured values of 6rel and sacrum segments on combined spine radiographs, 141 patients

Age group Number Th'e average value The average value The ratio of average s and
of people of orel segment, mm of the s segment, mm average orel values
21-44 31 9,61+1,1 20,00+ 3,0 2,1
45-59 39 9,561+1,2 20,23+2,6 2,1
60-74 50 9,48+1,0 19,80+ 2,4 2,1
75-88 21 9,67+0,9 20,10+2,3 2,1

Table 3. The average relative vertical dimensions of spine parts and entire spine, in 6rels, 64 patients

Age group op::,gggl,; Vertical dimensions of the spine parts, in orels e‘rl\et,irrtéc:;;i?\l;?izfc’)t?e?s
CII_CVII CVII_TXII TXII_SI SI_sV CII_SV
21-44 21 7,64 £0,67 16,60+ 1,87 | 10,02+2,02 | 5,99+1,32 40,25+5,13
45-59 14 6,82+ 0,68 15,92+ 2,05 9,13+ 1,38 5,85+ 1,07 37,72+ 3,99
60-74 21 6,55+0,78 15,51+2,04 8,58+1,65 | 6,26+1,26 36,90 £ 5,10
75-88 8 6,38 £ 0,41 14,97 £1,93 8,74£1,29 | 6,411,221 36,50 + 3,47

METULIHCKAS BU3YATHBALINA

Thus, based on the study results, we consider it
possible to assert that the value of dimensional seg-
ment orel correlates with the value of sacrum seg-
ment, with the same coefficient. And the value of the
segment s, in orels, can be approximately calculated
by the formula:

s=2.106rel
orel=s/2.1

Orel standard application

for measuring spine vertical dimensions

It was important not only to offer a relative unit,
a standard for measurement, but also to make sure
that this approach can be applied in practice. We as-
sumed that the study carried out using a relative
standard allows us to reliably compare the dimensions
of the spine structures on uniform X-ray images for
persons of different genders and ages. It means that
the method made it possible to investigate the age
trend in average vertical size of entire spine as well as
the size of each spine part. The measurement results
in relative units are shown in Table 3.

The comparison of the average relative vertical di-
mensions in the group of 64 patients showed that
there is a relative change in the vertical size of both the
entire spine and its parts. When comparing the cervi-
cal spine for young and senile patients, a decrease
of 1.26 orels was noted. The thoracic spine decreased
by 1.63 orels. The lumbar spine decreased by
1.28 orels. In contrast, the relative vertical size of the
sacral spine increased slightly by 0.42 érels.

The study demonstrated a decrease in average
vertical size of entire spine for senile patients com-
pared with young patients by 3.75 o6rels.
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At the same time, during the study it was revealed
that the decrease in the relative vertical dimensions of
entire spine occurred unevenly (Fig. 6). The greatest
differences were found when comparing the first
(21-44 years) and the second (45-59 years) age sub-
groups, where the difference in average size of entire
spine was 2.52 6rels. In the next age subgroup (60-74
years), the average size of entire spine decreased by
another 0.83 ¢rels. And at the age of 75-88 years, the
vertical size of spine decreased by another 0.40 orel.

A more rigorous test of the statistical hypothesis
about the significance of the difference in the mean

41,0
40,25

40,0 |

39,0 -

38,0 -

870 | f SO0

36,0

35,0

34,0 L L L
21-44 45-59 60-74

75-88

Fig. 6. The average relative vertical size of spine, C,-S,,
four age groups.



ORIGINAL ARTICLE | OPUTUHAJILHOE UCCJIENOBAHUE

52
50 |- B O
A8
B[
e ——sl B -
42 [emmeeaea
40 o |
3|
86
B4 o]
Q2
B0 |
e
P e
24 : : :

o Median

[] 25%-75%

T Non-Outlier Range
o OQutliers

Fig. 7. Relative vertical size of the spine C,—S, in the first
and third age groups. Box plot.

value (median) of the spine vertical size for different
age categories was carried out in several stages using
the STATISTICA package. Patients of the first age cat-
egory (21-44 years), a total of 21 people, and patients
of the third age category (60-74 years), also 21 peo-
ple, were taken as subgroups for comparison from 64
patients. It should be noted that the subgroups were
independent, that is, in this case, the indicators were
compared for 42 patients. As a null hypothesis, the
variant of insignificant median difference for two sub-
groups was considered, as an alternative — the pres-
ence of a statistically significant difference (age
trend). Fig. 7 shows boxplot for the relative vertical
dimensions of C,—S,, calculated in 6rels, for patients
of two age subgroups.

Before proving the significance of the difference in
median values for two subgroups, it was necessary to
choose a suitable method, for which, first of all, the
data normality of the value we were interested in
should be assessed. According to the type of box dia-
grams, it was impossible to reject the hypothesis of
normality, since the graphs demonstrated a fairly sym-
metrical appearance.

A more thorough check of data normality included
the histogram as well as normal probability plot analy-
sis. An example of such a graphical assessment for
the first age subgroup of 21 people (21-44 years) is
shown in Fig. 8, 9.

Histogram: Var1
K-S d=.10564; p > .20; Lilliefors p > .20
Shapiro-Wilk W = ,96874; p = ,29949
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Fig. 8. Assessing data normality for relative vertical spine
size C,—S, in the first age subgroup. Histogram.
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Fig. 9. Assessing data normality for relative vertical spine
size C,—S, in the first age subgroup. Normal probability plot.

The verification was also carried out according to
the criteria of Kolmogorov-Smirnov and Shapiro-
Wilk. The hypothesis of the data normality could not
be rejected, and therefore, when checking the statisti-
cal significance of the difference in mean values,
it was possible to use a parametric method, in this
case the Student's t-criterion for independent sam-
ples. As a result, the null hypothesis that the differ-
ences in mean values for the two age subgroups were
insignificant had to be rejected (p = 0.040). Thus,
based on the analysis done, it should be concluded
that decrease in relative vertical spine size with age is
statistically significant.
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Discussion

The widespread use of digital radiography, along
with the obvious advantages, has put in agenda the
issue of objective measurement and comparison of
linear dimensions using spinal structure images, both
digital and made on X-ray film.

The introduction of relative measurement unit,
oOrel, gives new important possibilities. There is no
need to always strictly observe the scale of digital
images in a series of studies or to carry out radiogra-
phy only on the same X-ray machine. It is possible to
compare the data of images obtained on a digital
X-ray image and on an X-ray film. It is enough just
strictly to adhere to the same conditions: always use
the same standards of radiography and during a sin-
gle study, when measuring significant parameters,
to keep the same image scale. With the relative unit
of measurement orel, it becomes possible to compare
the measured parameters for many patients and ob-
jectively determine both norm and pathology bounda-
ries for linear dimensions of structures. It means
identifying initial stages of diseases manifested by
functional disorders of statics — that is, more specifi-
cally, to diagnose somatic spinal dysfunctions based
on radiation images. It becomes possible to compare
linear dimensions of the same structures with multiple
repeated measurements. The comparison of the re-
sults of spinal examinations for the same patient made
after a long time period is simplified and becomes
more evidence-based. So it can contribute to improv-
ing the means of monitoring treatment results (before
and after treatment), as well as in the long term after
treatment course. The authors believe that such an
approach can be useful for the development of evi-
dence-based medicine.

The present work offers another improvement.
Having axis image in sagittal projection, by measuring
the size of 6rel segment, it is possible to calculate the
approximate size of sacrum segment s using the pro-
posed formula. Conversely, by measuring the value of
the segment s on a radiograph, it is possible to ap-
proximate the value of 6rel segment. Knowing this, itis
enough to have an image of only one segment in order
to assess linear dimensions in o6rels of any spine
structure, without additional radiography of the cervi-
cal spine.

The use of the data obtained allowed us to investi-
gate the age trend of changes in spine structure sizes.
Observing people of different ages shows that people
after 60 years gradually decrease in height. However,
it was not possible to reliably register and verify spine
contribution to the decrease, since longitudinal stud-
ies with entire spine radiography of the same patient
for many years aimed to solve such a problem were
not carried out. Which is not surprising, since the du-
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ration of such a study would have to be at least 20
years, and the initial age of patients is 60 years and
older. The use of a relative unit for measurement made
it possible to compare the spine size for people of dif-
ferent ages, taking into account their individual char-
acteristics, and bring these measurements to uniform
conditions. That's why we were able to conduct a
cross-sectional study of the age trend. It is important
to emphasize that the research methodology de-
scribed in this paper has provided new measurement
data for spine sections and entire spine.

The proposed research methodology was carried
out for the first time. And since such work using the
relative unit of measurement of spinal structures has
not been carried out earlier, we could not find similar
work and compare the data obtained with the data of
other authors.

The data obtained correlate with the earlier results
of the authors. Possible explanations for the decrease
in the relative vertical size of the cervical and thoracic
spine can be found in the works describing the age
trend. For example, it was shown that the second cer-
vical vertebra of elderly people deviates from a strictly
vertical position and most often occupies a position
with a forward tilt (kyphosis) or backward (lordosis),
that is, its relative vertical size decreases [15]. For el-
derly and senile people, an increase in thoracic ky-
phosis is most often detected mainly due to forward
tilt and anterior displacement of the C,,~T,, vertebrae,
which also contributes to a decrease in relative verti-
cal size of spine [16]. A weakly pronounced increase
in the relative vertical size of the sacral spine can be
explained by the fact that vertical sacrum position is
most often detected for elder people [17].

Conclusion

Digital radiography has significantly reduced the
dose of radiation exposure to the patient and im-
proved the quality of the images obtained. It became
possible to study digital images of the spine remotely
using a personal computer, without the participation
and without additional irradiation of the patient.

For the first time, as a measuring standard charac-
terizing the individual features of the patient spine
structures, it is proposed to use a dimensional seg-
ment, called “6rel”, measured on a tangent drawn on
aradiograph of the cervical spine in sagittal projection
to the lower contour of the axis body. Comparing any
linear dimensions of the spine structures with the o6rel
segment allows us to obtain a dimensionless relative
size of the spine structure.

For the same patient a stable ratio of the dimen-
sional segment orel (orel segment) and the segment
of a straight line drawn tangentially to the upper con-
tour of sacrum base (s segment) was revealed. The
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research demonstrates the interchangeability of these
segments in possible using for practical needs. And in
case there is an image of one of the segments on a
digital radiograph, it is possible to approximately re-
calculate the magnitude of the linear dimensions for
the studied structures in orels, without additional ex-
amination of other spine parts. The approximate ratio
between the 6rel segment and the s segment is pre-
sented in the formula: 6rel = s/2.1.

The use of the unit in measurement solves the
problem of comparing the linear dimensions of spinal
structures for different patients, including the age
trend identifying. The present study shows that people
over 45 years old have a gradual decrease in the verti-
cal dimensions of the cervical, thoracic and lumbar
sections and at the same time a slight increase in the
relative vertical size of sacral spine. It is demonstrated
that average vertical size of the spine from the apex
dens of axis C, to the S, apex for people aged 21 to 88
years decreases in total by 3.75 orels.

Thus, in the course of the study, data were ob-
tained indicating that the spine is a living, constantly
developing structure of human body, which under-
goes significant changes not only in childhood, but
also for adult people, and especially in old age and
senility. This opens up prospects and opportunities for
actively maintaining his harmonious physiological
state based on the principles of evidence-based
medicine.
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Accuracy of fat fraction estimation using Dixon:
experimental phantom study
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Objective. Quantitative assessment of Dixon two-point and three-point technologies operation using phantom
modeling in the range from 0 to 70%.

Materials and methods. To simulate substances with different concentrations of the fat phase we chose direct
oil-in-water emulsions. Tubes with ready-made emulsions were placed in a phantom. Emulsions based on vegeta-
ble oils were presented in the range from 0-70%. The phantom was scanned on an Optima MR450w MRI tomo-
graph (GE, USA) in two Dixon modes: the accelerated two-point method “Lava-Flex” and the three-point method
“IDEAL 1Q”. A scan was performed on a GEM Flex LG Full RF coil. We calculated fat fraction (FF) using two formulas.

Results. There is a linear relationship of the determined values when calculating the fat concentration in “IDEAL
IQ” mode and using the formula based on Water and Fat. The accuracy of body fat percentage measurement in
“IDEAL 1Q” mode is higher than in “Lava-Flex” mode. According to the MR-sequence “Lava-Flex” draws attention
to the overestimation of the measured values of the concentration of fat in relation to the specified values by an
average of 57.6% over the entire range, with an average absolute difference of 17.2%.

Conclusion. Using the “IDEAL 1Q” sequence, the results of the quantitative determination of fractions by for-
mulas were demonstrated, which are more consistent with the specified values in the phantom. In order to cor-
rectly quantify the fat fraction, it is preferable to calculate from the Water and Fat images using Equation 2.
Calculations from the In-phase and Out-phase images provide ambiguous results. Phantom modeling with direct
emulsions allowed us to detect the shift of the measured fat fraction.

Keywords: Fat quantification, phantom study, quality control, Dixon, magnetic resonance imaging
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OnpepeneHne TOYHOCTU OLLEHKN ppaKUnmM Xupa
Cc ucnonb3oeaHuem Dixon: akcnepumeHTanbHoe
¢daHTOMHOE uccneposaHue

©Manuna 0.10.'-2:4*, [pomos. A.U.2, Axmapg E.C.', NMeTpsaiikun A.B.1,
Boraues [1.A.3, CemeHoB [1.C.', Bnagsumupckuii A.B.", Bacunbes l0.A."

' TBY3 “Hay4HO-NpaKTU4eCKMiA KNMHUYECKMNIA LLEHTP AMArHoCTUKN 1 TeneMeamumMHCKmx TexHonoruii 13 ropoga Mockabl”;
127051 Mocksa, yn. MeTpoeka, 4. 24, ctp. 1, Poccuiickas ®epepaups

2 Pre0yY BO “MocKoBCKMiA rocyAapCTBEHHbI MEAUKO-CTOMaTonornyeckuii yuusepeuteT um. A.. Esgoknumosa”
Mwunsgpasa Poccun; 127473 Mockea, yn. deneratckas, a. 20, c1p.1, Poccuiickas ®epepauys

3000 “9mynbKom”; 124489 Mockosckas 06:., EnnHo, yn. NletHas, 1, Poccuiickas ®enepauus

4TBY3 ropona Mocksbl “fopoackas knmHudeckas oHkonormdeckas 6onbHuua Nel 13 ropoga Mocksbl”;
105005 Mockga, yn. bBaymaHckas, a. 17/1, Poccuiickas ®epnepauys

Llenbo uccnepoBaHus: oueHka 9OOEKTUBHOCTU pPabOThl [OBYXTOYEYHON U TpexToyeyHor MPT-
nocnegoBatenbHocTer Dixon npy GaHTOMHOM MOAENMPOBAHUN )15 ONPEAENEHNS XUPOBON dpakummn B AManas3o-
He ot 0 1o 70%.

Martepuan v metoabl. [i19 MOAENMPOBAaHUA BELLECTB C PA3HOM KOHLEHTpauuen XnpoBon ¢asbl Obiin
BbIOpaHbI NpsiMble aMyfbCUM TUMNa “mMacno B Boae”. MNpobupky ¢ aMynbCusiMy MOMELLANNCH B LMANHAPUYECKUIA
daHTOM. OMyNbCMM Ha OCHOBE pPaCTUTENIbHbIX Macen Obliv npepactaBneHbl B avanazoHe ot 0 go 70%.
CkaHupoBaHue BbinonHsanocb Ha MP-tomorpade 1,5 Tn Optima MR450w (GE, CLUA). Bbino npoBeaeHo ckaHMpo-
BaHMe B ABYX pexumax Dixon: aByxTo4yeyHbl MeToa “Lava-Flex” n Tpextoyeynbii meton “IDEAL IQ”. Bbino BbINos-
HEHO ckaHupoBaHue Ha PY-kaTywke GEM Flex LG Full. @pakuus xunpa onpenensnach pacyeTHbIM METOAOM.

Pesynbratbl. [py pacyeTe KOHLEHTPALMK X1pa Mo AaHHbIM nocnenosatensHocTy “IDEAL 1Q” no ¢popmyne,
1CnonbaytoLlel JaHHble n3obpaxeHunin Water n Fat, onpegeneHa nmHeinHas 3aBUCMMOCTb M3MEPEHHbIX 3HAYEHWIA
OT 3afaHHbIX. TOYHOCTb N3MEPEHUS MPOLIEHTHOrO coaepXaHus xunpa B pexrme “IDEAL 1Q” Bbille, 4eM B pexnme
“Lava-Flex”. Mo paHHbIM MP-nocnegoBaTensHOCTU “Lava-Flex” obpaliaeT Ha cebst BHMMaHMe 3aBblLLEHNE N3ME-
PSEMbIX 3HAYEHWNI KOHLEHTPALMM XKMpPa MO OTHOLLEHNIO K 3a4aHHbIM B CPeAHEM Ha 57,6% Ha BCEM Anana3oHe npu
cpeaHen abcontoTHol pasHuue 17,2%.

SaknoveHue. C nomoLubio nocnenoBatesnibHocTh “IDEAL 1Q” 6binv NpoAEMOHCTPUPOBaHbI Pe3ybTaTbl KOIN-
4YeCTBEHHOro onpeaeneHns Gpakumii no Gopmynam, B 60bLLEN CTENEHM COOTBETCTBYIOLLME 3a4aHHbIM BENYMA-
HaMm B daHToMe. [N KOPPEKTHOrO KONNYECTBEHHOIO onpeaeneHus Gpakumm xvpa npeanoyTuTenbHee npoBo-
ONTb pacyeTbl MO AaHHbIM U3006paxeHusm Water n Fat ¢ ncnons3osaHmem gpopmynbl (2). PacyeTsl no nsodpaxe-
Husm In-phase n Out-phase npepgocTaBnsioT HEOAHO3HAYHble pe3ynbraThl. PaHTOMHOE MOAENNPOBaHWE
C MCNOJIb30BAHNEM MPSAMbIX 3MYJIbCUIA NO3BONNIO ONPESENUTb CMELLEHNE B 3HAYEHUAX U3MepsieMor dpakumm
Xupa.

KniouyeBbie cnoBa: KONMYECTBEHHAS OLIEHKA XWPOBOM TKaHW, GaAHTOMHOE WCCNeA0BaHME, KOHTPONb KayecTBa,
Dixon, MarHnTHO-pe3oHaHcHas Tomorpadus

KoHdnukTbl MHTEpPecoB: CcTaTbsl NOArOTOBMEHA aBTOPCKUM KOIIEKTMBOM B paMKax Hay4yHO-MCCnenoBaTesibCkon
paboTbl (Ne EFTUCY: AAAA-A21-121012290079-2) B cooTBeTcTBUM C MNporpammoit lenaptameHTa 34paBoOOXpaHeHst
ropona Mockabl “Hay4Hoe obecneyeHne CToNMYHOro 3apaBooxpaHenns” Ha 2020-2022 rr.

Ana untuposanua: MNadnHa O.10., Mpomos A.U., Axmap E.C., MNetpsnkmH A.B., boraves [.A., CemeHoB [.C.,
Bnagavmumpckuin A.B., Bacunbes K0.A. OnpeneneHne TOHHOCTM OLEHKM DpakLmMmM Xmpa ¢ Mcrnosib3oBaHmem Dixon: akc-
nepvMeHTanbHoe GpaHToMHoe nuccnenoBanve. MeavumnHckas Budyanunsaums. 2022; 26 (4): 147-158.
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Introduction

Estimating the percentage of fat in tissues and
organs on MRI images allows in some cases to shed
light on the nature of the observed changes. This is
made possible by the Dixon-type pulse sequence,
widely available on the scanners from different
manufacturers. The method relies on four sequences
(water, fat, in-phase, out-phase) acquired in one
scan. [1] In routine practice, the goal of using the
Dixon out-phase sequences to assess the fat content
is to confirm hepatic steatosis, to measure its degree,
to enable diagnosis and differential diagnosis of
adrenal lesions, to determine chylous tumours in the
abdominal cavity, etc. [2]. Such capabilities are
made possible by the special features of this
technology, that allow to evaluate the fat amount
inside the parenchymal organs or pathological
formations.

The MR fat suppression technology in question is
based on the works of Thomas Dixon and was named
“Dixon” after the scientist [3]. A paper on the clinical
application of this technique came out somewhat
later [4]. The technology utilizes the fact that water
and fat molecules precess at different rates (i.e.
higher precess rate for water and lower for fat). This
small gap is due to a difference in local magnetic
fields — for water protons it is 220 Hz higher, while the
field induction is 1.5T.

Figure 1 shows the principle behind the operation
of this technique. Immediately after applying the
initial excitation pulse «o°, the water (blue arrow)
and fat (yellow arrow) protons begin in-phase. Once
a signal is registered after TE = 2.2 ms, the fat

protons “move away” from the water protons and
a signal becomes out-phase. Next, after 2TE, the
motion of the fat protons triggers a second phasing
of the spin system, and the protons of fat and water
will again be in phase.

Over the past two decades, the academic interest
in MRI fat quantification has grown substantially
[5-7]. This can be explained by the fact, that at the
moment scholars are searching for quantitative
parameters that do not depend on data collection,
platforms, scanner manufacturers, magnetic field
induction, etc. Taken together, this may contribute to
standardization and wide clinical application of the
method in question [8]. In addition to routine practice,
the fat quantification can be helpful in clinical trials
during drug development [9,10]. However, a suffi-
cient level of accuracy (low bias) and intermediate
precision (low variability under different experimental
conditions) of the quantitative metrics must be
demonstrated [11].

In everyday practice, radiologists often lack
confidence in determining the exact fat fraction
percentage with certain tomography scanners, so the
DIXON sequence is not always included in the scan
protocols. Thus, the phantom modelling is there to
help determining the accuracy of the quantitative data
acquired using tomography scanners from various
manufacturers.

Goal

Quantitative assessment of Dixon two-point and
three-point methods using phantom modelling to
assessing fat fractions in the range from 0 to 70%.

A T=0 OP=W-F IP=W+F
- Out of Phase In Phase
m o
R
[
|

TE2,2ms TE 4,4 ms
PHASE OUT PHASE IN

= (=

Fig. 1. Diagram of Dixon technology.
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Materials and methods

Development of a physical model

The experiment utilized a phantom developed
by the Center for Diagnostics and Telemedicine of the
Moscow Healthcare Department (Fig. 2a). The
phantom is a sealed acrylic cylinder with test tubes
inside containing emulsions with the following fat
phase concentrations: 0, 10%, 20%, 30%, 40%, 50%,
60%, 70% (Fig. 2a).

To simulate substances with various concentrations
of the fat phase we chose direct oil-in-water emulsions.
This model allows to combine two phases (water and
fat) and evenly distribute one into the other [12].

The solutions were based on vegetable oils
(sunflower and soybean) [13]. The BTMS (Behentri-
monium Methosulfate) emulsifier was used to make
a stable emulsion. To obtain a homogeneous and
physically stable emulsion, we performed emulsi-
fication by heating the emulsifier, mixing it with
vegetable oil and emulsifying it using an IKA Ultra
Turrax T 25 Digital Homogenizer.

MR imaging protocol (phantom)

The phantom was scanned using a 1.5 T Optima
MR450w MRI scanner (GE, the USA) with two Dixon
modes: the accelerated two-point Lava Flex method
and the three-point IDEAL IQ method (lterative
Decomposition of water and fat with Echo Asymmetry
and Least-squares estimation). A scan was performed
using a GEM Flex LG Full RF coil (Fig. 2b).

Lava-FLEX imaging parameters: TR — 7.58 s; TE
(OUT/IN) — 2.084 s / 4.436 s; slice thickness — 5 mm;
distance between slices — 5 mm; matrix — 256 x 256;

the angle of inclination of the magnetization vector -
12°,

IDEAL 1Q imaging parameters: TR — 13.507s; TE -
6.5 s; slice thickness — 5mm; slice increment -
2.5 mm; matrix — 160 x 160; inclination angle
of magnetic field vector — 7°.

We measured the signal intensity on the In and Out
images by establishing the region of interest (ROI)
on the cross sections inside the tubes with different
fat fraction values and preventing air from entering
the region of interest.

Two well-known approaches were used to calculate
the percentage of fat fractions (FF) [14]:

1 — a standard formula to mathematically combine the
In and Out images:

In — Out
2In

2 — a formula that uses data from the Water and Fat
images

FF1= - 100%, (1)

Fat

FFR= ——
Fat + water

+ 100%, (2)

Figure 3 shows MR images of the phantom in
different phases: In-phase (In), Out-phase (Out)
sequences, water-weighted (Water) and fat-weighted
(Fat) sequences acquired using the Lava-Flex mode
on a GEM Flex Coil. The first series shows the ROI
order placed at the same level for all tubes and slices.
Next, we compared the data calculated (measured)
using both formulas with the default values of the fat
concentration in the phantom. The obtained data are
represented on diagrams (Fig. 4, 5).

Fig. 2. Scheme of the experiment: a - installation of ready-made test tubes in a phantom; b — MRl examination of a phantom

with a GEM Flex Body radiofrequency coil.
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Fig. 3. MR images of the phantom in the “Lava-Flex” mode on the GEM Flex RF coil, abdominal. a — In-phase series with the
designation ROI for data collection; b — Out-phase series; ¢ — a series with signal intensity from Water; d — a series with signal

intensity from Fat.

Results

Figures 4 and 5 show the results of the phantom
scan in the Lava-Flex and IDEAL IQ modes. They
reflect the mean value on the In-phase and Out-phase
images (Fig. 4a, 5a) and compares the calculated
vs. default fat concentration according to formulas
1 and 2 (Fig. 4b, 5b).

Lava-Flex

Since the In-phase images are T1-weighted, there
is a linear increase in signal as the fat concentration
goes up. At the same time, on the Out-phase images,
an increase in the fat concentration is accompanied
by a decrease in signal intensity in the range from

0 to 30%, with FF exceeding 30%. This means that the
nature of the dependence changes to the opposite
as the signal intensity increases (Fig. 4a). In this case,
is should be possible to determine this minimum value
at 50% fat concentration in the emulsion.
Comparison of the calculated fat fraction values
revealed the following relationship. Formula (1) shows
a linear relationship between the calculated and
default fat concentrations, with a slight nonlinearity
for FF = 20-30%. Where FF exceeds 30%, a gradual
decrease in the calculated values is observed instead
of an expected increase, i.e., an there is inflection
when the values are 20% less than expected (50%).
When using Formula (2), the dependence between
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Fig. 4. The results of scanning the phantom in the “Lava-Flex” mode. a — the signal intensity on the images of the Out-phase
and In-phase series at different values of fat concentration in the test tubes; b — comparison of the calculated (measured)
and predetermined fat concentration according to formula (1) (FF_1) and (2) (FF_2). The horizontal line at approximately 22%
demonstrates the possibility of relating two given fat concentrations to a given measured value.
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Fig. 5. The results of scanning the phantom in the “IDEAL" mode: a - signal intensity on the images of the Out-phase and
In-phase series at different values of fat concentration in the test tubes; b — comparison of the calculated (measured) and
predetermined fat concentration according to formula (1) (FF_1) and (2) (FF_2).
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the calculated and default fat concentrations is
observed in the presence of a pronounced nonlinearity
in the range FF = 20-40%. There is an upward bias of
the fat concentration values in relation to the default
values by an average of 57.6% over the entire range,
with an average absolute difference of 17.2% (Fig. 4b).

IDEAL IQ

This sequence also ensures T1-weighting and
a non-linear dependence of the signal from the fat
concentration on the In-phase images. A signal
decrease is observed in the range FF = 30-50%.
When scanning the phantom using the Out-phase
mode, a dependence was noted corresponding to the
expected behaviour of the signal. At FF = 50%, the
signal hits its lowest point (Fig. 5a). This happens
because the signals from water and fat cancel each
other out on the Out-phase, provided the fat and
water concentrations are the same. Although the
dependence of the signal intensity on the In-phase is
non-linear, the results of the quantitative measurement
of the fractions using the formulas are more consistent
with the default values, compared to Lava-Flex.

When using Formula (1), there is a strong linear
dependence between the calculated and default
values of the fat concentration in the range of FF
0-50%, followed by a gradual decrease in the
calculated values away from the expected ones.
When calculating according to Formula (2), there is an
almost complete agreement between the calculated
and true fat concentrations (the average relative error
is9.7%, and the absolute differenceinfatconcentration
is 2.0%) within the entire FF range (Fig. 5b). Thus,
both methods yield a good agreement between the
calculated and default values.

The difference between the minimum value on the
Out-phase diagram and the maximum value of the fat
concentration calculated using the Formula (1) for
Lava-flex is 6.0%. For IDEAL 1Q, this difference is 1.0%.

A number of tomography scanners are capable of
making images in In-phase and Out-phase modes
only. For these data itis suggested to use Formula (1).
At the same time, there is an uncertainty in the
assessment of the fat fraction, since two fat/water
ratios can be corresponding to the same calculated
value (Fig. 4 b).

Clinical case study

A 53-year-old woman was admitted to Medsi Clinical
Hospital 2 with a diagnosis of retroperitoneal neoplasm.
Abdominal CT (Fig. 6) of the tail of the pancreas revealed
a pathological mass of 5 X 4 X 4 cm in size with fat density

—35 HU. Ultrasound and MRI scans also suggested
a retroperitoneal lipoma.

The MRIlimaging of the root of mesentery was performed
to detect a pathological mass with thickened walls. Its
content showed high signal intensity on T2-WI images, and
a partial suppression of the signal on T2FS-WI (Fig. 7). The
Lava-Flex mode (Dixon) showed a high signal intensity on
Fatimages, low on Water, a slightly lower intensity compared
to the fat tissue on In-phase images, and a decrease in
signal on Out-phase. The obtained signal characteristics
indicate that the cyst consists of fatty emulsion.

A decrease in signal intensity was registered in the Out-
phase images (e) compared to the In-phase images (c).
Formula (2) that take into account the signal intensity for Fat
and Water (798 and 237, respectively), detected a fat
content of 77.1%. Calculation of the fat fraction using
Formula (1) that takes into account the signal intensity for
In-phase and Out-phase (1191 and 742, respectively),
detected a fat content of 18.8%. According to the results
obtained in phantom, the calculated value of 18.8% may
correspond to the second value of the default fat fraction
concentration with a higher fat content of 65%, which is
much closer to the Formula (2) results (Fig. 4b). It has been
suggested that this mass is a chylous cyst of the mesentery
with a high fat fraction content.

Operative confirmation: a tumour 5 X 4 X 4 cm in size
was detected in the root of the mesentery near the ligament
of Treitz (Fig. 8a). The tumour was removed and the proximal

Fig. 6. CT scan of the abdomen, coronal section.
Encapsulated formation of fat density in the region of the
root of the mesentery of the small intestine (arrow).
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Fig. 7. Magnetic resonance imaging, axial section. a — T2-WI - thick-walled pathological formation in the root of the
mesentery of the small intestine with a moderately high intensity of the MR signal (arrow). b — T2-WI FS shows suppression
of the signal by part of the lesion (arrow); c—f — Lava-Flex mode: ¢- water; d — In-phase; e — Out-phase; f — Fat. Ellipse — ROI
area of interest for determining signal intensity values.
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Fig. 8. Gross specimen of a distant lesion. a — pathological formation at laparoscopy; b — appearance of the preparation
after removal of the walls.

mesenteric arteries were preserved. The surgical specimen
contained a thick-walled cystic mass. When cut, the content
was white and yellow, partly dense and casseous, partly —
emulsion-like liquid (Fig. 8b). The liquid content was
collected inside a container (Fig. 8c).

In addition, we analysed the liquid part of the cyst
(presented as emulsion), with an MRI ex vivo scan in the
Lava-Flex mode. A similar decrease in signal intensity was
registered on the In-phase images compared to the Out-
phase images (c). The following data on the fat fraction
percentage were obtained using Formula (1): 31,8%.
According to the rationale above, the calculated fat
concentration could also be 45%, while Formula (2)
suggests 64,3%.

This clinical observation demonstrates a type of a
chylous cyst in the mesentery with a high fat content
(over 50%). Using the formula to calculate the fat fraction
that take into account the Fat and Water image data, turned
out to be more consistent with the actual measurements.
The use of a more common formula that takes into account
the In / Out-phase image data yielded ambiguous values of
the fat concentration. The phantom modelling helped to
identify and partially correct the observed discrepancies.

Discussion

This paper assessed the linearity of the findings
delivered by the two-point method Lava Flex and the
three-point method IDEAL 1Q with regard to the fat
fraction concentration. Lava Flex is a two-point Dixon
T1-weighted In phase and Out phase gradient echo
sequences (GRE) that automatically create fat-only
(FAT) and water-only (WATER) image sets, and is

widely available on most MR scanners [15]. IDEAL 1Q,
being somewhat similar to the Lava Flex Dixon
sequence, features echo asymmetry with an iterative
least squares estimation algorithm that improves the
signal-to-noise ratio [16].

The results provide evidence both for possible
inconsistency of the declared imaging parameters
and the need to control the quality of the MR pulse
sequences. The observed changes highlighted an
inconsistency between the Lava Flex and IDEAL 1Q
modes. Calculation of the fat concentration in IDEAL
IQ mode using the formula that took data from the
Water and Fat images (Formula (2)) revealed a linear
relationship between the default and measured values.
The formula that utilises the In-phase and Out-phase
data (Formula (1)) can be used to calculate the fat
concentration only in the range from 0 to 50%. Thus, if
the fat concentration is greater than 50%, it is
necessary to tailor the formula and introduce
adjustment factors. However, to determine the cause
of such changes and develop specific practical
recommendations to fine tune the Dixon modes, it is
necessary to continue the experimental part of this
work, and to study the clinical application of the
results above.

MRI is sensitive to a number of factors that can
influence the assessment of fat tissue. These
includes the difference in T1 relaxation time between
fat and water, T2* shifts, phase errors, temperature
effects, the presence of hemosiderin in tissues, etc.
[11,17]. Non-linearity and deviation of values during
the quality control and sequencing can be detected
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using phantoms. Academic literature provides
examples of using the phantom modelling for quality
control of pulse sequences, particularly for the Dixon
method [9,18].

In particular, Fischer et al. used a phantom with FF
from 0-100% containing muscle and fat of animal
origin, that demonstrated advantages of the two-point
Dixon method vs. visual assessment of fat volume in
calf muscles [9]. Another study used a 0-70% FF
phantomwith a mixture of peanut oiland hydroxyapatite
to investigate the changes in fat and water
concentrations in pathological conditions affecting
the bone marrow, including spondylarthritis,
osteomyelitis, tumours and fractures. The study
demonstrated a linear relationship between the
measured and true values with the measurement
error below 10% [10]. To assess the accuracy and
precision of FF measurements on several scanners
with different magnetic field strengths, Hernando et
al. used a fat-water phantom with FF concentrations
ranging from 0-50% and 100% containing a mixture
of peanut oil and agar. As a result, the study showed
alinear dependence between the measured and the
true values with a minimal measurement error [11].
A similar experiment was carried out using
a phantom with FF from 0-50% and 100% [19].
Another study utilized a phantom with a FF
concentrations of 0-50% containing a mixture of
soybean and rapeseed oils [18]. However, the
above-mentioned studies utilized FF concentrations
below 50%. A distinctive feature of our phantom
was the FF concentrations of 0-70% (including 50%
and 60%) that were based on vegetable oils
(i.e. sunflower and soybean).

A limitation in this paper was the lack of tubes
with FF greater than 70%. This was due to the fact
that when trying to use this method to prepare
emulsions with over 70% fat fraction, the emulsion
separated into fat and water, while the assessment
of signal characteristics requires a homogeneous
emulsion.

Thus, the phantom described in the paper, makes
it possible to secure the intermediate precision of
measurements across different tomography scanners,
to validate the results and to ensure quality control
regardless of the manufacturer and model.

Conclusions

Phantom modeling using the oil-in-water
emulsions made it possible to evaluate the
opportunities offered by quantitative measurement
of the fat fraction using the Dixon sequences. The
accuracy of the body fat percentage measurement in
IDEAL 1Q mode is higher compared to the Lava-Flex
mode. Using the IDEAL 1Q sequence, we

2022, rom 26, Ned

demonstrated the results of the formula-based
quantitative measurement of FF, which happened to
be more consistent with the default values in the
phantom. In order to accurately quantify the fat
fraction, the calculations should be based on
Formula (2) that takes data from Water and Fat
images. Calculations from the In-phase and Out-
phase images yield ambiguous results. Improving
the phantom studies would allow to ensure proper
quality control of MRI studies. In future, the precision
factor would also help to develop the standards for
the fat tissue assessment that could be used to
establish accurate diagnosis and perform
measurements.
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