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B3BELUEeHHbIX N0 aMUAHOMY NPOTOHHOMY NEpPEHOocCY,
KaK KpUTepumn OLeHKN 3/10Ka4eCTBEHHOCTHU
onyxonu rnnanbHOro psaga
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T ®re0Y BO “MpuBoMXCKMiA MCCnenoBaTeNnbCkunii MeamumMHeKmin yHueepceuteT” Munagpasa Poccun; 603005 HuxHuid Hosropog,
nn. MuHuHa n Moxapckoro. A.10/1, Poccuiickas denepaums

2 ®OrAQY BO “HaumoHanbHbIn nccnenoBaTenbekmii Huxxeropoackuii rocyaapcTBeHHbI yHuBepeuteT M. H.U. JlobayeBckoro”;
603022 HuxHuin Hosropopa, np. Marapuna, a. 23, Poccuiickas ®enepaums

Llenb nccnepoBaHus: onpegeneHne BO3MOXHOCTEN BM3YaJIbHON OLEHKM M300paXeHUin, B3BELLEHHbIX MO
aMnaHOMy NPoToHHOMY nepeHocy (AlMM-BW), B oueHKe CTENEHW 3/10Ka4E€CTBEHHOCTM MasibHbIX OMYXOJ1EN rOJ10B-
HOro Moara.

Martepuan v metoabl. B nccneposaHve BKMOYEHO 47 MauUWEHTOB C MMCTONOMMYECKN NOLATBEPXKAEHHBLIMN
cynpaTeHToOpuasnbHbIMU oMamMu, NPOLLELLINX ONEPATUBHOE JIEYEHUM B YHUBEPCUTETCKON KnnHuke Prb0Y BO
MMMY Munagpasa Poccun ¢ 2023 no 2024 r. ViccnepgoBaHve NpoBOAWIOCE HA MarHUTHO-Pe30HaHCHOM TOMOrpa-
de Philips Ingenia Elition X 3T (Huaepnangbl). NpoTokon MCCnefoBaHns COCTOS U3 CTaHAAPTHOrO NpPOTOKona
1 13obpaxeHnin, BagelleHHbIX no All. MpoBoaunack BM3yanbHas oueHka AMM-BW B nporpamme npocmMoTpa
Vidar Viewer 3.3 (Poccusi).

Pe3ynbratbl. [1py BU3yanbHOM OLEHKE N300paXeHni, B3BeLLeHHbIx no All, 6610 BbiaeneHo 3 napamerpa
OLEHKM: MHTEHCUBHOCTb CMrHasa, HEOAHOPOAHOCTb, COOTBETCTBME 0ObeMa M3MEHEHHOro curHana n T2-FLAIR-
NO3UTMBHOWN 06nacTn. XapakTEPUCTUKN CUrHana y Kaxaon 13y4eHHOW Onyxonv OLEeHUBannCh no wkane ot 1 oo
3 6annoB ANt UHTEHCUBHOCTY CUrHana, ot 1 Ao 2 6annoB Ans HEOAHOPOAHOCTU 1 OoT 1 oo 3 6annoB Ans COOTBET-
CTBUSI NMPOTSXEHHOCTU. N1 IMOM HU3KOW cTeneHu 3nokadyectBeHHOCTU (100%) Obin xapakTepeH cnabblii 0oHO-
POAOHBIV 1 HEOOHOPOLOHbBIN TUM. [TIMOMBbI BICOKOWM CTEMEHN 3/10Ka4€CTBEHHOCTI XapakTepr30BannCh MPENMYLLECT-
BEHHO BbICOKMM HEOZHOPOAHBLIM TUMOM — B 28 (70%) cnyyasx n3 40. O6beM n3mMeHeHHOro curHana Ha AllM-BU
Obl1 MEHbLLE MO cpaBHEHUIO ¢ T2-FLAIR-1n306paxeHnsiMy B 60JbLLUMHCTBE MIMOM HU3KOM CTEMNEHM 3/10Ka4ECTBEH-
HOCTW (71%), y IMOM BbICOKOW CTEMNeHW 3/10ka4eCTBEHHOCTU B 45% Bcex CllyyaeB 0TMEeYanocb PaBEHCTBO 06be-
MOB 1 B 37,5% pasmepbl onyxonu Ha AMNM-BU npeBbiwany pasmepbl Ha T2-FLAIR. o cymme 6a110B 6b110 BbINOJSI-
HEHO CPaBHEHME MeXay rpynnamMu Onyxosien No CTENEHU 310Ka4eCTBEHHOCTH. CTaTUCTUYECKU 3HAYMMbIE PA3In-
yurs ObIIM BbISIBSIEHLI MEXY FMNOMaMM HA3KOM 1 BbICOKOW CTeneHel 3nokadyectseHHocTn — 3 [3; 4] n 7 [6,25; 7,75]
co0TBeTCTBEHHO (p = 0,001, kpuTepuin MaHHa—-YuTHK). Muomel grade 4 umenu 6onbLuyio cymmy 6annos (7 [7; 8]),
no cpaeHeHuio ¢ grade 3 (5 [3; 7]), p = 0,006, kputepuit ManHa-YuTtHn n grade 2 (3 [3;4]), p = 0,001, kputepui
MaHHa-YUTHN.

3aknioyeHue. [prMeHeHe METOANKN BU3YasIbHOWN OLLEHKM M300paXeHUi, B3BELLEHHbIX MO aMUAHOMY Mpo-
TOHHOMY MEpPEHOoCy, nosbiwaeT 3ahbEKTUBHOCTL foonepaunoHHor MP-gnarHoctnkn npu gnddepeHLumansHOM
aHanuse rmasbHbIX ONyXOosen.

KnioueBble cnoBa: MarH1THO-pe30HaHCHas ToMorpadust; rofloBHOW MO3r; BU3yasibHasi OLLeHKa; aMUOHbINA MPOTOH-
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Visual evaluation of amide proton transfer weighted
images as an assessment criterion of the malignancy
of a glial tumors
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Aim. To determine the possibilities of visual evaluation of images weighted by amide proton transfer in evalua-
tion of malignancy of glial brain tumors.

Methods. The study included 47 patients with histologically confirmed supratentorial gliomas who underwent
surgical treatment at the university clinic of the FSBEI HE PRMU MOH from 2023 to 2024. The study was performed
on a Philips Ingenia Elite X 3T magnetic resonance imaging machine (the Netherlands). The study protocol con-
sisted of a standard protocol and images weighted by amide proton transfer (APT-WI). A visual assessment of APT-
weighted images was performed in the Vidar Viewer 3.3 (Russia).

Results. When visually evaluating images weighted by amide proton transfer, three evaluation parameters were
identified: signal intensity, heterogeneity, correspondence of the volume of the modified signal and the T2-FLAIR-
positive region. The signal characteristics of each tumor studied were evaluated on a scale from 1 to 3 points for
signal intensity, from 1 to 2 points for heterogeneity, and from 1 to 3 points for length. Low grade gliomas (100%)
were characterized by a weak homogeneous and heterogeneous type. Gliomas with a high degree of malignancy
were characterized mainly by a high heterogeneous type — in 28 cases out of 40 (70%). The volume of the altered
signal on APT-WI was smaller than in T2-FLAIR images in most gliomas of low malignancy (71%), in gliomas of
high malignancy, 45% of all cases showed volume equality, and in 37.5% the tumor size on APT-WI exceeded the
size on T2-FLAIR. According to the total score, a comparison was made between the groups of tumors according
to the degree of malignancy. Statistically significant differences were found between low and high grade gliomas
and 3[3;4] and 7 [6.25; 7.75] respectively (p = 0.001, Mann-Whitney test). Grade 4 gliomas had a higher score
(7 [7; 8]) compared to grade 3 (5 [3; 7]), p = 0.006, Mann-Whitney test and grade 2 (3 [3; 4]), p =0.001, Mann-
Whitney test.

Conclusion. The use of the technique of visual assessment of images weighted by amide proton transfer
increases the effectiveness of preoperative MR diagnostics in the differential analysis of glial tumors.

Keywords: magnetic resonance imaging; brain; visual assessment; amide proton transfer; neuroimaging; gliomas;
grade of malignancy
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BBepeHue

[MranbHble ONyXONU SBASIOTCS CaMOM pPacrnpo-
CTPaHEHHON W [O0CTAaTO4HO Pa3HOPOLHOW rpPYMMoWn
3/10Ka4eCTBEHHbIX 0ObEMHbLIX 06Pa30BaHMIA FOSIOBHO-
ro mosra. B cootBetcTtBuM ¢ knaccudukaumen BO3

Hble rnnoMel [1]. B OCHOBE feneHns nexar Kak rmcTo-
JIOrnyeckue pasnmyus, Tak U MOJIEKYNISIPHO-TeHeTu-
yeckue. [mcronornyeckme KpUTepmum 3510Kka4yeCTBEH-
HOCTM BKJIIOYAIOT B ceBS CTENEHb KIETOYHON aTunuu,
HanM4yMe MMUTO30B, TEHAEHUMIO K ManMcapnoobpaso-

2021 r. BblgensalOT 4 rpynnbl mMvMoMm: Anddy3Hbie
rMNOMbI B3POCAbIX, neanaTpuyeckne andaoyaHble
rMIMOMbI HU3KOW CTEMNEHU 3/10Ka4eCTBEHHOCTU, neau-
atpunyeckue andadysHble MMOMbl BLICOKOW CTEMEHU
3/10Ka4eCTBEHHOCTN U OTrPaHMYEHHbIE acTpoumuTap-

BaHMIO KNETOK, Nponudepaumnio 3HA0TENNS COCYA0B,
HEKpPO3bl. TN NapameTpbl HEOOXOAMMbI AN cTaaun-
pPOBaHWs OMyxoJien BbICOKON CTEMNEHN 3/I0Ka4EeCTBEH-
HOCTW 1 ABASIOTCS YHMBEPCaSIbHbIMU 151 BCEX TUMOB
onyxonen B knaccudukauum [2].
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MonekynsipHO-reHeTnyeckne Kputepumn npes-
CTaBnsAT cobor Habop MyTauMii, MPUBOAALLMX K Ha-
PYLUEHMIO CMHTE3a Pa3/INYHbLIX KaTteropuin 6enkos.
YacTtb MmyTauuii xapaktepHa a5 KOHKPETHbIX MOATU-
NnoB OMyxo/u, ONpeaensisi OCHOBHbIE 3BEHbs narore-
He3a, KOTOpble B UTOre SBASIOTCS LieNbio Ans noaodo-
pa npenapata uan ny4eBor Tepanun. KnoyesbiMy
MyTaLMaMn, UCCenyemMbiMy B OMYyXONAX rOJIOBHOIO
MO3ra, SIBASIOTCHA MyTauus usounTpatoerngporeHa-
3bl (IDH), 1p/19g-kopeneums, MeETUAMPOBAHNE MPO-
motopa O 6-metunryaHuH-AHK-meTuntpaHcdepa-
3bl, ATRX-myTaumna, BRAF v psaa apyrux.

Onpegenenve IDH-myTauum aBaseTcs MNpuUHUM-
nuanbHbiM a1a onddy3HbIX MMOM B3POCOro Tmna,
KOTOpble pasfaefieHbl COOTBETCTBEHHO Ha MYTAHTHbIE
rMYOMbI: @CTPOLMTOMbI U OIMFOAEHAPOMMNOMbI U HE-
MYTaHTHblE, WM “OMKOro Tuna”, — rMobnacToMmsl.
OTcyTCcTBME MyTaUMM XapakTepu3yeT XyOwuin npo-
FHO3 M MO Knaccupukaumm onyxonen LeHTPanbHOM
HepBHOM cuctembl BO3 2021 r. [1] onpepenser
CaMyio BbICOKYIO, 4-10, CTEMEHb 310KAYECTBEHHOCTH
Yy And@y3HON MMOMbI B3POCIIOr0 TUna He3aBUCUMO
OT W3MEHEHUs FMCTONOrMYeckmx Kputepmes. B 1o
BPEMS KaK Hanmyve MyTaumm SBASeTCs uefbio ong
TapreTHoOW Tepanvm BOPasnMaeHooM.

PazpeneHne IDH-MyTaHTHbIX IINOM Ha ONNMFOOEH-
OpOrnrMoMbl 1 acTpouuTomel onpegenserca 1p/19g-
kogeneuuen. Hannume gaHHOM MyTauMm HanpsiMyto
KoppennpyeT ¢ 3OPEKTUBHOCTLIO JIy4EBOM Tepanuu.

MeTtunuposaHne npomoTopa O B6-mMeTunryaHuH-
OHK-metuntpaHchepassl (MGMT), kak KO4eBOW
MyTaLMKn, BCTPEYAETCH Y BCEX MNOATUMNOB NP DY3HbIX
rMMOM B3POCJIOr0 TUNa 1 onpeaenseT BOCNpUnMyn-
BOCTb OMyX0AN K TEMO301aMUAy.

Takum 00pas3om, onpeaeneHne MONeKkynspHO-
reHeTN4eCcKoro NPopuNa y NauMeHToB C rMnasbHbIMU
OnNyXoNnsiMu, BO3MOXHOE NULLb MPU NPOBEAEHUN WH-

TaGamua 1. NmcTtonormyeckas XapakTepnucTmka nauneHToB

Table 1. Histological characteristics of the included patients

Ba3MBHbIX METOOMNK — Pe3ekuun unmnm 6ruoncum, Sens-
eTcs Hanbonee BaXHbIM 3BEHOM AMArHOCTUKM, onpe-
OensowmM TakTUKy BedeHms n Bolbop Tepanum [3].
370 00YyCNOBNMBAET UHTEPEC K COBPEMEHHbIM BO3-
MOXHOCTAIM HEMHBA3MBHOW ONArHOCTUKK [4], B TOM
yncne no3BOJIAKOLWMM OLEeHMBaTb MeTabonuyeckmne
0COBEHHOCTM OMYyXONIM Ha [O00MepauuoHOM 3Tare,
Hanbosiee NepCrneKkTUBHON Cpeayn KOTOPbIX SABASETCS
MP-meToguka ammgHOro MPOTOHHOIO MepeHoca
(AM) [5].

Llenb uccnepoBaHusa: onpegesieHne BO3MOXHO-
cTeit ond@epeHLMPOBKM PasfiMyHbIX FMCTONOrMYe-
CKMX NOATUMNOB MManbHbIX OMYyXOen FON0BHOIMO MO3-
ra MP-meTtoaukoin Al Ha goonepaumoHHOM aTarne.

Martepuan n metoabl

MauneHTsbl

MccnepgoBaHne nNpoBOAMIOCH C pa3peLLeHns no-
Ka/bHOro aTmdyeckoro komuteta ®reQy BO MUMY
MwuH3gpasa Poccum npoTtokon Ne12 ot 03.11.2023.

B wccnepoBaHue BkAOYEHO 47 MAUWEHTOB:
26 xeHLmH B Bo3pacTte o1 23 40 75 (54 £ 21) netn 21
My>X4MHa B Bo3pacTe oT 23 a0 80 (52 + 29) neT. Bcem
nauyeHTam BbIMOJIHEHO OMepaTMBHOE JlevyeHne Mo
noBOAY FMCTONOMMYECKM MOOTBEPXAEHHBLIX Cynpa-
TeHTopUanbHbIX ANDDY3HBIX MMOM B3POCOro Tuna
3a nepuog ¢ 2023 no 2024 r.

PacnpeneneHne naumMeHToB No rMCTONOrMYECKUM
nogTunamM NPoBOAMIOCL B COOTBETCTBUWN C KacCu-
dukaumen onyxonemn LEeHTPanbHOM HEPBHOM CUCTE-
Mbl BO3 nepecmotpa 2021 . [1] (tabn. 1).

Bcem naumeHTam Ha goonepauMoHHOM 3Tane
BbinoNIHeHO MPT-unccnegoBaHue rosOBHOMO MO3ra
Ha Tomorpade C uHAykumen marHuTHoro nons 3 Tn
(Ingenia X, Philips Healthcare, Best, HungepnaHabl)
C MCNONb30BaHMEM 32-KaHasbHOW KaTyLLIKWX ONs ro-
nosbl. MPT-npoToKON BK/OYaN CTaHAapPTHbIE Nocne-

o KonunyectBo naumeHToB
McTonoruyeckuii nogTun .
. . Number of patients
Histological subtype _
n=47
Mmunobnactoma IDHwt / Glioblastoma IDHwt (grade 4) 23 (45%)
Actpouutoma IDHm / Astrocytoma IDHm (grade 4) 8 (19%)
Actpoumtoma IDHm / Astrocytoma IDHm (grade 3) 4(9.5%)
Onuropengpornuoma IDHm / Oligodendroglioma IDHm (grade 3) 5(11%)
Actpouptoma IDHm / Astrocytoma IDHm (grade 2) 2 (4.5%)
Onuropenapornvoma IDHm / Oligodendroglioma IDHm (grade 2) 5(11%)

IDHwt - onyxonb “gmMkoro Tuna” no myTaumm msoumTpatTaermaporeHasbl, IDHM — onyxonb € Hanmumem mytauun

N30UUTPaTOEernaporeHassbl.

IDHwt - “wild-type” tumor without mutation in isocitrate dehydrogenase, IDHm — tumor with mutation in isocitrate dehydro-

genase.
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Puc. 1. Mnobnactoma Ha n300paXeHUsIX roIOBHOMO MO3ra, B3BeLUeHHbIX N0 All, ¢ pasHbIM YPOBHEM KOHTPACTHOCTU U
nocnefoBaTeNbHOCTM CTaHAAPTHOrO npoTokona (T2-FLAIR).

a — MP-un3o6paxeHue, B3eelleHHoe rno A, ¢ onTumanbHbIM YPOBHEM KOHTPACTHOCTU — OMyXOJb B IeBOM nNobHOM fone
(6enas cTpenka) onddepeHUMpyeTcs OTHETIMBO HA POHE HEM3MEHEHHOM TKaH Mo3ra. CTpykTypa onyxonum npencraBns-
€TCsl HEOAHOPOHOW, LeHTpasibHas 30Ha (KpacHas CTpenka) xapakTepuadyeTcsi YPOBHEM curHana, 6am3kMM K KOCTHbIM
CTPYKTYpaM (CUHSAA CTpenka), TO eCTb BbICOKOW MHTEHCMBHOCTLIO; CUrHas OT BellecTBa rofI0OBHOr0O MO3ra HEOLHOPOAHbIN:
Ha POHe HM3KOro curHana ot 6efloro BeLeCcTBa ONpenensoTcs y4acTki cnabonoBbILLEHHOrO cUrHana (kentas cTpenka),
COOTBETCTBYIOLLME CEPOMY BELLECTBY;

6 — MP-uzo6paxeHue, B3BelleHHoe no T2BU ¢ nogasneHnemM curHana ot cesoboaHom xuakocTv — T2-FLAIR (6enas ctpen-
Ka — ONyxoJib, XenTas CcTpesika — kopa);

B — MP-n3obpaxeHue, B3BelieHHoe no AllM, ¢ HU3KNMM YPOBHEM KOHTPACTHOCTM — CTPYKTypa HEM3MEHEHHOrO BeLLecTBa
Mo3ra gnbdepeHLMpyeTcst MeHee OTHETSIMBO, CUrHASIbHbIE XapakTEPUCTUKN OT OMyX0Siv FOMOIreHHO HU3KME;

r — MP-n3obpaxeHue, B3BelleHHoe no All, ¢ BbICOKMM YPOBHEM KOHTPACTHOCTUN — CTPYKTypa HEM3MEHEHHOrO BELLLECTBA
Mo3ra anddepeHUMpyeTcs HEOTYETSIMBO 3a CHET 3HAYUTESILHOM PA3HOCTU MO YPOBHIO CUrHAsa, ONyX0oJlb XapakTepusyeTca
BbICOKOV MHTEHCUBHOCTbBIO, HO BHYTPEHHSAS CTPYKTYpa Hepasnmymma.

Fig. 1. Glioblastoma in brain images weighted by amide proton transfer, with different levels of contrast and the sequence of
the standard protocol (T2-FLAIR).

a - MR-images weighted by amide proton transfer with an optimal contrast level — the tumor in the left frontal lobe (white
arrow) is clearly differentiated against the background of unchanged brain tissue. The structure of the tumor appears to be
heterogeneous, the central zone (red arrow) is characterized by a signal level close to bone structures (blue arrow) — that is,
high intensity; the signal from the brain substance is heterogeneous: against the background of a low signal from the white
substance, areas of slightly elevated signal (yellow arrow) corresponding to gray matter are determined;

6 — MR images weighted by T2 AND with suppression of the signal from the free liquid — T2-FLAIR (white arrow — tumor, yellow
arrow — cortex);

B — MR images weighted by amide proton transfer with a low contrast level — the structure of the unchanged brain matter is
less clearly differentiated, the signaling characteristics from the tumor are homogeneously low;

r — MR images weighted by amide proton transfer with a high contrast level — the structure of the unchanged brain matter is
indistinctly differentiated due to a significant difference in signal level, the tumor is characterized by high intensity, but the
internal structure is indistinguishable.

posartenbHocTn: T1, T2, T2BW ¢ nogaBneHmMem curHa-
na ot ceoboaHom xuakoctun (T2-FLAIR), anddysnoH-
HO-B3BELUEHHble n300paxeHuss ¢ pacydetom MKI-
KapTbl 1N M300paXxeHus, B3BELLEHHbIE MO aMUOHOMY
NPOTOHHOMY nepeHocy (AlMM-BU).

Mcnonb3osanuch cnepywowme napametpol All-
BW: 3D Turbo Spin Echo (TSE), Bpemsi NOBTOPeHUS
(TR) 6306 mc; Bpems axocurHana (TE) 8,3 mc, yron
nosopoTa (FA) 90°, none o63opa 230 x 180 mm, pas-
Mep Bokcens coopa gaHHbIX 1,8 MM X 1,8 MM X 6 MM,
KonmyecTBo cpe3oB 10, KO3 UUMEHT napannenb-
Horo yckopenus (SENSE) 1,6, Bpems cb6opa AaHHbIX
3 MuH 53 c. C6op paHHbix AMM-BU npoeoamncs
[0 BBEAEHNS KOHTPACTHOrO Npenapara.

KoHTpacTHOe ycuneHme BbINOHANOCh MYTEM BHY-
TPMBEHHOro BBeAeHuMs 1 Mmonb/mMn ragobyTpona
B fo3uposke 0,1 mn/kr.

AHnanna MP-n3obpaxeHuii NPoBOAMICS C MOMO-
Lo NporpaMmmHoro obecnedenns Vidar Dicom Viewer
3.3 (Poccusg); aHann3 MP-n3obpaxeHuil, B3BELLEH-
HbIx 1o AlMM, oueHmBancs BU3yanbHO C NPUMEHEHNEM
CTaHOAPTHOWM LBETOBON nanutpsbl “perfusion”, roe nH-
TEHCMBHOCTb CUrHasia KOAMPYETCS LLBETOM OT CUMHEro
(MMHUMaAnbHbLIA) OO0 KPaCHOro (MakCUMasnbHbIN).
XapakTepuCTMKmN SPKOCTU M KOHTPACTHOCTM nogbupa-
JINCb BPYYHYIO /151 KaXA0ro nauveHTa no Cneayowmm
KPUTEPUSIM: TEMEHHbIE KOCTW O0/MKHbI ObiTb Makcu-
MaJSibHO Y FOMOIE€HHO SIPKMMKU (OOHOPOAHO KPACHbLI
LBET B MpeAcTaB/IeHHON nanutpe), 6enoe BeLLecTBO
1 KOpa AOMKHbI AnbOEPEHLMPOBATLCH U XapaKTepu-
30BaTbCH YMEPEHHOM SPKOCTbIO (OTTEHKN CUHEro
1 3eJIEHOro COOTBETCTBEHHO) (puc. 1). MNpwn nepeync-
JIEHHBbIX HACTPOMKax OKHa CTPyKTypa Onyxonum Ha
AlNMN-BU pnddepeHumpyeTcsa Hanbonee OTYETINBO.
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Puc. 2. Tvnbl UHTEHCUBHOCTM U OAHOPOAHOCTM CUrHana ot onyxonu Ha AllM-BW ronoBHoro mosra.

a — HU3KMIA TUN: curHan ot onyxonu (6enas cTpesika) CpaBHMM C CUFHANOM OT Ceporo BellecTBa (puoneToBas CTpenka);
pacnpegeneHue curHana OgHoOpPOAHOE — OMyX0Jb NPEACTaBNEHA CUTHANOM OHOMO TUNA;

6 — BLICOKWIA TVM: cUrHan OT onyxonun (benas cTpenka) CpaBHMM C CUTHaNIOM OT TEMEHHOW KOCTU (CUHSIS CTpesika); pacnpe-
[eneHve curHana HeogHOPOLHOE — OMYX0/b MOXHO Pa3feNivTh Ha ABE 30Hbl — LIEHTPasbHYO C BbICOKMM CUMHaIOM 1 nepu-
bepryeckyio — C HASKNM;

B — MPOMEXYTOYHBIN TUM: B CTPYKTYPE 0MNyxonu (6enas cTpesnka) onpenensioTcs y4acTky Curana Bbllle OKPYXKaloLWero Hems-
MEHEHHOI0 BELLECTBA, HO HXE CuUrHana OT KOCTW; pacnpeneneHme curHana HeoaHOPOAHOE.

Fig. 2. Types of intensity and uniformity of the tumor signal on APT-weighted images of the brain.

a - low type: the signal from the tumor (white arrow) is comparable to the signal from the gray matter (purple arrow); the
signal distribution is uniform — the tumor is represented by a signal of the same type;

6 - high type: the signal from the tumor (white arrow) is comparable to the signal from the parietal bone (blue arrow); the
signal distribution is heterogeneous - the tumor can be divided into two zones - the central one with a high signal and the
peripheral one with a low one;

B — is an intermediate type: in the tumor structure (white arrow), areas of the signal are determined above the surrounding

unchanged substance, but below the signal from the bone; the signal distribution is heterogeneous.

Mpwn aHannae AlM-BW rmnom Hamm ObIno Belgene-
HO 3 MP-kpuTepus, N0O3BONSAOLLMX PA3AENNTb OMYX0-
S Ha HECKONbKO rpymnm.

|. MNMepBbI KPUTEPUIA — CTENEHb WHTEHCUMBHOCTU
curHana Ha AlNM-BW, skntoyan 3 Tuna (puc. 2):

— HU3KNIN — OTTEHKN 3eJIEHOr0 B NPeaCcTaBeHHON
nanuTpe; CUrHan n3006paxeHns OMyxoan CPaBHUM C
CUrHaJIOM OT CEepPOro BeLLECTBa;

— BbICOKMIA — OTTEHKM KPACHOIr0; B OMYXOAN OTYET-
JIMBO ONpenenstoTcs 30HbI, N0 CUrHaNy CPaBHUMbIE C
KOCTSIMW CBOAa;

— NMPOMEXYTOYHbBIA — OTTEHKW XENTOr0; B OMYX0n
CUrHan OTYETIMBO BhILLE, YEM B OKPYXAIOLLMX HENS-
MEHEHHbIX TKaHAX, HO HUXE, YeM CUrHas OT KOCTEN.

Il. BTopoi kputepuin — 0oAHOPOAHOCTb pacnpene-
neHns curHana B onyxonu Ha AMM-BW, sknoyan 2
XapakTepucTUKKM (CM. puc. 2):

— OOHOPOAHbLIA, KOrga Ornyxofb npencTasfeHa
y4acTkamu CUrHana ogHOW MHTEHCUBHOCTU;

— HEOOHOPOAHbLIA — pacrnpefeneHe curHana B
OMyXOJn Pa3HOM NHTEHCUBHOCTMU.
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Ill. TpeTuin KpuTEPUIA — COOTBETCTBME PA3MEPOB
onyxonu Ha AlMM-BU n T2BU ¢ nogaeneHnem curHana
OT CBOOOJHOWM XWOKOCTM HA WAEHTUYHBIX Cpe3ax
(puc. 3):

— HeOoCTUrawLlmii — Ha M300paxeHusx, B3Be-
LweHHbIX no All, onyxosib UMEET MeHbLLUNE pPa3Mepbl;

— COOTBETCTBYIOLLMI — pa3Mepbl ONyXoan ogmHa-
KOBble Ha 060MX TUMNax N300paxeHuit;

— MpeBbILLAOLLMIA — ONYX0b MMEET BosbLLMe pas-
Mepbl Ha AlMM-BU, yem Ha T2-FLAIR.

[Onsg KonnyecTBEHHON OUEHKM WU3MEHEHUS CUr-
HaNlbHbIX XapakTepucTuk Ha MP-n3obpaxeHusx,
B3BeLUeHHbIX Mo Alll, kaxabli TMN OueHnBancs no
wkane ot 1 oo 3 6annoB AN UHTEHCUBHOCTM CUrHana
(cnabbii — 1 6ann, ymepeHHbIli — 2 6anna, BbICOKUIA —
3 6anna), ot 1 go 2 GannoB Ans OOHOPOOHOCTMU
(ooHOpOOHLIA — 1 6ann, HeOAHOPOAHLIN — 2 6anna)
n ot 1 no 3 6annoB Ans COOTBETCTBUS MPOTSXKEH-
HOCTW (HepmocTuratowmii — 1 6ann, CooTBETCTBYIO-
wnin — 2 6anna, npesbilawowmin — 3 banna). 3atem
KaXkZoMy NauneHTy paccunTbiBasiacb cymma 6annos.
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Puc. 3. Tpu Tvna kputepus COoTBETCTBUS pa3dmepoB onyxonu Ha AlMM-BU (BepxHuii psaa) n T2BU ¢ nogasneHnem curHana
0T CBOOOAHOW BOAbI (HVXXHUIA PA). @ — HEAOCTUrAIOLWMIA TUM; 6 — COOTBETCTBYIOLLMIA TUM; B — MPEBbILLAIOLLNA TU.

Fig. 3. Three types of criteria for matching tumor sizes on APT-WI (top row) and T2-weighted images, with suppression of
the signal from free water (bottom row). a — non-reaching type; 6 — corresponding type; B — exceeding type.

Pe3yn bTaTbl UCCZieaoBaHugA

Bbinv npoaHanu3npoBaHbl n306paxeHns 47 na-
umeHToB. CpaBHMBaANOCb pacnpegeneHne Tunos
ANMM-BU mexay onyxonamu 2, 3 n 4-ii cTeneHen 3n1o-
KQ4eCTBEHHOCTN.

1-1 KPUTEPUIN — NHTEHCUBHOCTbL CUrHaNA: IMNOMbI
grade 2 B 100% cnyyaes nmenu Hu3kuii Tun, grade 3
XapakTepu3oBanncb 4OCTATOYHO PABHOMEPHbBIM pac-
npeneneHneM C He3HauuTeNbHbIM NpeobnagaHnem
ymepeHHoro tuna (44%) n grade 4 npenMyLLLECTBEH-
HO OblNK NpeacTaBieHbl BbICOKUM TUMOM (84%);

2-11 KpuTEpUIA — pacnpeneneHne curHana B ony-
XONSX HU3KOW CTeneHu 310Ka4eCTBEHHOCTM BO BCEX
cnyyasx 6bi10 ogHopoaHbiM (100%). Onyxonu grade
3 B OCHOBHOM (67%) MMenn HEeOOHOPOLHbIM Twum;
grade 4 B 100% cny4aeB xapakTepnu3oBasncb Heond-
HOPOAHBLIM TUMOM;

3-11 kpuTepuii — y rmmom grade 2 30Ha U3MEHEH-
HOro curHana, 3aperuvctpmposaHHasa Ha AllN-BU,

Oblfla MeHbLLIE, YEM 30HA MOBLILLIEHHOIO CUrHana Ha
T2-FLAIR, B 71% cny4aeB. PacnpeneneHue TunoB
B rpynne rnnom grade 3 6110 6051€€ PAaBHOMEPHLIM
C He3HauuTenbHbIM NpeobnafaHMeM COOTBETCTBY-
towero Tvna B 40% cnyyaes. Cpegu onyxonen grade
4 B NONOBWHE Clly4aeB BCTPEYaANCcs COOTBETCTBYIO-
WA TUn.

Kpome Toro, 6biam npoaHannM3npoBanu pasnnyns
MexXxay onyxonsmm 4-in cTeneHn 3/10Kka4eCTBEHHOCTH
C Hanu4yMem MyTauuun M30oUMTPATAErMApPOreHasbl
(IDHmut) n otcytctBnem (IDHwt). Pacnpenenenue
TWMNOB M300paxeHuii No 1-my 1 2-My KPUTEPUIO — UH-
TEHCMBHOCTU N OOHOPOAHOCTM ObII0 OAMHAKOBbLIM,
B 006eux rpynnax 3HauuTesbHO nNpeobnaganu BbICO-
KMIA N HEOOHOPOLHbIN TUMbI COOTBETCTBEHHO.

PacnpenenexHvne tMnoB no 3-my Kputeputo Obino
Pas3nnyHbIM: COOTBETCTBYIOLLMIA TUMN B FPynne ¢ My-
TaHTHbIMK mmomMamum (IDHmut) BcTpevancsa dalle,
yeMm cpeau rmuobnactom (IDHwt), B 62 n 48% coort-
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TaGauua 2. Pacnpenenenune tvunos AMM-BU B raMomMax ¢ pa3Hol CTeneHbto 3510Ka4eCTBEHHOCTM M pa3HbIM CTaTycoM Mo
MyTaLm N30UMUTPaTLErMAPOreHasbl

Table 2. Distribution of types of APT-weighted images in gliomas with different degrees of malignancy and different status by
isocitrate dehydrogenase mutation

Fn_MOMbl Fn_MOMbl Fn_MOMbl IDHmut IDHwt
Gliomas Gliomas Gliomas
Tun nsobpaxeHus grade 4 grade 4
. grade 2 grade 3 grade 4 _ _
Type of image _ _ _ n=8 n=23
n=7 n=9 n=31 (100%) | (100%)
(100%) (100%) (100%)
Huakuii / Low 7 (100%) 2 (22%) 0 (0%) 0 (0%) 0 (5%)
MpomexyToyHbIl / Intermediate 0 (0%) 4 (44%) 5(16%) 0 (0%) 5 (22%)
Boicokuii / High 0 (0%) 3 (33%) 26 (84%) 8 (100%) 18 (78%)
OpHopoaHbii / Homogeneous 7 (100%) 3 (33%) 0 (0%) 0 (0%) 0 (0%)
HeopHopopaHbiin / Heterogeneous 0 (0%) 6 (67%) 31 (100%) 8 (100%) | 100 (95%)
Hepocturatowmin / Non-reaching 5(71%) 3 (33%) 3(10%) 1(13%) 2 (9%)
CootsetctBytowmin / Corresponding 2 (29%) 3 (33%) 16 (51%) 5(62%) 1(48%)
Mpesbiwatowmii / Exceeding 0(0%) 3 (33%) 12 (39%) 2 (25%) 10 (43%)
Cymma 6annos (MegmaHa [25;75]) 31[3; 4] 5[3;7] 717;8] 717;7,75] 717;8]
Score (median [25;75])

BETCTBEHHO. lNpeobnagaowmin xe tmn vaule (B 43%)
Habnogancs y rmmobnacTtom, 4em y acTpoumToMm (25%).
PesynbraThl aHanM3a NpeacTaBneHbl B Tab. 2.

Mo cymme 6annoB Oblf0 BLIMNOSHEHO CPaBHEHWE
MeXAay rpynnammn onyxonen pasHbix CTENEHEN 310Ka-
yecTBeHHOCTU. Onyxonu BbICOKOW CTEMEHN 310Kaye-
cteenHocTn (high grade) nmenu 6onblune 3Ha4eHUs
MO CPABHEHMIO C OMYXOJIIMU HU3KOWM CTEMEHU 3/10Ka-
yecTBeHHocTu (low grade) — 7 [6,25; 7,75] n 3 [3; 4]
cooTBeTcTBeHHO (p = 0,001, kputepuii MaHHa-
YutHu). Cymma 6annoB y rmuom grade 4 (7 [7; 8])
Oblna pgoctoBepHo Bbile (p = 0,006, kpuTtepuit
MaHHa-YnTHM) NO CpaBHEHUO C rmuomamu grade 3
(5 [3; 7]) v mnomamn grade 2 (3 [3; 4]) (p = 0,001,
KpuTepuii MaHHa-YuTHK). Pasnununin mexay rnmomMa-
Mn grade 2 1 3 ODOCTOBEPHO BbLISIBIEHO He ObiNo
(p = 0,113, kputepuin MaHHa—-YUTHK).

BbIiBIEHHbIE 3aKOHOMEPHOCTM NpPeaCTaBEHbI
B KJIMHNYECKMX HABMIOOEHWSIX.

Knununuyeckoe Ha6nogeHue 1

)KeHuwimHa 55 net, xanobbl Ha nepnoanyeckne ronoBs-
Hble 60nn. B mae 2024 r. pa3Bunics reHepasM3oBaHHbIN
CYO0POXHbI NpUCTYN, o6paTnnack K HeMpoOXMpypry.

10.08.2024 - MPT ronoBHOro moa3ara, BkJovatoLlas
CTaHOaPTHbI MPOTOKOJ, C KOHTPACTHLIM YCUSIEHUEM U N30~
OpaxeHusi, B3BeLleHHble o Al B neBoi nobHol mone
BblSIBJIEHO 00bemMHoe o0pa3oBaHue, 6Gonee BepOosTHO,
rnMoma HU3KOWM CTENEHN 3/10KAa4EeCTBEHHOCTU (puc. 4).

23.09.2024 - onepaums — MUKPOXMPYPruyeckoe yaane-
HWE OMyXO/N: OMyXoJib NPENMYLLLECTBEHHO MSIFKO31acThy-
Has, 6onee NNoTHas B LLEHTPE, C YMEPEHHbLIM KONMYECTBOM

MEJUIHCKAS BU3YATHBALIS 2025, rox 29, Nid

HOBOOOpPA30BaHHbIX COCYAOB N0 nepudepuu, npenmyLle-
CTBEHHO 6enecoBaToro LseTa.

04.10.2024 - rucTonorm4yeckoe UccnefoBaHmne: aTunms
BblpaxeHa cnabo, nponudepaumm sHA0TENNS HET, HEKPO3bl
He BbISIBASIIOTCS, MWUTO3bl €OUHUYHbIE. MIMMYHOrMcTo-
XMMUYECKOE nccnefoBaHme: obHapyXeHbl aHTuTena Kk IDH1
(R 132H). UHpekc nponudepaummn Ki-67 4%. Metopom
$nyopecLEeHTHON rnbpuan3aumm in situ BbIIBEHO Hannyne
kogeneumn 1p/19q. OnurogeHgpornmoma IDH-mutant
c kopeneumeni 1p/19q. ICD-0O code 9450/3, WHO grade 2.

KnuHnyeckoe HaGnogeHne 2

MyxunHa 39 net. B aHamHe3e ann3op naoxoro camo-
4yyBCTBUSI B HOsiOpe 2023 . — OHEMeHWe nasnbLeB IeBol
pykn. KOHCYNbTMPOBaH HEMPOXMPYProM, pekoMeHOoBaHa
MPT ronoBHoro mosra.

09.12.2023 - MPT ronoBHOro mMo3ra, Bkjo4atoLLas
CTaHAAPTHbIV NPOTOKOS, C KOHTPACTHBLIM YCUIEHNEM U N30~
OGpaxeHus, B3BelleHHble no AllM: B neBbiX BUCOYHOM
1N OCTPOBKOBOW A0NSX BbiBNEHO 00beMHOe 0OpasoBaHue,
60s1e€ BEPOSITHO, MMMOMa BbICOKOIN CTEMEHWN 3/10KAYECTBEH-
HOCTW (puC. 5).

18.01.2024 - onepauua — cybGToTanbHOE yaaneHue
06beMHOro obpasoBaHus. Mpu onepaunn BbiSIBNIEH OMyX0-
NIEBbLIV y3€/1 CepoBaToro uBeTa, MArkom KOHCUCTEHUMN.

26.01.2024 - rucTonornyeckoe ncenegoBaHue: aTmnmns
BblpaXEHa YMEPEHHO, nponudepaumm 3HOOTENNs B eaun-
HWYHBIX COCYAax, HEKPO3bl HE BbIBASIOTCH, MUTO3bl €A4M1-
HUYHbIE. VIMMYHOIMCTOXMMMYECKOE uccnegoBaHmne: obHa-
pyxeHbl aHTuTena k IDH1 (R 132H). npexkc nponndepaumm
Ki-67 po 12%. Actpoumtoma IDH-mutant, ICD-0 code
9445/3, WHO grade 4.
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Puc. 4. MP-n3o6paxeHuns ronoBHOro Mo3ra nauneHTku ¢ onurogeHapornavnomon IDH-myTanTHOM, grade 2. B nesoii nobHoM
[one onpefensieTcs AoCTaTodHO KPyrnHoe 06beMHoe 06pa3oBaHune (6enas cTpenka) HeoAHOPOAHOro curHana Ha T2BU (a)
n T2-FLAIR (6), He HakannMBatoLlee KOHTPaCTHbIM Npenapart (B), C HEOAHOPOAHbLIM pacrnpenesieHemM N3MepseMoro Koag-
duumneHTa anddysum (r). Ha AMM-BU nzobpaxennsx (a) 06pasoBaHmne xapakTepuayeTcs cnabbiM CUrHANOM C HEOOHOPOA -
HbIM pacnpeneneHveM, He 4OCTUraloLLMM Mo pa3mMepam 30Hy NoBbILEHHOro Ha T2-FLAIR curHana.

Fig. 4. MR images of the brain of a patient with IDH-mutant oligodendroglioma, grade 2. In the left frontal lobe, a rather large
mass (white arrow) was detected, with an inhomogeneous signal on T2-WI (a) and T2-FLAIR (6), which did not accumulate
contrast agent (B), with an inhomogeneous distribution of the measured diffusion coefficient (r). On APT-weighted images
(), the formation is characterized by a weak signal, with an inhomogeneous distribution that does not match the size of the
zone of the increased T2-FLAIR signal.

Puc. 5. MP-1306paxeHusi rofloBHOr0 Mo3ra nauueHTta ¢ actpoumutomor IDH-myTaHTHOW, grade 4. B neBbiX BUCOYHOMN
1 OCTPOBKOBOW JONSIX BU3yanmanpyeTtcs 06bemHoe obpasoBaHne (benas cTpenka) yMepeHHO HEOAHOPOAHOMO MMMEPUH-
TEHCMBHOMO curHana Ha T2BW (a) n T2-FLAIR (6), He HakannvBaioLee KOHTPaCTHbIM NpenaparT (B), C yMEPeHHO HeoAHOPOA-
HbIM pacnpegeneHnem namepsaemMoro kosadouumenta audoysum (r). Ha nsobpaxeHusx, B3geLueHHbix no Al (a), obpaso-
BaHWe XapakTepuayeTcs BblPaXEHHbIM HEOOAHOPOAHbLIM TUMOM MOBbLILLEHUA CUMHAJIbHbLIX XapakTePUCTUK, pasMepbl 30HbI
n3mMeHeHHoro curHana Ha AMM-BU n T2-FLAIR cooTBeTCTBYIOT Apyr ApyrY.

Fig. 5. MR images of the brain of a patient with IDH-mutant astrocytoma, grade 4. In the left temporal and insular lobes,
a mass (white arrow) with a moderately heterogeneous hyperintensive signal on T2-WI (a) and T2-FLAIR (6) was visualized,
which did not enhance after intravenous injection of a contrast agent (B), with a moderately heterogeneous distribution of the
measured diffusion coefficient (r). In the images weighted by amide proton transfer (g), the formation is characterized by
a pronounced, heterogeneous type of signal enhancement, the sizes of the altered signal zone on the APT-WI and T2-FLAIR
correspond to each other.
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OGcyxpeHue

BoamoxHocTtn All, kak HOBOro HanpasieHus
MP-omMarHoCTukM B HENPOXMPYPIrUv 1N HEBPOJIOrUM,
OTpaxeHbl psaoom uccneposarteneit [5]. O6WMM Ha-
6nofeHnemM SIBNSETCS TO, YTO 3HaAYeHWs curHana
AMM-BU, nnn otHocuTenbHas KOHLEHTpauUMs CBO-
004HbIX aMUOHBIX FPYMM, KOPPENMPYIOT C NOBbILLEHM-
€M CTENeHn 3710Ka4eCTBEHHOCTU oM [6]. JaHHas
TEeHOEeHUMS OTMeYanach 1 B Hallen paboTe: Npu BU3Y-
ANbHOM CPAaBHEHUW CUMHaNbHbIX XapakTePUCTUK
B IIIOMax OMNyxoJi1 C BbICOKOW CTEMNEHbIO 3/10Ka4eCT-
BEHHOCTW XapakTepu3oBanncb 60siee BbICOKON KOH-
TPaCTHOCTLIO MO CPaBHEHUIO C OKPYXaloLMM Hens-
MEHEHHbIM BELLECTBOM MO3ra. [MpnynHbI NOBbILLEHNS
MP-curHana Ha n300paxeHusX, B3BELUEHHbLIX MO
ATMM, ¢ 6oNbLLUOK BEPOSITHOCTLIO MOIYT OblTh 0OBbSAC-
HeHbl B COOTBETCTBUM C NpoLeccamMmu, NPONCXOAsiLLN-
MU B ONYXONIEBOM TKaHU U SBASIOLLMMNCS MMCTONOMN-
YECKMMUN KPUTEPUSIMU 3J1I0KAYECTBEHHOCTU: KJ1IETOY-
Has atmnng, MUTO3bl, SHOOTENVaNbHas nponudepa-
LMS 1 HEeKpO3bI [7].

KneTto4Has atunusa ceg3aHa ¢ USMEHEHVEM METa-
60511M3Ma, HanprMep, KOCBEHHO B pesynbrare myTa-
UMM n3oumTpataernaporeHasbl, Kotopas npuBoauT
K M3meHeHuo paboTel umkna Kpebca v noBbILLEHHOMY
CuHTE3y [1-2-rmgpokcurinytapara U CHUXEHUIO CUH-
Te3a rnytamaTta [8]. B pesynbrarte B CTPyKType ony-
XONM 3anyckatTCs KOMMEHCATOPHbIE MEXaHU3Mbl,
NpuBOASLINE K MHOMOYUCNEHHBIM OUOXMMUYECKUM
peakumaM, a 3Ha4uT, 1 6onbLIEMY KONMYECTBY y4acT-
BYIOLLMX B HUX CBOOOAHBLIX aMUAHbIX rpynn, SBASIO-
wmxca cyberpatom ans nosbiweHus AMM-curHana
[9]. Tak, rmMOMBbI HWU3KOW CTEMNeHW 3/10KaYeCTBEH-
HOCTU, KOTOPbIE HA KJIETOYHOM YPOBHE OT/IMYAIOTCH
OT HOPMaJIbHOM TKaHW TOJSIbKO aTUnunein, no AaHHbIM
Hallero uccnenoBaHus, Ha N306paxeHnsaX xapakTe-
pu13oBanncb cnabbiM NATTEPHOM M3MEHEHUS CUMHa-
N1a — TO €CTb He3Ha4YUTENIbHbIM OTINYMEM OT HEU3Me-
HeHHon TkaHy B 100% cnyyaes.

Hannune Mnto30B CBSA3AHO C YBENMYEHMEM KOSN-
4yecTBa KJIeTOK Ha eAnHYLLYY 00bema, a 3Ha4UT, U KO-
yecTBa 6enka. Takum 0Opasom, onyxonu ¢ 6onbLien
KJIETOYHOW NAIOTHOCTBIO AOJIXKHbI XapakTepmu3oBaTbCH
6onee BbicokuM curHanom [10]. Hannymne kneTo4Hom
aTUNUM N MMTO30B B OQHOM ONYX0SIN ABASETCH KpUTe-
puem3-1CcTeneHn 3n10Ka4eCTBEHHOCTU. 3aKOHOMEPHO
NPEANOIOXNTb, YTO HA N30OPAKEHMNSIX, B3BELLEHHbIX
no AMM, adpdekT oT 060MX NPOLLECCOB AO/MKEH CYM-
MUWPOBaTb N NPOSBASATLCA B O60see BbICOKOM YPOBHE
curHana. B Haweli paboTe 3T0 4aCTUYHO MOATBEPXK-
naetca — muoMel grade 3 B 44% cnyyaes xapakTepu-
30BaJIMCb YMEPEHHbLIM TUMOM CUrHana, To ecTb 6onee
BbICOKMM, 4Yem y grade 2. KnetoyHas niOTHOCTb
B OMNyXONsiX rMMManbHOro psiaa AOCTYyMNHa K OueHKe
U OpyrumMn MeTodamu, Hanpumep OUdPOY3nMOHHO-
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B3BELLEHHbIMN n3obpaxeHusamu [11], B Hawem uc-
CnegoBaHUM CpaBHEHME C 3TMM MEeTOA0M He MPOBO-
aunocb. MukpoBackynspHaa nponvbepauns Takxe
BHOCUT CBOW BKJad, B MOBbILLIEHWE WHTEHCUMBHOCTU
curHana Ha AllM-BW, Ho, BepOSsITHO, 3a CYET coaep-
Xallencs B cocygax KpoBu, KOTOpas BCEraa xapakre-
pU3yeTcs BbICOKMM CUTHaNOM BHE 3aBUCUMOCTU OT
npupoapl natonorum [12]. Hekpos, To ecTb paspyLue-
HMe KNeTOYHbIX CTPYKTYP, CBA3aH C O0JbLLMM KOnn4ye-
CTBOM OCBOOOAMBLUMNXCHA OENKOBbIX MONIEKYS U, COOT-
BETCTBEHHO, MoOBblWeHNeM curHana Ha AllM-BU,
OOCTUralLWMM MakCUManbHbIX 3HA4YEeHUIA B Makpo-
CKOMUYECKMX 30HaxX pacnaga onyxonun, Bu3yannanpy-
eMbIx Ha MP-un3obpaxeHusax [13]. Takum o6pasom,
Kaxpbl OTOENbHBIN TMCTOIOMMYEeCKUiA KpUTepun cTa-
OMpoBaHMs NaToPpU3N0NOrMYeckn CBA3aH C NOBbILLE-
Huem AllM-curHana, a nx coyeTaHne, BCTpeyaroLlee-
cs1 y G6onee 3110Ka4eCTBEHHbIX OMyX0Jiel, 04EeBUIHO,
nNpPUBOAUT K cymmaunn apdekta. BeposTHo, UMEHHO
C 3TUM CBSI3aHO TO, YTO MIMOMbI HanboJsiee BbICOKOM
CTeneHun 310ka4ecTBEHHOCTHU (grade 4), ans KOTOpbIX
rTMCTONOMMYECKN XapaKTEPHbl B Pa3HbIX COYETAHUNAX
BHYTPMOMYXOJIEBbIE HEKPO3bl, MMUKPOBACKYAsSpPHas
nponudepauma M BbiCOKasi KNETOYHOCTb, B HalLEM
NCCnefoBaHNN XxapakTepu3oBanmcb BbICOKMM TUNOM
WHTEHCUBHOCTM CuUrHana B OONbLUNHCTBE Clly4yaes
(84%).

Lpyroin, ncnonb3oBaHHbIN Hamn B pabote MP-
KpUTEpPUIA — OOHOPOAHOCTb pacnpeneneHns curHana
B OMyX0JI1, TakKXKe MOXHO paccMmaTtpuBaTb Kak naTo-
dun3nonornyeckn obyCnoBneHHbI. McTonornyeckn
[0Ka3aHo, 4YTO NPW NOBbILLEHWN CTEMEHN 310KAYECT-
BEHHOCTW rMMasnbHbIX ONyX0nen yBeMYnBaeTCcs Konu-
4YeCTBO Y4aCTKOB OMyXOnW C PadHbiM YPOBHEM Kie-
TOYHOW aTUMun 1, COOTBETCTBEHHO, BbIPQXEHHOCTbIO
n3meHeHma metabonuama [14]. B Hawein pabote
onyxonu ¢ H13kow (grade 2) v Bbicokol (grade 4) cTe-
NMeHbl0 3/I0KAYeCTBEHHOCTU OTHET/IMBO OT/INYaICh
Opyr OT gpyra rno KpUTeputo HeogHopoaHocTn (p <
0,001, kputepuin MaHHa-YuTHu): nepebie B 100%
Clly4aeB MMEeNM OQHOPOAHLIA TUM CUrHana, BTOpbIE,
HaobopoT, HeogHopodHbii, Takkxe B 100%.
Busyanmsaums reTeporeHHOCTY [anbHbIX ONyXonen
He fBNsieTCs, BNPOYEM, YHUKaNbHOW a5 n3obpaxe-
HWI, B3BeLLeHHbIX No All, n npossnseTcs n Ha opy-
rMx TMnax n3obpaxeHwuii, Hanpuvep, B Pa3HOPOAHO-
CTU KOHTPACTHOr0 YCUNEHUs pasdHbIX KOMMOHEHTOB
onyxonu, pacnpegenedum MP-nep@y3noHHbIX 1 opy-
rMX BU3yann3aunoHHbIX Xapaktepuctuk [15]. AlM-
B, B cBOWO 04epeapb, MOryT AOMNONHUTbL YXe npume-
HAeMble Ha npakTuke MP-meToankm 3a cHeT BO3MOX-
HOCTM OLIEHKWN YPOBHSA MeTabonnama, xapakrepusys
BHYTPMOMYXONEBYIO reTeporeHHocTb 6e3 Heobxoam-
MOCTV BBEAEHMS KOHTPACTHOrO Npenapara u B cnyya-
AX, KOrga ero BBeAeHue He AaeT OOMONHUTENbHOW



ORIGINAL ARTICLE

nHdopmauun [16]. JaHHoe CBOMCTBO OblIO npoae-
MOHCTPMPOBAHO B NPUBEAEHHbLIX HAMU KJIMHUYECKMX
npumMepax. B 06onx HabnoaeHNAX UIBMEHEHMS, BbISIB-
JIEHHbIE MOCPEACTBOM CTaHOAPTHOro NMpPOTOKOAa, B
OonblLel CTENeHN COOTBETCTBOBAIN HU3KOMN CTEeMneHn
3nokayecTBeHHOCTN. OOHaKo XxapakTepucTuUku ony-
xonen Ha AlM-BW, B TOM yncne n HeOAHOPOAHOCTb
pacnpegenieHma curHana, Omnyanmucb KapanHanbHo,
4YTO NO3BOSINIIO yCNeLHO anddepeHuMpoBaTh BbICO-
KO3J10Ka4eCTBEHHYIO acTpoumMTOMy grade 4 oT 0Nnro-
neHapornnomsbl grade 2.

3HaHMe o MeTabosiM4yecko HeoOHOPOAHOCTU,
KOCBEHHO CBUAETENLCTBYIOLLEE U O TMCTONOMMYECKOM
reTeporeHHOCTM OMyXONn, MOXET SIBASTLCS KpanHe
NONE3HLIM NPU NIAHNPOBAHUN HENPOXMPYPIrNYECKON
onepauuu, NO3BoNas onpeaennTb Hanbonee arpec-
CUBHbIE Y4aCTKN OMyX0JI1 C LeSIbi0 UX NepBOCTENEH-
HOro yganeHus, u/unu nNpu nnaHMpoBaHMM Guoncum
Ons nonyvyeHus obpasua onyxonu Hambonee msme-
HEeHHOW TKaHu [17].

Ewe ogHMM BaxHbIM HabntoaeHnem n 3-m kpute-
puem oueHkn MP-n306paxeHnin B HalWeM 1ccneno-
BaHMN CTano COOTBETCTBME 30H WU3MEHEHHOro Ha
AMM-BN curHana o6nacTsM MOBLILIEHHOrO curHana
Ha T2-FLAIR. CpaBHUMYIO NPOTSXKEHHOCTb 30HbI UME-
N1 B GOJILLUMHCTBE Cly4aeB BO BCEX MCCNIEA0BAHHbIX
rpynnax onyxofen, 3a uckinwyeHvem grade 2, roe
npeobnanan HegocTuraowmi Tun. CTouts OTMETUTL
Takxe, 4TO MNPV CPABHEHUN MEXAY rpynnamMm 4acTota
BCTpeYyaeMoCTn npeobnapaiollero Tmna, To eCTb
OonbLUEl NPOTAXEHHOCTN METabONNYECKMX USMEHE-
HWA, MO CPaBHEHUIO C pasmepamy Oonyxonum Ha T2-
FLAIR-n3o6paxeHusax 6bina Hanbonbluen y rmmobna-
cToM — Hambonee arpeccuBHbix onyxonei. OueHka
COOTBETCTBMS 30H 3MeHeHHoro Ha AlMM-BW curHana
06nacTamM noBbILLEHHOro curHana Ha T2-FLAIR noka
eLle UMEET 3NIEMEHT CyObEeKTMBM3MA U HOCUT NMLLb
OPVEHTMPOBOYHBIN XapakTep, TEM He MEHee BbisIB-
NeHHas TeHAEHUMS TpebyeT JanbHeNWwero n3yyeHms
1, NO HaLleMy MHEHWIO, MOXET UMETb NEepPCneKTUBLI B
OLleHKe WCTUMHHOM pPacnpoCTPaHEeHHOCTU [JIMOM,
onpeneneHnn MpoTSKEHHOCTU MEPUTYMOPabHOW
30Hbl, @ Takxe MPOrHo3MpoBaHUN 3PPEKTUBHOCTU
neyeHusi. CpaBHeHVE NPOTIKEHHOCTU U3MEHEHN Ha
AlM-BN » Ha cTaHOApTHbLIX M300paxeHusx TpedyeT
JanbHENLLEro n3y4eHus ¢ NpuMeHeHeM ornepaTop-
HE3aBMNCHMBbIX TEXHOSIOMUA.
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