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Pesiome

AXTyanbHOCTb. Pak ronosku nomgxenynouHon xenessl (MX) 3anumaer 6-7-e MeCTo No pacnpoCTPaHEeHHOCTH
Cpeau OHKONOTMYeckux 3abonesanui u 4-5-e MECTO Cpeau NPUYMH CMEPTHOCTH. Ha CeroaHalHmui deHb
TONLKO 5% DONbHbIX AOCTUIAKOT 5-NeTHEH BbiXMBaeMOCTH. HEeCMOTPA Ha yCnexu COBPEMEHHOM AUArHOCTHKY
M XMPYPTMYECKOr0 NEYeHUs, NPOBNEMa PAHHETD BbISBNEHUA, CTAAMPOBAHMA OHKONOTUYECKOrD NPOLECCa U, Kak
cnencTaue, KOMOMHUPOBIHHOIO NeYeHus paka ronosku MK, ocTaeTcs akTyansHOM.

Lenb: NosbileHWE TONHOCTH AMATHOCTUKM M OLEHKM pe3exTabensHoCTH paka ronosku MK Ha ocHoBe KOM-
NNEKCHOro UCNONL30BAHMA Ny4eBbiX MeTofos ¢ 3D-MoaenMpoBaHueM NaHKPeaToayoaAEHaNbHON 30HbI.
Marepuan u MeToabl. B uCCienoBaHue BraigHeHsl 93 nauuenTa (44 (47,31%) MyxumHe, 49 (52,69%) xeHwms)
C OCNOXHEHHbIMM 0BPa30BaHMAMM NAHKPEATOAYOAEHANbHOM 30Hb, Nonyyasume nedexue ¢ 2019 no 2022 m
B XMpypruyeckom otaenenuu lopoackon Mapuunckon 6onbHuubl. Bo3pacT GonbHbLIX BApbUPOBANCS B UHTEP-
Bane ot 44 no 90 ner, cpeanui Bo3pacT 670,74 ropa. BceM NauMeHTaM nNposeaeHa MarHUTHO-Pe30HAHCHan
Tomorpadpma (MPT) Ha MP-tomorpade Ingenia (Philips Medical Systems, Hugepnaxasl) ¢ uHAyKUMen Mar-
HUTHOTO nons 3 Tn. BoiNOAHANKM HaTUBHOE MCLIEaoBaHMe OPIOWHOA NONOCTH ¥ 3a6PWMHHOIO NPOCTPaH-
CT8a, AONONHEHHOE NpoTokonoM MP-xonasrnonankpeatorpaduu, @ TaKke MCCNefoBaHue C AMHAMUYETKUM
KOHTPACTHBIM YCUAEHWEM CO COOPOM AaHHbIX B 3PTEPUANBHYIO, NOPTANbHYIO U OTNOXKEHHYKD (asbi. 3aTem
nony4anu T2-B3BElWeHHbIe M300PaKEeHUS NO TEXHONOMMKM «TYpPOOCNMH-3X0», B TOM YUuCie C Xuponogasne-
HUEM, AN OLIEHKM CTPYKTYPHBIX M3MEHEHMH M HANMYMA XMAKOCTY B dacumancHbix NMPOCTPAHCTBAX. Takxke
NauMeHTaM NpoBoAMIM 3IHAOCKOMMYECKOE YNLTP33BYKOBOE MCCNE0BaHKE NAaHKPeaToAyOoaeHaNnsHOW 30HbI
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ORIGINAL RESEARCH

no metoay push and pull n MyneTUCpe3soBylo KoMnblotepHyto Tomorpaduio (MCKT) opraHos GprowHoi no-
noctu. [lna noctpoenus 3D-mopenei ucnons3osanu GecnnatHo pacnpocTpansemMsie nporpammel 3D-slicer,
Mimics, KOTOPbIE NO3BOAKMNK B NONYABTOMATUMECKOM PEXUME BBINONHATL NOCTPoeHUe 3D-u30bpaxeHus ans
NansHeRWen OUEHKW aHaTOMO-TONOrPadUUECKUX COOTHOLWEHWHN.

Peaynbratl. [0 faHHbIM nocTpoedns MCKT-3D-Moaenu BbIsSsBUNM MHBA3WIO ONYXONK B BEPXHIOK DpbiKEeUHYIO
BeHy y 6 (23,06%) naumenTos, Toraa kak Ha MPT-moaensx -y 4 (15,38%), a uHTpaonepaumoHHoe NoaTBepX-
neHue nonydeHo y 5 yenosek (19,23%). Musaszna YpesHoro cTteona no AavHbiM kak MCKT- tak 1 MPT-mope-
nuposanus obHapyxena B 1 (5,2%) cnyvae, 4To NOATBEPAUNOCL MHTPAONEPALMOHHON KAapTUHOW, MHBa3uio
HWKHEN NoNnown BeHbl Ha MCKT- u MPT-mMopenax suisieunun y 3 (11,54%) naumeHToB, TOrAa Kak UHTpaonepatm-
OHHO - Yy 4 (15,38%). Mo MCKT-u MPT-3D-MopensiM CoBnanu AaKHbie NO MHBa3umK ypesHoro creonay 1 (3,85%)
nauneHTa, BepxHen BpbhkeeuHoin aprepum =y 2 (7,69%), 410 NONHOCTBIO NOATBEPANUNOCH UHTPAONEPAUMOHHO,
3aknouenue. 3D-mopenmposanune Ha ocHose MPT u MCKT-uccnenosanui ssnsercs MHGOPMaTUBHbLIM METO-
[10M B 00NEPALMOHHOM CTaAMPOBaHWUK paka ronoeku MK v ero pesektabensHocTu. [lauHblit MeTOA NO3BONSET
06LEKTUBHO ONPEAeNUTL NOKANU3aUNI0 U PacnpOCTPaHEHHOCTL ONYX0NEBOro NPOLECcca Ha npunexawme
AHAaTOMUMECKME CTPYKTYPbI, @ TAKXKE BU3yaNnbHO NPOAEMOHCTPUPOBATL METACTATUHECKOE NOPAXKEHWE Perno-
HapHbIX NumMdartuyecknx y3nos. Mo napamerpam AmarHoctuieckoin appekTueHocTn 3D-Monenn MakcumansHo
NPUBAUKEHHBI K MHTPAONepaLUnoHHOW KapTUHE, YTO AAeT BO3MOXHOCTb NNaHMpPoBaTh kak obbemM, Tak u xos
ONepaTUBHOrO BMELWATeNbLCTRA,

Kniouesbie cnosa: 3D-MoaenMpoBaHue; MarHMTHO=Pe30HaAHCHAA TOMOrPadus; MyIbTUCPE30BAs KOMNbIOTEPHAR
ToMOrpadus; aaeHoKapuUMHOMA; LMCTaAEHOMA; PE3EeKUMA NOAKENYAOUHON XKeNesbl,
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Abstract

Background. Pancreatic head cancer ranks 6-7 among oncologic diseases and 4-5™ among causes
of mortality, with only 5% of patients achieving 5-year survival rate to date. Despite the successes of modern
diagnostics and surgical treatment, the problem of early detection, staging of oncologic process and,
as a consequence, combined treatment of pancreatic head cancer remains actual.

Objective: increasing the accuracy of diagnostics and estimation of resectability of the pancreatic head
cancer on the basis of the complex use of the radiation methods of investigation with pancreaticoduodenal
zone 3D-reconstructions.

Material and methods. The study included 93 patients (44 (47.31%) males and 49 (52.69%) females) with
complicated pancreatoduodenal masses treated from 2019 to 2022 at the Surgical Department of the
City Mariinsky Hospital. The patients’ age varied from 44 to 90 years, the mean age was 67+0.74 years.
All patients underwent magnetic resonance imaging (MRI) on an Ingenia MR tomograph (Philips Medical
Systems, Netherlands) with a magnetic field induction of 3 Tesla. The native examination of the abdomen
and retroperitoneum, supplemented with MR-cholangiopancreatography protocol, and dynamic contrast
enhancement with data collection in arterial, portal, and delayed phases were carried out. T2-weighted
images were then performed using turbospin-echo technology, including fat-suppressed images, to evaluate
structural changes and the presence of fluid in fascial spaces. Patients also underwent endoscopic ultrasound
of the pancreaticoduodenal zone using the push and pull method, and abdominal multislice computed
tomography (MSCT). To build 3D models, we used free 3D-slicer and Mimics programs, which allowed to build
semi-automatic model for further evaluation of anatomo-topographic relations.

Results. MSCT 3D modeling revealed tumor invasion into the superior mesenteric vein in 6 (23.06%)
patients, whereas MRI models showed tumor invasion in 4 (15.38%) patients, intraoperatively the results
were confirmed in 5 patients (19.23%). According to both MSCT and MRI modeling data, the invasion of the
ventral trunk occurred in 1 (5.2%) case, which was confirmed intraoperatively. Inferior vena cava invasion
on MSCT and MRI models was detected in 3 (11.54%) patients, whereas intraoperatively - in 4 (15.38%)
patients. The MSCT and MRI 3D models coincided with the data on invasion of the ventral trunk in 1 (3.85%)
patient and the superior mesenteric artery in 2 (7.69%) patients, which was fully confirmed intraoperatively.
Conclusion. 3D modeling on the basis of MRI and MSCT studies is an informative method in preoperative
staging of pancreatic head cancer and its resectability. This method allows to objectively determine the
localization and prevalence of the tumor process on adjacent anatomical structures, as well as visually
demonstrate the metastatic lesion of regional lymph nodes. By the parameters of diagnostic efficiency,
3D models are maximally close to the intraoperative picture, which allows planning both the volume and
the course of surgical intervention.

Keywords: 3D modeling; magnetic resonance imaging; multislice computed tomography; adenocarcinoma;
cystadenoma; pancreatic resection.

Conflict of interest. The authors declare no conflict of interest.

For citation: Kudashkina AS, Kamyshanskaya |G, Pavelets KV, Rusanov DS, Kalyuzhnyy SA. 3D-modeling
capabilities in assessing resectability of pancreatic head tumors. Journal of Radiology and Nuclear Medicine.
2023; 104(4): 244-54 (in Russian). https://doi.org/10.20862/0042-4676-2023-104-4-244-254

For corresponding: Aleksandra S. Kudashkina, E-mail: alkudashkina@gmail.com

Received November 12, 2023

Beepenume / Introduction

Pak nogxenyno4Hon xenessol (MX) — arpeccus-
Hasa 1 netanbHas Gopma paka, npu KoTopoin obuas
BbIXMBAEMOCTb COCTaBnseT meHee 7-8% B Te4eHue
5-netHero nepuopga [1-3]. 310 ogHa n3 cambix NPo-
rHOCTU4ECKN HeBnaronpuaTHbIX GOPM 310Ka4EeCTBEH-
HbiXx HOBOOGpa3oBaHuii. Pak ronosku MX 3aHumaer
6-7-e MecTo No pacnpoCTPaHEeHHOCTH CPEeaAN OHKONO-
ruyeckux 3abonesaHuii n 4-5-e MeECTO cpeau NPULKnH
CMEPTHOCTU, NPU 3TOM Ha CEroAHALHWIA AEHb TONb-
KO 5% 60NbHbLIX 4OCTUraloT S-NeTHen BbKMBAEMOCTU.
PaHHue ¢opmebl paka MX (2-4 cm B gnamertpe) ama-
rHocTupytotcs Bcero B 3,8% cnyyaes [4-6].

3aboneBaHve MeeT HamxyaLnii NPOrHo3 cpeau
BCEX 3/10Ka4EeCTBEHHbIX OMyXx0Nnei OpraHoB nuuiesape-
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Husa. Okono 90-95% 3nokayecTBeHHbIX HOBOOOpa30Ba-
HU MK NPoUCX0AST U3 IK30KPUHHOM TKaHW, B HaCTHO-
CTU U3 aAeHOKaPLMHOMbI MPOTOKOB NOMAXKENYA04HON
xeneabl (pancreatic ductal adenocarcinoma, PDAC).
PDAC sBnsetca Haubonee pacnpoCTpaHeHHbIM
1 arpeccuBHbLIM NOATUNOM OMYX0/N, HAa KOTOPLIV NpU-
xoautcsa npumepHo 70-80% Bcex cnyyaes paka MX.
BbiaBuTb 3ab0neBaHne Ha paHHUX CTaamax CHOXHO
M3-3a OTCYTCTBMA cneumduyeckux CUMNTOMOB, HTO
4acTo NPUMBOAUT K 3aaepxke nedenus. CrtaHaapT-
HOE NneYeHne pacnpocTpaHeHHoro HeonepabensHoro
paka X Bknio4aeT TPaguLMOHHYIO XMMUOTEPanuio,
HO OHa NPOANIEeBaeT BbKMBAEMOCTb NALUMEHTOB NULLb
Ha HeCKONbLKO MecsiLieB. HeCcMoTpsa Ha 3Ha4YUTeNbHbIe
ycunua no paspaboTtke HOBbIX TEpPanNeBTUYECKuX noa-

BecTtHuk peHTreHonoruu u paguonoruu | Journal of Radiology and Nuclear Medicine | 2023 | Tom 104 | N24 | 244-254



ORIGINAL RESEARCH

XOO0B U MEeToaoB AuarHocTuku paka X, ypoBeHb
CMepTHOCTM K 3abonesaeMoCcTu B nocnegHue rogbl
yBEAMYUNCH U, N0 NporHo3am, 6yaer pactu B 6yay-
wem [6-8].

B HacTosee Bpems Ana OUEHKW pe3ekTabens-
HOCTW OMYXONW LUMPOKO MUCMONbL3YIOTCA KOMMbIOTEP-
Has Tomorpadus (KT), KT-aHrnorpadpua n marumr-
HO-pe30oHaHcHas Tomorpadus (MPT), ogHako atm
METOAbl MMEIOT BbICOKYIO 4acTOTy NOXHOMONOXMU-
TeNbHbIX U NOXHOOTPULATENBHbIX PE3YNbLTaToB, H4TO
3aTpyaHaeT npeaonepaumoHHY0 OUEHKY pesekTta-
6enbHOCTU U NnaHupoBaHue nevyenus [9]. HecmoTps
Ha 3HaYUTeNbHbIe YCNexu B Pa3BUTUMN HOBbIX METOA0B
obcnepoBanus, npeponepaumMoHHas  AuarHocTuka
HeonepabenbHbix onyxonen MX ocrtaeTcs ycnewHon
nuwb B 50% cnyyaes, npu atom okono 10% onyxonei
ownboyHo uaeHTUGUUMPYIOTCS Kak Heonepabenb-
Hble [10].

.. HepecTtiok B 2018 . onucan onTuManbHbIN
NPOTOKON HU3KOA030B0M Nnepdy3anoHHon KT X, no-
3BONAIOWMIA NONYHATL N306paXEHNS BLICOKOrO Kaye-
CTBa NPW HU3KOI NTy4eBoit Harpyake'. Bnepsble B oTe-
YECTBEHHOM WCCNeaoBaHUU BbiSIBAEHbI pPas3nuyus
nepdy3nm HeMpPO3HAOKPUHHBIX onyxonein MX B 3asu-
cuMocTu ot ctenenn auddepeHumposku (Grade 1, 2)
onyxonu. Co3gaHa Moaent npeacka3aHus CTeneHu
anddepeHuMpoBKNn HENPOIHAOKPUHHBIX OMNyxonemn
Ha OCHOBE OAHOMOMEHTHO AENCTBYIOMX nokKasa-
Tenen NMKOBOW NIOTHOCTU B Cene3eHke U noprab-
HOW nepdy3nn ANna Hem3aMeHeHHOW napeHxumsl MX.
lMpeanoxeHa MeToanka TPexMepHoOro MoaennpoBa-
HUs onyxonewn X Ha ocHoBe coBmeLlleHus ¢as uc-
CnefoBaHUs U ONUCaHbl 3Tanbl OT NEepBOHAaYaNLHOM
CerMeHTauum Ao NNaHUupoBaHUs oNepaTMBHOIO BMe-
warenscrea.

E.C. Opo3nos B 2019 1. pa3paboTtan cnocob gud-
depeHunanbHOM ANarHoOCTUKM KMCTO3HbIX 06pa3o-
BaHuit MX ¢ npuMeHeHneM ynsTpasBykoBOW 3nacTo-
rpapun?®. Briepebie NpeanoxeH KOMOUHUPOBAHHbIN
cnocob auddepeHunanbHO AMarHOCTUKM KUCTO3-
Hbix Heonnaaui MX. Ha ocHoBaHUKW aHanu3a AaHHbIX
ONarHOCTUKM W NeYeHusi NauMeHTOB C KUCTO3HbIMU
obpasosanusmu MK pasnuyHoin aTuonorum paspa-
60TaH 1 BHEAPEH B KJIMHUYECKYIO NPaKTUKY anropuTm
Bbibopa anddepeHumnanbHO-AnarHoCTUYEeCKOn u ne-
4eOHOW TaKTUKW Y TaKuX NaumneHTos.

B uccnepgosanun A.H. TiopuHoit u ap. (2019 r)
oueHuBanace MHPOPMATUBHOCTL METOAUKU NPO-

' HepecTiok A.1. OnTuMuzaums AvMarHOCTUKM Onyxonemn
nogxenynoyHoun xenesoli: KT-nepdyauma m noctnpouec-
copHas 06paboTka AaHHbIX. [uc. ... KaHa. meq. Hayk. M.;
2018.

2 Ipo3nos E.C. AuarHocTtuyeckas u neyebHas TakTuka npu
KMCTO3HbIX 00pa30oBaHusx NOLKENYA0YHON Xenesbl pas-
NUYHOM aTonormu. inc. ... kaHa. men. Hayk. Tomck; 2019.
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TOHHOW MynbTUBOKCENbHOW 3D-MP-cnekTpockonum
(3D-MPC) B amarHocTuke rnuanbHbix HOBOOOpa3o-
BaHWI KaK OHOW U3 CaMbIX 4aCTO BCTPEYaeMbiX ony-
XOnew ronoBHOro Mo3ara, rae onpeaeneHve crTenexHu
aHannasvu sBNseTcs rmasHbIM GakTopoM B Bbibope
nocnegytouwero nevexus [11]. Metog 3D-MPC noaso-
NUN NPOBECTU HEWHBA3MBHYID AnddepeHuUnanbHyo
ANarHoCTUKY C AOCTATOYHO BLICOKMMM NOKa3aTensamm
YYBCTBUTENBHOCTU U CNEUNdUYHOCTY IMNOM BbICOKOM
1 HU3KOW CTENEeHW 3110Ka4eCTBEHHOCTU. C NOMOLLbIO
ROC-ananuaa (receiver operating characteristic -
paboyas xapakTepucTuka NPUEMHUKA) MOJyYeHbI
npegenbHble 3HaAYeHUs ONS PasHbiX TUMOB IMOM.
Peaynbtatbl NPOAEMOHCTPUPOBANU BbLICOKYIO 4yB-
CTBUTENbHOCTb U cneumduyHocTe Mmetoauku 3D-MPC
B8 AanddepeHumanbHOM AMarHOCTUKE MUOM HU3KOMN
1 BbICOKOW CTEneHen 310Kka4eCTBEHHOCTU, Takxe Obin
nony4yeH 3HauyuTensHO Gonee BbICOKUIA MokasaTenb
AUC (area under curve — nnowaab Noa KpUBOW).

B pa6ote W.Y. Barabosa (2021 r.) BbisBNEHbI pa3-
NUYHBIE BUABI 30HANBHOI0 KPOBOCHAOXEHUS NapeHXM-
Mbl NOYKK®. YCTaHOBNEHbI MHAMBUAYANbHBLIE OCOBEH-
HOCTW KPOBOCHAOXEHUS MOYEYHbIX CErMEHTOB Mpw
pasnuyHbIX BUAAX MX 30HANBHOrO0 KPOBOCHaOXEHUS.
MonyyeH nowarosbIi anropuT™M, NO3BONAOLLNIA CO-
3[aTb MHHOBAUMOHHOE nporpammHoe obecneyexHune
3D-ONCONEFROS ans TpexmepHoro moaenuposa-
HWSi CErMEHTOB MOYKWN YenoBeka.

E.A. ®unatosoi (2022 r.) ycTaHOBNEHO, YTO BE-
AyWENn MPUYUHOW PaCXOXOEHUS HaNpPaBUTENLHOro
W KIMHWYECKOro AMarHo30B B CneunanmanposaHHOM
$TU3NONYNBMOHONONMYECKOM CTauuoHape saBnsieT-
Csl runepavarHocTvka AUCCeMUHUPOBAHHOIO Tybep-
Kynesa Bcneacrtsue owmboYHON MHTEpnpeTaummn Knu-
HUKO-PEHTIEeHONOIMMYECKON KapTUHbI  CapKOUAHOro
nopaxeHusi Nerknx B yCnoBusx HeAoCTaTo4HOro npu-
MEHEHUS KOMMEeKCa COBPEMEHHbIX MONekynsp-
HO-reHeTu4yeckux wn Mopdonorvyeckux MeToaos
Bepudukaummn auarHosa®. [lokazaHo, 4TO MCMONb-
30BaHME TPEeXMepHOW KOMMbIOTEPHOW MOAENU npu
04aroBo-¢GOKYCHOM TUMNE AUCCEMUHALMM NOBbLILLAET
3¢ PeKTUBHOCTb ANArHOCTUKU AUCCEMUHUPOBAHHO-
ro NopaxeHus nerkux nytem 06bLeKTMBM3aunmn oOLeH-
KW AnHamMuku obbemMa nopaxeHHOW NeroYyHon TKaHu
1 oNTUMU3aumm Bblbopa 30HbLI Buoncuu.

MaHkpeaToayoAeH3IKTOMUSA ABNSETCS KPaeyronb-
HbIM KaMHEM XWPYPruyeckoro neyYeHus naumeHToB
C AnarHo3om paka ronosku MX. NMpeponepaunoHHoe

® Bara6os W.Y. TpexmepHas (3D) aHaToMus apTepuanbHo-
ro pycna no4ku u ee cermMeHTos. [IuC. ... KaHa. Mea. Hayk.
Yda; 2021.

* ®dunatosa E.A. CosepLUeHCTBOBaHWE ANarHOCTUKM aucce-
MUHWPOBAHHBIX NOPaXeHWA nerknx Ty6epKynesHom u MHON
3TMONOrMK Ha ocHose 3D-Mopenuposanus. uc. ... Kaua.
men. Hayk. M.; 2022.
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NNaHnpoBaHue HeoBXoaMMOo ANs OLUEHKN COCYANCTOrO
NOPAaXEHUA ONYXONbLIO N U3MEHEHWIA aHaTOMUN NPU-
nexalmx apTepuin n BeH, 0HaKo aTo Tpebyer cneuu-
anbHbIX 3HAHWUA U MOXeT BbiTh CNOXHOW 3apaven.
ANropuTMbl KOMNLIOTEPHOrO Pacno3HasaHna, OCHO-
BaHHbIE HA METOAAX UCKYCCTBEHHOIO UHTENNEKTA, No-
3BONKAOT NONYYUTL CErMeHTaumio onyxonu MX wn npu-
nexatimx CTPYKTYp Ha ypoBHe nukcenen. Kpome Toro,
pa3puTtne mMetoaos 06paboTkun naobpaxeHnin Nno3so-
NINNO NEPEBECTU MEAVUMHCKUE CHUMKWU B Tpexmep-
HbIE aHATOMUHECKWE PEKOHCTPYKUMK [12].

Uens - nOBLILLEHWE TOYHOCTM [AWArHOCTUKK
1 oueHkn pesektabensHoCcTH paka ronosku MX Ha oc-
HOBE KOMMNEKCHOro UCMNONL30BAHUA NY4EBLIX METO-
noe ¢ 3D-mopenvpoBaHuem navkpeatoayoneHanb-
HOW 30HbI.

Marepuan n metoas / Material and methods
Knunnyeckas xapakrepucTnka 60/1bHbIX

B wuccneposanune BkawdeHsl 93  nauvedTa
(44 (47,31%) MyxunHbl, 49 (52,69%) xeHWwmH) ¢ 06+
pPas3oBaHWAMK NaHKpeaToayoaeHanbHONn 30Msl, NPo-
XO[MBLUME NEHEHUE B XMPYPrU4ECKOM oTaenesun Ma-
PUUHCKOI ropoackon GonsHuuesl ¢ 2019 no 2022 rr.
BospacTt 60nbHbIX BApLUPOBANCA B WHTEpBane ot
44 no 90 net, cpeaHnii Bo3pact 67+0,74 ropa.

BonbwwuHcTBO onyxonen (75,27%) pacnonara-
noce B ronoske NX, B 6,45% cny4aes - 8 06CTPYKLN-
OHHO cucteme, B 10,75% — B 06LLEM XENYHOM NpPo-
Toke. B 1,08% cnyqaes onyxont obBHapyxusanachk
B ABeHaauatunepcTHom knwke. Y 6,45% 6onbHbIx Ha-
6nonanv obpasosBaHne B BUAE KOHrnomepara ¢ Tpya-
HO AndPepeHLMpPYEMOon Onyxonsio.

Y 37 (39,78%) naumeHToB BLINONHEHLI Nannua-
TUBHbLIE BMELUATENbCTBA:

— CTEHTUPOBAHWE XeN4YHLIX NPOTOKOB — 24 naum-
eHTa (25,81%);

~ HanoxeHue obxoAHbIX aHACTOMO30B — 7 naun-
eHToB (7,53%);

- arunuuHas pesekuma MX - 6 nauweHToB
(6,45%).

Ocraswwmmes 10 (10,75%) GonbHeIM NposeAeHO
XUMUOTEPANEBTUYECKOE. NeYeHue.

Bcem 93 naumeHtam geinonHeHo MPT-uccne-
foeaxue opraHos GpIOWHOR NONOCTU. BHAOCKONU-
yeckoe yneTpacoHorpaduyeckoe uccnepoBaHue
(9YC) naHkpearoayopeHanbHOW 30HbI NPOBEAEHO
59 (63,44%) 60NbHbIM. B COMHUTENBHBIX CNYy4anx ocy-
WECTBNANACH ANArHOCTUYECKAN NYHKUMA numdarnye-
cKkux yanos (YC-tun) ans Mopdonormieckoin sepm-
dukaunmn BTOPUYHBLIX N3MEHEHWNAA,

TpexmepHas Moaens Ha MyNsTUMOAANBHON OC-
HOBE MONYYEeHHbIX UBETHbIX M30OpaxeHnin ¢ uHre-
rpaumen U3MeHeHHbIX NUMQaTMHecKnx KoNnnekTo-
poB nocrtpoeHa y 58 (62,37%) naumeHTos, U3 HUX
y 43 (46,24%) - ¢ nnterpaumven panrbix YC. Takke
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y 26 13 58 6onbHbIX (44,83%) NOCTPOEHLI TPEXMEPHBIE
Moaenu kak Ha ocHoee MPT, Tak 1 Ha OCHOBE MYNbTU-
Cpe30Boit KoMnbloTEPHO Tomorpadum (MCKT), yto
NO380NUNO NPOBECTU CPABHUTENLHBLIA aHaNW3,

MPT B oyeHke o6pa3osaHuii
naHKpearonyoneHanbHoOu 30Hb!

MPT-uccnenosarus Obim BeinonHeHs Ha MPT-cka-
Hepe Ingenia mouwHocTebio 3 Tn (Philips Medical
Systems, Hupepnanapl). MNaumeHTam NnpoBoaAnan Ha-
TMBHOE nccnepoBaHue HPIOWHON NonocTu u 3abpio-
LWMHHOrO NPOCTPaHCTBA, AONONHEHHOE NPOTOKONOM
MP-xonaurnonaskpearorpadun, a TaKxe ¢ guHamu-
YECKUM KOHTPaCTUPOBAHWEM B apTepuancHylo, nop-
TANbHYIO W OTCpPOYEeHHyo ¢asbl. 3a 20 MuH 10 uc-
CNeaoBaHns BBOAUNM WHIMOUTOP NEPUCTaNbLTUKK.
BonbHBIX pacnonarany Ha CrvHe ¢ pykamu 8oL Tena
ans obecneveHunsi BEHO3HOro AocTyna.

MepsoHavyanbHO B OLEHKY BKAKOMANN nokanusa-
unio 1 Tun obpasoBaHns (CONUAHOE, KUCTO3HOE, Ne-
puayktansHoe). Onpepensnu nepuaykTanbHoe pac-
npocTpaHeHue no xony obBLLEro Xen4yHoro NpoToka
C BOBJIEYEHMEM CYNPanaHKPeaTm4eckoro U uHTpa-
AyoaeHansHoro otaenos. OueHnsany paamepsl 06paso-
BaHus 1 paamepbl MK, AHanua MecTHon pacnpocTpa-
HEHHOCTW BKNIOYAN OUEHKY NOPAXEHUS OKPYXaIOLLMX
TKaHen, BOPOTHOW BEHbl U €& NPUTOKOB, YPEBHOrro
CTBONA W ero Bereein, BepxHen GpbikeeyHon apTepum
1 BepxHen GpbixeeyHon BeHbl. MNpu ananuae sosne-
YeHUs1 COCYA0B ONPEABNANN €ro TUN - NpunexaHue
WK OKYTBIBAHME, 1R HYEro UCNoNL30BANN KOCOAKCH-
anbHble, KOCOKOPOHANBHBLIE U KOCOCArUTTaNbHBIE NPo-
ekuun, a takke nocneposarensHoctn tuna SPACE.
Ons onpepenendnsa uenecoobpa3HOCTU YPECKOXHO-
YPECNEYEHOYHOM XONaHrMOCTOMUU aHanu3npoBanu
BbIPAXEHHOCTL BUNUAPHOI rTMNEPTEH3UN, CTPYKTYPY
XKENYHbLIX MPOTOKOB U BTOPUYHLIE U3MEHEHWNS NAPEH-
XMMbI neveHn. NameHenua numdaTnHeckux yanos
OLEeHUBAanu Ha OCHOBaHWUW pasmepa, GopMbl U Hanu-
4YUA XKUPOBbLIX BOPOT C UCNONL30BAHMEM Knaccugpmn-
Kauuu numdaTuieckux yanoe HAnoHckoro obuectea
no uayyeHuio 3abonesaHuii nuweeopa (Japanese
Society for Esophageal Diseases, JSED). Yysctaun-
TENLHOCTb U CNeUMdUIHOCTE METOAA PACCUUTLIBANU
¢ nomouslo ROC-aHanuaa.

3YC B oueHke cTeneHn NHBasnmu
U nuM@POreHHOro MeTacTasnpoBaHmns
o6pa3oBaHuii NnaHKpearoayoAeHanbHON 30Hb!

MNaumentam nposoaunu 3YC no meropy push
and pull Ans OUEHKX ONyXONeso UHBaA3WUK rONOBKK
MX 1 Hanuums pernoHapHbix MeTacTasos, Ncnons3o-
Banu KoHeekcHoln axoanpockon UCT 180 ¢ paguans-
HbIM aTYMKOM 1 anameTpom pabouein yactv 13,4 mm,
a rakxke kombuHuposanHbii npouecc EUPREMIER
PLUS. Uccneposanne pasano nidopmaumio o6 mnH-
Ba3uKW ONyXonu, ee nokanuaauvm, pacnpocTpaHeH-
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HOCTW, BHYTpuOpIOWHON numdaaeHonaTtum u CesS3u
ONyxonu C COCEaHMMM CoCyaammn. HyBCTBUTENLHOCTb
u cneumdU4HOCTL PACCYMTHIBANU C UCNONL30BaHUEM
ROC-ananuaa.

Ouyerka nHBa3nM ONyxXoNeBoro npoyecca
¢ ucnons3osanmnem 3D-mogennposaHns

TpexmepHble moaenw dannos tuna STL npume-
Hann ana onucanus 3D-o0bexTa kak nMoBepxHOCTb
C onpefeneHHoOn K Hemy Hopmansio. Merton Bxkno-
yan MPT opraHos 6pioLHOA NONOCTH Ha Pa3HbiX CTa-
OUsiX C WCMONB30BaHMEM KOHTPACTHOrO BeulecTsa.
Jins NOCTPOEeHMSs MOAENen U aHAaTOMUYECKON OLEHKM
vucnons3osanu nporpammsl 3D-slicer u Mimics. Kom-
NbIOTEPHOE MOAETUPOBAHWE BLINONHANN NYTEM UHTE-
rpauny AaHHbIX 0 PETMOHAPHLIX MMMDATUHECKMX Y3-
nax no pe3ynsratam JYC C nocneayoumm UBETOBLIM
KapTUpoBaHMEM NOPAXEHHbLIX Y3108 (puc. 1, 2).

Mpwu nposegennn MCKT pesynsratom uccneno-
BaHWUA SBNSNUCL cepuw cpe3os. [MonyyeHHbie nno-
CKOCTHbIE CPe3bl U3y4anuChb NPy NOMOLLY NPOrpaMm
3D-slicer u Mimics. Metopg resepauwm 3D-mopenu u3
CepuiA CHUMKORB Dbl OCHOBaH Ha NOPTUHIE — Npouec-
ce nony4eHus 06beMHbIX GUryp M3 nnockmx obbek-
TOB. [MOACHET YYBCTBUTENLHOCTH U cneunduyHocTH
MmeTogaa Takxke onpegensnu metogom ROC-aHanuaa.

Pesynstatel / Resulis

B npeanaraemom metone 3D-mogoenuposaHus
NaHKpeaToayoAeHansHOM 30Hb!I UCNONB30BANMUCH AaH-
Hbie MPT 1 3YC ans cospanus 3D-mopenu. Metoa
NO3BONAKET AMArHOCTY OLUEHWUTE pasMep onyxonu, ee
pacnonoxeHue, CTaauio MHBa3uK U B3aNMOOTHOLLE-
HWS C COCEAHNUMM CTPYKTYPaMU ¥ KPOBEHOCHLIMU CO-
cynamu. 310 NOMOraeT CNIaHUPOBATE NEYEHUE U X1-
PYPru4ecKoe BMELLATENLCTBO, BKIK4As AMCCEKUMIO

Xonenox /
Choledochus

Puc. 1. DOpMMPOBAHME MONYIBTOMITUHECKOR CETMEHTILMM
N0 CKOPOCTM TOK3 XMAXOCTH N0 CHUCTEME YPEeBHOMo CTBONa,
BEpXHEN DPLIKSeYHOW apTepuM, X0Neqoxa.

BBA - sepxHss OpboKeeyHas aprepus

Fig. 1. Formation of semi-automatic segmentation according
to the velacity of fluid flow through the system of the
abdominal trunk, superior mesenteric artery, choledochus.
SMA - superior mesenteric artery

numdarmyeckux y3nos. Liens ny4esoi aMarHoCTUKM
COCTOMUT B TOM, 4TOObi NOBLICUTL HAAEXHOCTL Npea-
onepaumMoHHON oueHkn paka ronoeku MX. Mogens
co4etaeT B cebe npeumyliectsa MPT u 3YC, obec-
reYyvsas BU3yanu3aumio ONyxoNeBon UHBa3Uu U Me-
TacTa3upoBaHns B IMMAATUYECKUE Y3Nbl. 3TO TOYHASR
W UHOMBUAYANN3MPOBAHHAR MOLENb, NO3BONRIOLLAS
NPOBOAWTL BCECTOPOHHIOKD MHANBUAYANbLHYIO OLUEHKY.
LiseTHoe n3obpaxenne obneryaer BOCNPUSATUE A0-
ONEPaUNOHHON KapTUHLI, a TMBpPUAHLIN XapakTep Mo-
Aenu paciumpseT AuarHOCTUYECKME BO3MOXHOCTM.
B peaynbrate nytem 3D-BuU3yanu3aumm Ha MynsTu-
MOJANbHOW OCHOBE LBETHbIX M300paXeHuid C uHTe-
rpauven u3MeHeHHsIX NMMPATUYeCKUX KONNEKTOPos
obecneyvBaeTcs NONOXUTENLHLIA Pe3ynsTar MeToaa
8 BuOde A0O0MNepauMOHHOW OUEHKM OHKONOTMHECKOro
npouecca, NnaHnuposaHusa NepenYHoro cnocoba neye-
HWUS 1 ONEePaTUBHOrO BMELWaTeNnLCTBa C yNeTOM obbe-
Ma numdoguccekummn. ing MNmocTpaumm nony4eHHbIX
PEe3yNsTaTos NPUBOANM KITMHWYECKUIA NpuMep.

Knuuunyeckuii npumep

BonsHon M., 77 net, rocnuTannm3upoBaH C Xa-
nobamu Ha XEeNnTyWHOCTb KOXHbIX NOKpoBoB, 6onm
B xuBoTe. llocne rocnuranu3aumm NPOBEAEHO KOM-
nnekcHoe o0cnenoBaHue, Npu KOTOPOM BbIABNEHO
o6pasoranue ronosku MX T3NxMO. Mo panHsim MPT

| Puc. 2. TpexmepHas MOAENL NaHKDEaTOAYOASHANLHOM 30Hb!,

1 - nevers; 2 — XxQNeaoX (WenuHsid NPOTOK); 3 — nomxeny-

| DOuHaR wenesa; 4 - a0pT3; 5 - BepXHAA OpbixeeyHas BeHa;
6 - pepxHsa DOpbpkeeyHas apTepus; 7 — XENYHbIA Ny3biDb;
8 - obpasosanue

Fig. 2. Three-dimensional model of the pancreatoduodenal
zone.

1 - liver; 2 - choledochus (bite duct); 3 - pancreas;
4 - aorta; 5 - superior mesenteric vein; 6 - superior
mesenteric artery; 7 — gallbladder; 8 - mass
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8 ronoeke X onpeanensnu obpaszosaHue pasmepa-
MK 10 4,5 CM, MHTUMHO Npunexalwee K HUWXHen no-
non sexe (HMB), sosnexawuwee B ceba BepxHIOW
OGpoixeeyHyio BeHy (BEB). Mo aaxvbim 3YC Buaya-
NU3NPOBaHbl CTPYKTYPHO M3MeHeHHbie numdarnye-
ckue yansl. Ha ocHoBanum rpadmyecknx AanHeix MPT
suinoniedo 3D-mopenuposanue nadkpearoayone-
HanNbLHOWM 30HLI. BuayanuanposaHa onyxonb ronosku
NX, neTumuo npunexawas k HMNB, 6e3 ee nHeasuy,
OOHAKO C npu3Hakamu wHeasuu BBB, okpyxHOCTb
menee 180° (puc. 3). 3™ AaHHbe COOTBETCTBOBANM
craamm T3N1.

| ‘
Puc. 3. 3D-mogens NaHKPLITOAYOASHANLHOR I0HDI
Fig. 3. 3D model of the pancreatoduodenal zone

C yyeTom npuaHakos pe3exrabensHocTy onyxo-
W NAUMEHTY BbINONHEHA onepaums 8 obueme nuno-
POCOXPAHRIOWEN NaHKPeaToAyOACHANIBLHON Pe3eKumn
¢ numdboamccekumen 8 obveme D2,

HAoonepaymonroe 3D-mogennposanne
y 6016HbIX, MePEeHEeCLUNX XUPYPrudeckoe
BMELWarenscreo

MpeponepaunonHoe 3D-Mopenuposanue nNo-
3BO/IMNO OUEHWTL NOKANW3AUMIO, pasmep Onyxonu,
numdaneHonarmio, B3auMoceass ¢ Bananexatmmn
CTPyKTYpamu v paspabortatb nnad nevexus. MNpu xom-
nnexcHoMm obcnenosaHnn BONbHBIX OTAANEHHLIX Me-
TacTasos obHapyxeHo He Bbino.

Y naumeHToB, ANS KOTOPbIX ObinK NOCTPOEHL!
3D-monenun, Hanbonee 4acTo NoKaNu3aumo onyxo-
nu Haxoawnu 8 ronoske MX (79,31%). Nopaxenne
GONbLIOro AYOACHANBHOrO COCO4Ka M XONEeA0Xa Bbl-
sBneHo 8 4 (6,90%) n B (13,79%) cny4asx cooTeer-
CTBEHHO. PacnpocTpaHeHHoCTb onyxonu obxapy-
xeHa no craauu T2 y 25,86% GonbHblx, A0 CTaauu
T3 — y 31,03%, cragmn T4 suissnexa y 24,14% na-
umeHToB. MHTpaonepaumoHHOe 1 NaTorucTonoruie-
CKOE UCCNef0BaHnA NOATBEPANAN 3T CTAAUN Y 0N~
HAKoBbLIX A0NeN onepupoBaHHbiXx BONbHLIX: CTagus
T2 -y 25,86%, cragus T3 - y 32,76%, cragus T4 -
y 22,41% (puc. 4).
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Mpn ROC-ananuse 3D-mogenm 8 ouexke npo-
TAXKEHHOCTH OMNYyXONW YYBCTBMTENBHOCTL COCTaBuna
98,3%, cneundunyHoCTs ~- 66,7% (p<0,05).

Ha 0CHOBaHWKM NONYYEHHBIX AaHHBIX NPeuMyLLe-
CTBEHHO BLIRBNEHE CTaaua T3 pacnpocTpaHeHus ony-
XONW, HTO YKa3biBaeT Ha MECTHO-PacnpOCTPaHEHHbIE
obpazosanmna MXK. PeaexrabenbHOCTb Onyxonen ro-
nosky MX ouexmsany ¢ nomouiso MPT 1 3D-mopenn-
poeanus. [anusie MPT nokasany nHBasuio onyxonu
8 BEB y 15 (25,9%) naumenTos, Torna kax 3D-mopens
ykasana Ha ato Toneko y 10 (17,2%) yenogex.

WuTpaonepaumonHo nesasuwa 8 BEB Gwna noa-
TeepxaeHa y 12 (20,1%) naurextos, UHBaausg Ypes-
HOro creona npouaowna 8 3 (5,2%) cnywaax, 4T0
NOATBEPXAEHO AaHHbiMKu 3D-MOAENUPOBAHMA W UH-
TpaonepaunoHHoro Habmogewws. Wusazmio BEB
noarsepavnu y 12 (20,1%) BonbHbix npyu MPT-uc-
cnenoBaHum, Ho Toneko B 4 (6,9%) - € NOMOLLIO
3D-MmoaenMpoBalna, 4TO NOATBEPAMNOCH WHTPa-
onepaumoHHo. MNpeysennyenne aaHHbix MPT 00 wH-
Ba3uM BOPOTHOM BeHbl  HINB e Buino noarsepxae-
HO 3D-MoaenupoBaHMEM UNW WHTPAONEPAaUNOHHON
ouenkon (tabn. 1). MNpwn ROC-awanusze 3D-mopennpo-
BaHWA B OLLEHKE NOPAXEHUA MarncTpanbHbix COCYA0B
ONYXONEBLIM NPOLECCOM YYBCTBUTENbHOCTL COCTaBN-
na 98,3%, cneunduyHocTs - 94,1% (p < 0,05).

Ana nnavuposadma obvema numdoanccexunm
y 43 (74,1%) nauveHToB NPOBOAMAN WMHTErpaumio
naxHbix 3YC B 3D-mopens. 3D-mopenn no3sonunu
nnasuposarts bonee wEanswmn 06vemM onepaTueHo-
ro nesexma n numdoauccekumn. Metacrasws 8 pe-
ruoHapHsie numdarudeckuwe yanst Gwinvm BhIRBne-
Hbl y 17 (39,5%) Gonbbix No ganubiM 3D-mopenw
ny 20 (46,5%) - no AaHHbIM NATOrMCTONOMUHECKOro
wcenenosaHna. PacnpocTpaHeHne OHKONOrMHeckoro

-

Craams T4 / 2241

Stage T4 2411

Cragma 73 / 3276
Stage T3 31,03
Cranwa T2 / 25386

Stage T2 1586

0 10 20 30
Pacnpocrpasensiocts, % / Prevalence, %

® MHTPAONEPAUMOKHAA OUeHKa
W NATOMWCTONOMMYECKDE WCTNEN0BaHWE /

Intraoperative assessment and pathohistological study

® 3D-mopenuposanne / 30 modeling

Puc. 4. PacnpocTpaneHHOCTy ONYXONKM NO NaHHbIM Tpexmep-
HOTO MOAGNMPOBAHKUA, MHTPAONEPAUMOHHON OUEMKM W NaTD-
TUCTONOTUYECKOTD ONUCIHUA

Fig. 4. Tumor prevalence according to three-dimensional
modeling, intraoperative assessment and pathohistological
description
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Tabnuya 1
Mopamesne MArHCTPANbHBIX COCYA0B ONYXONLIO MONOBKM NOMKENYAOUHOR Kenessl
N0 A3HHLIM MArHHTHO-PE3OKAHCHON ToMOrpaduu (MPT), 3D-MOALAHPOBARKA M MHTPAONEPALMOHHON KapTuHs! (n = 58),n %
Table 1
Lesion of the main vessels by pancreatic head tumor according to magnetic resonance imaging (MRI),
3D modeling and intraoperative picture (n = 58),n %
3D-mopens/ | MHTpaonepauuoxHas xapruKa /
Cocyn / Veaset MET /¥Rl 3D model Intraoperative picture
Ypesnsint cTeon / Ventral trunk 3(5,2) 3(52) 3(52)
Bepxuss Gpbixeesnan aprepus / Superior mesenteric artery 12 (20,1) 4(69) 4(69)
Bepxuss GpbikeesHas sexa / Superior mesenteric vein 15(221) 10(17.2) 12(20.1)
Boporxas sewa / Portal vein 2(34) 0(0,0) 000
HuxHan nonas sexa / Inferior vena cava 9 (15.5) 7(121) 7(121)
Onyxonk 63 NPHIHAKOB MHBA3WMK COCYA0S /
Tumor without signs of vascular invasion 17(29,3) 34 (586) 32(552)
Tabnuua 2
OxoHYaTENLHOE CTAAMPOBAKHE OHKONOMHYECKOro npouecca (n = 43), n (%)
Toble 2
The final staging of the oncological process (n = 43),n (%)
Cragms / 3D-monens / MHTpaonepaumonHas KapTHHa 1 AaHHBIE NITOMOPDONOTHHECKOrD UCCNeA0BaHUS /
Stage 3D model Intraoperative picture and pathomorphological study data
1A 2(456) 2(46)
1]:] 4(9.3) 4(9.3)
i 20 (46,5) 21 (488)
v 17 (39.5) 16 (372)

npouecca B pervoMapHsie numdarmyeckue yanul
OPIOWHON NONOCTU yeTaHoBNEHo v 2 (4,6%) nauwen-
TOB NoO AanHbim IYC, a cootBeTcTBEHHO, n 3D-Mmone-
NW, OAHAKO NATOrMCTONOMM4ECKN 3TO ObiNO NOATBEPX-
nedo y 3 (6,9%) npoonepupoBaHHbiX NauneHTos.
Takum 00pa3oMm, YYBCTBUTENLHOCTL B OUEHKE NUM-
GOreHHOro MeTacTasvpoBaHusa ONyxonW ronoBs-
ki MK No paHHbIM KOMOMHUPOBAHHOW TPEXMEPHON
mogenn cocrasuna 85%, a cneunduunocTe - 60%
{(p <0,05) (tabn. 2).

Mpu ROC-ananuze 3D-mopenw B onpeaene-
HMK CTaaMWM ONyXONesoro Npouecca YyBCTBUTENbL-
HOCTbL cocrasmna 92,0%, cneunduyHocTs - 67,8%
(p <0,05).

Moasoas wTOor, Cneayer OTMEeTWUTL, YTO Tpex-
MepHOe MoaenuposaHue Ha ocHose kak MPT-, Tax
w MCKT-mopenen sBnsieTcs A0CTartoqHo wHdopma-
TUBHbLIM METOOM B 00ONEPALMOHHOM CTaguMpoBaHnm
paxa ronosku MX u kareropuv ero pesextabensbHo-
cTi. [lanusiin meToa no3sonseT o0bLEKTUBHO onpeae-
NUTL NOKANU3auMIio M PacnpoCcTPaHeHHOCTL OMNyxo-
NEBOro NPoUEecca Ha NPUNexaume aHaToMU4Yeckue
CTRYKTYPB, @ TaKKe BU3yansHO NPOAEMOHCTPUPOBaTL
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METACTaTUHECKDE NOPaxXeHne peruoHapHbix numda-
TUHECKMX Y3N08, Yka3aHHbie napaMeTpol NpeacTasns-
0T ODBLEKTUBHYIO W HAMAAHYIO KAPTUHY, MaKCHUMANbHO
NPUBNUKEHHYIO K UHTPAONEPALWMOHHON, YTO NO3BONS-
eT NnaHnMposaTe 0OBEM U X0 ONepaTUBHOrO BMeLa-
TenLcTea.

O6cyxaenne / Discussion

HecmoTpsa Ha ycnexu COBPEMEHHOW AMarHoCTuky
W XUPYPru4eckoro nedveHus, npobnema paHHero Bbi-
ABNEHWA, CTAAWPOBAHMA OHKONIOMMHECKOro npouecca
W, KaK Cneacrene, xoMBUHUPOBaHHOTO NeYeHns paka
ronoeky X ocTaeTca aKTyansHom.

Ana onTyMU3aumMn AUarHoOCTUKKU CTannMu onyxo-
nu ronoekun MK 1 A00NEPaUMOHHON0 NNaHMPOBAHUA
XVPYPruueckoro BMearenscrsa HeobxoaAnMo uMeTs
006bLexTUBHOS NPEACTaBNeHue 0 PerMoHapHon nHea-
3UU U NUMPOreHHOM METACTa3uMPOBaHMU KapuUWHO-
Mbl AaHHON nokanuaauuu. Llensio pabotel ssunoch
NOBLILIEHWE TOYHOCTY AMarHOCTUKM W OLEHKW pe3ex-
TabenbHoCTK paka ronoeky MX Ha OCHOBE KOMNNEKC-
HOIO MCNONB30BaHUS NYYEBbIX METOA0B UCCNEA0Ba-
HUA C 3D-pEeKOHCTPYKUMIA NaHKPeaToayoAEHANbHON
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30HbI. BeiM NOCTaBnNeHbl 3aaa4M MCCneaoBaHns, cpe-
[ KOTOPbIX — YTOYHEHWE BO3MOXHOCTEN MYbTUMO-
[anbHoro noaxoaa ¢ ucnons3osaxuem 3YC, MCKT
v MPT B noonepaumMoHHon oueHke pesexktabenbHo-
cTu paka MX.

NumdaneHakToMUA noapasyMesaeT ucceye-
HMe NMMAATUYECKMX Y3NI0B M XUPOBOW TKaHW, KO-
TOpLIE pacnpefensioTcs BAOAL COCYAOB Manoro
Ta3a HENpPEepsLIBHO U KOMMANEKCHO. 3Ta npoueaypa
He nuweHa NMMAaTUYECKMUX OCNOXHEHUIA, TAKUX KaK
numdoxucTel y 20% naumneHTos u numdeaema y 10-
15%, a B peakux cnyyasx — TpasMbl HEPBOB U COCY-
nos [13, 14].

C y4eToM nocnegHmx AOCTUXEHWW B PassvuTim
MEAWUUMHCKOW BU3yanu3upyioLen annapaTtypsi U pe-
KOHCTPYKTUBHBIX TEXHONOTUIA TPEXMEPHLIE MOLENu,
PEKOHCTPYMPOBAHHLIE HA OCHOBE HabDOPOB AaHHbIX
MYNLTUOETEKTOPHOW KOMMBIOTEPHON TOMOrpadun
(MOKT), ucnons3yioTca Ans HabnogeHus 3a aHa-
TOMUYECKMMMN OCOBEHHOCTAMM NauMeHTa, NOMOLLM
B AuarHocTuke 3abonesaHnii, OUEHKN CNOXHOCTU Xu-
PYPry4EeCcKux BMeLLaTensCTe U PyKOBOACTBA BbINON-
HEeHUeM peansHbix onepaumia [15, 16].

Mpw nnanupoBanum obvema NMMPaneH3KTo-
Mun nytem 3D-MoaennpoBaHns oUeHeHa CTeneHb
peruoHapHoro nuMQOreHHoro MeTacTasnpoBaHus
paka ronosku MX. Y 43 yenosek npoeenu cosme-
weHue rpaduueckux aavHsix 3YC u 3D-mopenu.
Mony4yeHHsie 3D-Mogenu cnyxunu NOBOAOM ANS
nnasuposanua 6Gonee wanauwero obvema numdo-
auccekumn. BTopuyHOoe nopaxeHue pernoHapHbix
numdaTtuyeckux yanos obHapyxeHo y 17 (39,5%)
NauveHToB No AaHHeiM 3D-mopenu u y 20 (46,5%)
4YenoseK Mo naTorucTONOTUYECKOMY MCCneaosa-
Huioo. OTCyTCTBME OHKONOrM4EeCcKoro npouecca
B8 pernoHapHbix nuMmdaTnyeckux yanax 6poLwHONn
NONOCTH ycTaHosneHo y 2 (4,6%) 4yenoBek no Aax-
HbeiM 3YC, a cooTteeTcTeeHHo, u no 3D-mozenu,
0QHAKo NaTorucToNOruyecku MeracrasuposaHue
noaTeepaunocs y 3 (6,9%) npoonepupoBaHHbIX
NaumneHTos.

PeaynbTaTthl NPOBEAEHHOTO CCNenosaHns obpa-
BoTanbl ¢ nomoulsio ROC-aHanuaa ¢ onpegeneHnem
YYBCTBMTENLHOCTU U CneumndunyHOCTHU. YyBCTBUTENDL-
HocTe 3D-Monenu B onpeaenesun craaum onyxone-
BOro npouecca coctasuna 92,0%, cneunduyHoCT —
67,8% (p < 0,05).

[MoCTpOEeHbl TPEXMEDHLIE MOAeNu Kak Ha OocC-
HoBe MPT, Tak u Ha ocHoee MCKT 26 naumerHTam us
58 (44,83%). 3T0 NO3BOAWUNO NPOBECTU CPABHUTEND-
Hbilt aHanu3a nony4enHbix MCKT- u MPT-3D-mozeneir.
Mo aaHHbim 3D-mopmenupoBaHms Ha ocHose MCKT,
PacnpoCTPaHEHHOCTb ONYX0AM A0 CTanuu T2 BhisB-
nexa y 7 (26,92%) obcneaoBaHHbix, A0 ctagum T3 —
y 8 (30,77%), craguio T4 onpenenunu y 6 (23,08%)
NauMeHToB, 4TO MOMHOCTLIO COOTBETCTBOBANO
MO4enaMm, NOCTPOEHHbIM Ha ocHose MPT. Oaxako
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[3HHLIE HECKONBKO OTNNHANUCH OT MHTPaonepaLmoH-
HOW OLLEHKM ¥ NATOTUCTONIOMMYECKOro MCCNea0BaHus.
Cragus T2 noatesepxaeHa y 7 (26,92%) BonbHbix,
craausa T3 — y 9 (34,62%), cranus T4 onpegenanacs
y 5 (19,23%) npoonepupoBaHHbiX NAUMEHTOB.

YyBCTBUTENLHOCTL TPEXMEPHOTO MOZenvpoBsa-
HUA Ha ocHose MCKT 8 onpeneneHnmn NnpoTAXeHHOCTH
onyxonu coctasuna 98,3%, cneunduyHocTs — 66,7%
(p < 0,05).

C nomousio TpexmepHoro MCKT- u MPT-moge-
NUPOBaHWUSA OLEHWBANW pe3ekTabensHOCTL Onyxonu
ronosku MX. Hanbonee yacto no gaHHbiM MCKT-Mo-
OEenUpOoBaHUs onpeaensnu onyxons 6e3 npu3Haxkos
MHBa3uM cocynoB. 310 BcTpeTunocs y 14 (53,85%)
NauMeHToB W NOATBEPAMNOCH MHTPaonepauMoHHON
kapTuHon. Opgxako 3D-mopens, NOCTPOeHHas Mo
MPT, gaHHbiA TUN onyxonu Boigsnana y 16 (61,54%)
NauneHToB.

B peaynsrare noctpoenus MCKT-3D-mopenm
uHBa3uo onyxonu 8 BEB soisBunu y 6 (23,06%) na-
UMEHTOB, Toraa xak Ha MPT-mogensx —y 4 (15,38%),
a WHTpaonepaumMoHHo — y 5 yenosek (19,23%).
MHBa3ua YpeBsHOro CTeoNa NO AaHHbIM Kak MCKT-,
Tak 1 MPT-mopenuposasus BoissneHa y 1 (5,2%) na-
UMEHTA, YTO MOATBEPAMNOCH WHTPAONEPaLMOHHON
kapTuHon. Mueasuwio HMB va MCKT- u MPT-mope-
nax obHapyxunu y 3 (11,54%) naumeHToB, TOraa Kax
MHTpaonepaumoHHo — y 4 (15,38%).

YyBCTBUTENLHOCTE TPEXMEPHOro MOAEenupo-
BaHus Ha ocHose MCKT 8 oueHke NopaxeHns Maru-
CTpanbHbIX COCYA0B ONyX0NeBLIM NPOLECCOM CoCcTa-
suna 98,7%, cneumduyHocTs — 94,5% (p < 0,05).

3D-mopenu Ha ocHose MCKT oka3anucs Gonee
YYBCTBUTENbHBI K MHBA3UM MENKUX COCYLAOB ¥ MUHW-
ManbHOW MHBAa3WKM, HO He oTam4anucb ot MPT-mo-
denei Npu OLEHKE PACNpPOCTPAHEHHOCTU ONyXOnu.
OpgHako y 2 nauneHTos MCKT He BoisBUN2 ONYX0Nb Mo-
nosku MX Bsuay ee Mansix pasmepos. Takxe 8 3 cny-
yasax Ha MCKT He Obinm 06HapyXeHbl METacTassl B ne-
YeHb 1 B 1 cnyyae — B "iMMoy3nsi.

MpakTuyeckue pexomeHgaunm

1. BONbHBLIM C YCTAHOBNEHHLIM ANArHO30M «Me-
XaHWU4ECKan XenTyxa» U Hanuuuem obvemHoro obpa-
30BaHus ronosku MX no AaHHbIM YNSTPas3BYKOBOro
WUCCNeaoBaHna C LUENbi0 OUEHKM PacnpoCTpaHeHHo-
CT¥ ONYXONEBOro Npouecca uenecoobpaz+Ho BhINon-
HaTe MPT 1 3YC opraxos 6piowHoit NonocTy.

2. ins noonepaunoHHOro CragvMpoBaHua paka
ronosku MX cnegyet BuinonHATL 3D-PEKOHCTPYKLMIO
NaHKpearoAyoAeHaNnbHOM 30HHE No AanHsiM MCKT
nm6o MPT, KOTOpas NO3BONSET ONPEeAEeNUTL KpUTEPUM
pe3ekTabensHoCTH ONyX0nu.

3. [nsa swibopa o6bema numboanccekumm Heoo-
XOAMMO WMHTErpuposaTts rpaduyeckue aavusie 3YC
8 3D-mopens Ha ocHose MPT naxkpearogyoaeHans-
HOW 30HbI.
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3axmoyenue / Conclusion

3D-mopenuposaHue Ha ocHose MPT- u MCKT-uc-
CNefoBaHun RBNNETCR WUHOOPMATUBHLIM METOAOM
B 100NEpauUNOHHOM CTaAMPOBAHUK paka ronosku MX
1 ero pesekrabensHocTu. [laHHbi METOA NO3BONSA-
eT 00LEeKTUBHO ONPEeAEenUTL NOKANU3auuIo U pac-
NPOCTPAHEHHOCTL ONYXONEBOro NPOLECCa Ha npune-
KaLMe aHATOMUYECKUE CTPYKTYPbI, @ TaKKE BU3YANbHO
NPOAEMOHCTPUPOBATL METACTATUMECKOE NOpaxeHwe
peruoHapHuix numdaruyeckux yanoe, Mo napamerpam
aunarHocTudeckon addexktueHocTm 3D-mopenn mak-
CUMaNBHO NPUBNUMKEHHB! K MHTPAONEPALMOHHON Kap-
TUHE, YTO AAET BO3MOXHOCTb NNAHWPOBATL Kak 06beMm,
Tak v X0 0NeparMeHOro BMELLaTenseTsa,

Ansi 0ObLEKTUBHOIN A0ONEPALUMOHHOR OUEBHKMU
pesexrabenbHoCTi onyxonu ronosku MX v TouHO-
ro o6bemMa ONeparnBHOro BMEWarenseTea Heobxo-
AWMO MaKCUManbHO WCNONbL30BaTb BO3MOXHOCTH
MYNETUMOAANBLHON NYYEBOW AMArHOCTUKKM NaHkpea-
TOAyoaAeHanbHoW 30+, B oueHke T-craaum 4yBCcTemn-
TensHoCTe MeTogoe MPT u 3YC cocrasuna 93,2%
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Pesiome

Uene: ouenuTs BKN3A NOK33aTENeR PErMOHANbHOTO MO3roBoro kposoroka (pMK) B BhisiBnexue paxHen no-
CNEONEePaLMOHHOR KOrHUTHBHOR aAncdyrkumm (TOKL) y naumenTos ¢ MybTHOOKANBHBIM 3TEPOCKNEPOIOM
(MDA) npu pesackynspniaumu cepaua n ronoBHOMD MO3ra,

Marepuan u Metoasl. lNposeaenbl HCCNEAOBAHUE KOTHUTUBHLIX NOKa3aTtenei ¥ CUMHTUIPadua ronosHoro
MO3r3 y 45 naunenToB ¢ MDA KOpPOHapPHBIX U NpeuepeBpanbHbix apTepui 40 M NOLNE PeBaCcKyNAPHIaLMK
3TUX COCYAMCTHIX GaccenHos. KpUTepuamMm BKNIDYEHUS 8 MCCNIEQ0BAHNE ABUIMCH: NNBHUPYIOWAACK PeBaCcKy-
NAPM3AUMA KOPOHAPHBIX U NpeuepebpanbHbiX apTepui, NoanucaHHoe uHdopmMupoeanHoe Ao6posonbHoe
COTNacHe Ha Y4acTue B ucanenosanum. KpUTepuu UCKNIOYEHHA: OTKa3 NAUMENHTa, Hanuyue y Hero 3abonesa-
HWA, NPENATCTBYIOWMX NpoBeaeHnio obaneaosaHnin. MccnepoBaHne KOMHUTUBHLIX QYHKUMIA BbINOAHANK HA
nNporpaMMHO-annNapaTHoM komnnekce Status-PF 3a 1-2 gHa [0 onepaunu i yepes 5-7 aHen noone Hee.
CoxpaHHOCTL MO3rOBOTD KPOBOTOKA OUEHMBANKM METOAOM OAHOGOTOHHOM IMUCCUOHHOR KOMNBIOTEPHOW TOMO-
rpadmu C MCNONb3OBaHMEM NMNODUNLHOM paanodapMauesTuyeckoro npenapara “*"Te-HMPAO «Liepetexs.
Pesyneratel. Hacrota panxeit NOKL y 60nbHbIX NOUIE HIONMPOBAHHOID KOPOHAPHOrO WyHTHposawma (KLL)
cocrasuna 73,3%, y naumeHTos nocne cumynsTanHon onepaumu KLU v xapotmanoi aHaaprepaktomum (K3A) -
72,5% (p > 0,05). Noka3sarens pMK y naumeHToB rpynnb! u3onuposanHoro KW no cpasHexmio ¢ rpynnow
cumynsTanHon onepaumnn KW u K3A Boin Beiwe B BuCouHbiXx 0Bnactax cnpasa w wiesa (p = 0,01 w p = 0,04),
8 npasoi nobroin none (p = 0,03), npasoh remennon pone (p=0,005), a Takxe B 3aTbUNOYHBIX AONAX CNPasa
u cnesa (p = 0,03 v p = 0,03). B nocneonepaumoHHOM NEPHORE NO CPIBHEHMIO C L0ONEPALUMOHHBIM IHAUEHUEM
8 rpynne usonuposanHoro KL cruxanca yposers nepdysun 8 npason remexnon obnacv (p = 0,01),8 npason
¥ NeBO#H 3aTbino4Hbix 0Bnactax (p = 0,01 u p = 0,01). Y naumeHToB rpynnbi CHMYIbTAHHOTO BMELATeNbCTBa 3Ha-
“eHue nokazarenein pMK 3HaYMMO HE MEHANMCD B PAHHEM NOCNEONEPAUMOHHOM nepuoae. Nepdy3ua npasoi
TeMeHHOoi 0BnacTH Bbina Boiwe y GoNbHbIX NOCNe H30M1HPoBaHHOro KLU No CpasHeHnIo C A3HHLIM NOKa3aTeneM
y NAUMUEHTOB nocne cumynsTanHon onepauni KW n K3A (p = 0,04). HauGonblwmin BKNaA 8 Pa3BUTHE PaHHER
MNOKA y 6onbrsix nocne w3onuposannoro KL ewecnu nokasatenu pMK nesoi sucosHon obnacw (p = 0,025),
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y NauueHTos nocne cumynstaHHon onepaumun KL u K3A - B npasoi TemerHo# 3oHe (p = 0,04) 8 panHem
nocieonepaunoHHOM Neproae.

3akmouenne. OueHka nepdy3um ronoBHOMD MO3ra Y KapAMOXUPYPIMYEeCKuX NauMeHTos A0 ¥ nowie onepa-
LMK MOXET UCMONb30BaTLCS ANS BLISBNAEHUS 30H, NOCTP3AABIUMX NPU NPOBOAWMbIX BMELISTENbCTBAX, 3 TAKXE
BbiTe METOAOM KOHTPONS GE30NacHOCTM Onepaumnit U DLEHKM NPUMEHAeMbix Cnocobos npodunakTuku ans
npenoTspawenus passutus MNOKI.

Kmouessie C108a: CTeH03 NpeuepedpansHbiX 3apTEPHIA; CUMYNBTAHHAS ONEPaUms; KOPOHAPHOE WYHTHPOBAHKE;
KapOTMAHAS 3HAAPTEPIKTOMMSA; KOTHUTHBHbBIE DYHKUMK; CUMHTUIPADMS.

KoHpaukT uHTepecos. ABTOpb! 33981810T 00 OTCYTCTBUM KOHDNWMKTE MHTEpeCos.
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Abstract

Objective: to study the contribution of regional cerebral bilood flow (rCBF) indicators to the diagnosis
of early postoperative cognitive dysfunction (POCD) in patients with multifocal atherosclerosis (MFA) with
heart and brain revascularization.

Material and methods. The study involved 45 patients with MFA of coronary and precerebral arteries.
We analyzed patients’ cognitive indicators and conducted brain scintigraphy before and after revascularization.
The criteria for inclusion in the study were: scheduled combined revascularization of coronary and precerebral
arteries; signed informed consent to participate in the study. Criteria for exclusion were: refusal to participate
in the study, diseases that would prevent examination. The study of cognitive functions was performed using
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the Status-PF software and hardware complex 1-2 days before and 5-7 days after surgery, Cerebral blood
flow was assessed by single-photon emission computed tomography using lipophilic radiopharmaceutical
" Te-HMPAQ “Ceretec”.

Results, The frequency of early POCD in the isolated coronary artery bypass grafting (CABG) group was 73.3%,
in the combined carotid endarterectomy (CEA) and CABG group it was 72.5% (p = 0.05). The rCBF index in
the isolated CABG group compared with the combined CEA and CABG group was higher in the right and left
temporal lobes (p = 0.01 and p = 0.04), in the right frontal lobe (p = 0.03), right parietal lobe (p = 0.005),
and in the right and left occipital lobes (p = 0.03 and p = 0.03). In the postoperative period, in the isolated
CABG group, right parietal lobe perfusion (p = 0.01),and right and left occipital lobe perfusion (p = 0.01 and
p = 0.01) decreased compared to the baseline values. In the combined CEA and CABG group, in the early
postoperative period, cerebral perfusion did not change significantly. Right parietal lobe perfusion was
higher in the isolated CABG group compared with the combined CABG and CEA group (p = 0.04). The greatest
contribution to the development of early POCD in patients after isolated CABG was made by the left
temporal lobe perfusion (p = 0.025), in patients after combined CABG and CEA - by the right parietal lobe
perfusion (p = 0.04) in the early postoperative period.

Conclusion. Assessment of cerebral perfusion in patients before and after surgery can be used to identify
areas affected during surgery, as a3 method for monitoring the safety of procedure, and as an assessment
of the preventive methods against POCD.

Keywords: precerebral arteries stenosis; combined surgery; coronary artery bypass surgery; carotid
endarterectomy; cognitive functions; scintigraphy.
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Beepneune / Introduction

B nocneanue roasi B CBA3W C yny4lueHuem Ka-
HECTBa KapAMOXMPYPrU4ECKOW NOMOWM C NO3ULMK
NPOMUNAKTUKKY NEPBUYHLIX CEePAeYHO-COCYANCTLIX
xaracTpod GOPMUPYIOTCH HaNPasBneHus ANs OUeH-
KW APYTUX CTOPOH KapavOXvMpyprudecknx onepaumii.
OoHUM M3 HUX ABNRKETCH NOWUCK NPUHKMH KOFHUTUB-
HbIX AMCHYHKLIWA NPV KaPAMOXMPYPIM4ecKux BMeLla-
TEeNLCTBax U cnocobo8 mx NPOGUNAKTUKA,

CBOEBPEMEHHDE BbLISBNEHWE HAPYLWEHUS KOr-
HUTUBHBLIX DyHKUWA ByaeT BIMATb HA NPOrHO3 neve-
HUR Kapouoxupyprudeckoro BoneHoro, OcobenHo
3TO KaCaeTcs NauneHTos ¢ MynsTudoxKanbHbIM are-
pocknepo3om (MDA) npeuepebpanbHbix ¥ KOPOHaP-
HbIX aPTEPWA, HYXOAUWMWXCH B pesackynsipusaumm
3TUX COCYAMCTbIX GacCenHoB MNK NepeHeclunx ee.
OaHUM M3 NATOreHeTUYECKUX 3BEHLEB NPU CUCTEM-
HOM aTepocknepo3e ABNRETCA CHUXEHMe nepdysum
cepaua v ronoBHOro MO3ra, NPUBOASLLEE K NOBbI-
LWEHWID PUCKa OCTPLIX KOPOHAPHbLIX U HEBPONOrUYe-
CKux coBbLITUI, a Takxe GOPMUPOBAHUID XPOHUYECKO-
ro aeduumTta nepdy3nn ykasaHHbix 30H. B peansHon
KNMHUHECKOW NpakTuke ¢ y4etom 6onblioro notoka
NaUMEHTOB OUEHKE KOMHWTUBHBIX QYHKUMIA He yaens-
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€TCH AI0NXHOMO BHUMEHUA 10 MOMEHTA 3HAYMMOro
KPUTUYECKOID CHUXEHWA 3TUX DYHKUWIA BNNOTL A0
NEeMEHUMN.

B Hacrosuwiee BpeMs NpoaoNXaeTCH Nnouck Ham-
Gonee MHOOPMATUBHOMO METOAA ANArHOCTMKM KOr-
HUTUBHLIX HapyweHu. CyuwecTByeT HecKonbko
cnocoboB ANArHOCTUKW KOTHUTUBHLIX DYHKUMA —
Kparkas wkana OLEeHKWM MCUXu4eckoro craryca
(Mini-Mental State Examination, MMSE), MoHpeans-
CKas WKana korHmTueHon ouexku (Montreal Cognitive
Assessment, MoCA), Ttect «barapes nobGHow auc-
dyHkumm» (Frontal Assessment Batter, FAB). OaHaxo
3T METOLLI HEBO3MOXHO H4aCTO NPUMEHATL Y OAHO-
ro 1 TOro xe 6oNLHOro B CBS3K € 00Y4aeMOCTbIO OT-
BeTaM Ha Bonpocs!. LLkank Mano4yscTBUTENbHLI [N
AMArHOCTUKY KOrHUTUBHOMO aeduumta y nuu ¢ Hua-
KWUM W O4eHb BLICOKMM ypoBHeM obpa3oBanma, obna-
AAI0T HEAOCTATONHOWN HYBCTEBUTENBLHOCTLIO NPY Ana-
FHOCTUKE AOAEMEHTHLIX KOTHUTUBHbIX HAPYLWEHWA.
Kpome Toro, 3tv uccnenoBaHna No3BONRIOT OUEHUTE
TAXECTb KOTHUTUBHbLIX PACCTPOWCTE TONLKO OpPUEH-
TUPOBOYHO, B Y4ACTHOCTU 3TO KACAETCR ANArHOCTUKM
AEMEHUMKN, Npu BepudUKaunumn KOTOPOR KNio4esbiM
MOMEHTOM ABNAEGTCH NMOATBEPXKAEHME HAPYLIEHWA
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¢YHKUMOHANBLHOro cTatyca U NOBCEAHEBHOW aKTUB-
HOCTM naumeHTa.

C nosisBneHMeM KOMMbIOTEPHbLIX METOA0B KOMHU-
TUBHOIO TECTUPOBAHUSA YBENUYUNACH BbIABASEMOCTb
BapunabenbHOCTU KOTHUTUBHbBIX HAPYLUEHWIA, 4TO Nno-
3BONMNO AUArHOCTUPOBATbL KOMHUTUBHYIO AUCOHYHK-
LUMI0 Ha OOJIEMEHTHbIX cTaausx. Takon cnocob 3a-
HUMaeT Mo NPOAOCXUTENBHOCTU BOoNblUe BPEMEHW,
[ONXKEH BLINONHATLCA U MHTEPNPETUPOBATLCH KOM-
NETEHTHbLIM CNEUManucToM, NO3TOMY MCMNONbL3YeTCH
4alle BCEero B Hay4HbIX Liensx.

Cnocobbl BM3yanu3auumu ronoBHoro moara, Ta-
KUe KaK MarHUTHO-pe3oHaHcHasa Tomorpadus (MPT),
MyNbTUCNUPANbHAA KOMNbIOTEPHAs ToMorpadus
(MCKT), a B nocnegHee pecatunerve AWMHAMWUYHO
pa3BuBaloLLEeCcs HanpaeneHue paguonorum — CUmH-
TUrpadusi, MOryT HECTU BCNOMOraTenbHylo ponb ANns
BbISIBNIEHUA W NOATBEPXAEHUS KOTHUTUBHbIX HapyLue-
HWUI Y Kapavoxupyprudeckux naumeHtos. MPT u MCKT
OTHOCSATCS K METOAAM C OLIEHKOW CTPYKTYPHbIX NoKa-
3arenei, NO3TOMYy 3aHANN CBOKD HWULLY MPWU OCTPbIX
M XPOHUYECKMX LiepebpoBackynsapHbix 3a6onesaHusXx,
Torga Kak cumHturpadus (oueHka nepdysnm) oTHO-
cuTCH K GYHKUMOHaNbHBbIM METOAAM AUArHOCTUKM, XO-
POLLO OTpaxaeT XPOHUYECKNE COCTOSIHUSA rOI0BHOIrO
mo3ara. CumHTurpadmsi No3BONSET BbIABUTL HapyLle-
HWE KPOBOCHaGXEHUA CTPYKTYP rONIOBHONO MO3ra Ha
YPOBHE MUKPOLUMPKYNSLMK U aeT BO3MOXHOCTb OLe-
HUTb KPOBOTOK Pa3nuyHbIX OTAENOB rOIOBHOrO MO3ra
NPW OCTPbIX COCTOSHUAX (MHCYNbTaxX, ANUNENCUn, Ncu-
xunyeckux 3abonesaHusx, Tpaemax roN0BHOro Mo3ara),
No3TOMY 3TOT METOA MOXHO UCNONbL30BaThL B U3yye-
HUM 3TUONOrUK, NaToreHesa pasBuTusa nocneonepa-
LIMOHHbIX KOTHUTUBHBIX HapyLueHuin [1-2].

Lens — oueHUTL BKNag nokasartenen permoHanb-
HOro MO3rosoro kposoToka (pMK) B BbisiBNeHWe paH-
HeW nocneonepaumoHHOW KOrHUTUBHOM ANCHYHKLUN
(NOKA) y naumexToB ¢ MDA npu pesackynspusaumm
cepaua v ronoBHOro Moara.

Martepuan u metoasl / Material and methods

WUccnepoBanne 0406peHO  NOKanbHbIM -+ 3TU-
yeckum komutetom OIrEHY «HUWN KIMCC3». Nposeae-
Hbl UCCNEA0BaHNE KOTHUTUBHbIX NMOKa3aTeNnen u CLUWH-
Turpadua ronosHoro moara y 45 naumeHtos ¢ MDA
KOPOHapHbIX ¥ npeuepebpantHbix apTepyui 40 1 no-
cne peBackynapuaaumm 3Tux CoCyamcTbix 6accenHos.

Kputepusimu BKIIOYEHUS B UCCNenoBaHUe siBu-
NUCb NAAHUPYIOLWANACS PEeBacKyNapu3aumns KopoHap-
HbIX U NpeuepebpanbHbix apTepuid, NOANMCAHHOE WUH-
dopmupoBaHHoe 40OPOBONLHOE COrnacue Ha yyactue
B MccnefoBaHun. Kputepum UCKIOYEHWUs: OTkas na-
LUMEHTa, Hanuume y Hero 3abonesaHunin, NpensiTCTeyio-
wmx nposeaeHuio obcnenosanduii. Cnocod, obbem
W CPOKW OMEepPaTUBHOrO BMELLATeNbCTBA onpeaensana
KapAMoKOMaHAa B COCTase Kapauonora, cepaeyHo-
COCyAMCTOro XvMpypra, aHectesuosnora u Hesponora
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Ha OCHOBaHUWN K/IMHWYECKUX pexomeHpaumin [3-5].
Ucnonb3oBanuchk aeMmorpaduyeckue, KanHu4eckue,
MHCTPYMEHTaNbHbIE METOALI 06CNenoBaHus.

UccnenosaHue KOrHUTUBHBLIX PYHKLUMIA COCTORNO
V3 [BYX 3TanO0B: NepBblin — 3a 1-2 AHA A0 onepauuu,
BTOpPOW — Yepe3 5-7 oHelt nocne Hee. B yka3aHHble
CPOKW TaKxXe Onpeaensny KiMHU4YeCKue nokasarenu
naumeHToB. Mokasarenu KOrHUTUBHOMO CTaTyca OLEeHN-
BasI C MOMOLLIIO CKPUHMHIOBLIX TecToB MMSE 1 FAB.

[Mocne wuCxXoQHOW AOMArHOCTUKUM KOrHUTUBHBIX
YHKUMIA BbINONHANU PaCLUMPEHHOE uccnenosaHue
KOTHUTUBHBIX PYHKUMIA HA NPOrPaMMHO-annapaTHOM
komnnekce Status-PF. BHumaHue oueHusann mMeTo-
[IOM KOPPEKTYpHOM nNpobbl BypaoHa ¢ aHanu3om Ko-
nuyecTsa npopaboTaHHbIX CUMBONOB Ha 1-11 1 4-i Mn-
HyTax Tecta. KpatkoBpeMeHHyi0 NamsaTb NpoBepsnv
C nomMoLbio TecToB 3anomuHanusa 10 yncen, 10 cnos
n 10 6eccMbiCneHHbIX cnoros. HelpoanHamuyeckme
napameTpbl BKIOYaNN: CKOPOCTb CMOXHOWN 3pUTENb-
HO-MOTOPHOW peakuun, ypoBeHb (YHKLMOHANbHOW
NOABMXHOCTU HEPBHbLIX Npoueccos, pabotocnocob-
HOCTb rONIOBHOIO MO3ra, KONM4YecTBo OWnBOoK 1 Npo-
NYLWEHHbLIX CUTHANOB MPU UX BbINONHEHUW. PaHHIO0
MOKZA anarHoCTUpoBanu nMpu CHUXEHUN UCXOOHbIX
nokasareneu namsTy, BHUMaHUA U HEMPOAUHAMMKN
Ha 20% B 20% nponaeHHbIX TecToB [6].

CoxpaHHOCTb MO3rOBOr0 KPOBOTOKA OLEHWBA-
N1 METOAOM 0AHOMDOTOHHOM 3MUCCUOHHON KOMMbIO-
TepHon Tomorpadum (ODIKT) ¢ ncnonbL3osaHueM
nunodunsHoro pagvodapmauesTMyeckoro npena-
pata #“*"Tc-HMPAO «LlepeTek», pacnpeaensiowerocs
NponopuMoHanbHo 06beMy KpoBu, nepdysupyioLue-
My TKaHb MO3ra. MiccnegoBaHue npoBoaunau no craH-
naptHou metoauke Ha annaparte Discovery NM/CT 670
(GE Medical Systems, U3paunb) oo n nocne (Ha 5-7-e
CYTKW) ONepaTtuBHOro BMmelwlatenscrsa. lMporpamm-
Hy0 06paboTKy NONY4EHHbIX AAaHHbIX BINOMHANN C UC-
nonb3osaHvem urepatusHoro eunstpa OSEM/MLEM.
M3ywanu nokasatenu pMK B KOpKOBbIX 30Hax Ha cpe-
3ax B akCuanbHOW NpoeKkuun, nocneaoBaTensHo
0XBaTbIBaOLLMX BECH FOIOBHOM MO3T, @ Takxke B 06nactu
XBOCTaTbIX aaep v Tanamycos. PedepeHcHol 30H0n
cuuTanu nokasartenu nepdysvn Mo3xeuka, KoTopble
npuHumanu 3a 100%, Ha OCHOBaHWW 3TUX 3HAYEHUIA
paccuyuTbiBanu 3Ha4eHus B cermeHTtax. Pacnpepe-
NEeHVe MHAMKATOpPa B KOPKOBbLIX 30HAX Ha akcuasb-
HOM Cpes3e oueHuBanu rno 8-cermMeHTapHon Moaenu.
Ona mopgudukaumm pganHblx ODIKT B nokasartenu
pPMK NpUMEHSNU TPEXKOMMNOHEHTHYIO MOAENb KUHE-
T™KM [2, 7].

Cratuctuyeckyto 06paboTky peaynsTaTos npoBo-
OUNY NPy NOMOLLM CTaTUCTMYECKOro naketa Statistica
10.0, SPSS 26. NockonbKy Konu4ecTso HabnioaeHun
B Bblbopke Hebonbwoe, Ana aHanu3a nokasarenem
MUCMoNbL30BaNu HenapamMeTpuyeckue kputepun. Konu-
YECTBEHHbIE KITMHUKO-aHAMHECTUYECKME W HEMPONCU-
XONOrnyYecKkne napaMmeTpbl NPeACTaBneHs B Buae Me-
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Avanbl, 25-ro u 75-ro npoueHtunein (Me [Q25; Q75]).
KayecTBeHHble nokasaTenu B ABYX HE3aBUCUMbIX
rpynnax aHanuauposanu nNpu NoMoLm kputepus x2
Mupcoxa ¢ nonpaskoi Metca. BuisisneHve pasnnyuii
Mexay HEe3aBUCUMbIMU MEPEMEHHLIMKU NPOBOAVIU
¢ nomoLusto U-kputepmus ManHa-YuTHu. [Ins nporxo-
3npoBaHus passutua paHHei NOK nposoaunu 6u-
HapHyl0 NOrMcTUYecKylo perpeccuto. [lna pacyeta
yacTtoTbl pa3sutus NMNOKI ncnonb3osanu metoa noa-
cyeta Tabnuupbl conpaXeHHocTn 2x2. Cratuctuye-
CKYI0 3Ha4MMOCTb onpeaensinu npu ypostxe p < 0,05.
B 3aBucumocTu ot obbema BbibOpaHHOro one-
paTtuBHOro BMellaTenscTea CHOPMUPOBAHbLI [BE
rpynnbl NauMeHTOB, KIMHWYECKas XapakTepuctuka
KOTOpbIX NpeacTasneHa 8 Tabnuue 1. MeguaHa Bo3-
pacta B rpynne 60nbHbIX, 0TOBPaHHbIX HA U30MPO-

BaHHOE KOpOHapHoe wyHTuposaHue (KLL), coctasuna
60,5 [52; 67] roaa, B rpynne CUMyNsTaHHOrO BMeLLa-
TensctBa — 63 [39; 65] ropa. MHpekc maccel Tena
coctaBun 28,5 [24; 35] u 28 [24; 36] kr/m? cooTBeT-
CTBEHHO. MicxoaHas dpakums Bbibpoca nesoro xeny-
[o4Ka v ppakums B paHHEM NocneonepaumoHHOM ne-
puoae He oTan4anuce mexay rpynnamu: 59 [47; 70]1%
n 56 [34; 72]%, 53 [35; 65]% u 51 [38; 64]% cooT-
BeTCTBEHHO. CTeneHb CTeHo3a npeuepebpanbHbix
apTepuin B rpynne naumMeHToB Npu U3oNupoBaHHOM
KW » acuMnTOMHOM Te4YeHUW cocTaBwna crpasa
10 [0; 65]%, cnesa 8 [0; 60], 4To NnoATBEPAMNO KOP-
PEKTHOCTb BbIOPaHHOM XUPYPruyeckon Taktuku. B To
Xe Bpems B rpynne CUMybTaHHOro BMelLaTenbcTea
CTeneHb CTeHO3a rnpu NPaBoCTOPOHHEN KapoTUAHOM
aHpaptepakTomum (K3A) coctasuna 82 [60; 99]%, npwu

Tabnuuya 1
XapakrepucTuka uccnesyeMon BbIGOPKM NAUMEHTOR B 3aBMCMMOCTH OT TUNA onepauuu (n = 45)
Table 1
Characteristics of the studied sample of patients depending on the type of operation (n = 45)
fpynna / Group
Mapametp / Parameter KLU + K3A / p
KLU / CABG CABG + CEA

Bo3pacr, net / Age, years 60,46 [52; 67] 62,83 [39; 75] >0,05
UMT, kr/m? / BMI, kg/m? 28,42 [24; 35] 28,2 [25; 35] >0,05
®B J1X, % / LVEF, %

Ao onepauuu / before surgery 58,80 [47;70] 56,10 [34; 72] >0,05

nocne onepaumu / after the operation 53,26 [35; 65] 51,06 [38; 64] >0,05
NASCET, %

cnpasa / right 10,30 [0:65] 82,10 [60; 99] / 39,27 [0; 80]*

cresa / left 760[0;60]  8274[60;95]/4710(0; 85 003
OHMK B aHamHese, n (%) / Stroke in anamnesis, n (%) 0(0,0) 7(23,3) 0,04
UHpaexc Yapncora / Charleson Index 43 (2;6] 6,6 [3;9] 0,00006
EuroSCORE 11, % 1,42 [0,88; 3,99] 4,00 [1,63;10,6] 0,00002
Bpems nepexartus CA, muH / CA clamping time, min - 24,8 [18; 39] -
[OnutensHocts UK, Mun / CPB duration, min 70,4 [38;120] 80,5 [42; 158] >0,05
Bpems nepexatus aoptbl, MuH / Aortic clamping time, min 44,50 [25; 86] 51,58 [22; 115] >0,05
Temnepartypa nepdy3uu, °C/ Perfusion temperature, °C 35,6 [34,6; 36,3] 354 [33; 36] >0,05
MMSE, 6annoe / MMSE, points 26,6 [22; 29] 26,7 [21; 30] >0,05
BDI-Il, 6annos / BDI-II, points 1,5[0; 4] 2,69 [0; 8] >0,05

MNpumeyanme. UMT - unpaekc Maccel Tena; @B /1K - ppakuus sbibpoca nesora xenynouka; NASCET (North American Symptomatic Carotid Endarterectomy
Trial) - creneHb cTeHo3a (OTHOWEHME PAa3HOCTH BENWYMHDI AMAMETPA BHYTPEHHEH COHHOM apTepumu AMCTANbHEE MECTa CTEHO3a K BeNuYMHe CBoBoaHO-
ro (OT MHTMMbI A0 MHTUMbI) NPOCBETa cocyna B obnactu creHo3a; OHMK - octpoe HapyweHue Mo3rosoro Kposoobpawenus; EuroSCORE Il (European
System for Cardiac Operative Risk Evaluation |l) - EBponeiickas cucteMa oueHKM pucka Kapanoxupyprudeckux onepauuii |I; CA - coHHas aprepus;
UK - uckyccreenHoe kposoobpalenue; MMSE (Mini-Mental State Examination) - Kpartkas wkana oueHku ncuxuuyeckoro cratyca; BDI-Il (Beck
Depression Inventory Il) - Likana aenpeccuu beka . * CropoHa onepauuu / KOHTpanatepanbHas CTOpoHa.

Note. BMI - body mass index; LVEF - left ventricular ejection fraction; NASCET (North American Symptomatic Carotid Endarterectomy Trial) -
the degree of stenosis (the ratio of the difference in the internal carotid artery diameter distal to the site of stenosis to the size of the free (from intima
to intima) lumen of the vessel in the stenosis area; EuroSCORE Il - European System for Cardiac Operative Risk Evaluation II; CA - carotid artery;
CPB - cardiopulmonary bypass; MMSE - Mini-Mental State Examination; BDI-Il - Beck Depression Inventory Il. * Side of surgery / contralateral side.
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nesoctopoxHen — 83 [60; 95]%, koHTpanaTtepansHoOn
croponsl cnesa — 39 (0; 80]%, cnpasa — 47 [0; 85]%
NpW 4acToTe OCTPOro HapyWweHWA MO3rosoro KpPoeo-
obpauenus (OHMK) 8 aHamHese y 7 (23,3%) naume-
TOB, YTO TAKXE OTPAXaN0o NPasuNbHOCTL BuiBPaHHOW
cTpatermu 8 noNb3y CUMYNLTAHHOMD BMELWaTenb-
crea. NaumeHTsl rpynnsl CUMYNETAHHOR onepauvmn
uMmenu Gonee BLICOKYIO CTENeHt KOMOPOWAHOCTW:
6.6 [3; 9] npoTue 4 [2; 6] (p = 0,00006). 3akoHoMep-
HO ObiN BILLE PUCK NEPUONEPALMOHHBIX COBLITHIA NO
EBpPONenckoi CUCTEME OLEHKM PUCKA KapAOXUpPYp-
ruseckux onepaumi Il (European System for Cardiac
Operative Risk Evaluation Il, EuroSCORE Il): 4 [1,63,;
10,60]% nporuwe 1,4 [0,88; 3,99]% (p=0,00002).
HecMOoTPS Ha KNUMHUYECKOe HEePaBeHCTBO NO YacTo-
te OHMK 8 aHamuese n KoMopOuaHOW NAaTonoruu
(wHaexkc Yapncowa), a Takxe no nporHosy webna-
FONPUATHOINO WCX0A3 KOPOHAPHOTO LWYHTUPOBAHWUA
{6ann EuroSCORE Il), meaunanu 6annos MMSE un FAB
MEXJY MYNNamMmu He PasnMyancob. Takxke He UMenu
PasNUYMA UHTPAONEPALMOHHBLIE NapameTpbl. anu-

[e]

TENbHOCTL MCKYCCTBEHHOrO Kposoobpawienuus (UK),
rMNoKCUK, cpeaHden Temnepatypsl nepdyauun
(cm. Tabn. 1).

Peaynsratet / Results

Yacrora paunei NOKZ 8 rpynne nauvexTos no-
cne naonupoeanxoro KW cocrasuna 73,3%, y 6onk-
HbiX nNocne cumynsrasHon onepaumm KLU v K3A -
72,5% (p > 0,05).

MCX0AHO UMENUCE Pa3NIMIMA MEXAY rpynnaMu no
napamerpam nepdyamn Kopel roNoBHOro Moara. Tak,
nokaszarens pMK y naumeHTos rpynnsl u30NMPoBaHHo-
ro KLU no CpasHeHUIo C rpynnoi CUMynsLTaHHoOM onepa-
umm KLU 1 KSA Gbin Boilue B BUCO4HLIX 06nacTsx cnpasa
ucnesa (p=0,01 u p=0,04 coorsercTeeHHo). TaKke
y 6onbHbIX rpynns naonuposankoro KW no cpasxe-
HUIO C NauMeHTaMm rpynnsl CUMyNLTaHHOR onepaumm
KW v KA nepdyans Guina Builwe 8 npason noGHOW
none (p=0,03), npasoi remexHoin gone (p =0,005),
a TaKxe B 3aTbiNOYHbIX AoNsAX cnpasa u cneea (p = 0,03
up=0,038 coorsercreenHo) (puc. 1, 2),

p=001
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Puc. 1. PesynsraTel OUEHKM PEMOHANBHOTD MO3rOBOMO KPOBOTOKA (PMK) C NOMOWDBIO OAHO(POTOMHOR IMUCCHOHHONW TOMOrpadmm
8 NEPUONEPIUHOHHOM NEPHOAE Y NAUMEHTOS NDH M3ONUPOBANHOM KOPOMAPHOM WywTMposarnmu (KILU) u couetanrkon onepaunn KLU
0 - BACOYNOA NPABOA A0NK, b ~ BMCOMHOW NEBOA A0AM; ¢ - NODHOM NPaBoi AoNM, d — nobHOA Nesoi aonu

Fig. 1. Results of regional cerebral blood flow (rCBF) assessment using single-photon emission tomography in the perioperative
period in patients with isolated coronary artery bypass grafting (CABG) and combined CABG and carotid endarterectomy (CEA) in:
0 - right temporal lobe; b - left temporal lobe; ¢ - right frontal lobe; d - left frontal lobe
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Puc. 2. Pe3ynsTats! OUEHKW DErMOHaNbHOMD MO3TOBOTO KPOBOTOKE (PMK) C NOMOWbH 0AHOGOTOHHON IMUCCHMOHHOM TOMOrpadmm
B NepHONEepaLMOHHOM NEPUOAE Y NAUMEHTOB NPK U30NHPOBIHHOM KOPOHAPHOM wWyHTHposanuu (KLU) 1 coveranxon onepaumm KL

M K2pOTUAHOW 3+aapTep3kTomun (K3A):

0 - NPasoi TEMEHHOW A0NM; b — NEeBOW TEMEHHOW A0AK; € — NP3BOHA 3aTbUIOHHOR A0NK; d — NEeBON 33TLUIOYHOH A0NMM

Fig. 2. Results of regional cerebral blood flow (rCBF) assessment using single-photon emission tomography in the perioperative
period in patients with isolated coronary artery bypass grafting (CABG) and combined CABG and carotid endarterectomy (CEA) in:
a - right parietal lobe; b - left parietal lobe; ¢ - right occipital lobe; d - left occipital lobe

B nocneonepauvoHHOM nepuoge B rpynne
usonuposarHoro KW yposeHb nepdy3uvu (noka-
3arens pMK) no cpaBHEHMIO C A0OMNEPALMOHHLIM
3H34YEHWEM CHUXANCH B NPaBoOM TEMEHHOM obna-
ctm (p =0,01), npasoi v NeBow 3aTLINOYHbLIX 0DNa-
ctax (p=0,01 v p=0,01 coorBeTcTBEHHO). B rpyn-
rne CUMMYNbLTAHHOrO BMELLATENsCTBa noxKasaTenw
nepdy3nm 3HaYMMO HE MEHANUCH. TAKXE MMENUCH
MEXTPynnoBbie pa3nuyus B nokasartensx nepdy-
3UKM nNpasor TeMeHHoW 00nacTu, kotopas Owina
Bbllwe y OGonbHbix nocne w3onuposaxHoro KLU
B paHHeM nocneonepaunoHHom nepuoge (p = 0,04)
(cm. puc. 1, 2).

CHuxenue nokasatens pMK moxeT OuiTh cnea-
CTBUEM NOBPEXAEHUA FOIOBHOMO MO3ra B 3TOM 30HE.
Haubonee ys3suMbIMKU OKa3anucb 061acT roN0BHO-
rO MO3ra y nauueHToB nocne usonuposaxHoro Kil:
npasas TeMeHHas, 3aTbiI04Hast 0NW C ABYX CTOPOH.
3T0 roBOpUT O TOM, 470 DONbHLIE, HE UMEoLLIME aTe-
pocknepo3aa npeuepebpanbHbix apTepuit, nogsepxe-
Hbl PUCKY TPasMbl FOI0BHOTO MO3ra, MPeXae BCero 3a
cyeT snusaHua UK.
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C y4eTOM NONYy4eHHOM AMHaMukK nepdy3nu ro-
NOBHOrO MO3ra NpOBEAEH PerpecCUOHHLIA aHanu3
BNMSHUSA UCXOOHbLIX Noka3atenein OP3IKT v nokasa-
Tenel paHHero rnocnecnepauuoHHOro Nepuoaa Ha
pa3sutue panHen NOK oTaenbHO Ans Kaxaon rpyn-
Nbl NaumeHTos. Pons 3aBUCUMON NEPEMEHHON urpa-
na padnsa NMOK. B xayecTse HE3aBuCUMbIX Npe-
aukTopos panHein MOKL B8 perpeccuoHHbI aHanm3
BKKO4EHbB! Nokasatenu pMK oo onepaumm 1 paHHero
nocneonepauvoHHOro Nepruoaa: BUCOYHbIE, NobHbIE,
TeMeHHbIE, 3aTbiIOYHbIE A0NM C ABYX CTOPOH. He no-
NY4YEHO AOCTOBEPHbLIX CBEAESHMIA O BAUSHMW MCXOA-
Hbix nokasarenen pMK Ka passutue paxHen MOKI.
HaubBonblunia Bxnaa 8 passutue pannen NOKL y na-
umeHTos nocne usomnmuposanHoro KLU sHecnn noka-
3arenn nepdy3uun (pMK) nesoit BucoyHOM obBnactu.
Y 6onsHbiX nocne codetarHon onepatm KLU v K3A Tax-
X€ He NOoNyYeHO AOCTOBEPHLIX CBEAEHWA O BKNaAE UC-
X0OHbiX Noxasatenen pMK 8 passutue panten NOK/.
Ha pa3sutuie panHein NMOKL y 3TUX NauneHTos BAua-
no ysenuyeHue nepdy3um 8 NpaBo TEMEHHOM 30HE
B paHHeM nocneonepaumMoHHoM nepuoge (Tabn. 2).
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OPUTHHAJIbBHBIE CTATbH

Ta6auua 2

PerpeccHoHHbii aHANM3 NOK33aTenei OAHO(POTOHHON IMMCCHOHHOH KOMNLIOTEPHOH TOMOTpadhun
(perMoHanLHOTO MO3rOBOTC KPOBOTOKA) AN 33BHCHMOH NEPEMEHHON PaHHEH NOCNICONePaUMOHHON KOTHHTHBHON AMCOYHKUMWA

Table 2
Regression analysis of single-photon emission computed tomography results
(regional cerebral blood flow) for a dependent variable of early postoperative cognitive dysfunction
MpeaukTopsi / Predictors
Tpynna (3o0ka) / Group (lobe)
bera / Beta t p
KU (nesas sucouras gons) / CABG (left temporal lobe) 2010 2963 0,025
KLU + K3A (npasas remenHas gons) / CC + CEA (right parietal lobe) 1852 2174 0,040

Mpumeuanne. KLU - kopoHapHoe wWyHTHposaHue; K3A - KIPOTHAHAR IHAIDTEDIKTOMMS.

Note. CABG - coronary bypass surgery; (CEA - carotid endarterectomy.

O6cyxaenue / Discussion

Ha Tekylmit MOMEHT UCXOOHbIE KOTHUTUBHbLIE Ha-
PYLWEHUA HE YYUTHIBAKOTCHA Kak NPOSBNEHME aTepo-
CK1eP033, @ BO3HMKLLEE KOTHUTUBHOE CHWXEHWE nocne
onepauMM OUEHUBAETCH KaK 3aKOHOMEDHOE M Halle
BCEr0 OCTAeTCH HeAMarHoCTpoBaxHsiM [8-10].

Y naumerToB nocne naonuposaxstoro KL noka-
3arenm pMK CHUXanuco B NpaBoi TEMEHHOW W 3aThi-
NOYHBIX A0NAX C ABYX CTOPOH. OiHaKO Npu OTCYTCTBMM
SBHOI0 U3MeHeHun nepdy3vu 8 NEBOH BUCOYHOM 30HE
y 3Tux BONbHLIX AaHHbLIM NOKa3aTens 0Kasan BAusHue
Ha pa3suTue padHen NOKI npexae BCero noTomy,
YTO NP NOBPEXASHWUM NEBOW BUCOYHOW A0NWN BO3HM-
K3KT PacCTPOMCTBa CO3HAHUS, NAaMSATU U NOCTpoe-
HUSA Peyu, a8 3TO NapamMeTpPbl KOTHUTUBHBIX QYHKUMA,
Y naumeHTOoB rpynnbi CUMYNLTaHHOrO BMELLaTeNbCTea
HE OTMEYeHO AVHaAMMKKW nokasaTtenen nepdysum no
CPaBHEHWIO C [OO0NEPALMOHHLIMM 3HAYEHUAMMU, HO,
HecMoTps Ha 3710, pMK B npasow TemeHHon obna-
CT¥ NOCNe onepauvmn BHOCU CBOM BKIaf B pa3BvuTue
panHein NMOK. YacTuyHo 3T0 MOXET ObiTb 00bACHEHOD
Tem, 4to K3A Bneyet 3a coboit TpaH3UTOPHOE yBENK-
YeHWe MO3r0BOr0 KpOBOTOKZ, NPY KOTOPOM BO3HWKAET
runepnepdy3us bonee yem Ha 100% ot aoonepaum-
OHHOr0 3HaueHus. MexaHuamamu nocnegHen seasioT-
cst u3MeHeHune uepebpoBacKyNIpHON ayToperynaumum
¥ NOBbLILLEHWE MOCNE0NePaUNOHHOr0 CUCTONUYECKOro
aprepmansHoro aaenedus [11-12]. B ganHom uccne-
nosaxHum peyn He uaet o 100% runepnepdyaum no-
cne K3A, HO Henb3s UCKITIYUTL BAnaHKE penepdysu-
OHHOTO CUHAPOMa MEHbLUEH BLIPAXEHHOCTH, 3 Takxe
xomnoHeHTos VK (Mukpoambonusaums, cuctemHas
socnanuTensHas peakuus) [10, 13-16].

MNposeneHHoe nccneaoBaHne NOKasano BO3MOX-
HOCTb NMPUMEHEHUR CUMHTUIrpaduK ronoBHONO MO3ra
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ons swinenexdns pannen NOKL, 470 MOXeT npume-
HATLCH Yy BONbHLIX, HE CNIOCOBHbIX BLINMONHATL KOTHU-
TUBHbIE 33aaHuA. OrpaHMYeHUaMN UCCNEN0BAHUA HA
TEKYLLMI MOMEHT SBAKIOTCH ManoYncneHHas snibopka
NauMeHTOB, CHMXEHMUE KOMMYECTBa NPOBOAUMbIX CO-
4eTaHHbLIX BMELLATENbCTB Ha npeuepebpansHbix U Ko-
POHapPHbIX apTepusax U3-3a 3KOHOMWYECKOW COCTaB-
NAOWENR, BLICOKas CTOMMOCTL nposeaeHus OD3KT.
C y4eTOM pPa3BuTUS HOBbIX MOAXOA0B K AMArHOCTUKE
U neyeHmio ucnons3osavme OD3KT kax dyHKUMO-
HanNbHOTO METOA3 UCCNEA0BaHWA aKTyanbHO ANS No-
HUMaHUA NaToPU3NONOTUYECKMX NPOLLECCOB NpuU
KOTHUTUBHbIX HAPYLLEHUSIX, @ CNE0BaTENLHO, ANS No-
UCKa 1 OueHKW BapuaHToe npodunaxTmuku MOKI.

3axkmoyenue / Conclusion

[poBeneH pPa3sHOCTOPOHHWIA aHANU3 KOrHWUTUB-
AbiX NMokasarenemn y nauMeHTOos NPy PeBacKynapu3a-
UMM MUOKapAa W rofIOBHOrO MO3ra AOCTYMHLIMKU HA
TEKYLLMIA MOMEHT crnocobamu: CKPUHMHIOBLIE TECTSI,
KOMMbLIOTEPHOE TECTUPOBaHWe, BU3yanuaaums ro-
NOBHOMO MO3ra. 370 NO3BONWIIO0 NO3TANHO, Y4UTHIBAA
OAHHbLIE, MONYYEHHBIE PA3NTMYHBIMKM METOAAMM, MOA-
TBEPANTE U3MEHEHWS KOMHUTUBHLIX NOKa3aTenei noq
BNUSHWEM DA3NUYHBLIX ONEPAaTUBHbIX BMEWATENLCTE
¥ OUEHUTL PONb Nokasareneyn cumHTurpadum ans se-
pudukaumm panxen NOK.

Takum 06pa3om, oueHka nepdys3uu ronosHOro
MO3ra y KapaMoxXupyprtyeckux naumeHTos 40 v nocne
onepaumu ¢ nomoLso ODIKT MoXeT ucnonsb3oeaTsh-
CA C Lienbi0 BLINBIEHWS 30H, NOCTPaAaBLUMX Npy npo-
BOAMMBIX BMELLATENbCTBAX, 3 Takke ObiTe MeTogoM
KOHTpONs 6830MacCHOCTU ONepaLMit ¥ OLUEHKM NDUME-
HAEMbIX CNoco00B NPOUNAKTUKY ANA NPEeaoTepalie-
HMa passuTus NMNOKI.
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Pesiome

Me3eHxuMansHan KMCTO3Han raMaproma, KoTopan anepesie Bbina onucana 8 1986 r., ABNAETCA OYEHD PEAKOH
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Abstract

Mesenchymal cystic hamartoma, which was first described in 1986, is a very rare pulmonary pathology.
To date, a little more than 20 cases have been registered in the literature. The disease usually has an
asymptomatic course, but can potentially lead to severe pulmonary bleeding and even death, It has no specific
radiological signs, therefore it is necessary to carry out differential diagnosis with other diseases, including
malignant neoplasms. We present our own clinical observation of this pathology.
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CASE REPORTS

Beepnenue / Introduction

MNepsoe ynoMuHaHne o Me3eHxuManbHou KNCToa-
HOW ramapTtome nerkoro (MKIJ1) npueeneHo B cratbe
E.J. Mark 1986 r. [1]. AsTOop coobuumn 0 NaTh naLmeH-
Tax € KNCTO3HLIMW U/ O4aroBeiMM 06pa3oBaHUAMK
B NErkux, KOTOPBLIM NO aTOMY noBoay Gbina npoeeaeHa
Topakoromus (cm. Tabn.).

MeaeHxumanbHas KUCTO3HaR ramapTomMa nerkoro
OTHOCUTCS K O4EHb PEAKO BCTpevalwmmes sabone-
sBaHusm. CobereeHHo natonoruyieckoe obpasosanune
COCTOUT NPENMYLLECTBEHHO N3 HE3PEeNbIX ME3eHXU-
ManbHbiX KneTok [1]. KnuHnyeckue npossneHns pas-
NINYHBI = OT COBEPLLIEHHO BECCUMMNTOMHOIO TeYeHUN
nnn nneepanbHon 6onn 00 Takux CepbLesHbIX, Yrpo-
KAIOWMX XKUBHW OCNOXHEHWIA, Kak KpoBOXapKaHbe,
NHEBMOTOPAKC, reMOTOPAKC, MaCCUBHOE BHYTPUKU-
CTO3HOE KPOBOW3NMAHWE W Oaxe 3noKavecTBeHHas
TpaHchopmaums (2].

Mpeacrasnaem cobBCTBEHHBLIA CNYHAN ME3EeHXM-
MasIbHON KMCTO3HOW ramaptomMsl nerkoro y 70-net-
HEN XEeHLLNHDI.
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Onucanue cnyyas / Case report

XeHwmHa 70 net, HUKOraa He Kypwuna, B aHamHe-
3€ HEeT HUKaKUX YKa3aHuil Ha BPeHbIe YCNOBUA OKpPY-
Xalowen cpeabl U Kakne-nmbo XpoHUYeckue pecnu-
paropHeie 3abonesanus. XKanob o CTOPOHbLI OPraHoB
AbIXaHUs NPU NOCTYNNEHUU HE OTMEeYanocCk. MNpu ¢u-
3ukansHoOM 006CnefoBaHUM AaHHLIX 3a MaTonoruio
rPYAHON KNETKWU He NONy4eHo.

B anamHe3se: akcTupnaums MaTtku ¢ npuaarkamm
no NOBOAY OMyx0Nn MaTkn, KUCTOMbI NEBOr0 AUYHUKA,
naTonorum 3HAOMETPUS, NPU rMCTONOMMUYECKOM UC-
CnefoBaHnn YyCTaHoBNEHO Hanuuve nenomMumocapko-
Mbl Tena martku 3-1 crenenu, cragua pT1aRo0.

Yepes 3 Mec Ana OUeHKU pacnpocTpaHeHHOCTH
3abonesaHua U NOATBEPXAEHUA OTCYTCTBUA MeTa-
CTaTUHECKOro NOPaXeHus! BoiNOIHEHA KOMMbIOTEp-
Has romorpadgus (KT) rpyaHoin knetku, GplolwHon
NnonocTU U Manoro Tasa ¢ BHYTPUBEHHLIM KOHTPACTU-
posaumem (OmHunak-350) (puc. 1). Mo pesynsratam
NPOBEAEHHOI0 UCCNE0BaHNs B BEPXHen aone npa-
BOrO NErkoro BbiABNEHA MHOrokamepHas nonocTb,

Puc. 1. KoMnbloTepHbIe TOMOrpaMMbl OPraqos rpyaAHOR KneTku 70-netHein naumenTku. B BepxHen aone npagoro nNerkoro onpepensercs
NPUCTEHOMHO MHOrOKaMepHasn NoNOCTb, B CTEHKAX KOTOPOH CTPYKTYPa HENpasunbHoOn hopMmbt:
a, b = akCUansHble cpessl, ¢ = CaruTTanbHbii Cpea, d = KOPOHaNbHLIA cpes

Fig. 1. Chest computed tomograms of a 70-year-old female patient. In the right lung upper lobe, a parietally multi-chamber cavity
is determined, in the walls of which there is an irreqular structure:

a, b - axial sections, ¢ - sagittal section; d - coronal section
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KJINMHUYECKHUE CIIYYAH

KAMHUYECKME M PEHTTEHONOrHYECKHE NPORBNCHUA MEIEHXUMANbHBIX raMapToM B ccneposanuu E.J. Mark (anammposano no [1])
Clinical and radiological manifestations of mesenchymal hamartomas in the study of E.J. Mark (adapted from [1])

Bospacr MNponon- Pentrenorpamma rpyaHoi
Mepsbie | KUTENLHOCTL knetku / Chest radiogram
b NPUIHAKK | CUMNTOMOB Mepso-
N?na- | nepsoi wmn- | nepen Topaxo- | H24a/1BHbIA Habmogenwe
uuenta /| Topako- Mon/ 7:'408 / ":;‘::“eg / [MarKos / noCNe TOPaKoTOMUM /
Patient | Tomuu / Sex First Duration of | ©riginal Mepsag/ | [ocheaHss Follow-up since
No. | Age at first signsof | symptoms | Pathological | initial (wwrepsan) / thoracotomy
thora- diagnosis Later (interval)
cotomy symptoms | before thora-
cotomy
1 34 ropa/ | Kenckui / emo- Heckonbko Cekse- Kucra MHoxke- 4 ropa; oAbiwKa NPy
34 years Female Topakc / nHei / cTpaums / B HUKHER CTBEHHLIE | YMEPEHHOR DUIUYECKOH
Hemo- Few days Seques- [l0N€e Nesoro | KUCTbl 8 oboux HarpyIxe; yaaneu
thorax trations Nerkoro, Nerkux METACTaTHYECKuiA yaen /
cocyasl or u pyBupl 4 years; dyspnea on
CPEoCTEHUA (8 mec) / moderate exertion;
K kucre /| Multiple cysts metastatic nodule
Cystin left | inboth lungs resected
lower lobe; | and scarrings
vessels from | (8 months)
mediastinum
to cyst
2 28 ner/ 28 | Myxckon / |  Kposo- 3 ropa/ BpoHxo- Kucra Muoxe- 2 rofa; Nerxoe HevacToe
years Male XapKabe 3 years reHHble B NPasoi CTBEHHbIE KpoBOXapxasve /
npu Gusmn- KMCTI / gepxywke / | kucol B 0Boux | 2 years; mild infrequent
Heckon Broncho- | Cystin right NErkux hemoptysis
Harpyake / genic apex (24 mec) /
Hemo- cysts Multiple cysts
ptysis on in both lungs
exersize (24 months)
3 42 ropa/ | XeHckui / | NHesmo- Heckonbko 3031H0- Kucra Crovkue 2 ropa; wnsa
42 years Female Topaxc / Auen / thunbHan B NPagoM | yanwl 8 06omMx ¥ 3n0posa /
Pneumo- Few days rpanynema / NerkoM nerkux / 2 years; alive
thorax Eosinophilic | 4 Heckonbko Persistent and well
granulema | WeBonbwmnx nodules in
yanos / Cyst | both lungs
in right lung
and a few
small nodules
4 15 ropa/ | Myxckoin / | CunbHan Heckonbko Kucrosnan Kucra boneanu Her / 4 roga; e
1.5 years Male oablwka / nwen / pabaomuo- B HWKHEN No disease u 3p0pos /
Severe Few days capkoMa/ | pone nesoro 4 years; alive
dyspnea Cystic Nerkoro, and well
rhabdomyo- cAaBu-
sarcoma Bawwas
BEPXHIOID
nono /
Cystin left
lower lobe
compressing
left upper
lobe
5 53 ropa/ | XeHckuia / Her/ CumnToMOB BHyTpu- Heckonbko | Yeenuuewue 28 ner;
53 years Female None HET, yanul Ha | nerouxan yanoe pasmepa norwb & 3sToMOGHNLHOR
PEHTTeHO- Me30- B NpasoM M KONuyecrsa xaracrpode /
rpaMme Tenuoma / W NeBOM yanos (8 ner) / 28 years;
3a 6 ner Intrapul- | nerkmx, cambiid Increase died in automobile
N0 TOpako- monary KPYNHbIA in size and accident
TOMWK / mesothe- 15em/ number
No symp- lioma Several of nodules
toms; nodules nodules (8 years)
on X-ray in right and
6 years before left lungs, the
thoracotomy largest 1.5 cm
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CASE REPORTS

PACNoNOXEeHHAR NPUCTEHOYHO, HENPABUNLHOW OBaNb-
HOW HOpPMBbI, paamepamu 5,7x1,8 cM. B cTenke nono-
CTU CTPYKTYpa HenpasunbHOW HOpPMbl NNOTHOCTLIO
0-5 HU, He Hakannuealowas KOHTpacTHbLIA Npenapar
B NpoLecce nccnenoBaHus.,

AndpepeHymnansHeii anarHo3:

- HEMHBA3WBHbLIN acneprunnes;

~ ONyXONbL NErkoro (B 4aCTHOCTU, afleHOKapUMHO-
Ma KMCTO3HOro Tuna);

~ NeroYHbIN CeKBecTp (NHeBmaTouene) Kak cneacT-
Bue 06BLEMHOr0 AECTPYKTUBHOIO NPOLECEa;

-~ MHOrokamepHas amduaemarosHas dynna.

PexomeHgauymmn. conoctaBuTb C KIWMHWKO-na-
GopaTtopHbIMKM - AAHHLIMKW, MNPOBECTU NO3UTPOHHO-
AMUCCUOHHYIO ToMOrpadpuio, cosmeuweHHylo ¢ KT
(NAT/KT).

Takxe B apxvee Gbin HanaeH UMhPOBON peHT-
reHOBCKMI CHMUMOK OpPraHoB rpyaHOW Knetku 3a
9 mec po KT-uccneposanus, roe gaHHoe obpasosa-
HWE BU3yanuanpoBanock, 0AHaKo He BbINo OTpaxeHo
Bpa4yom B npoTtokone (puc. 2).

Xapaktep W3MeHeHW  ocTaBancs  Hesic-
HbIM, B CBA3W C 4em 4epe3d 1 mec Bbino NpoBeaeHo
NaT/KT-uccnegosanume ¢ '°F-propaesoxcurmo-
KO30#, NPU KOTOPOM OTMEYaNUCh HU3KUE 3HAYeHus
metabonuama paauwodapmnpenapara, Makcumalib-
HbIA CTaHAapPTU3NMPOBaHHLIA YpOBEHL 3axBara 2,23,

MpensaputensHo obcyxaanack BO3MOXHOCTb
NeroMHoro acneprunnesa (MuuetToma), KucTto3Hon
¢ opMbl aaeHOKapUMHOMbI Nerkoro, MeTactaTm4ecko-
O NOPaXeHUs Nerkoro.

B ¢Bsi3mn € HeonpeaeneHHOCTLIO ANarHo3a u Bbl-
COKMMU pUckaMu BepudukaLmm npyu TpaHcTopakanb-
HOW acnupaunosHoin 6UoNcun NaUMEHTKE BbiNoNHEeHa
arunnuyHas pe3exyns BepxHen 4oNM npasoro ner-
Kkoro. [pn pesn3nmn BLISBNEHO UCXOARALLEE U3 BEpX-
Hewn nonv obpasoBaHMe Ha HOXKE XenToBaToro usera
paamepamu 2,515 cM ¢ amduraematosHbiMn B3ay-
TUSIMW NEro4HON TKaHWU BOKPYT.

Mukpockonuyeckoe onucaHume:

~ (hparmMeHTbl TKaHu nerkoro ¢ ¢okycamum xpo-
HU4ECKOW aMPU3eMbl, NONHOKPOBUEM C O4AroBbIMK
KPOBOU3NUAHUSMU U O4aroBbIM NHEBMOCKNEPO30M;

- pparmentsl  pobpokayecTsenHoro obpaszo-
BaHUS C BbipaxeHHbiM GUBPO3OM, CKONNEHUEM XN-
POBON TKaHu, Mopdonoruyeckans kKaptTuHa MeseH-
XumaneHoi (GpubpomaToaHon) ramapToMbl NErkoro
(ICD-0: 8992/0 - pulmonaryhamartoma).

MocneonepaunoHHbin nepuon nportekan 6ea
OCNOXHEHWIA, HA MOMEHT HanUCaHusi CTaTbn HUKaKNX
xanob naumeHTka He oTMevana.

O6cyxpnenmne / Discussion

Narogpuanonorns

B nutepatype MK onpenenserca kak nartono-
rMYeckuin npouecc B Buae aucbanavca B pocTe aH-
TOAEPMANLHOrO PECnUPaTopHoOro anuTenus n Meso-

Puc. 2. TIO3UTUBHAA PEHTTEHOIPAMMa OPraHOB rPYAHOR Kner-
kW 70-netHein naumueHTkn, B npaBoM nerkoM Bu3yanusupyer-
€ HeoaHopoaHas Tedb oBpasosaMun CpeaHeil MHTeHCUBHO-
€T, paaMepamun 1,9x4.8 €M, C HETKUM NONUUMKNMHHBIM POB-
HbIM KOMTYPOM, PACNONOKEHHas cyBnnespanuHo 8 NPoeKUmu
BEPXHEW nONU

Fig. 2. Positive chest X-ray of a 70-year-old female patient.
In the right lung, an inhomogeneous, medium-intensity
shadow of a mass, 1.9x4.8 ¢cm in size, with a clear polycy-
clic smooth contour is visualized, located subpleural in the
projection of the upper lobe

AepManbHbIX COCYAUCTBIX 3IEMEHTOB, NPUBOASLLMIA
Kk obGpasoeaHunio ouaros u kuct [1]. Benay peakoctu
AAHHOW NaTonorum AOCTOBEPHbLIX AaHHbLIX O ee naro-

_ reHese Ha AaHHbIn MOMEHT HeT. OHaKO BbiABUIraIOTCA

TEOPUN, KOTOPLIE NLITAITCA OOBLACHUTL €€ NPOUCXOX-
nenve. Hanbonee paHHas n NONynspHan 3akniovaeTcs
B TOM, HTO O4arv n KMCThl NpeacTasnaoT cobon pas-
Hble CTaauu 0AHOro U TOro xe 3abonesaHus, NP aTom
cHavana BO3HUKalT UMEHHO ovaru, o mepe ysenuue-
HWA o4aros, 0CoBEHHO NOCNE AOCTUXKEHUS AnameTpa
Gonee 1,0 c™, ouaru TpaHchopMUpPYIOTCS B KNCThI [1].
KucTel u ovarv 8 MKI1 BbiCThaHb HOpMansHbIM Pecnn-
paropHbIM anuTenvem. Takxke o4arn MoryT co Bpeme-
Hem oOpa3oebiBaTh KaBepHsbl, Y10 ewe bonble pacimn-
paeT anddepeHumnanbHo-auarHoctuyeckuin pag [3].
Kuctel 1 o4arv vawe sctpeyalorcs 8 obowx ner-
KUX, HO Ha paHHWX CTaguax NopaxeHus Moryt ObiTb
W TONLKO B 0AHOM nerkom. OBuiiHO HabnopaeTcs mea-
NEeHHLIA POCT natonoruyeckoro obpasoeaxus. MNpu 06-
HapyXeHWW B AETCTBE KNMHUHECKME NPOABNEHNUA MOTYT
ObITb BLISIBNEHBI Hepes HeCKONLKO aAecaTnneTui [1].
XW. Guo et al. [4] akcTpanonupyloT BbIBOALI
R. Erber et al. [5] 0 ToM, 4TO pacnpeaenexue pecnm-
PaToOpPHOro 3NUTENUA NPU BHYTPUNErOYHbIX HEeaNu-
TenMansHblx HOBOOOpPA30BaHUAX MOXET ObiTb ABYX
TMNOoB. [py NepBoOM TUNE PecnUpPaTopPHLIA aNUTENUH
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KIUMHHYECKHE CIIVHAH

PacnpoCTPaHsReTCs B OCHOBHOM B nepudepueckon
4acTu OMyxonu, a NPy BTOPOM OH oBHapyxnBaeTcs 8o
BCE# ONyX0NW, XOTH U B Pa3HON crenexn. Paanuyxsie
TMNbI TUCTONOMMYECKOr0 pacnpeaeneHvs pecnuparop-
HOFO ANUTENUA NO-Pa3HOMY BU3ayanuanpylotcs npu KT.

Mpy nepsomM TN PEecnUpPatopHbIn 3aNUTeNun
pacnonaraerca no Kpaid Oofnyxonu v COe[UHAETCH
C NpUnexauen Nero4yHON TKaHbLIO COCYAMCTON HOX-
KON, KMCThl NpeacrasnsioT coboi paclvpeHHble
OPOHXMONLI, BEICTNAHHLIE 3NUTENNANBHLIMU KIIETKaMK
C NpUnexaten CTPOMOon U3 sepereHoobpasHbix kne-
TOK. BbICKA3aHO NPeAnoNoXeHne, YTo MexaHuam 00-
PaTHOro Knanaxa BpoHXMON 3TOrO YHACTKa BLI3bIBAET
obpazosanue kmcr [6).

BTopon TMN rmcToNOrM4ecKoro pacnpeaeneHns
ABNAETCH OCHOBOW KUCT NPU NPEUMYLLECTBEHHO KK~
CTO3HO-CONMAHON CTPYKTYpe 00pa3oBaHus, Koraa 8o
BPEMS Onepaummn He 0DHApPYXUBAETCH YETKas HOXKa
MEXAY ONYXONHIO U NEroYHON TKaHbin, KMCTh B Takux
ramapromax fBNKKTCH pes3ynsTartoM pocTta B coye-
TAHWK C AETEHePaTUBHLIMK M3MEHEHUAMU, KOTOPLIE
NPUBOART K NOSBNEHWIO WENeBuaHbIX NPOCTPAaHCTs
UNK B KOHEYHOM WTOre PaclUMPRIOTCA B KUCTH [7].
Mo cpasHeHWID C NOpaxeHusMu Nepsoro Tuna no-
PaxXeHus BTOPOro TUNa NOKa3ann CMelaHHoe pac-
npeaeneHne CoONUAHOMO M KMCTO3HOIO KOMMOHEHTa
06e3 aBHbIX rpaHuL NpW Budyanusaumm. Takue su-
3yanuanpyioLime NPU3HaKN ramapToMbl 3HAHUTENBHO
YCNOXHAT NPEAONEPaUNOHHYIO ANarHOCTUKY,
a OKOHNaTeNbHbIR ANarHo3 3asvcuT oT Mopdonoru-
4ECKOro M MUMMYHOTMCTOXMMWHECKOT0 UCCNEA0BAHUA.

Knunuyeckue npossnenns

CnexkTp KNUHUYECKUX NPORBNEHWIA BapLUPYeT OT
KPOBOXapKaHbs, NHEBMOTOPAKCa, remoTopaxca, 6onm
B rpyAd W OAbILKA A0 CepbesHbiX OCNOXHEeHWA, Ta-
KMX KaK BHE3anHoe MacCUBHOE HEKOHTPOonupyemoe
BHYTPUKUCTO3HOE KPOBOTEYEHWE M MHOMAE AaXe 3N0-
kavecteeHHan TpaHchopmaumsa [8). OgHako moxer
GbiTh U NONHOE OTCYTCTBUE CUMMTOMATUKMK, KakK y na-
LMEHTKM B NPEACTABNEHHOM HaMK CNy4ae.

PenTrenonorunyeckne npossnesns

MK MOXET UMETL PA3NUYHBIE PEHTTEHONOW-
4Yeckue NPosBNeHns, KOTOPLIE BAPbUPYIOTCH B 3aBu-
CUMOCTH OT BbIPAXEHHOCTU KanbUMpUKaLMKU, KUCTO3-
HOFO ¥ XMPOBOrO KOMNOHEHTOB, 3 TAKXE N0Kanu3aumm
B NErkoMm.

[axuyio naronoruio Heobxoaumo anddepaHum-
poBaTtL OT APYrUX COCTORHWIA, KOTOPLIE MMEIOT CX0A-
HbI& KNNHMKO-PEHTraHoNormyeckme npossneqms, MNo-
MUMO Tex 3aB0neBaHnii, C KOTOPLIMKM NPOBOAUIACH
anddepeHumanbHas AMarHoCcTMKa B aHHOM cnyvae,
K HUM OTHOCSTCH, HanpuMep, NNeBponyNILMOHANLHAR
GnacrToma, XMCTO3HO-afeHOMATO3Han manbdopma-
uma (KAM) u numdanrnommomaros (JIAM), Moatomy
ANK NOATBEPXAEHWA AMardo3a Heobxoamma buoncus
nerxoro. MK MoryT Hanomunate KAM pexTresono-
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rMYecku m ructonoruyeckn. OcHoeHbie oTnnymna JIAM
3aKNI04AITCH B MMCTONOMM4ECKON CTRYKTYPE, name-
HEHWA NpeacTasneHbl GUOPO3IHON TKAHLIO U APYTUMK
3penbiMy ANEMEeHTaMM1, TOrAa Kak CTPOMAE KUCTO3HbIX
raMapToM COCTOUT U3 3HAYUTENLHOTO KONWYecTsa
NPUMUTHUBHLIX ME3BHXUMANbHBLIX kneTok [9]. Kpome
TOro, JIJAM 06bi4HO BO3HUKAKOT Y XEHLWMH PEnpoayK-
TUBHOro Boapacra. MNMpu KT opraHos rpyaHoOR KneTku
00bLIMHO ONPEnEeNsIOTCH PAaBHOMEPHO pPacnpeaeneH-
Hble B 060mnx nerkmx kncTol 6e3 ovaros [8].

Takxke HEKOTOpPbLIE aBTOPLI OTMEYAaIoT, 4TO Ans
avddeperunansHon guarnoctky MKIT1, 8 Tom yuc-
ne ans o6HapyXeHUA XMPOBOrD KOMIOHEHTA B CTPYK-
Type, moxer GbiTh NONe3Ha MarHuTHO-Pe3oHaHCHas
ToMmorpadusa OpraHos rpyaHon knetkum [10].

JleweHnue v NPoOrHo3

OaHO3HaYHBIX PEKOMEHAAUMA NO NOBOAY XMPYP-
ru4eckoro smewarenscrsea npu MKIJ 8 HacToauwmit
MOMEHT HeT. OiHN ABTOPLI CHUTAIOT, YTO PYTUHHAR XK~
pypruyeckan pesexumna He Tpedyercs u3-3a MHOro-
04aroBoro 1 06bI4HO A06POKAYECTBEHHOI O XapakTepa
3aboneBaHns, 0QHaKO BBUAY BO3MOXHOCTH 3noka4e-
CTBEHHOW TpaHCchOpMauMn PEeKoOMEeHN08aHo Tula-
TENbHOE AuHamMmiecxoe Habmoperue (8],

Apyrue uccnenosaTtenn NonarawT, YTo peaek-
UMA NEerxoro sasnaerca Haubonee eaxHON Mepon
neveHua naumentos ¢ MK [11), Tak kax xpynHoie
KMCTO3HO-CONUAHBLIE NIErONHLIE TAMAPTOMEl HacTo
pacnonaralTcs nNoa BUCUEPansHOR NNespo# u orT-
AENeHbl OT rPYAHON NONOCTU NULLL OAHUM € TOHKMM
CNoeMm, NO3TOMY KMCTO3Han 4acte Gonee noasep-
XEHA Pa3PbiBY, HTO MOXET NPUBECTH K ETODMYHOMY
nHesmoropaxcy [6].

BnarogapHocTs
ABTOpHl BbipaxawT Onaropapwocts Ceprewo

Anexcannposuyy YNbsHOBY 33 NOMOUL B NOArOTOBKE
ONUCaHUA KITMHWYECKOTO CRYyYas.

3axnwyenue / Conclusion

XOTH KUCTO3HBLIE raMapToOMbl OBEMH0 HOCHT N0-
GpoKaveCTBeHHbLIA XapaKkTep, OHW MOTYT NDMBECTH
K TRXKENbIM OCNOXHEHMAM U [A3XE NETAALHOMY MCXO-
ay. Launyio Natonoruio Cneayet skmosms 8 andde-
PEHLMANLHLIA AWArHO3 NPW BU3YANU3SLHM STHUNHYHO-
ro KMCTO3HO-CONMAHOTO 0OPa30BaHMS 8 nermx. 3TH
ramapToMbl MOTYT WUMEThL Pas3NnuHbe OCOBEHHOCTH
npu KT B 3aBUCUMOCTU OT TUNA MACTOROIMSECKO0
pacnpepeneHnn PecnuparTopHoro anurenms. OaHo-
3HAYHOI0 MHEHWS NO NOBOLY HEODXOMMEOCTH OnNepa-
TUBHOr0 BMELLATENLCTBA Ha [AaHHbIN MOMENT HET, NIDK
OTCYTCTEUM KNWHUYECKNX NPORBNEHNA DEXDMEHN08a-
HO Habniopexue. MNosbileHne MHOOPMUPOSAHHOCTH
8payen 0 AaHHON NaToNOTMK, B TOM YHMCHE C NOMOLLLIO
AEMOHCTPaLWK HALLETr0 KNMHWYECKOrD Ciy«as, NO380-
NAT Yaile AMarHoCTUPOBATE U NPABUNEHD ONPEASNATH
AANsHEeNUYIO TAaKTUKY BEASHUA NaUMEHTOS.
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Pesiome

¥Y3nei wutosraxon xenessl (YUDK) wupoko pacnpocTpaxessl BO BCEM MUPE: N0 Sas=siM N3TONOMO03Ha-
TOMUYECKUX MCCNEefoBaHMi, ux MOTyT umeTs OT 50% no 60% B3powibix. B HaCTOSWwES SpeMs 8 KaMHUKE
Aans anardocTmky YULDK 06614H0 MCNoNb3yoTea ynbTpassyKoBoe UCUIEN0BaHHE, KOMNSIOTEDS2S TOMOrPahus,
MarHWTHO-PE30HaHCHaRA TOMOrpadua U PaAMOHYKAMAHAR AUBrHOCTHKA (HaNPUMED, NOSMTDOSSO-3MMCCHOH-
Han ToMorpadus, COBMEWEHHaa C KOMNbIOTEPHOH TOMOrpaduen). 3T METOAbl B OCHOSHOM NDMMEHIIOTCH
ANS AM3rHOCTUKM 106POKAYECTBEHHOCTU M 310KAYECTBEHHOCTH Y3N08, CTENEHM MHBA3MM B NDMASTI0WME TXKIHA
M METacTasupoBaxua B8 numdaTuyeckue y3nol. bnaronaps passBUTUI0 UCKYCCTBEHHOMD METSARSKTS, M3WWH-
HOTO 00y4eHus 1 YCOBEPIUEHCTBOBaHMIO 000PYA0BaHUA AN MEAUUMHCKON BU3YaNH321em S NOCASENME rOab!
NONYNSPHBIM HAaNP3BNEHUEM MCCNEN0BaHUIA CTana paauoMuka. OHa NO3BONAET NOAYSSTS M3 MESTMUMHCKMX
1300paXeHUin PA3NUYHBIE KONMYECTBEHHbIE XAPAKTEPUCTUKHM, BbIACNAS HEBUAMMBIE SSDTE ¥ IHISMTENLHO
PacMpas BO3MOXHOCTH MASHTUOUKIUMKU ¥ NPOTHO3UPOBAHMA. PAAMOMUKE 00N3NIET SO NOTESUMANIOM
8 BbiBNEHMM M NporHosuposanuu YUDK. B cratbe npeacrasnesa undopmaums o paspaboms » paboyem
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npouecce panuomMukn, O600uIEHb AaHHBIE O NPUMEHEHWM PA3NNYHLIX METOA0B BU3YaNM3aLUMK ANA BLIABNEHWS
AOBPOKAUECTBEHHBIX M 3N0OKaYeCTBEHHbIX YLLK, OUBHKM MHBA3UBHOCTH ¥ METICTA3MPOBAHUA B NMMBaTHUECKHE
Y3Nibl, @ TAKXE O HEKOTOPbIX HOBbIX AOCTHXENUAX B 0BNACTH MONEKYNAPHOTD YPOBHSA K ryBOKOro obyyeHus.
Takxe npueeneHs HeAOCTaTKM METOAMKM PAAMOMMKM U NEPCNEKTUBLI 86 A3NbHEAWEro Pa3suTHA,
Kniouessie cnosa: yansl WHTOBUAHON KENE3bI; PAK WMTOBMAHOM KENE3b; PAAUOMUKE, KOMIBIOTEPHAR TOMO-
rpadma; MarHUTHO-PE30HAHCHAR TOMOrPaHA; YNLTPAIBYKOBOE MCCNEAOBAHWUE, HCKYCCTBEHHBIA MHTENNEKT;
ob3op.
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Abstract

»

The thyroid nodules (TNs) are widespread throughout the world: according to the pathological studies,
they can be found in 50-60% of adults. Currently, ultrasound, computed tomography, magnetic resonance
imaging and radionuclide diagnostics, such as positron emission tomography with computed tomography, are
usually used to diagnose TNs in clinic. These techniques are mainly used to diagnose the nodile benignity
and malignancy, the degree of invasion into adjacent tissues and metastases to lymph nodes. Thanks to
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the development of artificial intelligence, machine learning and the improvement of medical imaging
equipment, radiomics has become a popular area of research in recent years. It allowes to obtain various
quantitative characteristics from medical images, highlighting invisible features and significantly expanding
the possibilities of identifying and predicting. Radiomics has a high potential in detecting and predicting TNs.
We present the information on the development and workflow of radiomics. The article summarizes the
application of various imaging techniques to identify benign and malignant TNs, determine invasiveness and
metastases to lymph nodes, as well as some new advances in the field of molecular level and deep learning.
The disadvantages of radiomics method are also given as well as prospects for its further development.
Keywords: thyroid nodules; thyroid cancer; radiomics; computed tomography; magnetic resonance imaging;
ultrasound; artificial intelligence; review.
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Beepgenwe / Introduction

Yanu wutosuaHon xeneas! (YULK) wupoko pac-
NPOCTRAHEHLl BO BCEM MUPE: NO AaHHLIM NaTonoro-
AHATOMUWYECKUX UCCNEAOBAHMIA, UX MOTYT UMETL OT
50% no 60% sapocnbix [1]. JoBpokayecTseHHbie
YUDK Be3 xupypruveckux rnokasaHuwin, xak npasw-
no, He TpebylT cneunansHoro nevyerns. Hanporus,
anokavecTeeHHbie YUK nomxHsl noaBepraTses nna-
HOBOMY XMPYRTUYECKOMY NEYEHNIO NOCHe yCTaHos-
NEHWUA AMArHo3a, a npw Hanmymn MeTacTasos 8 NUM-
darudeckux yanax cneayer BbiNONHATL WEeRHYIo
AMCCEeKUMIO.

Pak wurosuaHon xeneasl (PULK) ssnsertca Han-
Gonee pacnpoCTPaHEHHbIM 3/10KAYECTBEHHLIM HOBO-
06pa3oBaHneM IHAOKPUHHOK cucTemsl [2]. B obuen
CTPYKTYpe oHkonoruyeckon sabonesaemoctv 8 Poc-
cuinckon Degepaumm B 2020 r. o cocrasun 2,1%
(2019 . - 2,2%: 2008 r. - 1,8%), 4yTO noaTBEPXAAET
NOCTOAHHBIA POCT 4ucna BONbHLIX C 3TOW NATONOMM-
€1 8 NoCneaHue rofbl C CooTHoweHuem 4,7:1 mexay
KEHCKUM U MYyXCKM HaceneHunem [3]. Hanbonee pac-
NPOCTPAHEHHbIA €ro THN - NanNUANAPHbLIA PaK WKUTO-
BuaHon xeneas! (MPLK), kOTOpbIt A0BONBHO HACTO
uMmeeT BnaronpUATHLIA NPOrHO3, OHAKO B Cnyyae pe-
umMamBeos NporHo3 HebnaronpuatHbin, B 10-15% cny-
yaes MPUPK ssnsercs peunamsnpyioumm U nmeer
arpeccUBHbIE XapakTePUCTUKKM, BKIOYAR 3KCTpaTw-
PEonAHYI0 MHBA3UID, narepansHoe meracraavposa-
Hue B nuMdaruyeckne yanbl weu, Pe3anCTeHTHOCTb
K TEpanuu 1 OTAANEHHLIE MeTacTassl [4].

MeauumHckas suayanusauws crana obbiMHON
KNUHWYECKON NPaKTUKOW Ans nonyy4exus uxdop-
MauMW O XapakTepuCTUKax TKaHen 4Yenoseka HewH-
Ba3MBHLIM W BOCNPOM3BOAMMBbIM crocobom. [na
anarHocTukn YUK obbi4HO MCnonb3yioTes ynesTpa-
asyxosoe uccnegosanme (Y3U), koMnsloTepHas T1o-
morpadus (KT), MarHuTHO-pe3oHaHcHas Tomorpadua
(MPT) v paguoHyknuaHas aMarHocTuka (Hanpumep,
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NO3UTPOHHO-3MUCCUOHHAR TOMOrPadua, CoBMELLEH-
Has ¢ KT).

OpHako Texywas crparndukaums pucka ans ama-
rHOCTMHECKOW Buayanusaumm YUK cybwexruena, tak
KaK B 3HAYUTENLHOW CTENEHU OHA 3aBUCHUT OT IMNMPK-
HECKOr0 CYXAEHWUA KNUHULMCTA N B PA3NM4YHLIX M30-
BpaxeHunx coaepxuTca OGONLLLIOE KONMYECTSO He-
MCNONbL30BaHHON UMPOBON MHDOPMaLEm. MHorue
uccneaosarenu neitanuceh paspaborare ofGbexTus-
Hbl@ METOAb!, B TOM YUCNE MOAENH MCKYCCTBEHHOMO
unHTennexra (UMA), ANa U3BNEHEHUS PENes HE MCNONb-
30BaHHbIX AaHHbIX B U300paxeHusx, STo6s NOMO4L
pewuTb 3Ty npobnemy.

Npumenexnne papnomMmkm
B AMarHocTuke v nevexHun YUK /
Radionics in TNs diagnosis and treatment

AnddepernynansrHan AnarHocTxa
A06POKAYECTBEHHBIX U 3/1OKAYECTEBEHMBIX
HOBOOOPa3oBaHWA

Ynsrpassykosoe uccnenosasme. C nocTosHHLIM
coBeplweHcTeoBaHnem Y3U-uHcTpymesTos npume-
HEHWE BLICOKOYACTOTHOTO YNbTPASSYKS K MansM Op-
raHam CTano HEOTHLEMNEMON YACTHIO HEMMSAINBHON
awnardocTuku [5). Bnarogaps BLICOKOR SyecCTBUTENL-
HocTn, BesonacHocTy, npocrore u Gectpore Y3U
ABNRETCA METOAOM BbibOpa s Cxpesanaz YLLDK.
B pexomeHaaumax AMEpPMKAHCKOM aCCOLMSLEN LUWTO-
BMAHON xenean (American Thyroid Assocation, ATA)
2015 r. NOAYEPKMBAETCH BAXHOCTe Y3M ans 3TMx
uenei [6). B nocnegHue roasl Npeanoxsss: HOSLIE
METOAbI, Takmne kaxk Y3W ¢ KoHTpacTHsme younsHueM
u Y3-anacrorpadums, HTOObI 3HAYNTERRMO NOBLICUTL
TO4HOCTL anarHocTuku YUK [7, B]. BomsussscTBO
uccnenosadmin 660 cocpenoToueHo sa pa3paborT-
KE PaanoMUHECKUX NoKasaTenein C uCnone30sasem
Y3U-n306paxeHnin n ux N3yHeHnH B K3SSCTES SONoN-
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HUTENBEHOTO HCTRPYMEHTA NossileHns 3GPeKTuaHo-
CTV CUCTEeM cTparndukaumm pucka.

J. Liang et al. nposenu pagnoMuyseckuii aHanua
Y3U-n3obpaxeunin u CpasHunuM ux CO CraHpapra-
MK OLEHKM AMEPUKAHCKOro KOMNeaxa paavwonornu
(American College of Radiology, ACR) TI-RADS'. Ynb-
TPA3ByKOBaR PaavMoMMKa nNokasana xopowylo Auc-
KPUMMHAUMOHHYIO ¥ MNPOTHOCTMHECKYIO LEHHOCTL,
a aHanua KpUBOW NPUHATUR PEeLeHVs NPOAEMOH-
CTPUPOBAs, 4TO MOAENL, UCNONBL3YIOWAR OUEHKY pa-
AVMOMUKY, faeT Gonblie NPeMMyuLecTs, 4em MOAENL
ouexkn ACR [9).

B paGore J. Yoon et al. ucnons3osancs MHOro-
MEPHBIA NOMMCTUHECKWIA PErPeCcCHOHHBIR aHanna Ans
CO3[3aHNA ABYX mMoAenen NPOrHo3vpoBaHuA. oaHa
OCHOBAaHA Ha KNMHUYECKMX NePEeMEHHLIX, a Apyran —
Ha KIMHUYECKMX NEPEMEHHLIX B CONETAHMK C Paauno-
MukoW, Peaynstatel nokasanu, 410 niowans noa
kpusown (area under curve, AUC) nporHocTu4eckon
MOZENK, COCTOAWENR M3 KNUHWYECKUX NepeMeHHbIX
W paguoMeTpU4eckKon OueHky, Obina 3HAYUTENLHO
BbilLE, YEM Y MOAENN, COCTOALLENR TONLKO M3 KNUHWN-
yeckux nepementbix (0,839 npotue 0,583) [10].

Y. Shi et al. ocywecTsnnu aHanoruyHLIil axkcne-
PUMEHT ¥ CO3AanW TP MOAENW: MOAENL TPYNNOBO-
ro obyMeHus KnMHUYEeCKoWn Buayanusauwum, obveam-
HEHHYIO MOAENb MPYNMNbE KNTMHWYECKON BU3yanuaaumm
¥ kKOMGUHUPOBaHHbLIE M306PaxXeHMs C HOMOrpaMmMa-
Mu. ABTOPbI MPULINK K BLIBOAY, YTO COBMECTHAaR MO-
DENb KMHWYECKOW BU3Yanu3aumm omics mmeer Gonee
BLICOKYIO NPOrHOCTUHECKYIO LEHHOCTL M YMCTYIO 3¢-
dhexTMBHOCTL, Yem ase apyruve [11].

MaruuTHO-pe3oHaHcHas TOMOrpagus MeeT Bhi-
COKOE KOHTPacTHOE pa3pelueHue, o6ecne4vBaeT xo-
POLLYIO BU3YANN3aLMI0 MAMKUX TKAHEN M MOXET ObiTh
BCECTOPOHHER, MHOrOYroNbHOW W  MHOroNNoCKo-
cTHOW ans anddepeHumanbHon auarHoctnkm YUK,
NPV 3TOM OTCYTCTBYET MOHU3UPYIOWLES M3NYSEHWE NO
cpasHennio ¢ KT. MPT sensetcs Hanbonee YyscTemn-
TENLHLIM METOAOM BM3yanu3auuu ANA AUarHoCTHky
paHHUX MeTacTatuyeckux 3abonesaHnin NeveHn u ro-
NOBHOrO Mo3ra. Mertoa Takxe OOLIMHO MCNONL3YET-
CA ANS ONPEAENEHNA CTENEHU NOPAXEHUA KOCTHOMO
MO3ra Npy 310Ka4eCTBEHHbLIX HOBOODPA30BAHUAX KO-
cTei, OaHako n3-3a ANUTENLHOro BpemMeHn paboTel,
apredaxTos ABMXEHWUA 1 Apyrux npobnem MPT peako
NPUMEHRETCH ANK AnarHocTukm YUK,

Q. Wang et al. ucnons3oeanu anp yanoHHo-
B3IBELEHHYI0 BM3Yanu3aumio C BLICOKUM 3Ha4yeHu-
eMm b-daxtopa, aHanu3 OCHOBHLIX KOMNOHEHTOB
(principal component analysis, PCA) u koadduum-
EHT koppensumm NUPcoHa ANs YMEeHLLIEHWUR pasmep-

'TI-RADS (Thyroid Imaging Reporting and Data System) -
CUCTEMA ONMCaHKA W 0DPABOTXM SaHMHLIX MYHEBNX noone-
LOBAHWMA WHNTOBMAHON Xeneaul.
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HOCTH W NOCTPOUNM AeCATL moaenein: SVM (support
vector machines), ckpeiToe pacnpegenenve Qupuxne
(latent Dirichlet distribution, LDA), asTOKOAMPOBLMK
(autoencoder, AE), «cnyyaitHbiid nec» (random forest,
RF), norucTuyeckas perpeccus (logistic regression,
LR), LASSO (least absolute shrinkage and selection
operator), NepeB0 PeweHnid, reHHoe NPoOrpaMmmn-
poBaHMe W HaveHolin BaRecoBCKuin aHanua. ABTOpLI
OUEHWUBANK YYBCTBUTENBHOCTL, CNEeUNdPUIHOCTL, TOM-
HOCTHL ¥ YeTuipe uHaekca AUC. [ins craHaaptvaaumm
npumeHanu NormUnit, ans yMeHbleHUA pa3MepHO-
ctn — PCA, Ansl CKPUHUHIa COBCTBEHHbLIX 3HAYEHWI —
ANOVA (analysis of variance). B peaynerare Gbino
Buibparo 15 cOBCTBEHHbIX 3HaYeHWi; anddepeHum-
anbHO-AnarHocTUNeckuin addexT mogenu okasancs
NYMLWKUM, TOYHOCTE cocTasmna 85,71%, yyscTeutens-
HoCTh - 80,00%, cneundumyrocts — 100,00%, AUC -
0,925[12].

L. Xia et al. suibpanu T2-s8aseweHHbie uaobpaxe-
HuA (T2-BW) 1 uzobpaxeHusa ¢ uamepaembim koapdn-
umeHToM andodysun (apparent diffusion coefficient,
ADC). AsTopsl npumeHunu GaxkTopHbin aHanua ans
nposepku QyHKUWIA, @ 3aTeM QONONAHUTENBHO OTHUNL-
TPOBANW yKa3aHHbIe Bbille QyHKUMK ANS NOCTPOBHWUA
monenn SVM. TouHocTe mopenu cocrasuna 88%,
YYBCTBUTENLHOCTL — 98%, cneunduurocTs - 80%,
AUC - 0,92. Becero 6uino npoeepeHo 15 npuaHakos,
pa3feneHHsbix Ha obuwwme, MopdoNoruieckne U Tex-
CTYPHbIE, CBR3aHHbLIE C NPOCTPAHCTBEHHLIM pacnpe-
nenenuem, skniovan GLZLM (grey level zone length
matrix), GLRLM (gray level run length matrix) u 1.4
C TO4KM 3PEHUA BAXHOCTU NPU3HAKOB MOAENW ONOP-
HbiX BEKTOPOB C NONAMHOMMANLHOW QyHKUMEn sapa
xapaktepuctuk CONVENTIONAL_Q2 8 uzobpaxe-
Huax ADC » CONVENTION-AL_Q3 umeior Gonslioe
3Havenune ana pacnoaxasanun NMPLDK. B 10 xe spems
CONVENTIONAL _std-t senserca Hanbonee BaxHOW
HeaasHo 0OHapyXeHHON xapakTepucTukoit T2-BU ans
anddeperumnaumm yanosoro 3o6a ot MPLLPK [13].

Komneiorepras tomorpagumn. Yanoseie o6pa3zo-
BaHWA LWWTOBUAHOM Xenesbl MOryT GbiTh 0GHapyXe b
cny4ainHo npu npoeeaeruu KT wnn MPT no apyrum
noxaszanuaMm. YUK suifienfioTca npumepHo 8 16%
cny4aes npu KT opranos rpyaHon knetkm, KT ¢ KOH-
TPACTHbIM YCUNEHWEM MOXET NoKasaTth xapakrep-
HOE YCUNEeHUE KOHTPACTHOCTH LWMTOBMAHOM Xenesol,
Y3N0B U OKPYXAOWMX TKaHe#n, Y10 umeet Bonbwoe
JHAYEHUEe ANA KaYeCTBEHHOM AMArHOCTUKM Y3NO0BLIX
obpa3osanuit. Wcnonblosanue KT-nlobpaxenuin
no3sonser uabexars owubok Y3WU, accoummposan-
HbiX C CYOLeKTUBHOCTLIO nccnenosanus. Kpome toro,
cranpgapTu3aums mlobpaxeHus Boilwe, a obyyeHHas
moaens obnagaer 6onee BuipaxeHHoNn cnocoBHOCTLIO
x 0606WeHmI0.

Y Wu et al. naestwduumposanm noGpoxave-
CTESHHLIE W anoxavecTeessme YUDK xa ocHosasm
opHoChOMHax  KT-u300paxessit 8 aDTEDMENesM 0
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¢asy ¢ KOHTPACTHBLIM YCUNEHUEM N UCKIIOHYMAN OYaru
Kansumdurkaumm n KMCTO3HOro Hekposa. ObHapyxe-
HO, 4TO 3HAYEHUA TEKCTYPHbIX NPU3HAKOB Ha OCHOBE
GLCM (gray level co-occurrence matrix) 3Ha4uMTenbHO
pasnuyalnTca Mexay A06poKaYeCcTBEHHbLIMU 1 3N10Ka-
4YEeCTBEHHbIMW y351laMK, a YyBCTBUTENBHOCTL U Cneum-
GUYHOCTD BbILWE, KOrAa rpaHuYyHOE 3HaYeHne 3HTPO-
nuu pasHo 5,00 [14].

Tem He meHee W. Guo et al. HE UCKNIYUN Kun-
CTO3HbIN HEKPO3 N Kanbumpukaumm y3anos rnpu 3apu-
coBke obnacrei uHTepeca ¢ NOMOLLLIO OAHOCNON-
HbiX n3obpaxenun ¢ KT-ycuneHuem. Pesynbrathl
nokasanu, 4to adpdpekTueHoCcTb anddepeHumnans-
HOW AMAarHOCTUKW Bbile NPW UCMNONb30BAHUN 3H-
Tponuu 6,09 B ka4ecTee rpaHNYHOro 3Havexus [15].
SHTponua sBnseTcs Hanbonee 06 bLEKTUBHOMN Xapak-
TEPUCTUKON napameTpa TeKCTypbl, OTpaxalolien
CNOXHOCTb U HEOAHOPOAHOCTL BHYTPEHHEW CTPYK-
Typbl onyxonu. 3HayeHue nukcens npeacrasnser
KONWYeCcTBO MUKCeneun, coaepxawmxca B naobpa-
XeHuu. HYem oHo Bbilwe, Tem yeTye OGyaet usobpa-
XeHue. ACMMMeTpus, NMKOBOE COCTOSIHUE U CTaH-
[AapTHOE OTKNOHEHWE OTpPaxalT pacnpegeneHue
3HaAYEHU NUKCeneun.

Ucnonb3ys meTon uamepenuns oovema, Y. Hu et al.
U3BNEKNN 3HaYeHUs Npu3HakosB 3D-TEKCTypbl ynyu-
WweHHbIX KT-n3obpaxenui 41 YUK, Bknoyas acum-
MEeTpUIO, 3KCLECC, SHTPOMUIO, HEOAHOPOAHOCT,
CTaHOapTHOE OTKNOHEHWE W CPefHIOl WHTEHCUB-
HOCTb. Cpeam HUX pasHuua B 3HTPOMUU MEXay Ao-
6pokayecTBeHHbIMU U 3n0Ka4YecTBeHHbIMU YLLK Gbina
04€BMAHOW; 3HAYEHWe 3HTPONUU Bbilwe 3,79 yka3sbiBa-
N0 Ha TO, YTO y3nbl C 6oNbLUEN BEPOATHOCTLIO 3M10Ka-
4YecTBeHHb! [16].

D. Zhang et al. cobpanu u npoaHanuauposanu
AaHHble 203 NnauMeHToB C MUKPOY3NamMu LMTOBUAHOM
Xenesabl U UCNONL30BaNN YMEHbLUEHNE Pa3MEPHOCTU
LASSO Logistic ans aHanu3a n cpaBHEHUs LWECTU MO-
nenent: RF, SVM, KNN (k-nearest neighbor), nepeso
pewexuit, 6aecoBckui aHanua u Logistic. ABTopsl
OLEHMBANN TOYHOCTb, CNEUUPUIHOCTb, YYBCTBUTENb-
HocTb U AUC anddepeHumnansHom anarHoCcTuku no-
6pPOKaYECTBEHHbIX U 3/10KAYECTBEHHbIX MUKPO-YLLDK
Ha pasHbix Mogenax. CaenaH BbIBOA, YTO YCUIEHHOE
KT-n3obpaxeHve Ha ocHoBe mopenu RF obnapaer
Hanbonblwen auardHocTudeckon 3PPeKTUBHOCTLIO
YUK [17].

D. Du et al. npuMeHnnu TOT Xe MeTon, ANA BbiSB-
NeHUs afeHoMbI LWUTOBNAHON Xenesbl u MPLLK pas-
mMepom 6onee 1 cM. Bbinv NOCTPOEHbI LWECTL MOAENEN
paguomukm, sBkniodaa RF, SVM, KNN, gepeso pelue-
HWUI 1 Logistic. To4HOCTb, CNeunUYHOCTbL U HYyBCTBK-
TENbHOCTb Kaxaown mopenu B anddepeHumansHomn
anarHocTuke A0BPOKAYECTBEHHbLIX U 3N10Ka4eCTBEH-
HbIX MUKPO-YLLDK 6binv BhiLe, 4em pe3ynbtaThl 06biy-
HbIX pacwupeHHbix KT-uccnegosanuia. MNMpoctas KT
W ynydweHHaa moaens sudyanusauuu RF nmenu 6o-
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nee BbICOKYIO LEHHOCTL B AuddepeHumnansHon ama-
rHocTuke MPLLK n MHoroyanoeoro 306a [18].

B npuBefeHHbIx Bbille uccnenoBaHusx obcyx-
Aanacb BO3MOXHOCTb CO3[aHUA OMUYECKOW MOAENN
BU3yanu3aumm Ha OCHoBe cyulecTsylowmx KT-u3o-
OpaxeHuit NauMeHToB B COOTBETCTBUM C 3ddekTus-
HOCTbIO MOZENN AN MOBLILEHUS ANarHOCTUYECKON
TOYHOCTU KIMHUUMCTOB npu auddepeHumaumm no-
OpoKa4yecTBEHHbIX U 3n10Ka4ecTBEeHHbIX YLLK 1 mak-
cumMudaummn ueHHoctu KT-uccneposaHus WMToBUA-
HOW Xenesbl.

OuyeHka nHBa3nM N MeTacTa3mpoBaHns
B numearnyeckue y3anbi

Xota MPLXK cuutaetca WHOONEHTHOW Onyxo-
NblO, HEKOTOPbIE PaKoBble KAETKWM MeTacTasupyloT
B nuMdaTU4Yeckune y3nbl, OKpyXaiowme WUTOBUAHYIO
Xenesy, B OCHOBHOM B L@HTPasbHbIe U natepanbHbie
WwenHble numdaTtnyeckue yanel. OgHako YypeamepHas
anccekums numdaTu4eckux y3nos NpuBeaeT K pas-
BUTUIO OCNOXHEHW. Yem Gonblue oO6beM xupypru-
4ecKkoro BMeLLaTenbcTsa, TEM Bblle BEPOSiTHOCTb
TaKUX OCNIOXHEHWW, Kak NoBpexAeHue HaaropTaH-
HOr0 HepBa, BO3BPATHbLIX FOPTaHHbLIX HEPBOB U Na-
pamMeamnaHHbiX HEepPBOB, MEPMAHEHTHbIA runonapa-
TMpeo3 u T.4. Takum obpa3om, npeaonepaunoHHas
OUEeHKa MeTacTasupoBaHus B nuMmdaTu4eckue yansbi
AIBNSETCA BAXHbLIM NokasaTtenem nporHosa, obbema
M TaKTUKU XMPYPruy4eckoro BMeLwarensCcTaea no noso-
ay PULK. ToyHas npenonepaumoHHas anarHocTuka
meTtacTa3os B numdpatuyeckue YLLK nmeer pewaio-
Lee 3Ha4yeHue ana onpeaeneHus cTaaum u MHAUBM-
AyanbHOro NnaHa neveHus.

YnbTpassykosoe uccneposaHme. Cyuecteyer
nBa. cnocoba AMArHOCTUKM MeTacTasupoBaHvus
B LWeiHble numdaTtuyeckue y3nsl. OaMH OCHOBaH Ha
n306paxeHnn NepPBUYHOIO NOPAXEHUs, a APYron — Ha
n300paxeHnn MeTacTaTu4eckoro numeaTuyeckoro
y3na. Xots 6onee To4HO Npeackasartb MHBa3UBHOCTb
MPLLDK BO3MOXHO NyTemM M3BNe4YeHus pagvomuye-
CKUX XapakTepucTUK MeTacTaTtudeckux numdarmnye-
CKMWX Y3/10B, 4acToTa UX 0OHapyXeHUss HU3Ka U CyLle-
CTBYIOT OrpaHuyeHus. Takum 06pa3om, 60NbLUMHCTBO
Moenein NPorHO3NPOBaHUS ONPeaensioT UHBA3UB-
HOCTb Ha OCHOBE YyNbTPa3BYKOBbLIX PaAVOMUYECKUX
XapaktepucTuk nepsuyHoro MNPLLDK.

B uccneposanum S. Zhou et al. To4HOCTb, YyB-
CTBUTENbHOCTb U CNeuMdUYHOCTL NPU ONpeaeneHnm
MeTacTatM4eckmx NUMQaTU4eckux y3noB Ha OCHOBE
xapakrepuctuk nepsuyHoro MPLLDK coctasunm 0,731,
0,714 n 0,74 cOOTBETCTBEHHO, 4TO ObINIO HAMHOIO
BbILLE MO CPaBHEHUIO C ABYXMEPHbLIM Y3U B 00bI4HbIX
ncenepnosanmax [19].

HekoTopble aBTOpbl AONOAHUTENLHO NPOaHanu-
3UpoBanu ynbTpPas3ByKOBYIO PAANOMUKY B COHETAHUU
c Homorpammoti. X. Wang et al. pazgenunu naumeHTos
Ha rpynny ¢ 3KCTpaTMPEeonaHbLIM PacnpocTpaHeHnem
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n rpynny 6e3 Hero B COOTBETCTBUKN C pe3ynkTatamu
FUCTONOMMYECKOro UCCNeaoBaHusl, yCTaHoBUAM pa-
OMOMUYECKYIO HOMOIPaMMy ¥ OLEHWIN €€ TOYHOCTL
W KIMHUHECKYIO MPUMEHUMOCTL. AHANN3 KPUBOW pe-
LWeHNs nokasan, Y4To HOMOrpamma ynsTpassyKOBOW
PaguoMUKU UMEET XOPOoLLEE KNUHUYECKOe NPpuKNa-
Hoe 3Havenue [20].

Y. Tong et al. ncnonb3osanu TOT Xe METOA ANA
NOCTPOEHUsI HOMOrpammbl Ha OCHOBE W30Dpaxe-
HUIA MeTacTatu4eckux numadarTndeckux yanoe [21].
Bbin caenaud BeIBOA O TOM, HTO NPU3HAKN PaavoMUKu
3Ha4UTENbHO KOPPenuposanu ¢ meracra3amu 8 na-
TepanbHble WelHble nuMmdaTnyeckne yanel B AByX
rpynnax (p < 0,001). O6y4aowmii 1 NPOBEPO4HLIA Ha-
60pbl AAHHBIX AEMOHCTPUPYIOT XOPOLUNE BO3MOXHO-
CTW pacno3aHasanus n kannbposkn, a AUC cocrasnsert
0,946 1 0,914 cOOTBETCTBEHHO.

MPT-uccnenoBaHmne. Y MHOrux 6onbHbix PLLK
acpdektusHocTs MPT wen n cpenocteHuns Hanps-
Mylo He cpasHuBanack ¢ KT. MPT yacto npumensi-
eTCH B Ka4ecTBe MeToja BU3yanuaauuv BTOpOin nn-
HUW Y NAUMEHTOB C HEN3BECTHLIMKU 0OPa30BaAHNAMN,
BbISIBNEHHLIMKM Npu KT-uccnenosaHuu, 4Todbl nyu-
we ux oxapakrepuaosarb. Cywecrsyer MHOro pabor,
NOCBALLEHHBLIX OLEHKE MEeTacTasupoBaHus B8 LWein-
Hble numdparnyeckme yanel Ha ocHose MPT, B 60onb-
LUMHCTBE M3 KOTOPLIX PAacCMaTpPUBAIOTCS LeHTpab-
Hble nuMdaTuyeckue yanbl.

OpHako B HEKOTOPbLIX PaHHWX WCCNeaoBaHu-
SIX TEKCTypa MCNonb3aoeBanack TONLKO ANA CTaTtu-
ctuyeckoro aHanuaa. Hanpumep, H. Zhang et al.
NPUMEHWUNTM METOA TEeKCTYPHOro aHanuaa rucro-
rpaMmel nepeoro nopsaka u GLCM sToporo nopsa-
Ka AN aHanuaa TekcTypbl n3obpaxeHuit Ha aTtane
T2-BU u n3sneknn 9 napametpoB TekcTypbl [22].
ABTOpbI OBGHAPYXWAW, HTO BHTPOMUA, CTAHAAPTHOE
OTKNOHEHWUE, KOPPEeNsuns 1 yrnogon MOMEHT BTO-
POro NOPsAKa 3HAYUTENLHO PasNUYannck y NauneH-
108 ¢ MNPUWX 1 meTactazamu 8 WeiHbIx numdaruye-
ckux yanax u y 6onbHeix ¢ MPLLK 6e3 metacraszos.
OHTPONUA OTpaxaeT HepaBHOMEPHOCThL TEKCTYPb
n3obpaxeHusn, n 4em CNoxHee TekcTypa, Tem 60/b-
LWe IHTPONUA. YrnoBOM MOMEHT BTOPOro nopsaka,
TakXe W3BECTHLIN Kak aHeprus, npeacrasnser co-
6o cyMMy KBaaparos aHavyeHnin anemerHTos GLCM,
oTpaxalwmnx 0 AHOPOAHOCTL pacnpeneneHns cepo-
ro naobpaxeHus n TONLWKHLI TEKCTYPLI. Hem Bonb-
we 3HavyeHune, Tem Bonee OAHOPOAHLIM ABNAGTCH
naobpaxeHue.

X. Yao et al. npumMeHnnn aHanoru4HbIA MeTo/
ans ananuaa Gonee sHayutenbHoro uucna T2-BU
n Boibpanu 8 napameTpoB TEKCTYPbl, CPEAn KOTO-
PbIX AHTPONUA, CEKYHAHBIA YrNOBON MOMEHT U KOp-
pensuma ObiNn CTATUCTUYECKU 3HAYMMbIMKU, 3a UC-
KNIOYEHWEM CTAaHAAPTHOro OTkNnoHewHus [23]. 3to
COrnacoBLIBaNOCh C peaynbraramu uccnenoBaHus
H. Zhang et al. [22].

H. Qin et al. otoBpanu oMu4eckne xapakrepu-
ctukn 109 T2-BU; ontumansHbieé XapakTepucTuku
ONPenenaNuch € NOMOLLBLIO KOPPENALMOHHOro Tecta
CnupmMena, NpoBepku rmnoTes n Metoaa «CnyyanHo-
ro necar». ABTOpbl NOCTPOUNK 8 ANArHOCTUHECKUX MO-
nenen. loctosepHocTs Moaenu Buina noarsepxaeHa
ROC-ananusom (receiver operating characteristic -
pabouas xapakrepucTvika npuemuuka). Mo peaynsra-
Tam nuccnenosanng Boin caenaH BeIBOA, 4T0 KOMBUHK-
pOBaHHas MOAENb UMEET NYYLLYIO ANarHOCTUHECKYIO
apPeKTMBHOCTL NPU ouenke metactazos [MPLLK
8 numdarnyeckue yanol [24],

KT-nccnepnosaume. Buayanuavpylowme uccne-
posanuns, Takne kak KT u MPT, Takke noMmoralor spa-
4am OuEeHUTb MeTacTasdbl B NUMpaTtMHeckmx yanax
nepen onepaumein, ocobeHHo B 06nacTax, KOTopbie
TPYAHO OLEHUTL C noMoLlbio Y3U (Hanpumep, 3anHas
4acTh rNOTKW, CPEAOCTEHNE U HUKHUE APEMHLIE NINM-
darnyeckmne yanot). Xupypr A0MKeH 3HaTh MECTO No-
paxeHns, MopdONOrnuieckyid NNOTHOCTL, WHBA3WIO
kancynel u metacraasl YLLK B numdaruyeckue yansl,

S. Shen et al. ucnonb3osanu TEXHONOMMIO BEIA-
Bnet-npeobpaaosanms ana aHanuaa KT-naobpaxe-
HWIA BEHO3HOM dasbl y naunentos ¢ PUXK. Peaynsrtatsl
noKasanu, 4To YyBCTBUTENLHOCTL ONPeaeneHns meta-
CTa308 B UEHTpanbHble nuMmdarnyeckue yansl B oby-
4alLLen n KOHTPONLHOW rpynnax cocrasuna 62,84%
1 64,95% coorsercraeHHo, Mapamerp SALGLE (small
area low grey level emphasis) MoXeTt ucnonbaosarthb-
CA B KA4YECTBE He3aBUCUMOro npeankTopa hakTopos
pucka [25].

G.Y. Su et al. perpocnekTMBHO NpoaHanuanpo-
Bann KT-nzobpaxeHns aptepuansHon n BEHO3HON
¢aa y 27 naumentos ¢ metactasamu PLLK B nate-
pansHble nuMmdarnyeckme yansl weu n 32 naumeHTos
¢ metacrasamu PLLK B HenatepansHblie numdgarn-
yeckue yanbl wewn, npumerns ROC-aHanna n MHoxe-
CTBEHHbLIN NOrMCTUYECKUIA PErpecCUOHHBLIR aHanna.
OcHoBbIBasiCb Ha aHanuae ructorpammel GLCM, as-
TOPbLI CAGNANU BLIBOA, 4TO 3KCUECC UMEET NYHLLYIO
AvarHocTuyeckylo nnowaas AUC (0,884) u cneuun-
$uryHocTb (92,59%). U HaobopoT, cpeaHas UHTeH-
CUBHOCTL CEPOro UBeTa uMena HaunyHLyio auarHo-
CTUNECKYIO vyBCTBUTENBHOCTL (90,62%). CpeaHsa
MHTEHCUBHOCTL Ceporo B aprepuansHon ¢aae
(p =0,006; orHoweHwne puckos (OP) 24,297) n akc-
Lecc B BeHo3Hon ¢ase (p=0,014; OP 19,651) Gbinm
HE3aBUCUMBIMUN NPEANKTOPAMN METACTa30B B LLen-
Hble nuMdarnyeckune yanol [26].

J. He et al. perpocnektmeHO oueHunu obbiy-
Hble U KT-n3obpaxeHus ¢ KOHTPACTHLIM YCUNEHW-
emy 197 nauuenrtos ¢ NPLLK u oto6panun 107 npu-
3HaKoB NPOCTOW, apTepuanbHoil U BeHO3HON ¢aa.
Metopn SelectKBest 8 Python ucnons3aosancs ans
nocrpoenus anroputma RF [27]. ABTOpbI 3aKN04K-
NN, 4TO0 0COBEHHOCTU BM3yanuaaumm Tpex ykasad-
HbIX CTaAWA MOIYT ONPEAENUTL HANUYME METACTA30B
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B numdaruyeckux yanax, a adpdeKTMBHOCTbL Npo-
CTOro CKaHWpOBaHUA Ny4lle, YeM B apTepuanbHOn
1 BEHO3HOW ¢aszax.

H. Zhao et al. peTpocnekTMBHO NpoaHanu3vpoBsa-
nu 173 numdaTtnyeckmx yana ¢ NoMoLLbo npocTon KT
n asyxdaaHon KT ¢ KOHTpacTHbIM ycunexmem. U3 Hux
89 6binu meTtacTatuyeckumu M 84 HemeTacTtaTuye-
CKUMW. ABTOpPbI UCNONbL30BaNU anroputMm a3bika R,
BCTPOEHHbIN B NAatdopMy Hay4yHbIX UccneaosaHuin
HapsuHa. Ina aHanusa anroputma 6binn oTobpaHbl
6 npu3HakoB apTepuanbHoin gasbl U 5 NpuaHakos
BEHO3HOW (asbl, NokasasLumnx Hanbonbluylo apdek-
TUBHOCTb [28].

Y. Zhou et al. peTpocneKTUBHO U3y4nUnu pesaynb-
TaTbl AgyxaHepreTnyieckon KT (A3KT) 255 numdaTtu-
yeckux yanos (143 HemeTacTaTtuyeckux u 112 mera-
cratuyeckux). MIcnonb3ys yMeHbLeHne pasMepHoCTH
naHHbix LASSO, noructuyeckoe MoaenuposaHue
W aHann3 peLleHnin No HoOMorpaMmme, aBTopPbI NPULLINK
K BbIBOAY, 4TO aHanua naobpaxenunin 19KT npeBocxo-
AuTt BoamoxHocTu KT B npegonepaumoHHon anarHo-
CTUKE METACTa30B LWEWHbIX NMMaTUHECKUX y3n0B
y naumenTos c MPLLX [29].

Iy6okoe obyvyeHune

Yro kacaetcs rnybokoro oby4enus, Y. Zhou et al.
pa3paboTanu 6a30BYi0 MOAENL CBEPTOYHON HEMPOH-
HoWn ceTu (convolutional neural network, CNN), mo-
nenb TpaHcdepHoro obyyenus (transfer learning, TL)
1 HOBYIO MOAENb NOA Ha3BaHWEM «paguomMuka rmybo-
KOro oby4eHus LWMToBUAHOM Xenesbl» (deep learning
radiomics of thyroid, DLRT) u cpaBHunum ux ¢ gaHHbIMu
Bpayen-peHTreHonoroe. Pesynsratbl nokasanu, 41o
AUC Tpex ykasaHHbIx Moaenein paguommnku 6onsiue,
4yeM y peHTtreHonoros [29]. O6was NnpoM3BoAUTENb-
HocTb DLRT saBnaeTtcs Hanbonee BbICOKOW.

H. Zhou et al. paspaboranu mogenu knaccudu-
Katopa Ha OCHOBE UCKYCCTBEHHOW HEWPOHHOW CeTu
v SVM [30]. ABTOpbl PETPOCNEKTUBHO OLEHUBANM
Y3U-cHumkm 348 yanoe y 340 naumneHTos. [1ga onbIT-
HblX PEHTreHonora He3asMcuMOo Apyr OT Apyra npo-
cMoTpenu kaxaoe usobpaxenune u knaccuduumpo-
Banu y3nbl B COOTBETCTBUM C pekoMmeHaaumsmu ATA
2015 r. OTHeceHue y3na K KaTeropum kpamiHe noao-
3pUTENbHBIX CHUTANOCH NMONIOXUTENbHLIM AMArHO30M
3/10Ka4eCTBEHHOCTU. Y3nbl Obinn CEermMeHTUpPOBaHbI
BPYYHYIO, 1 U3 KaXA01 MHTepecyioLein obnactu 6uino
BblAeNeHo 96 peHTreHonornyeckux npuaHakos. [e-
CSiTb 3HAYUMBbIX NPU3HAKOB OblN BbIOPaHLI ¥ UCMONb-
30BaHbl B KAYECTBE KOHEYHbIX BXOAHbIX NePEMEHHbIX
B pa3paboTaHHbiX Moaensx knaccudukaropa, 0CHO-
BaHHbIX HA UCKYCCTBEHHON HENPOHHON ceTn n SVM.
Bbinu paccuvTaHbl U CONOCTaBNEHbl AMArHOCTUYE-
CKvWe nokasartenun peHTreHonoros n obeux moaeneun
knaccudukaropa. “YyBCTBUTENLHOCTb, cneunduy-
HOCTb U TOYHOCTb MOAENEN, OCHOBAHHbIX HA HEAPOH-
How cetn n SVM, coctasunu 32,3%, 90,1% u 74,1%
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n41,7%, 79,4% v 69,0% COOTBETCTBEHHO, B TO Bpe-
MS Kak Te Xe nokasaTtenu y peHtredonoros — 24,0%,
84,0% vn 64,8%.

Mpo6nembl paaMOMUKMN U NYTH UX PeLUeHus /
Problems of radiomics and ways to solve them

BONbLWMHCTBO UCCNeaoBaHUIA, MOCBALLEHHbIX pa-
ANOMUKE, SBNSIIOTCA PETPOCMNEKTUBHLIMU, OAHOLIEH-
TPOBLIMU U BKNOYAIOT Hebonblwyio BoibOpKy. B Gy-
ayuem HeobxoauMo npoBeAeHWEe MNPOCNEKTUBHbLIX
MHOrOLEHTPOBbLIX UCCneaoBaHuii ¢ 6onbLLIoR BoIGOP-
KOW, 4TOObl NoATBEPAUTL 3DDEKTUBHOCTL PaanoMm-
KW M UICNONb30BaTh B KAYECTBE ANarHOCTUYECKOro UH-
cTpymeHnTa YLK,

Kak npasuno, uccneposarenv AenaT 30HY UHTe-
peca TONbKO Ha MakCUManbHOE NornepeYyHoe ceyeHne
y3noB. Heo6xoauMo yeunuTb aHanua reTeporeHHoCTH
Bcen onyxonu. Moatomy B aanbHenwmnx paborax Bax-
HO NPUHATL METOA, CErMeHTauUun C XopoLlei NoBTo-
PAEMOCTbIO U BbICOKOW HAAEXHOCTbIO. HepnasHo Gbin
MCMNONb30BaH TPEXMEPHbIN TEKCTYPHBLIV aHanua, KoTo-
pbit oTOOpaxaeTt nopaxeHus B KaXA0M Cnoe onyxo-
nw. [laHHbIi METOA B 3HAYUTENbHOW CTENEeHU No3Bons-
et nsbexarb cybbekTMBM3Ma Bpayem, a UaMepeHHble
3HavyeHus 6onee ctabunbHbl U NONHOCTLIO OTPaXaloT
reTeporeHHoCTb onyxonei. MccneposaHus nokasa-
nu, 4to 3HaveHusi ADC, paccymTaHHble C NOMOLLBIO
nonHoo6bLeMHON obnactu uHTepeca, umelT bonee
BbICOKYI0 AMAarHOCTUYECKYI0 3PEDEKTUBHOCTL, 4EM
3HaYeHUs, PaCCYMTaHHbIE C MOMOLLBLIO OAHOCNOAHON
obnactu uccnenosaHvsa TBEPAOro KOMMNOHEHTA.

OTcyTcTBME eAnHbIX CTaAH[AaPTOB PagNOMMUKUN

Uccneposatenu B o6nactyu paguoMmuKu AOMX-
Hbl HaWTW KOMMNPOMUCC Mexay O0ObEMOM AaHHbIX
1 cneunoukaumen BKNKYEHUs, 4Tobbl rapaHTUpo-
BaTb CYLLECTBEHHbI 00bEM [aHHbIX U MOALEPXU-
BaTb M3yyeHune 6onblunx BbIGOPOK, MHOXECTBEHHbIX
NPW3HaKos, nocnenosarenbHOCTEN U meTonos. MNo-
3TOMY HeobxoaMMO Co3aaHue OTKPLITON HGasbl AaH-
HbIX Hay4HbIX UCCNefoBaHnin. basbl MOryT CBS3bIBATL
OrpoOMHbIe 06BEMbBI PAAVNOMUKONOTMYECKUX AaHHbIX
OT MUIMOHOB NaunMeHToB ans GopmMupoBaHua 06-
LUMPHBIX ceTeil BbicTporo oby4eHus. TeM He MeHee
CYLLECTBYIOT TAKXe 3HA4YUTENbHbIE NPENATCTBUA ANS
yrnpasneHua JaHHbIMMK.

Mpo6nema «4yepHOro swmuKa»

O6yuyeHHble Moaenu anroputMoB 0ObIMHO 06-
najalT BbICOKOW TOYHOCTLIO, HO M3-3a CNOXHOCTU
OaHHbLIX anropuTMa Mbl HE MOXEM UMeTb rnybokoro
NOHUMAaHWS BHYTPEHHEeN paboTbl 3TUX MOAENER U BO3-
HUKAIOT HEOOBACHUMBbIE NPOBNEMBI «4EPHOIO ALLMKA».
TpaguuMOHHBIE MEAUUMHCKUE PELUeHUS OCHOBaHbI
Ha 3HaHuu natoduanonorum, Ho 6e3 NoHMMaHusa oc-
HOBOMOMaralLwmx NPUHUMNOB Bpa4yam u nauueHTam
TPYAHO UX NPUHATL.
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Kpome toro, 6e3 6uonornyeckux akcnepumen-
TOB U KNUHWYECKUX WUCCNeAoBaHWA perynupylowmm
opraHam CcrnoxHo ofnobpuTb NPUMEHeHue AuarHo-
CTUHECKUX MHCTPYMEHTOB Ha ocHose UMW, B moagenm
OTCYTCTBYET UHTEPNPETUPYEMOCTb, U OHA HE MOXET
OUEHUTL BAXKHOCTb KaxXaon GpyHKUUKM ans pesynsrara
NPOrHO3NPOBaHUS, HE FOBOPS YXe 0 TOM, 4YTOGbI 06bL-
ACHWTDL, CYLECTBYET NN UHTEPaKTUBHARA CBA3L MEXY
OTAENbHLIMW ANEMEHTAMMU.

Moatomy elle ecTb BO3IMOXHOCTW ONsi COBep-
weHcTBoBaHus npuMmeHeHns M. OH He MoxXeT non-
HOCTbIO 3aMEeHUTL Bpayen B NPOLEcce ANarHoCTUku
N NeYeHns naumeHTos, Henpoapa4yHocTe anroputrma
«4EPHOro ALLMKA» COYETARTCH C MHOMMMU 3TUHECKN-
MU npobnemamm, KOTOpbLIE CTanu NPeaMeTom uccne-
AOBaHWUA,
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Pesome

CUMHTUIPadMA NEYEHU W KENHEBIACNUTENbHOM CUCTEMBI C UCNONL30BaHWEM paanodapmnpenaparos (PMM),
MEUEHHbIX KOPOTKOXUBYLLMM TexHeuneM-99m (P7"Tc), npumensercs ¢ cepeantbl 1970-X . u coXxpaHsaeT ceoe
AMArHOCTMHECKOE 3HAYEHWE A0 HACTOAWEro BpeMeHu. B nekunu yneneHo BHMMaHue KNoHeBbiM acnekTam
(hapMakOKMHETUKW aHANOMOB NIMAOKANHA, OCHOBAHHbIX Ha N-3aMeWweHnax UMUHOANYKCYCHOM KUCNOTbI. PaccMo-
TPEHa MeTOA0NOMMA U AUArHOCTUYECKAA 3HAYMMOCTL renaToxonecuMHTUrpadumu C NpUMeHeHuem npenapara
bpomesuaa® “"Tc (MebpodeHnH), BKNKYIOWEH HENPEepPbIBHYIO PerucTpaumio naccaxa PO, aHatoMuueckyo
U GYHKUMOHANbHYIO XapakTEPUCTUKY NEYEHM, KENYHbIX NPOTOKOB, XKENYHOrO Ny3bipa W ABEHaALATMNEPCT-
HOI Knwku, OBCYKAAETCA CUMHTUrpadUUecKan CeMUOTHKa NPKU KUCTax 0BLEro XeNYHOro NpoToka, 0CTpoM
U XPOHUYECKOM XONBUMUCTUTE, AMCKMHE3UU XKENYHOTO Ny3bipa M ABEHAAUATUNEPCTHOW KUWKM. [peacras-
NEHHOE KNMHWHECKoe HabnioaeHue UNNICTPUPYET BO3MOXHOCTH cuuHTUrpaduu ¢ PO Bpomesnaa® " Te
Npu aHoManuu GopMbl XKENYHOIO NY3bIPA,

Kniouesbie cnoea: renatoxonecumHturpadma; bpomesnaa *Tc; MebpodeHuH; Kncta 06Lero XenuHoro npo-
TOKa; XONEUMCTUT, AYOAEHOracTpanbHbii pedniokc; AMCKUHEIUS KENYHOTO Ny3bips,

KoHdnukT unTepecos. ABTOpbI 3aaBNSIOT 06 OTCYTCTBMU KOH(INKTA MHTEPECOB.
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JEKUHUH

Abstract

Hepatobiliary scintigraphy using radiopharmaceuticals (RPh) labeled with short-lived technetium-99m
(**™Tc) has been used since the mid-1970s and still retains its diagnostic value. The lecture focuses on key
aspects of the pharmacokinetics of lidocaine analogs based on N-substitutions of iminodiacetic acid. The
methodology and diagnostic significance of hepatocholescintigraphy with Bromesida® **"Tc (mebrofenin),
including computer registration of RPh passage, anatomical and functional characteristics of liver, bile ducts,
gallbladder and duodenum, are considered. Scintigraphic semiotics in choledochal cysts,acute and chronic
cholecystitis, gallbladder and duodenum dyskinesia, are discussed. The presented clinical case illustrates
the possibilities of Bromesida® **"Tc scintigraphy in the gallbladder form anomaly.

Keywords: hepatocholescintigraphy; Bromesida ?*™Tc; mebrofenin; choledochal cyst; cholecystitis;
duodenogastric reflux; gallbladder dyskinesia.
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Beepenue / Introduction

Mpennonoxenue, 410 QYHKUUSA NEYEHU MOXET
ObiTb OUEHEHA M3MEPEHNEM CNOCOBHOCTU NeYeHou-
HbIX KNETOK 3axBaTbiBaTh U BbIBOAUTL B COCTaBe Xen-
YU BHYTPUBEHHO BBEAEHHbIE KPACku, BbiNo BbIABUHYTO
eule B Hayane npownoro Beka [1]. B 1923 r. akcne-
PUMEHTANIbHO, a No3Xe U B KNuHuke Oblna nokasaHa
BO3MOXHOCTb UCNONb30BAHUA A1F 3TOW LIENN Kpacku
6eHranbckoi po3bl [2]. 3TO Aano TONHOK K pas3Bu-
TUIO TaKuUX AMarHOCTUHECKMX METOO0B, KakK Harpyska
¢ 6pomcynsdanemHom n BodasepanHoM (MHgouma-
HUHOBaA 3eneHb), XPOMAaTU4ECKOe AyOo[eHanbHOoe
30HAMPOBAHME C METUNEHOBOW CWUHbLKOW, peHTre-
HOKOHTpacTHoe uccnegosaHue. MMEHHO Kpaco4Hble
nNpo6bl SBUNUCHL NPEANOCHUIKON PaANOHYKIMAHBLIX UC-
CNefioBaHU C UCNOJIb30BAHUEM MEYEHbIX KpacuTenei.
MeueHHas paanoakTusHbIM ogom-131 BeHransckas
po3oBas bbina cuHTeaupoBaHa B 1955 . [3].

B TeyeHue nocneayowmx 20-25 net kpacurenm,
MeyeHHble noaom-131, AaBNANUCL OCHOBOWN PaaVOHY-
KNNOHbIX METOA0B UCCNEN0BaHUsA renatobunnapHoin
cucTemsbl v, 6€3 CoMHeHusi, chGopMUpPOBaNN METOAN-
4YeCKNe OCHOBbI COBPEMEHHbLIX CUMHTUrpaduyeckmx
METOAO0B WUCCNEAO0BaHUS MNEeYEeHU U Xenyesblaenu-
TenbHOW cucTembl. MaBecTHble HepgocTaTku noaa-131
Kak paanoakTuBHOW MeTKu, obycnosnueaoLLmMe HU3-
KYIO paspeluaioLlyto cnocobHoOCTb METOA0B BU3ya-
nu3auun, npegonpeaensnyu HeobxoaMMoCTb ero 3a-
MeHbl. K coxXaneHuio, Me4eHHbIe KOPOTKOXUBYLLUMM
nogom-123 6pomcynbdanemH UM WHAUMUMAHWHOBAS
3e/1eHb He NoNyYnnuM pacnpoCcTpaHeHus U3-3a Manown
OOCTYNHOCTU U BbICOKOW CTOUMOCTU NONYHEHUS UX HA
LMKNOTPOHE.

Mowuck ansTepHaTUBHLIX paauodapmMnpenapaTos
(P®IM) npueen Kk OTKpbITUIO B Hayane 1970-x rr. uenown
cepuu renatobunuapHbix PO, aHanoruyHbIx Kpacu-
TensiM No CBOEMY MOBEAEHUIO B OpraHu3mMme, HO Me-
YEHHbIX KOPOTKOXUBYLLMM TexHeuuem-99m (%™Tc).
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Havbonbwee BHUMAHME NPUBNEKNN COEANHEHUA
Ha ocHoBe N-3aMmeleHunin UMUHOAMYKCYCHBIX KUC-
not (iminodiacetic acid, IDA). 3Tn 6udyHKunoHanNb-
Hble PDI copepxar nunodunbHy0 4acTb U xenar-
Hyto rpynny. MNocnegHss cnocobHa NPo4YHO CBA3LIBATL
pPaguoakTUBHLIE NepexoaHble MeTansbl, B HaCTHOCTH
9mTe. JlunogunbHan YacTb NPeAcTasneHa aleTaHu-
nmaamu (aHanor aHecTeTuka nMaokavHa).

CyuiecTByeT nereHga, 4to oTkpbiTwe **mTc-re-
natobunuapHbix PO npounsowno cnyyaiHo v 6bino
CBS32HO C NMOUCKOM KapaMoTponHbix POI, anstepHa-
TUBHBIX Xiopuay Tannus-201. B xoae nccnenosaHui
6b1n0 0BHAPYXEHO, YTO NNA0KaNH, MeYeHHbI **MTc,
B CUJTy HU3KOr0 HaKOMNMEHUs MUOKapAOM He Moaxo-
OWUT ons ero BuM3yanusaumum, oaHako obnagaer Bbi-
COokuM renatobunuapHeiM knupeHcom [4]. B 1975
B peaynbrate xumuyeckon moamdukaumm nuaokau-
Ha Bbin cuHTeanposaH “"Tc-aumeTuniDA, unu HIDA
(hepato-IDA) [5], HaweawWwwniA LULMPOKOE KNMHUYECKOE
npumexenue [6, 7].

JanbHenwme 3ameleHnsa Ha 6eH301bHOM KOfb-
Le aHanoros nuaokavHa npuBenu K nosiBneHuio 06-
LUMPHOro cnekTpa pasHoeuaHocTen HIDA, cpeam ko-
Topbix AnaTunlDA (DIDA), aumnzonponuniDA (DISIDA),
napabytunliDA (BIDA) u MHorue apyrue.

KuneTtuka renatobunuaptbix POM /
Kinetics of hepatobiliary RPhs

Lepueatbl IDA, kak U1 Me4eHble KpacuTenu, no
CyTU ABNSIOTCA $apMakonorMyeckum UMUTaTopoM
6unupybuHa. Nocne BHYTPUBEHHOIO BBEAEHWS, Kak
n 6unupybuH, oHn obpas3yloT Komnnekcsl ¢ Genka-
MU KPOBKU (NPEeuMyLLECTBEHHO C anbbymuHamwu)
1 TPAHCNOPTUPYIOTCA UMK K NeYeHn. B nepucuHy-
coupanbHOM npocTpaHcTee agepusartsl IDA otaens-
I0TCA OT anbbyMuHa, U3BnekalTcs renatouuTamm
nyTeM peuenTop-onocpeaoBaHHOro aHAOUMTO3a,
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TPAHCNOPTUPYIOTCA K XENYHOMY MONocy renatoum-
Ta WU BLIBOAATCA B cOcTase xenuu. B otnnume ot 6u-
nupybuHa, MHOrMe aHanorn MeyYeHbIX KpacuTenen He
NOABEPraloTCsH KOHBLIOrauuu ¢ rMIOKOPOHOBLIMKA CO-
eAMHEHUAMW U CEKPETUPYIOTCHA B XENYHbIE NPOTOKK
B HEM3MEHEHHOM BUAe.

MpouasogHbie IDA pasnuualoTcs no BpemMeHu
NPOXOXAEHWA Yepes renaTtoumt, senvyuHe bunuap-
HOW KOHUEHTPALMKN U NOYEYHON 3Kckpeumn. 310 00y-
CNOBNEHO PasNU4MeM Ux MONEKYNAPHON MacChl, BHY-
TPUMONEKYNAPHBIM COOTHOLIEHWEM TMAPOPUNBLHbIX
¥ NMNODUNBHBIX PYNN, NPOYHOCTLIO CBA3M C TPAHC-
nopTHbIMK Benkamu kposu [8].

B 1983 r. rpynna y4eHbix n3 MHCTUTYTA HayHHbIX
uceneposanmnin Ckenbba (wrart Heo xepcu, CLUA)
nporecruposanu 33 npoussoaHbix HIDA npu ux pas-
NINYHBIX CTPYKTYPHBIX KOMOUHaumax. Peaynsratom pa-
60Tl ABUNCH cuHTes " Te-3-6pom-2,4,6-TpumeTun-
dperunkapbamonnmeTuniDA (mebpodeHnH). Boino
yCTaHOBNEHO, YTO 3TO coeavnHeHne obnanaeT BLICO-
KOW renarocneunpu4HoCTbio, BbICTPLIM BHYTPUKNE-
TOYHBIM TPAH3UTOM U MAKCUMASILHOW YCTONHUBOCTBIO
K KOHKYpeHumu ¢ BunnpybuHom aa renatobunmapHyio
aKckpeumio B ycnosusax runepbunupybusemun [9].
CpaBHuTenbHble nccnenosanus Ha nobposonbuax
NOATBEPANNU 3KCNEPUMEHTASNbHBLIE JaHHbIE U OTKPbI-
NV NYTb K €ro KNMHW4eckomy npumenexunio [10].

B cuny dapMakoKMHETUHECKUX XapaKTepucTuk
(Haubonee Boicokas cpeau adanoros HIDA nevenou-
Han akcTpakuma (98%) n MmuHumansHbii (1%) novey-
HbI KnupeHc) ¥ Te-meBpodeHnH Nonysrun WMpokKoe
pacnpocTpaHeHne Bo BCEM MUPE U [10 CUX NOP coxpa-
HAeT ceoe 3HaveHue kak PPl suibopa ans CUMHTK-
rpacuu renatobununapHoin cuctemsl [11]. B Poccuia-
ckoir Depepaumn P"Tc-mebpodeHuH BuinyckaeTca
noja TOProebiM HaumeHosaHuem Bpomeaunpa® “mTc
(000 «duamepn») v NO3BONSIET NPOBOAWUTL UCCne-
AOBaHWA Npu ypoeHe BunupybuHa B KPOBWU BbilE
150 mkmons/n [12].

MeTtoauka renatoxonecumHTurpadum c PO
Bpomeaupna® **"Tc / Hepatocholescintigraphy
technique with Bromesida® *°*"Tc

O6was cxema wmccnegosBaHus. [lokazaHuem
K nposeaeHunio renaroxonecumHturpadpum (MXC) ae-
nsertcs abaoMuHanbHblil 6oneson cuHapoM. Metoau-
yeckas 0COBEHHOCTL — HENPEPLIBHOCTL PErMCTPAaLMK
KuHeTnkun POIT B Te4eHMe BCEro BpeMeHu uccneaosa-
HUA, OBLWan NPOACIKUTENLHOCTL NPOLEAYPbLI OBbIMHO
He npesbiwaeTt 60 MUH 1 3aBUCUT OT BPEMEHW BU3ya-
NN3ALMKU XKENYHOTO My3bIPs U XapakTepa ero onopox-
HeHust. [aunent obecneayerTcs Hatowak (Mnm He me-
HEee YeMm 4Yepea 4 4 nocne Npuema N B NONOXEHNN
nexa Ha cnuee. Bpomeanpa® *"Tc akTMBHOCTBIO
111-185 MBk 8BOAUTCH BHYTPUBEHHO MO/ AETEKTOPOM
ramma-kameps!. OQHOBPEMEHHO BKNIOHAETCH peruv-
crpauus panHbix. Yepea 10-15 MuH nocne Bu3yannaa-
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LN XKEMYHOr 0 Ny3bIps NAUMEHT, HE MEHAR NONOXEHWS,
NPUHUMAET XENYEroHHbI 3aBTpak B XUOKOM Buae
(KMPHBIE CNNBKW, pacTBOP copBuTa UK KCUNUTa), u uc-
cnegoBadve NPOAONXaeTCH A0 BU3yanbHO onpeaenae-
MOr0 NPOLECCa ONOPOXHEHWS XENYHOro Ny3bIps.

AHanuna naobpaxeHunin NO3BONAET OLUEHWUTL Nac-
CaxX MEYEHOro COeAMHEHWUA Mo CUCTEME «MeYeHb —
NPOTOKN — XENYHBLIA NY3biPb — KULLEYHUK» K OXapak-
TEPU30BATL HEKOTOPLIE aHATOMO-(MYHKUMOHANbHBIE
0COBEHHOCTY XENYEeBLIAENUTENLHON CUCTEMBI. Ha oc-
HOBE KPUBBIX «aKTUBHOCTL/BPEMsi» C BbiBpaHHbIX 30H
WHTEpeca PacCHUTLIBAIOTCA KONUYECTBEHHbIE napa-
METPb! PYHKLMK NEHEHWN N XENHHOMO NY3bIPA:

- nepuop nonyesiseaeHunsi PO nevenbio (Hop-
Ma 0 30 MUH) OTpaxaeT 3KCKPETOPHYIO CnocoBHOCTL
NEYeHn U NPOXOAUMOCTB XEN4HLIX NYTER 1 onpeane-
NAETCA KaK UHTEPBAS BPEMEHW, B TEHEHNE KOTOPOro
CKOPOCTL CHETa, COOTBETCTBYIOWAs BPEMEHW Mak-
cumansHoro Hakonnenwus PO (nopma no 15 mun),
YMEHbLUUTCA BABOE;

~ BPEMS BU3Yaiu3aLmm XenqHoro nyasipsa (Hop-
Ma [0 25 MUH) 3aBUCUT OT DYHKUMWN NEYEHWN, NPOXO-
AMMOCTHU LLIEEYHO-NPOTOKOBOW 30HbI XENYHOr0 Ny3bi-
ps n ToHyca chunkTepa Oaaw;

— NATENBHOCTL NATEHTHOrO NepPuoaa, UNu Bpe-
M OT NpUemMa Xen4eroHHoro 3asTpaka Ao Havana
OMNOPOXHEHWUS XENYHOrO Ny3sbipa (Hopma A0 15 Mun),
3aBUCUT OT BUA XEN4YeroHHoro 3asrpaka n cocTos-
HUS racTPOAYOAEHANBHON 30HbI;

— nokasarens asuratensHon dyukumm (NAD)
XENYHOI0 Ny3bIpa PACCHUTLIBAETCH KAK NPOLEHT Bbl-
sBefeHHoro PO 3a 30 MuH daabl ONOPOXHEHUs OT-
HOCUTENBHO MaKCUMansHoro cyera (Hopma 35-55%);
B @HIMOS3bIMHOW NUTEpaType UCNoNb3yeTcs TEPMUH
«ppakuus Buibpoca xenyHoro nyawipsi» (gallbladder
ejection fraction, GBEF).

HopmanbHbie  aHaToMO-QYyHKLUMOHANbHBIE
xapakrepucTuku. B nepsbie 15 MuH nccneposanns
n3obpaxeHme neveHn AoCTuraetT MakCUManbHOW KOH-
TPAcTHOCTK, OTMe4aeTcs noctynnenune PO 8 xeny-
HbIA Ny3biPpb U MarucTpanbHbie XEeNYHble NPoOTOKW.
OBLWMIA XeNn4HbIA NPOTOK BU3yanuanpyeTcs ¢ 4acTto-
Ton Ao 90%, nesblid 1 NpasLIin AONEBON NPOTOKK ~
0o 80% v 40% cooTtBeTCTBEHHO. XenyHbln nysbipb
0BanLHON UK rpywesnaHon Gopmel 06bIMHO BU3Ya-
NU3NPYETCH B NPOEKUNKN 5~6-ro CerMeHToB nevyeHn.
3anonHedve ero OTAenoB NPOUCXOAUT NpakTuye-
CKW OAHOBPEMEHHO. AKTuBHas asakyaums PDI na
XENYHOro ny3abips HaynmHaeTcs yepea 2-15 MUH no-
CNne XenyeroHHoro 3asTpaka, HOCUT PaBHOMEPHbLIN
Xxapaktep, 0AHOBPEMEHHO Bo3pacTaeT Bbixos PMI
B KMLWEYHUK. B 0BbI4HbIX YCNOBUAX PErucTpaumn aam-
HbIX KOHTYPbI ABEHaauaTunepcTHon knwku (ANK) He-
oT4eTnMebl. Kak Nnpasnno, BU3yannuanpyeTcs ToNbKo
4acTb NOAKOBLI U ropuadoHTanbHas Yyacts [ANK, npu-
4EM ANNTENLHOCTL BU3yanu3aumvm OTAeN0B He npe-
Buiwaet 5-10 MuH.
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CuuHTurpadpuyeckas cemMmoTuka
Npu NaTtonorum XenyesbiAenuTeNbHON
cuctemsl / Scintigraphic semiotics in biliary
system pathology

Kucra obuero xen4yHoro nporoka — Hanbo-
Nee YacTbi BApWUaHT BPOXAEHHbLIX KMCTO3HbLIX U3Me-
HEHWIN BHENEYEHOYHLIX XEN4YHbLIX nNpoTokos. B 60%
HabNAEHW AMarHoCTUPYeTCs B AETCKOM BO3pacTe
¥ NpeuMyliecTeerHHo y aeso4ex [13]. CumHturpadum-
YECKUM NPU3HAKOM KMCTO3HOr0 paclumpenus obuiero
XENYHOr0 NPOTOKA ABNAETCH U3MEHEHWE ero LWMPWHL
oT 2 go 8 cMm. Paclumpesne MOXeT UMEeTb Wwapoobd-
Pa3HYI0 UK MELLKOBUAHYI0 GopMy, BbiTe 30NMPO-
BaHHbLIM UM COYETATLCH C AUnaraumen onessix Npo-
TOKOB (puc. 1).

Puc. 1. CumsTurpadm=eckmin Npu3HaK CMELWaHHOW hOopMbi
KMCTel ODLUErD XEenYyHOro NpPOTOKa — COMETAHWE TUMMYHOTD
Chepu4EeCKora paclumMperns OOWero XenyHoro NPOToxKa M uu-
NMHOPHYECKOW aunataumum 00oux aonessix NPOTOKOB

Fig. 1. Scintigraphic sign of a mixed form of common bile
duct cyst: 2 combination of typical spherical expansion of
commen bile duct and fusiform dilatation of both lobar ducts

Axomanum popMbI XENYHOTO My3bIPS BDOXAEH-
HOTO M NPUOBPETEHHOro XapakTepa (nepeTaxky,
nepernbu, neperopoaku) mMaHudecTUpYoTC] U3-
MEHEHUEM KOHTYpPOB 1 Gopmbl u3obpaxexus opra-
Ha, a TaKkxe npouecca ero 3anonHenus. NocnegHee
npoucxoamT kak Obl B ABa 3Tana — cHavana POl koH-
LLEHTPUPYETCSH B BEPXHUX OTAENAX XENYHOro Ny3suips,
bOpMUpYS NPU3HAK «KONNa4Yka», 3aTeM OTMeyaeT-
cs 3anonHeHve bonee aucTansHbix 0TAEN0B. Busya-
NU3MPYEMBbIA OPraH B 3aBUCMMOCTU OT NoKanu3auuu
¥ BLIPXEHHOCTW NAaTONOrMu MOXET HanoMUHaTL ne-
COYHbIE 4achl MW MaTpeluky. 4actora yKasaHHbiX
NPU3HaKoB Npu aHatoMmuyeckom aedexte 8 obnactu
weiku gocturaet 70%, Tena — 60%, aHa - 12%. MNMpw-
BEe[EeM AaHHbIE CUMHTUIPadWHeCcKoro UCCNeao0BaHus
nauyeHTa c yKa3aHHOoW naTonormen.
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Onucanue cnyyas. Naunext 48 net Hanpasnes
Ha PaAvoNoruYecKoe UCCNeaOBaHNe ANs YTOYHEHUR
QYHKUMOHANLHON KOMMEHCUPOBAHHOCTH aHOManum
GOPMbI XENYHOTO Ny3bIPs (NepeTtsxka B oBnacT
Tena), BLIABNEHHOW NPU YNETPa3syKOBOM UCCNeno-
BaHWM.

XC ¢ P®r1 Bpomesuga® “"Tc nposeneHa Ha
CUMHTUNNSUMOHHOW ramma-xkamepe DDC-16 Dyne
Picker, CMHXPOHW3MPOBAHHOM C CMCTEMOW 3anu-
cvM u 00paboTku AaHHbix «CumHTUNpOo». MauuexT
obcnenoBaH HaTOWAK B MONOXEHUM Nexa Ha Cnu-
He. Peructpauus OaHHbIX NpoOBEAeHa C NepuoaoMm
1 xkagp B MUHYTY NMOCNe BHYTPUBEHHOrO BBEAEHUSA
PO akTuBHOCTLIO 148 MBK. XenyeroHHbiid 3asTpaxk
(30 mr kcunuta, pacteopenHoro 8 100 mn Tennon
BObl) NAUWEHT, HE MEHAS MONOXEHWUs, BbiNUN Ha
30-# munyTe. ObLias AnuTensLHOCTL Npoueaypsl Co-
crasmna 50 MuH.

Pesynerate FXC. @opma 1 NONOXEHUE NeYeHu
0ObluHbIE, €€ 3KCKPETOpHan DYHKUMS HE HapylleHa
(Tuaee 12 MUH., T, > 28 MuH). Busyanuaupyiotcs o6-
LM XENYHBIN W NEBLINA A0NEBOW NPOTOKM OOLIYHON
WUPUHLL, BoiBeaeHue POM yepes3 HUX He HapyLIEeHO.
XenyHbif Ny3bipb 00bIYHOr0 NONOXEHUR, BU3yanu3n-
pyetcs ceBoeBpemeHHO (15-1 muuyTa). OTmevaertcs
«ABYX3TaNHOE» 3aM0NHEHWUE XENYHOIo My3bips U U3-
MeHeHue ero cumHTurpaduyeckon Gopmel («necoy-
Hble Yacsi» ), ONOPOXHEHUE XENYHOrO Ny3bIps NPou-
30LUN0 B OTBET HA XENYErOHHbIA 3aBTPaK, fIAaTEHTHLIN
nepuopa He namereH (T, 2 MUH), CKOPOCTbL ONOPOX-
HeHus yckopera (MAD 80%). AkTusHbin Boixon PO
B KMLUEYHWK COBNAAAET C 3TaN0M ONOPOXHEHUS Xen4-
HOTO Ny3bips (puUc. 2).

3akmoyerne. QyHKLUMOHANBHBIX U3MEHEHUN Ne-
YEeHW HEe BLIABNEHO. [MNepMOTOPHas AWCKMHE3VH
Xen4yHoro ny3oips. CumHTUrpaduyeckme npusHaku
aHoManuu GoPMbI XENYHOTo Ny3bIPs.

CumHTtuUrpadpmyeckas cemmoTumka /
Scintigraphic semiotics

AucknHesnn XenyHoro ny3bips OTHOCHT
K rpynne OYHKUMOHANbHBLIX HAapyLWEeHWA, MOoHU-
Masi NoA 3TUM M3MEHEHWSR €ro MOTOPHON QYHKUMK.
CuuHTurpadmyeckoe uCCnefoBaHne no3sonser
amddepeHuMpPoBaTh 3TU HapyLLEeHUs Ha TMNOMOTOp-
HYIO U FTUMNEPMOTOPHYIO AMCKUHE3UKN. TMNOMOTOPHas
AVCKUHE3us auarHocTupyetcs npu NOAD Huxe 35%,
runepmoTopHas auckuuesns — npu NAD swiwe 55%.
TO4YHOCTE PAAMONOTrUYECKON OUEHKW ABUraTeNbHOW
QYHKUMM XENYHOTO NY3bipA NPW aHanu3e Kpusow
«aKTUBHOCTbL/BPEMA» BhILLE, YEM BU3yaNbHOE Cpas-
HeHue nnowanen vM3o0paxeHus Xen4yHoro nysbi-
PR A0 W NOCNe Xen4eroHHOro 3asTpaka, NoCKONbLKY
nozsonser auddepeHunpoBaTe U KONWYECTBEHHO
XapakTepu3oBaTs BapuabenbHyio ANUTENLHOCTL Na-
TEHTHOrO NEpUoaa.
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Bpems, Mmux / Time, min

AuckuHesnn ABEeHaAUaTHNEPCTHOR KMLWKN
XapakTepuaylTCA HapyLWeHUEM HOPMANbLHOro no-
CTYNATENbHOrO [ABUKEHUR COAEPKUMOro KuLLKM,
B npouecce MNXC BbIABNRIOTCS PedMOKCH M3 HMX-
HEropuaoHTanbHoi Yactu ANK, noCKonbKy MMEHHO
Tyaa nocrynaet POI B cocrase xenuyw. B 3asucu-
MOCTHM OT BbLIPRXEHHOCTU PETPOrpaaHbix nepeme-
LEHUA MEHEHON XENYN MOXHO BbIAENUTL AYOAEHO-
AyoneHanbHbie U yOAeHO-racTpansHuie pedniokcy.
AyoaeHo-pyoneqansrsii pepmoxe (AAP) - perpo-
rpagHoe nepemewteHme POMN 8 HUCXOARALLYIO U BEPX-
Hio1o sactm ANK, madudecTupyercs ANUTensHon
BU3yanuaaumen 3tux otaenos v GoOpPMUPOBaHUEM
npuaHaka «aeno» PON. JyogeHoracTpansHelii pe@-
moxc (ArP) xapaxtepuayercs nossnexsvem ¢oxy-
Ca NOBLILLEHHON PAAMOAKTUBHOCTH B NPOEKUMK Xe-
nyaka (natepansHeie OTAeNs M30bpaxeHus nesom
[0Nu neYenn), Hepeako 8 covetanuun ¢ 40P (puc. 3).
DYHKUMOHANBHBIE W BOCNANUTENbLHBIE W3MEHEHUS
ONK ¢ sacrotoit ao 85% conpoBOXAAOTCA yanu-
HEHUWEM NareHTHOro nepuoaa Gonee 15 mMuH. Boa-
MOXHO, 3TO CBR3aHO C HAPYLWEHUSMU NPOLEeccos
BCACLIBAHNA XONEKUHETUHECKUX NULEBLIX BEWECTB
M CHUXeHuem BuipaboTku IHAOMEHHOMO XONEUUCTO-
KuHUHA B 061aCTV NATONOrMK.

(6]

Puc. 2. Pe3yneTaTed renatoxonecumHTurpaduu ¢ paanodapm-
npenapatoM Bpomeswaa® ¥"Tc y naunexta ¢ aHoManuen
GOPMbI MENYHOTD NY3IbIPA:

a, b - anatoMuueckikin SedexkT MaHHdecTupoBan «asyx3ran-
HbIM® 3AN0ONKEHMEM XENYHOTO NY3LIPR H MIMEHEHWEM Er0
DopMbI (ENECOMHLIE HAChin), € = KPHBLIE «aKTHBHOCTL/BpEMs»
No3s0NR0T AMPPEPEHUMPOBATL M KONMYECTBEHHO XapaxTe-
PW30BaTL ITaNbl ENYEBLAENEMMA (CTPENKOM NOKAISHO Bpe-
MR MEeNHETONHOrD 3a8Tpaxa)

Fig. 2. Hepatocholescintigraphy data with Bromesida® "™ Tc
in a patient with a gallbladder form anomaly:

a, b - the anatomical defect is manifested by “two-stage”
gallbladder filling and change of its shape (“hourglass”);
¢ = activity-time curves make it possible to differentiate
and quantify the stages of bile excretion (an arrow indicates
the time of the choleretic breakfast)

Puc. 3. CuMHTUIPaIDHIECKMIA BAPHAHT AMCKHHEIWK ABEHANLAI-
THNEpCTHOR Kuwkw (ANK). dyoneHo-ayoaenansksiin pedmokc
(6enas crpenxa) - «geno» " Tc-HIDA 8 npoekummu Bepxsen
w Hucxonswen vacreir ANK. [yopewo-racrpansusiéd pedmokc
(yepHan crpenka) - QOxyc PaAMOIKTUBHOCTH B NPOeKUMM
wenynxa

Fig. 3. Scintigraphic variant of duodenal dyskinesia. Duo-
denal-duodenal reflux (white arrow) - the “depot™ sign
of " Tc-HIDA in the projection of duodenal upper and de-
scending parts. Duodenal-gastric reflux (black arrow) -
the focus of radioactivity in the projection of the stomach
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Bocnanenne Xen4yHoro nyssips. CunHTurpa-
dua renarodMnNmMapHon CUCTEMBI HE MMEeT Camo-
CTOATENLHOrO AMArHOCTUHECKOro 3Ha4YeHus 8 pac-
no3xasannm w aAunddepeHuransHon ANErHocTuke
xoneumcTuTa. NpuHuMnuancHole BoaMoxHocTn MNXC
¢ PO Bpomeanaa® *"Tc 3aknio4anTcs B OUEHKE TH-
xecTn 3abonesaHns Ha OCHOBE NPU3HAKOB, xapak-
TEPUIYIOWMX DYHKLMIO NEYEHW W XEeNYHOro Nysbi-
ps. CunHTUrpadmyeckan kKapTuHa NP XPOHNYECKOM
BeckaMeHHOM XONeumncTUTE Yauie OTIMYaeTCA TPEMA
BU3YanbHbIMKU NPU3HAKAMKU, BLIABNAEMbBIMKA OTAGNBHO
MNK B PA3NMLHbIX CONETAHNUAX: NO3AHAN BU3Yann3aums
XENYHOT0 Ny3bips, YMEeHbLUeHHoE ero naobpaxenue,
AUCNapUTET BPEMEHM BU3Yyanu3aLmu XeNYHoro nysol-
pA, obWero XenyHoro nNpoToka v seixona PO B ku-
weynuk [ 14, 15]. BoipaxeHHOCTb ykasaHHbiX NPU3Ha-
KOB B KOHEYHOM UTOTE OTPaxaeT CTeneHb HapylweHus
NPOXOAMMOCTH LUEEYHO-NPOTOKOBOW 30HbLI, HE3aBK-
CHMO OT NpUuKHbL. B peaynsrarte npu nonHon o6rypa-
UMY NY3HIPHOIO NPOTOKa BO3HUKAGT CUuMHTUrpaduve-
CKUA PEHOMEH «OTKNIONEHHbIA XEN4YHbIA NY3biPb», T.e.
ANUTENBHOE OTCYTCTEME e70 BU3yann3aumm 8 coye-
TaHuu C aKTUBHBIM BbIXOAOM renarobunuapHoix PO
8 kmwweyHuk. KoHcTarauws aaHHoro gperomena bonee
TOYHA Ha OTCPOYEHHbLIX (He MeHee 2 4) n3o0paxeHnsx
{(puc. 4). «OTKMONEHHBIN XENYHBINA NY3biPb® — BAXHbLIW
CUMHTUrpapU4eckuin NPU3Hax NP OCTPOM Xoneum-
CTUTE, OTPaXALWWA OAKH U3 NATOPUINONOTMHECKUX
3TanoB OCTPOro BOCNANeHun: 06CTPYKLUMIO NY3bLIPHO-
ro npotoka. MpuanHoin obeTpykumm bonee vem y 90%
NauMeHTOB ABNAETCH KANbKYNE3HLIA XONeuMCTuT, 0A-
HAKO NPAMBIX CUMHTUIPaPUYECKuX NPU3HAKoB Xeny-
HoKameHHo Boneaxn npu MNXC BLINBUTL HE YAAETCH.
«OTKNIOHEHHBIN XEN4HBIN NYy3bipb» paccMarpusaer-
cs Takke xak auddepeHumansHo-AnMarHoCTUNECKNA

NPW3HAK OCTPOro XONEUMCTUTA U APYTUX COCTORHWUA,
obycnoanueatowmx 6oNeBoR CUHAPOM (NoYyeyHas Ko-
nka, nawkpearur). Cuuraercs, 4TO BU3yanusaums
XENYHOMO NY3biPA C BLICOKON BEPOATHOCTLIO (Cneuw-
duyHoCTL 99,2%, YyBCTBUTENBHOCTL 95,2%), TOMHOCTL
97,6%) vcknoNvaer AnarHo3 OCTPoro XoNeumcrura.
NloxHo-OTpUUarensHas tpakroska (4,8%) 8 ocHoB-
Hom ofiycnosnena 3anepxkon PO 8 ANK, noxaxke
npasow Noyvku unu Ao6aBOYHOM NY3LIPHOM NPOTO-
K€, UMUTUPYIOLLMX M300PAXEHNE XENYHOTO NY3bipA.
Noxxo-nonoxurensHas tpakroeka (0,58%) moxer
ObiTh CBA3aHA C HEAABHUM NPUEMOM NULLKM UNW, Ha-
0bopoT, AnuTenbHbIM ronoganuem [16, 17).

Apyrue AMarHoCTU4YecKme MeToanKy /
Other diagnostic techniques

Mpeacrasnennan metoguka MNXC ¢ POMN Bpome-
amaa® “"Tc, NpeaycMaTpUBAIOWAN MHTErPaNbHYIO
AHaTOMO-DYHKUMOHANBHYKD OUEHKY CHMCTEMbl «ne-
YEeHb — XENYHBIE NPOTOKW ~ XKEN4HbLIA Ny3Lipb — ABe-
HAAUATUNEPCTHAR KULLKA», HE NCHEPNBIBAET KIMHUYE-
CKOro NpuMeHeHna “"Tc-mebpodennHa.

CywecTsyioT pasHoobpasnble MeToamyeckue sa-
PUEHTBLI U NPUEMBI, HANPABNEHHBLIE HA PELLEHME KOH-
KPEeTHbIX AuarHocTuyeckux 3aagay. Cpeaw nocneaHux
anddepeHumnansbHan 4narHoCTUKa HeOHaTanbLHON rm-
nepbunupybunemun [18], nocneonepaunonHas av-
arHocTuka cuHapoma adhdepeHTHON NETNN n Xenye-
ncresennn [19], pacyer dpakumn euibpoca XensHoro
Ny3uips ANA NPOrHO3MPOBAHWA KTMHWYECKOro OTBETa
Ha xoneuucTakTomuio [20].

B xoHTexcTe Wwupoko obcyxaaemon B3auMocea-
31 HEANKOroNbHOA XMPOBON GONE3HU NeYeHn C ate-
pocknepo3oMm [21] npencraens\ioT WHTEPEeC AaH-
HbIE O KOPPENAUMOHHOW CBR3U CLUMHTUrPadUIeckux

Puc. 4. CUMHTHIDIDUUECKUA NPUIKAK KOTKIIONEMHBIA KEAYNBIA NY3biPbs. ANHTENLHOE OTCYTCTBME BHM3YANW3AUMM KENYHOTD Ny3si-
PA B CONETIHWMW C AKTHBHLIM BbIXOAOM paawodapmnpenapata (PON) 8 kuweurux, MU3obpaxenus wepes 1 4 (0) u 2 4 (b) nocne

BHYTpHBEHHOrO Beenerus PO Bpomeauna® " Tc

Fig. 4. Scintigraphic "non-functional gallbladder” sign: prolonged absence of the gallbladder visualization in combination with
prompt radiopharmaceutical excretion into the intestine, The images after 1 hour (o) and 2 hours (b) of intravenous administ-

ration of Bromesida® ¥ Tc
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napameTpoB QyHKUMM NeYeHn u craguin crearore-
natura [22]. CywecTtseHHo nosblwaer wHdopma-
TUBHOCTL cTanaapTHoi MXC ¢ " Te-mebpodeHnHom
NCNoNL30BaHNE rMBPUAHBIX TEXHONOT A (0AHODOTOH-
HOW OMUCCUOHHON KOMMNBIOTEPHOWU TOMOrpadumn) ans
AMarH0CTUKN HAPYLLEHWIA naccaxa Xenyv nocne pe-
KOHCTPYKTUBHbBIX ONEPauMin Ha XeNYeBbiBOAALLMX MNy-
18X [23] M OUEHKM DYHKLUMOHANLHOrO pe3epsa NevyeHu
nepea 4acTuyHon renatakrommen (24, 25].

3axnmo4yenue / Conclusion

Aunamunyeckas MNXC ¢ PO Bpomeauga® *mTc
NO3BONAET PELaTh WUPOKMIA KPYr KIIMHUHECKWX 3a-
nay. OHU BKTIOHAIOT Kak OyHKLMOHANLHYIO XapakTepu-
CTUKY NEYEHW, XENYHOro Ny3bIPsi U BEPXHWUX OTALNOB
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