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I'JIABA 1.

Texuuka CKAHHPOBAHHA

Beenenne

JI1si OlIEHKH COCTOSHMS JKEeTYEBBIBOMAIIHX TIPOTOKOB HCIOIB3YIOTCS Pa3iIHYHbIE
METO/Ibl BH3yallH3allMH, KaK HHBA3HBHbIC, TaK M HEHHBA3HBHbBIC: BHYTPHUBCHHAS
XolaHrHorpagus,  yiubTpasBykoBoe — muccienoBanne (Y3H),  koMmbioTepHas
tomorpagusa (KT), marHuTHO-pesoHancHas Tomorpapus (MPT), upeckoxHas
gpecrieyeHoyHas xonanrmorpapus (YYXI) u sHuocKomuuecKkas peTporpajHas
xonanrnonankpearorpadus (IPXIII). BHyTpuBeHHas Xonanruorpadus orpanHyeHa
TeM, YTO KOHTpAacTHpoBaHHe OHIMapHOH cHcTeMbl oTcyTeTBYeT B 30-40% ciydaes.
bonee TOro, B IpOBECHHBIX HCCICIOBAHHAX YCTAHOBJIGHO, YTO BHYTPHBEHHAs
XoJaHrHorpaus B ONpeIe]eHHH XOJIeJ0XOJHTHa3a Obuta monesHoit jumib B 1,5%
ciaydaeB. PHCK, cBA3aHHBIH ¢ BO3MOXKHOH HeONAaronmpusTHOH peakimeil Ha
KOHTPAacTHOE BENIECTBO, CTOMMOCTh MPOLETYPhl, a TaKXkKe HEYETKOE aHATOMHYECKOE
Ompeie/IeHHe BHYTPH- H BHENEYEHOYHBIX KETYHBIX MPOTOKOB JMOKHBI YIHTBIBATHCA
NIPH aHAIH3e «CTOMMOCTB-3((pEeKTHBHOCTB» MpoLenypbl. B Hactosimee Bpems Y3H,
KT u tpamumumonnas MPT mucnonsp3yioTcs B KadecTBE METOJOB IIEPBHYHOTO
o6cie10BaHUs ALMEHTOB ¢ CHMITOMAMH H NIPH3HAKAMH, CBA3aHHBIMH C NATOIOTHEH
NaHKpeaTOO WIHAPHOH CHCTEMBI. JlnarHocTudeckas TOYHOCTb BapbHpYyeT IIpH
Pa3IM4HBIX MaTOJOrHYECKHX COCTOSHMSX, OJHAKO KaXlas M3 YKa3aHHBIX METOIHK,
npejuiaras HenpaMoe H3o00pakeHHe OHIIHAPHBIX MPOTOKOB, YACTO HEAOCTATOYHA UIA
MOCTAHOBKHM TpPaBHIBHOTO JIMAarHO3a M OOOCHOBAaHHSA aJeKBATHOIO JIEYCHHA
OOCTPYKIIMH JKETIHBIX MyTeit.

IIpsimoe xonanruorpaduyeckoe H3oOpaxkeHHe OHIHAPHOIO TPaKTa MOXeT OBITh
OJTY4€HO TOJIBKO IPH NOMOIIH HHBa3HBHBIX MeTo0B — DPXIIT 1 YUXT'. I'naBHBIMH
npeuMmymiectBamMn  IPXII sBisioTcst BbICOKAs paspemialonias CcronocoOHOCTh H
BO3MOXKHOCTb TIPOBEJICHHA JIeUeOHBIX MpOIEIYp Cpasy Iocjie YCTaHOBJICHHA
auartosa. YcnemsoMmy nposenennio SPXIIT MoryT npensrcTBoBaTh TeXHHYECKHE
OIpaHMYEHHA, TaKHE KaK TellaTHKOCIOHOCTOMHA MWIH pE3eKLHi IKeIyiKa C
HAJOXKEHHEM aHAcTOMO3a 3a IpelejaMH TomieH KHIIKH. bonee Toro, HaBbIK
oreparopa MMeeT o4eHb GoibllIoe 3HAaYeHHE NPH HAIMYHH PETPOICPHTOHEATBHBIX
omyxonei,  aHoManMAX ~ pacmojiokeHums — ammynel  PatepoBa  cocodka,
TIOCTONEPAlMOHHBIX H3MEHEHHAX (PeKOHCTPYKTHBHad omnepauus bwibpor II), a
Takke MpH OKOJOCOCOYKOBOM IyoJeHaNbHOM IuBepTHKyle (y 50% mauueHTOB
crapme 80 ner). B nononsenne cienyer ckasath, uro xors DOPXII u cumraercs
OTHOCHTE/IbHO ©e30MacHOM MpoLeAypol, HMEIOT MECTO TaKHe OCJIOKHEHHS Mocle
[POBEICHHS]  NPOLEAYPbl, KaK OCTpblii  NAHKpeaTHT  (AaCHMITOMaTHYecKas
runepamMuiIaeMus BeTpedaercs B 70% ciiydaeB, B TO BpeMsi KaK OCTPbIH MaHKpeaTHT
passuBaercs B 0,5% ciydaeB) u xonaHrur (1% nauuenToB). JleTasbHbIE HCXOJBI
COCTaBIAOT 0K0JI0 1% nammentos. YUXI™ urpaeT Takyio e IHATHOCTHYECKYIO POJIb
kak u DOPXIII, oaHako ABISETCS HHBA3UBHBIM, JIOPOTOCTOSANMM H JIOBOJBHO
PHCKOBaHHBIM MeTO0M (cencuc B 1,4%, netanbHble Hexosl B 0,20%).

B mocnexmme rompl  pa3BuTHe OBICTPBIX TEXHONOTMH CKAHHPOBAHHA H
COBEPIICHCTBOBaHHE KaueCcTBa H300pakeHHH OpraHoB OPIOIIHOH MOJIOCTH IIPHBEIH K
CO3/IaHHI0 MarHUTHO-PE3OHAHCHOH XosaHruonankpearorpa¢un (MPXII), nas



TOJIYOK HOBOMY HMHTIEpECY OLECHKH nankpeatoGmapix mboaeniil ¢ HOMOoLbIO

MP-romorpapuu. MPXIII  simisercs  monofl  seminasiniofl  utrmoctiteckoli
TEXHMKOH  MpAMOIl  BHAYWHIIAUM  OIANAPHMN  (POTOKON ¢ HOJYSeHHeM
H306paKeHuil, CXOMMX €O CHMMIAMI,  toysaesmiasi tpie DPXTIE wine YYXIT
MeTonkn e TpeOyer Hi e e KomTpaciHux Betectn, i IpHMEeHeHns Kakoii-
mnGo werepneniin n Gwmapiyio cncremy.  Orramumsanms MPXTIN -rexankn
HYRAAC TN B ORCTPIA HOCAAORITCILHOCTIX B HUTHYHH JAPYTHX JIOMOIHHTEIBHBIX
HPOTPAMM,  TAKHY  Kak ciiokerime  apredakros (artefact reduction), nopasieHue
IR o1 aponofl Tkan (fat-suppression) H co31aHHE TPEXMEPHBIX H300pake HUI

(A

BLIcTphie M0C/Ie/10BATeILHOCTH

B nocnennne roxbl, Omaroxaps TEXHONOTHYECKOMY COBEpIICHCTBOBAHHIO
anmnapaTtHoro H IPOrPaMMHOIO KOMIBIOTEPHOTO ofecledeHus OTMedaercss GypHoe
pa3BHUTHE Pa3/IMYHBIX TEXHHK OBICTPOro cKaHHpoBaHHs. Pa3BHTHE ITHX TEXHHK GBUIO
00yc/IOBIEHO MHOTHMH TIPHYHHAMH: a) HEOOXOIHMOCTBIO YBEIHYEHHS KOJIMYECTBA
HCC/IEI0BaHUH 32 €IMHMIy BpeMeHH; 6) MHHHMH3HpOBaTh IHCKOM(OPT s
MalMenTa; B) MMETh BO3MOKHOCTH 00CIE/IOBATh TSXKEIOOONBHBIX ITAIIHEHTOB; I)
CHH3HTb 3aBHCHMOCTb OT JIBMIaTelbHBIX apreakToB (JbIXaHWE, cepacqHas
IyJbCals, NPOH3BOJIbHbIE W HENMPOH3BOJIBHBIE IBIKCHHS) ITyTeM HCIOIb30BaHHS
rnocieoBaTenbHOCTell ¢ 3a/epKKoil IbIXaHHS; 1) TPOBOMHTH (DYHKIOHAIBHBIE
uccnenoBanus (quHamudeckas MPT); e) s pyrHHHOrO  HMCHOJIb30OBaHMS
TPEeXMEpPHBIX H300paXeHHIL. )

OCHOBHOI I1eIbI0 HAITHCAHHA JaHHOH KHHTH GbUIO OCBEINEHHE KIMHHYECKOTO
NPUMEHEHHS  MeTOJa MAarHHTHO-PE3OHAHCHON  XoJaHTHOMaHKpeaTorpaduu B
NpakTHKe  Xupyprudeckoif remarosmormn. [lostomy 1s  o3HakomsieHus ¢
(U3MYECKUMH OCHOBAMH MATHHTHO-PE3OHAHCHOH ToMOrpaduH peKoMeHIyeM
obpaTHTbCA K CIeIMaTbHOH JIHTEepatype, Ilpekie Beero «OCHOBHOMY y4eOHHKY
Esponeiickoro ¢opyma 1o MarHMTHOMY pe3oHaHCY» 1o pejakimedi I1.A.Puaka
(u31aHMe Ha pycckoM s3bike 1993 roaa). Mbl JHIIb OYeHb KPaTKO OCTAHOBHMCS Ha
NPEHMYILECTBAX H HEAOCTATKAaX OCHOBHBIX TEXHHK CKAHHPOBAHHA, IPHMEHSEMBIX
IS BU3YaTH3alMK OHIHAPHON CHCTEMBI.

Bpemsa cGopa DaHHBIX JUIS OAHOH /JBYXMepHOH (2D) TOMOIrpaMMBI MOKHO
BBMUCIHTS 110 hopmyse: TRXNYXNEX (rze TR — Bpems riosrepenns; NV — uncio
JHHHA B H300paxkeHHH, MIM 1AroB (a3oBOro KOAHPOBAHHS, KOTOpPOe B OOBIYHON
TomMorpamMme papHo 256 smGo 128; NEX — w4pcno Bo3GykaeHHil, T.e. 4HciIO
ycpeaHenni  laHubIX). UToGbl yMeHBIIMTh BpeMs CKAHHPOBAHHSA HEOOXOIHMO
MOZH(HIMPOBaTh OJAMH K3 THX napametpo. NEX — 310 HMelolmeecs cooTHONIEHHE
«cHrHaj-mym». Yem Jryunie 5To cooTHomeHHe, TeM Goniee Hu3Kkue 3HaueHHs NEX
Moryt 6bih BeiOpansl. Eciim NEX cHipkeHa HaloToOBHHY, TO H BpeMsi CKAaHHPOBaHHS
YMEHBIUHTCS BIBOE, 8 OTHOIIECHHE «CHTHAJ-IIYM» IOHH3NTCA MpHMepHO Ha 40%.
Bpems ckaHMpoBaHHS MOJKeT OBITh YKOPOYEHO IMyTeM CHHKEHHS YHCIa 11aroB
¢azoBoro  koxmposanns (NV) 32 CYeT YMEHBIICHHA IPOCTPAHCTBEHHOTO
paspemienus. XoOpolMif KOMIPOMHCC MEXIY BpEMEHEM CKaHHPOBaHHSA M
IPOCTPAHCTBEHHBIM ~pa3pellleHHeM MOKET OBITh JOCTHIHYT —HCHO/b30BaHHEM
IPAMOYTOJIBHOM MaTpHIbI M300paskeHHs (Hampumep, 256x192). A mpsmoyroibHOe
none 3penns (field of view, FOV) naer npemmymectso, Bblpakaiomeecs B
COXpaHEHHH TOH )K€ MAaTpHIbl H300paKEHHS IpPH YMCHBIICHHOM BpEMEHH
CKaHHPOBaHMA; OJHAKO HEJOCTATKOM SBIACTCA CHHJKCHHE COOTHOIICHHS «CHTHAJI-
mIyM» M TIOSBICHHE KpaeBbIX apTedaKToB IpPH CIHIIKOM MajeHbkom FOV.



CHIKeHHE BPeMEHH NOBTOpeHHs (repetition time, TR) Takke ykopauuBaeT Bpems
ckanMpoBanus. CliejoBaTesibHO, TpH HoHHikeHHH TR B IOCIeZ0BAaTEIBHOCTAX
CIHHOBOTO 3x0 (spin echo, SE) uHTepBan BpeMeHH MeXIy HA4yajJoM IHKJIA
HMITYJIBCHOH CpPe30B NPH CKaHHpPOBaHHHU OyneT yMeHbluathes. Jns H3bexaHHs 3TOH
npobaempl GbutH pa3spaboTaHbl HOC/Ie10BATEILHOCTH IPaiHeHTHOro 2xo (gradient-
recalled echo, gradient echo, GRE). IlpenmymectBa mocrnenoBatenbHocteii GRE
(FID; SS-GRE-FID, spoiled GRE, SS-GRE spin echo) cBsf3aHbl ¢ KOpPOTKHM
BPEMEHEM CKAHHMPOBAHHMA (CEKYH/Ibl BMECTO MMHYT), BO3MOKHOCTBIO BapbHPOBAHHA
KOHTPacTHOCTH IyTeM H3MeHeHus TR, Bpemens mossienus sxo (echo time, TE) n
yrna ortkiosenns (flip angle), a Taike molydeHHeM BBICOKOTO CHTHAIA IIpH
ucnosnb3opaHuu  kopotkux TR, Hemocratkm  cBsi3aHBl ¢ [OBBIMICHHOMH
4yBCTBHTEIbHOCTBIO K IBIXATEIbHBIM JBIKCHHAM H IIOTOKY JKMIKOCTH, a Takke
HH3KMM COOTHOMICHHEM «CHTHAI-NIyM» NpH Hcrons3oBaHHH goarux TE.
IMpeumymectBom GbicTphix GRE-mocienoBaTebHOCTEH ABIACTCS BO3MOKHOCTD HX
NPHMEHEHHA JUI HCCIeJ0BaHHH OpIOIIHOW MONOCTH ¢ 3alepiKKOH JbIXaHHS
MAlHEHTOM, a TaKkKe JUId JMHAMHYECKHX HCCICIOBAaHHH C BBEJCHHEM KOHTPACTHBIX
BelecTB (epdysHs).

Texuuku ObicTporo cmuu-3x0 (fast spin echo, FSE; turbo spin echo, TSE)
ABIgIoTes MoMduKkammaMu nocaenopareabHoctH RARE (Rapid Acquisition with
Relaxation Enhancement) — Mertoma OBICTPOro CKaHHPOBaHHS, HCIOJIB3YIOLIETO
OJIHOKpaTHOE BO30Y/K/IEHHE C IIOCIEAYIOIHM CO3JaHHEM CEPHH IXO-CHTHANOB. DTH
MOC/IEIOBATE/IbHOCTH TNO3BOJIIOT YMEHBIIWTH BpeMst cOopa JaHHBIX B aBa M Gomee
pa3 1O CPaBHEHHIO CO CTAHAAPTHBIMM IOCIENOBATEIBHOCTAMH CITHHOBOTO 3XO.
Hanpumep, npu TakoMm chuH 3X0 ¢ mapamerpamMu TR=2000, matprua =256x256,
NEX=2, Bpemsa cbopa naHHBIX cocraBiaser okono 17 wmunyr. Hanmpotus, T2-
B3BEIICHHbIE TypOO CIHH X0 ¢ TeMH e MapaMeTpaMu 3aHHMalT okoio 1,7 MuH.,
JIeCATHKPATHO CHMKasi BpeMa cObopa nanubIX. Kpome Toro, npu ucnonssoBatuu FSE
MOJKHO MOIM(HIHPOBATH APYTHE MapaMeTphl MOCIEI0BATEIbHOCTH U1 JOCTIDKE HHS
BBICOKO KayecTBa H300pakeHMI (B HaCTHOCTH, BBICOKOE YHCIO BO3OYXKICHHWH H
yBeIHYEHHE pa3Mepa MaTpHubl). JIpyrHM IpeHMyIIeCTBOM SBIAETCA CHIKEHHE
aprepakToB OT JBHKEHMS M IOHWKEHHAas YyBCTBHTEJIBPHOCTh K HAIHYHIO
MeTaUTHYECKHX 0OBEKTOB.

ITocnenoBatenbHOCTH TypOO CIHH 3XO OCOOEHHO MOJE3Hbl A moxydeHus T2
BHU BbicoKoro kayectsa. IJlaBHOe OTIHYHE TpaJHUHOHHBIX T2-B3BEIUEHHBIX CIIHH
5X0 M T2-B3BemeHHBIX TypOO CIHH 9XO OCHOBAHO Ha HAIMYHM Y TOCIEIHHX
BBICOKOMHTEHCHBHOIO CHTHAJa OT KHPOBOH TKaHH. CHWIBHBIH CHIHAI OT KHPOBOI
TKaHH MOJKET CO3/1aBaTh TPYIAHOCTH HPH OIEHKE KOHTPACTHOCTH, OCOOEHHO IpH
HCC/IEIOBAaHUH OpIONIHOH TOJOCTH, H3-33 3aT€MHEHHA JpPYTHX TKaHeH WM
NaTOJIOTHYECKHX COCTOSHMAX, JAONIHX CHI'HAJ, CPABHHMBIH II0 HHTEHCHBHOCTH C
CHTHAJIOM JKMpa; OJHAKO MCIIONb30BaHHE TEXHHK MONaBJIeHus kupa (fat saturation,
fat suppression,) moMoraer npeojoneTs 310 orpaHHyenue. Inversion recovery (IR,
HHBEPCHA-BOCCTAaHOBICHHE, a Takke ee Moampukammus STIR) sBisercs oxHoit U3
CaMbIX PacrpOCTPaHEHHBIX METOIMK T0/1aB/IeH A upa. [ToBbImaeTCsi KOHTPACTHOCTD
MEXIy JKEJTYHBIMH NPOTOKAMH M TIAPEHXHMOH IECYeHH, a TakkKe IOJABISAIOTCS
apTe)aKThl BHKEHHA, HCXO/IAIINE OT )KHPOBOH TKAaHH; HEJIOCTATKOM METOIMKH, TEM
HE MeHee, SBJIAETCS BO3MOKHOCTD IOTEPH KaKoro-mubo CHrHala ot Jpyrux TKaHeH.

Yerpanenne apredaktoB
ApredakTbl JIBWKEHHs SBISIOTCS CaMOH 3HAYMTEIBHOH NPHYHHOH CHWKEHHSA
KayecTBa H300paXkeHHil, 0COOEHHO IpH HCCIENOBaHHH OpIOWIHOH MOJOCTH. ITO



OOBIMHO JIbIXaTesIbHbIE apTeakThl, apTeakThl KPOBOTOKA H HKEJIYI04HO-KHIIEYHOI
nepuCTaIbTHKH. MCrob30BaHHE CHHXPOHHIAIMN C JILIXAHHEM, KOI/IA CKAHHPYIOTCA
TOJBKO H300paKeHHs TPH BBUIOXE MAIMEHTOM BOWIYXA, HOIBOISCT YIYHIIHTD
KadecTBO H300pakeHHs. OJHAKO HEJOCTATKOM SWINCTCH 10, YTO B HTOM Ciydae
TpebyeTcs JOTMONHHTENBHOE Bpems Juist cOOpa Jlamibix W, KpoMe Toro, mpH
HEpEerylasipHOM JIBIXQHHH apreakinl e yerpansiores. JIpyruMu  TexHUKamu,
KOTOpBIE MOTYT OBITh HCHOMLIOBANL UL HoMaBICHHS apTeaKTOB  ABJIAIOTCS
(azoBoe KOAHPOBAMHE I OOIYICHIE | PALHEHTHOTO MOMEHTA.

Apredakinl KpoBoTOKA  BCTPEYalOTCes OYeHb HacTo W OOBIMHO CBSI3aHBI C

COCY/IMMM,  JICKAUIIMI  TIEPHCIUIMKYIAPHO  TUIOCKOCTH CKaHHpoBaHHA. Ui HX
YOTPANCHHN  HCHOMIYETes  TeXHHKa [MpecaTypald, T.e. pa3MEIIeHHe pagHo-
HACTOTHOTO uMiyaLea (610Ka) yepes 061acThb e HeOOXOIUMO MOAABUTh CHIHAM OT

KPOROTOKA. )10 NO3BOJAET NOAABHTh MATHETH3AIMIO B ONpENeleHHOM o0beMe H
Kponotok s 510l obnacth He maer MP-curmana. Metox npecarypaimi HMeeT
IPEHMYIIECTBO B TOM, YTO OH COBMECTHM ¢ GOJBIIHHCTBOM HMITYJIbCHBIX
110C1e/10BaTeIbHOCTEH H aNMapaTHOTo MPOrPaMMHOTO obecriedeH s, H HMeeT TOJIBKO
O/IMH HEJIOCTATOK — HeGOIbIOE YBEIHYCHHE BPEMEHH CKaHHPOBAHHSA.

Hpyroii TexHHKoH sBIfeTcs OOHyJEHHE TPAJHEHTHOrO MOMEHTa, WIH TakK
Ha3biBaeMas KOMIIEHCAlMA I10TOKa. OTa TeXHHKAa YIAa4HO HCHOIb3yeTcs JUisi
CHIKEHHS apTepakToB KPOBOTOKA NPH H300paKEHHAX IPAJHEHTHOTO 9XO, OAHAKO
MeHee IPUMMEHMMA JUli YCTpaHeHHs apTeaKToB MpH IOC/EIO0BATEIBHOCTSX
CITHHOBOT'O 3XO0.

Uro xacaercs apTe(hakToB KeJTyIOYHO-KHIICHHON NEPHCTATBTHKH, TO MOAXOMI K
PpeIeHuIo ITOH npoGeMbl (hoKycHpoBaH Ha HCIOIb30BAHHH
AHTUIIEPHCTATLTHIECKHX  (pAPMAKONOTHYECKHX  CPEACTB MO0  MpHMEHEHHH
CBEPXOBICTPBIX TEXHHK CKAHHPOBaHMA.

Tpexmepnbie n3obpaxenns (3D)

Baxaeiv  npenmymiectBoM  3D-m3o6paskennit  (mocnenosarenbHoctH  FASE.
HASTE n np.) sBiseTcss BO3MOXHOCTD NMOJY4EHHs OYeHb TOHKHX cpe3oB (2-3 MM)
NpH  MCIONb30BAaHMH cpenHell rpamueHTHOH cwibl. ToHkHe cpesbl, yaydmas
NPOCTPAHCTBEHHOE ~ pa3pelieHHe, TMO3BONAIT Gojlee HeTKO BH3yaIH3HPOBaTh
HeGoNbIIHe CTPYKTYPhI (HamlpHMep, MajleHbKHe KaMHH). Maible pa3Mepbl Bokcenia
TaKKe CHHKAIOT YyBCTBHTETHHOCTh K apTe(aKTaM, UTO SIBNAGTCA OYeHb BAKHBIM
(aKkTOpOM TIPH HCIIOIB30BAHHH TIOC/IEAOBATEIIBHOCTEH IpajieHTHOro 3X0. Bonee
TOTO, «CHIPbIe» JaHHbIE, MONyYeHHble Mpu 3D-1poTokonax MoryT ObITh 06paboTaHbl
C HCIOJIb30BAHHEM PA3MHYHBIX aJITOPHIMOB, a H300pakeHHs PEKOHCTPYHPOBAaHbI B
m060ii maockocTH. OCHOBHBIM OrpaHHYeHHEM SBIfeTCs Golee [UIHTEIbHOE BpeMs
cbopa 1aHHBIX.

MP-xoanrHonaHkpearorpadus

OcHoBo} J1aHHOH METOIMKH SBISETCS CHOCOOHOCTH PErMCTPallHi MAarHHTHO-
PE30HAHCHOT'O CHTHAJIA OT HETIOIBIKHOM KHIKOCTH B JKETUCBBIBOJAIIHNX MyTAX H €ro
TIOCTpOEHHE B BHJE CEpHil JBYXMEpHbIX HIH TPeXMEPHBIX H300paKeHHH NpH
ucnosp3opanny cuabHo T2 BU. Ilpu MPT B TakoM peskuMe He peructpupytotes MP-
CHTHAIBI, @ COOTBETCTBEHHO, M H300paKeHHs OKPYXAIOIUMX OpPraHOB M TKaHEH
(mapeHxuMa MeYeHH M TODKETYNOYHOM JKese3bl, ePHTOHEAIbHBIH XHP H 1p.), 3a
HCKIIOYEHHEM JIPYTHX COMAEPXKallMX >KHMAKOCTH 0Opa3oBaHWH (KHCTBI pa3THYHOH
JIOKalIH3allH, CIMHHOMO3TOBOH KaHaun, aciMT M 1p.). Co3jaeTcss pe3kuil KOHTpacT
MEK/Iy CTAHOHAPHBIMH JKMIKOCTAMHM (KeT4b) H ONHIIEKAIMMH TKAaHAMH H, Kak



pesylbTaT, Kel4b BH3yaJM3HpYeTCS KaK CHTHal BBICOKOH HHTCHCHBHOCTH, a
coceHue opraHpl — HU3KoH. Kpome Toro, He perHCTpHpYIOTCS CHTHAIBI KPOBOTOKA
6nn3nexamux cocynoB. PasnMuHble TeXHMKH OBUIM HCIOTB30BAaHBl pPa3HBIMH
aBTOpPaMH, HayHHAd C II0C/IeOBaTeIbHOCTEH IpaIMEHTHOrO0 95X0 M 3aKaH4HBas
TOC/ICHHMH Pa3paboTKaMH CBepXOBICTPBIX CIHH-3X0, KOTOPBIE B HACTOSIIEE BpeMS
HCIIOJIB3YI0TCsl HanboJiee IMIHPOKO.

Texnuka __cpaduenmnoco __sxo. IlepsonavansHo, MPXII -ucenenoBanus
MPOBOJIMIINCh C HCIOJNb30BaHHEM CHJIBHO T2-B3BEIICHHBIX IOC/IEI0BATEIbHOCTEH
IpajIHEHTHOTO 3Xa METOJ0M CTallHOHapHOH cBoOoaHOI npereccuy (steady-state of
free precession, SSFP). Dta TexHHKa OYeHb YYBCTBHTEIbHA K MEVICHHOMY HOTOKY
(mpuMepHO 1 MM/CeK) H IOTOMY CHIHAI OT KPOBOTOKA YCTPAaHACTCH MOYTH
nonHocThIo. C Ipyroif CTOPOHBI, KHIKOCTh B CTAOHJILHOM CTALTHOHAPHOM COCTOSHHH
oToOpaKaeTcs B BH/IE BBIPaKEHHOIO IHITEPHHTEHCHBHOTO CHrHAJA. OrpaHHYe HHAMH
JTAHHOH TEeXHHKHM SBIAIOTCA OTCYICTBHE BH3YalH3allHH  HEJWISTHPOBAHHBEIX
HeGOIBIINX JKeTYHBIX MPOTOKOB, a Takke BHPCYHIroBa MpoToKa M OTCYTCTBHE YeTKOM
BH3YaJIM3alIHH [IPOTOKOBBIX CTPHKTYP. Kak ciieicTBHe BBICOKOH YYBCTBHTEIBHOCTH K
apre)akTaM, HUTHIHE XHPYPrHYECKHX KIHIIC MOXKET CHIBHO HCKaXKaTh H300pakeHus
30HBI MHTepeca. TeM He MeHee, KOHTPAcT MeXIY AWIATHPOBAHHBIMH IPOTOKAMH H
OKpY’Karoliel TKaHblO NI€YEHH O4eHb BBICOK. O/IHAKO HHTPaabJOMHHAIbHASA KHPOBAsA
TKaHb TaKKe MMeeT OTHOCHTCIBHO BBICOKMIf CHIHAN, CHIDKAs TeM CaMbIM
KOHTPaCTHOCTh MKy BHETICYCHOYHBIMH IIPOTOKAMH H ME3CHTEPHAJIBHBIM KHpOM. 1
XOTA MMEETCA MHOrO pasjHYHBIX METONOB, KOTOpbI€ IMOTEHIHAIbHO MOTYT OBITH
WCNONB30BaHbl VIS TOJABICHHA JKHPa IPH HCIIONb30BAHHH TOCIEI0BATEIbHOCTH
SSFP, uu oJHa U3 HHX IIOKa He MPOXEMOHCTPHPOBAIA YCIEIIHOTO MpuMeHeHus. H,
HAKOHEIl, TpH JAHHOH METOJMKE OYeHb BaKHO COTPYIHHYECTBO MalMeHTa,
TIOCKOJIKY BpeMs 3aJICp/KKH JIbIXaHHA BO BPEMA MCCIIEOBAHUS COCTABIAET HOPSIKa
20-40 cex.

Hocnedosamenvnocmu_6Gvicmpoco _cnun-3x0. ITH 10CIEI0BATEIBHOCTH TaKKe
00ecreYMBalOT  BBICOKYIO KOHTPACTHOCTh MEKAY KET4HBIMH TNIPOTOKAMH H
OKpYIKalOIMMH TKaHAMH, HO B cpaBHeHHe ¢ TexHHKoH GRE mmeror Gonee BbicokHe
COOTHONICHHS  “CHTHAZ-IIyM” W  “KOHTpacT-lyM”, a TakkKe MEHBIUYIO
YyBCTBUTEIBHOCTH K apTedpaktaM, OGbIMHBIM NIPH HCCIIEI0BAaHHH GHIHAPHOrO TPaKTa
(MeTalIHYecKHe KIHICH, HHTECTHHAIBHBIH ra3) M K aprepakraM OT IBIDKCHHA
kpoBoToka. bosee Toro, FSE nMeer nmpenmyliecTBa HOBBIX TEXHHK CKAaHHPOBAHHS B
YJIY4IICHHH Ka4yecTBa H300pakeHHA — 0GHy/IeHHe IpaJlHeHTHOIO MOMEHTa, KOTOpoe
CHIKAeT apTedakThl NEPHOAHYECKHX BHKCHHH, CHHXPOHH3ALHS C JIbIXaHHEM H
TI0/IaB/IEHHE JKHPA U1 NOBBINICHAA KOHTPACTHOCTH MEXJLY JKETYHBIMH IPOTOKAMH H
Gau3nekamMMH TKaHAMH. Pa3spaGoTaHbl TeXHHKH KakK C 3aepKKoil, Tak u Ge3
3a/IEPHKKH JIbIXaHHSA.

Texnuxu_c_3adepycioii_Ovixanus. Tlpumenenne Texuukun FSE ¢ 3amepxxoii
JIbIXaHHsA, C HCIOJb30BAaHHEM IIOBEPXHOCTHOH KATymIKH M MajleHbkoro FOV
IOBBIIIAET COOTHOLIEHHE “CHTHAI-IIYM”, YCTPaHSAET HeXKeJaTelbHblil pe3oHaHC BHE
1071 3PEHMs, YBENMYMBas CHIHAl1 BHYTpH Hero. OJIHAKO OTpaHHYEHHEM 3TOH
METO/IUKH ABISETCS JUIMTEIbHOE BpeMs 3aJepiKKH JbIXaHHA (NpHOIH3HTeNbHO 44c),
410 TpebyeT cermMeHTalHH cepHil H300paXkeHHii H, KaK CIENCTBHE, PEeKOHCTPYKIIHSA
n300pakeHMH, KaK NMPaBHIIO, HE OYEHDb XOpollero kadecTsa. J[pyruM orpaHHYeHHeM
NpH  HCHONb3OBAHHH  IOBEPXHOCTHOH  KATYIIKH  ABISETCS  HEBO3MOKHOCTH
o6c1e/10BaHMA NALHEHTOB ¢ GONBIINM 00BEMOM JKHBOTA, IOCKOJIBKY B 3TOM cilydae
pancreas pacrosaraeTcs JaJdeko oT IPHHHMAIONIESH MOBe PXHOCTHOMH KaTyIIKH.




HUcnonpszopanne MeToAMKH RARE oM «roncrnivn GJ10KOM, 3aXBaTHIBAIOLIAM

Bech 00beM 30HBI MHTEpeca, MO3Boiset HoAy il Hiobpwkenns 3a 4-X ceKyHIHBIH
NepHO 3aepKKH ABIXAHHS. [ JAMMLM  HEAOCTATKOM Y10l TCXHHKH SBJIA€TCA
OTCYTCTBHE BO3MOKHOCTH HOC/EAYIONIEH 00paboTkn AaHHLIX (HOCTIPOLECCHHT), 4TO
3aTpyAHACT AHATHOCTHKY MAJICHLKMX 110 paIMepy CIPYKTYp (HApHMEp, MaleHbKHX
KOHKPEMEHTOB).

TMokasana noamoknocts nocaeponareasnocts 3D RARE ¢ uenonb3oBaHHeM
axommanapioll tomorpadu (EPD cunrwisars uadopmaimio Ha 1,5 Tn maraurax u
HOMYMaTh 00PAKCIIN ¢ HOMHLIM 10IaRIEHHEM CHTHAJIOB OKPYKAIOIIHX TKaHeH, a
TAKAE  WOywnoKposars selo obnacte HHTepeca 3a  18-25-CeKyHIHBIH nepHOX

VUKL Jxanin. OJIHaKo OTHOCHTENIBHO HH3Kas paspellalonmas CrocoSHOCTh H
BLICOKAN MYNCTBHTEILHOCTS K apTeakTaM M, Kak CIEACTBHE, CHIDKCHHE KauyecTBa
iwwbpukennit  OrpaHHYMBalOT TIPUMEHEHHE 3TOH TEXHMKM Ul JHArHOCTHKH
Guinapuoii naronornn. HamGonee ke 4acTo HCHONb3yeMOHl B HacTosilee BpeMs
nocnegosarenproctsio npu MPXIID, asasercs HASTE (half Fourier acquisition
single-shot Turbo spin-echo, onnoyxapuas momy-tomorpadus ®ypee Typbo-crmuu-
3X0).

Texnuxu 6e3 3adepiucku Ovbixanus. ITH TOCIET0BATENBHOCTH Pa3pabaThIBATIHCh C
HETbIO YCTPaHeHHA TMCKOM(OpPTa Y MOKHIIBIX NAIMEHTOB, KOTOpbIe, KaK IPaBHIIO, HE
MOTYT 3aJepKuBaTh AbiXxaHHe B TedeHHe 20-40 cex (Bpems HeoOXoauMmoe INpH
MPXIIT" npu GonpuUIMHCTBE TEXHHK CKAHHPOBAHMSA C 3alepiKKoil IbiXaHus). Mx
HCIIOJIb30BAHMS, KPOME TOT0, M03BOJISET H30eKATh JIMIIHKX apTe(haKTOB H MOTY4HThH
n300pakeHus ¢ Gonee MMPOKHM pasMepoM MatpHIlbl. Bce TexHuku Ge3 3amepikku
NbIXaHHs OCHOBaHBl Ha IIOCHENIOBATEILHOCTAX ObIcTporo cmMH 9Xo. Moryt
Henoab3oBaThes Kak 2D, tak v 3D Texunkyn c6opa 1aHHBIX. [J1aBHBIM OrpaHHueHHEM
texuuku 2D FSE sBngerca TomumHa cpesa, KoTopas He MOXeT ObITh MeHbIe 3 MM
BCJICICTBHE TPAJHEHTHBIX OTPAaHHYEHMI M, COOTBETCTBEHHO, MMeeT OrpaHHYeHHOe
paspemienne. OJHako npuMeHenne TexHuMkH cOopa manubix 3D FSE mnomoraer
NpeofioNeTh HTH OrPaHMYCHHA: YIY4IIAeTcs COOTHOIICHHE “‘CHTHAX-myM” o
TIPOCTPAHCTBEHHOE Pa3pellieHHe, YTO N03BOJIAET HCIONB30BaTh KATYIIKY IS BCETO
tena. IlouyTH cXokee paspemieHHe MO3BOJNSET MPOBOJMTH MOCTIHPOLECCHHT C
nomydyeHueM  M3oOpaxkeHMH B moGOH  IUIOCKOCTH W MY/IbTHIUIAHapHOE
(MHOTOIIaHOBOE ) IpeobpasoBaHne H300paKeHHIT. .

Cobemeennsiit_oneim. B ocHOBy nonydenns wusobpaxeéhmii npn MPXIIT
TOJIOKEH TOT (haKT, YTO KeT4b B HKETYHBIX IPOTOKAX H JKEJYHOM ITy3bIpE, @ TAKKe
NaHKpeaTHYeCKHil CeKpeT B TNPOTOKE TOKETYJAOYHOH JKeldese  SBISIOTCS
NPAKTHYECKH HEMOJBIKHBIMH  JKHIKOCTAMH H HMEIOT JUIHTEIbHOE BpeMs
nonepeyHoii (CrHH-cIHA0BOI) penakcaiuy T2. I[TapeHxuMaTo3HbIe OpraHbl (Te4eHs,
THODKeITy/I04Hasl JKe/e3a), B MPOTHBOIONOKHOCTD 3TOMY, HMEIOT 3HAUHTENIbHO Gollee
KopoTKoe BpeMs T2, MOITOMY HCHOJIB30BaHHE MMIYJIBCHBIX MOCIENOBaTEIbHOCTEH
ans MPXIIT ¢ nomydennem cuiabHo T2 BU obecreunBaeT 10CTaTOYHO BBICOKOE
TIIPOCTPAHCTBEHHO pAa3pelleHHe, NpPH STOM JKEIYHBIH My3biph H TNPOTOKH Ha
TOMOTpaMMax BBITJISUIAT KaK 00JacTH BbICOKOH HHTEHCHBHOCTH CHIHala Ha (oHe
CHTHaIa KpaiiHe HU3KOH HHTEHCHBHOCTH OT NMApeHXHMATO3HBIX OPTaHOB H TeKyileif
KPOBH.

MPT-uceneioBaHHe NPOBOIMIOCH HA MarHHTHO-PE3OHAHCHOM ToMorpade
“Visart” ¢upmel  Toshiba  (SImonus) co  CBepXMPOBOAAIIHM  MAarHHTOM
Hanps/KeHHOCTBIO MarHUTHOTO nosist 1,5 Ta ¢ Hemosb30BaHHEM KaTyIIKH UL BCEro
tena (Whole body coil). O6cneoBarne GOMBHBIX MPOBOAMIOCH YTPOM HATOIIAK €
HEJIBIO OTPAHHYEHHS BO3MOJKHOIO TIPOSKIIHOHHOTO HACIOEHHS ABEHANATHIIEPCTHOM
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KHMIOKH H JHCTAJIbHBIX OTIEJIOB JKeJlyaAka Ha H3o0paieHne OMIMapHOIO JepeBa MpH
IIPUMEHEHUH crnielHalbHbIX nporpamm MPXIIT (2D u 3D FASE), ocHOBaHHBIX Ha
nojgydeHHH cwibHO T2-B3BenreHHbIX H300paxenuit (BHM) ¢ pes3ko noBbiieHHOM
KOHTPaCTHOCTBIO MEKIY HENOBHXHOH JKETYbIO M OKPYKAIOIIHMH TKaHAMH
(mapeHXHMAaTO3HbIE OpPraHbl, COCYIHCThIE CTPYKTYyphl). [las momydeHus o630pHoi
KapTHHBI JKEJYHOTO JepeBa HCIOIb30BAIH HMITYIBCHYIO TOC]IEJ0BaTeIbHOCT 2D
FASE co cnenyiommmu napamerpamu: TR = 6227 mc , TE = 250 mc, FA = 90°,
Matpunua = 256 x 256, FoV = 35 cm, TosmmHa cpesza = 65-75 MM, KOJIHYECTBO CPE30B
= 5 (aKcHaIbHAs, CaruTTajIbHas, KOPOHAPHAsA H JIBe KOCOKOPOHAPHbBIE MPOEKIHH 01
yrioM 45°), IJIMTENIbHOCTD HCCIECAOBAHUS = 4 CEKYH/BI Ha 3a/IepXKKe IbIXaHHA. JTa
TOCJIeIOBATEIBHOCTE  O0ecreunsa MOJMy4EeHHE IPOEKLIHOHHOTO H300paKeHHd ¢
BBICOKOH HMHTEHCHBHOCTBIO CHTHaJa OT [POTOKOB M JKEJYHOTO ITy3bIps B OJHOH
IUIOCKOCTH € JIOCTAaTOYHO BHICOKHM IIPOCTPAHCTBEHHBIM pa3spenieHHeM (puc. 1.1).

Prc.1.1

MPXII' mo »Toif MeTonMKe BbIIONHAETCA OBICTpO, B TedeHHe 4 ¢, H
IPaKTHYECKH He TpedyeT 3alepKKH JAbIXaHHA (YTO OCOOEHHO BaKHO MpH
o0ce0BaHHM NAlMEHTOB € HEKOHTPOJIHPYEMOH JBHTATelIbHOH aKTHBHOCTBIO).
ITonyyenne m3obpaxkenus He TpeOyeT [OMOIHMTENBHOH IOCTIPOIIECCOPHO
obpaborkn. OHaKO 7Ta METOIHKAa MMeEEeT OIpe/elieHHble HeNOCTaTKH, TaKHe Kak:
HH3Kas YYBCTBHTEJBLHOCTh K HE3HAYMTEIbHBIM JedekTaM 3amoJHEHHS H MEJTKHM
CTPHKTYpaM MPOTOKOB, a TAK)KE BH3YaTH3alllA TOJIBKO B OJTHOI IUIOCKOCTH.

OTH  HEeNOCTaTKH YCTPAHAIOTCA H3MEHEHHWEM I1apaMeTpoB  IPOTOKOJA:
ymenbinienus FoV, m3menenns Tonumebl 6ioka or 80 mo 20 MM, a Takke ero
OpHEHTALMH (ITONepeK H BJIOJIb XKEITHOTO MY3BIPA, 110 X0y MOKENyA0THOH KeIIe3bl,
B TOM 4YHCJI€ B aKCHAIBHOMN IJIOCKOCTH). DTO B MOJaBAAIONIEM OONBIIMHCTBE ClIy4acB
(y Oomee dem 90% oOciel0BaHHBIX) ITO3BOJIMIO  BH3YaIH3HPOBATh  Kak
NIPOKCHMAJIbHBIE, TAaK U JHCTAJIbHbIE (10 GOJIBIIOro IyoJeHAIBHOIO COCOYKA) OTICITBI
IPOTOKOBOH cHcTeMbl. J[aHHAast MeTO/MKa IO TNpHHUMIY "tosictoro Grnoka", K
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COMAJICHHIO, He BCerJla MO3BOJIAJA COCTABHUTH IOJIHYIO KapTHHY IMATOJIOIHYECKOIo
COCTOSIHMS, T0ITOMY JIOTIOJHHTEIBHO HcMosb3oBanack mporpamma 3D FASE,
KoTopas obecreunBaeT BO3MOKHOCTb MOTY4EHHs O4€Hb TOHKHX CPe30B (2-3 Mm).

Tonkue cpesbl, ynydmias OPOCTPaHCTBEHHOE pa3pellieHHe, NO3BOJSIOT Oolee
YETKO BH3YaJM3HpOBaTh HeGoJIbIINe CTPYKTYphl. Maible pasMepsl BOKcela Takke
CHIKAIOT YYBCTBHTEIBHOCTD K apTedakTaM, 4To ABJIETCS O4eHb BAXKHBIM (PAKTOPOM.
Bosiee TOro, «ceipeie» JaHHble (HJIM €IHHHYHBIC CKaHBI), MOJNy4eHHble mpu 3D-
IIPOTOKOJI€ MOTYT OBITh 00paboTaHbl ¢ HCMONB30BAHHEM PA3THIHBIX aJITOPHTMOB, a
1300pakeHHs peKOHCTPYHPOBAHbI B 11000H I1ockocTH. HaMu puMeHsuics anropurm
IPOEKIMH  MakcHMalnbHOH MHTeHcHBHOCTH (MIP). OcHOBHBIM oOrpaHHYeHHEM
apisieTcs Gojee IHTEIbHOE BpeMs cGopa JaHHBIX. MbI HCIIONB30BAIH AaHHYIO
METOIHKY C IIpUMEHEHHEM cileqyronmx mapaMetpos: TR = 10000 mc , TE = 250 mc,
FA = 90°, matpuua = 256 x 256, FoV = 35 cM, Tonmumna cpesa = 1,0-1,5 mm,
KOJIMYECTBO cpe3oB = 40, JUIMTENBHOCTD HCCIENOBAHUS = 6-9 MHHYT Ge3 3aIepiKKi
nbiXaHHsd W 6e3 cHHXpoHM3aUMH ¢ HEM. IlomydeHHble ToHKHe cpe3nl (puc. 1.2)
NO3BOJWIM  Jydmie  JHQQPEepeHIHMpOBaTh  MHHHMAIbHbIE  CTPHKTYPbl  H
HEe3HAYUTeNbHbIC Je(eKThl 3aMoIHeHHs (KaMHH, NOJNHIIBI), a TAaKkkKe KOMIIEHCHPOBa
apTe(aKThl YACTHYHOTO 00BeMa.

Puc.1.2

XoTd BcA AMarHocTHYecKas HHpopMauus MoxeT ObITh momydena uz 30-45
OCHOBHBIX TOHKHX Cpe30B, jaiee BRIMONHIH 3D — peKOHCTPYKLHIO C
ucnoap3opaneM MIP  —  anroputMa (CM.HIDKE), T.e. MONYYMIH IPOSKIHH
MaKcHMaibHOH HHTeHCHBHOCTH — MIP (Maximum Intensity Projections). IIpu 3Tom
aHaIH3 TOHKHX CPE30B MbI CYHTAIN METOIHYECKH HEOOXOIMMBIM, TaK KaK HHOI/a Ha
rofy4eHHol cepun 3D-u3obpaxkeHHi nadke 3HaYMTeIbHble Ie(eKThl 3aNOTHEHHS
MOIJIH GBITh CKPBITHI 3a CYET 3HAYHTEIBHOIO 00beMa XKETIHOrO Iy3BIPS.

Onnaxo, HecMoTpA Ha Golee TpyHoeMKHIi Tponece cosfanns, 3D-u306pakeHus
obecreunBalOT mojTydeHue Gonee YeTKOil MPOCTPAHCTBEHHONH KAPTHHBI HOPMAIBHOM
HPOTOKOBOH CHCTEMBI, YPOBHA OOCTPYKIMH OHIHAapHOTO TpakTa H MNpOTOKa
TIO/DKENTYI04HOI JKeJie3bl, a Takke YIydIIaeT BH3YaIM3aLHIO CIOXKHBIX CTPHUKTYp H
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MO3BOJISAIOT IUIAHHPOBATh  BBINOJHEHHE XHPYPIHYECKHX M JHIOCKONHYECKHX
MaHHITYJISIHH, a Takke IPOBOJHTH MOTOTOBKY K JIy4eBOi TepalllH.

TpoTokon HccleoBaHHs TakyKe BKIIOYAI NpHMeHeHHe TpaauuxonHoid MPT ¢
obs3atenpHbiM  mosydeHnemM T2 BU ¢ ncmomp3oBaHHEM — MMITYJIBCHOH
nocinenopatensHoctd (MIT) Fast Spin Echo (FSE) ¢ 3anepikkoi alMeHTOM JIbIXaHHs
n, o nokasanusm - T1 BU ¢ ucnonszoannem UII Spin Echo Takke ¢ 3amepixkoit
JIBIXaHHUsS - UIA OLICHKH COCTOSHHS NapeHXHMMATO3HBIX OPraHOB, OCOOEHHO NEYEHH H
MIO/DKENTYIOYHOH JKele3bl M TOJydeHHs H300pakKeHHs JKENTYHbIX IIPOTOKOB B
aKkCHasIbHOH mipoekumH. ObIee BpeMs CKaHHPOBaHHUs 3aHHMa1o oT 10 1o 15 MuH.

TeXHHKH PeKOHCTPYKIHH H300pake HH i

PekOHCTPYKIMA H300pakeHHiI € HCHONb30BAHHEM PAIIHYHBIX TPOCKIMi
NPOBOMTCA Ha KoHcoNH MP-Tomorpada mocre moiyqeHHs BCeil CepHH €IHHHYHBIX
cpe3oB Kak mpy npuMeHeHun 2D, Tak u 3D Texmuku cbopa nanHeIX. MoryTt GbITh
HCIIOJIb30BaHbl  PasHble  METOXMKM  PEKOHCTPYKIHH:  aJrOpHTM  IPOEKLMH
MakcumanbHoit uHTeHcHBHOCTH (MIP), gacTH4HOe 06BeMHOE pedopMaTHpOBaHHE H
TeXHHKa 00beMHOT0 BOCTIpoM3BeieHus (volume-rendering).

Ipoekuns MAKCHMAALHOH HHTEHCHBHOCTH

Bunnaphsle CTpyKTYphl Ha moaydeHHbIX MP-XonanruonanHkpearorpagpuyeckux
U300pakeHHSIX [aloT CHTHAlN APKOH HMHTCHCHBHOCTH. AJTOPUTM  IPOEKIHH
MaKCHMalbHON HHTeHCHBHOCTH MIP npon3BOAMT CelleKIHIO BeeX APKHX ITHKCENIOB Ha
Beex mapawiensHsix 2D- u 3D-cpe3ax M mpoemMpyeT HX Ha OJHO H300paKeHHE.
MeTox MOX0K Ha TEeHEBBIE KAapTHHbBI, 3a TEM HCKJIIOYEHMEM, 4YTO 3/lech Ha
OKOHYAaTeNbHOE H300paKEHHE TPOCHHPYIOTCA JMIIb CaMble SPKHE ITHKCEIbI.
CoOTBeTCTBYIOIME JAPYT APYTY IIHKCEIbl KaKIOH OPHIHHAIBHOH TOMOTpaMMBbl
00pa3yioT B pesyibTaTe IpPOEKIMOHHYIO XONaHTHONaHKpearorpamMmy (puc.l.3). B
3D-BapuanTe 3TOT aITOPHTM MOXHO HCIIOIB30BATh UIA CO3JaHHA H300pakeHMii B
nio0oif  Mpou3BONBHO  BbIOpaHHOH mpoekumu. Ha 9Skpade MOXHO co31aTh
noBopaynBaromryrocs 3D- XonaHrHonaHKpeaTorpam

Puc.1.3

MIP - cpaBHHTEIBHO IIPOCTOH M MOJe3HbIH MeTon oOpaborkn MP-
XOJIaHTHOTIAHKpeaTorpaguyeckux TaHHbX. O0brdHO MIP-peKOHCTPYKIHIO IIPOBOAT
B KOpOHapHOW NpoeKmHH ¢ yraom Bpamenus 10°15°. Hekotoprie aBTOpBI
[PEAMOYUTAIOT CO3/IaHHe AKCHAJIBHBIX PEKOHCTPYKIHH, OCOOEHHO /UIS OLEHKH
BupcynroBa mportoka. PeKOHCTPYKIMS C pa3iH4HBIMH YIJaMH BpAllleHHA OdYeHb
nonesHa B ju¢epeHIMAlHH AHATOMHYECKHX M IIaTOJOTHYECKHX CTPYKTYp H B
oleHKe HX CBs3H Mexay coboil. IIpm MIP-pekoHCTpYKIIHH MOMKHO IPOITYCTHTD
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HWIMMHE 0N MAICHBKHX BHYTPHIIPOTOKOBBIX CTPYKTYp (HalpHMeEp, MaJieHbKHE
KOMKPEME T, KOTOPbIC XOPOIIO BH/IHBI HA €IMHHYHBIX («CBIPBIX») TOMOTpaMMax,
(OVTOMY  OMCHb  B@OKHBIM MOMEHTOM SBISETCS OHEHKA «CBHIPBIX»  €IHHHYHBIX
isobpakennii Ui OCTAaHOBKH MPABHJIBHOTO JHArHO3a, o 4eM OyzeT obcykaeHo
HIKe.

Texnuka od0beMHOro Bocnpounssejienns (volume-rendering)

Enuamdnpie  cpesbl, peKOHCTpYHpOBaHHble ¢ momonibio MIP-anropuima, He
OTPAKAIOT «TJTyOMHBI» CHHMKA, TO €CTh, KOTJa H300paKeHHs KETYHBIX IPOTOKOB
11EPEKPBIBAIOTCA, TO HEBO3MOKHO Pa3IHYHTh KaKOH H3 JBYX IPOTOKOB PACIIONOKEH
cnepe/id. ToIBKO mMyTeM BH3YalH3alMH H300paKeHHH B Pa3IHYHBIX NPOSKIMAX WIH B
«pexHMe KHHO» MOXKHO MOJy4HTh TpexMmepHbiii 3(dekt. K coxanenuio,
AHMMAlIHOHHBIE MPOTPaMMBI He BCEI/Ia NMPHMEHHMBI, IIOCKOJIBKY 3aHHMAIOT OYCHb
MHOTO BPEMEHH.

B nocnemnee Bpems pa3paGoTaHbl HOBBIE AITOPHTMBI  PEKOHCTPYKIIMH,
TIO3BOJISAIONINE MOIYYHTh TaKylo 00beMHyI0 HEpopMalio. MX MpHHIHI aHaTorHYeH
MIP: MHOXeCTBEeHHBbIC Napajie/ibHble JIyYH IPOCUHPYIOTCS Yepe3 BCIO CEpHIO
cpe3oB. B 3ToM ciydae, 0JHaKo, €C/IM JIyd BCTPEYaeT /IBa 3HAYSHHA MaKCHMAIbHOMH
HHTCHCHBHOCTH, JOCTHTacTcs HHMOPMAlMA O IPOCTPAHCTBEHHOH JIOKaIM3aIHK
(HampuMep, paclojIOKEHHE TIPOTOKOB KIEpeld MWIHM K3aaM), a Takke 00
HHTEHCHBHOCTH CHrHana. B mpouecce peKOHCTpYHpOBaHHSA H300pakeHHI, 3HAYCHHS
HHTEHCHBHOCTEH CHIHAJA MOIYJIHPYIOTCS TakuM oOpa3soM, YTO HIJKHEEe 3Ha4YeHHe
COOTBETCTBYET BIICPE/IH PACIONOKEHHOMY MPOTOKY, a BHICOKOE — PacrioOKEHHOMY
K3aJ[H; 5THM I11yTeM BO3MOXKHO BH3YaJH3HPOBaTb NMPOCTPAHCTBEHHOE COOTHOLICHHE
BeeX npoTokoB. KpoMe Toro, TexHHKa BOCIIPHHHMAET IPOTOKH KakK 0OBEMBI, a He Kak
MOBEPXHOCTH, co3JaBasi OObeMHbI A{QeKT myreM CHWKEHHS HHTEHCHBHOCTH
CHI'HaJla IPOTOKOB 110 nepHdepun. Pe3ynbTaToM siBjIseTcs BHIABICHHE MePeKPhIBAHHA
OHWIHApHBIX CTPYKTYP JAPYr ApyroM. JTa TeXHHMKa MOJY4HJA Ha3BaHHE 0OBEMHOro
BOCIIPOH3BE/ICHHUA.

Yacruanoe odnemuoe pepopmarupoBanne (npuueabubrii MIP-aaroputm)

Ilpn MIP-anropHT™Me JIy4H HPOEHHPYIOTCS Hepe3 Bech 00BeM H300pakeHHs.
buinapHbie CTPYKTYpbI 4acTO pacroNaraloTcs B ONpeie/leHHOM I10JIe 3peHHs BHYTPH
3Toro oobeMa. ApredakThl YacTO BO3HHKAIOT BC/IEJCTBHE BbICOROH HHTEHCHBHOCTH
CHTHajIa [I0BEPXHOCTHBIX CTPYKTYP, 0COGEHHO MOAKOKHOTO kHpa. bonee Toro, Moryr
NPHCYTCTBOBATh TAkKe apredakTsl BCIEICTBHE NEPUCTAILTHYECKHX JIBIKCHHH
JIBEHA/IIIaTHIIEPCTHOH KHIIKH, KOTOPble MOIYT MEIIaTh KOPPeKTHOH BH3YaIH3AllHH
obmero xemqHoro nporoka. YroGel u3bexars 9TH mpobiieMbl ObUla mperiokeHa
TeXHHKA, Ha3BaHHA# 4YacTHYHOe O0OBEMHOe pedopMaTHpOBaHHE; TaKkKe e
ONpe/ie/Al0T Kak NpHUEIbHbIA, HIH BbiGopounsii MIP-amroputv. Omnepatop
BbIOHpaeT o01acTh MHTEpeca OrpaHHYEHHBIM HYHCJIOM CpEe30B, IZe MPHCYICTBYIOT
n3obpakenus OwmapHbIX cTpykTyp. Kommbiotep renepupyer MIP-nsobpaxenus
TONBKO BbIOpaHHOH 30HBI HHTepeca 0e3 TMOBEPXHOCTHBIX TKaHEH. DTHM
obecreunBaercs Jyumee oToGpaxkeHHe OHWIHAPHBIX CTPYKTYp, IOBBIIIACTCS
COOTHOLIEHHE «CHTHAI-IIYM» M YyHAIfeTcs M3 IOJNA 3pEHHA H300paKeHHe
HETOIBH)KHBIX TKaHeH.



I'JIABA 2.

AHATOMHSA

Beenenue

AHATOMHSA KeJIYHBIX U TIAHKPEaTHYeCKHX MPOTOKOB H3ydeHa O4YeHb M0ApPOOHO H
xopomo u3BectHa (Puc.1,2); B JaHHO# riaBe HAIIOMHHAIOTCA HEKOTOPBIE OCHOBHBIE
MOHATHA ¥ PacCMAaTPHBAIOTCS Te AHATOMHYECKHE  CTPYKTYPbl, KOTOpbIE
naeHTHGuIMpytoTes Ha MP-xonanrnorpadudeckux H300pakeHHAX B HOPMAJIBHOM H
[aTOJIOTHYECKOM COCTOSHHAX. MBI Takke OLECHHBAIH H300paweHHA OIMApHBIX
NPOTOKOB Ha CTaHAApTHHIX akcHalbHbIX MP-ToMoOrpamMmax, KoTopele, MO Hamemy
MHEHHIO, HeoOXOIMMO  TNpOBOAMTH  Bcerza B JionoaHeHme k  MP-
XOJAHTHOT papuyeCcKOMY HCCIIEIOBAHHIO.

Puc.1 a CxeMa KeT9HbIX
MPOTOKOB, MOKA3bIBAIOIIAN
) B3aHMOOTHOIIICHHE C
4 OKPYKAIOMIHMH OpPraHaMH.
6 OGnacthb cocouka.

Puc2a
Hanbonee obumne
BapHAHT bl
COeTHHEHHS
OXII u
Bupcyarosa
npoTOKa

6 CruMOK
MPXIIT,
MOKa3bIBAIOMIHH
3TO COCIHHEHNE

[

I'1aBHBIH XKeTTHBIH NPOTOK

OO0t xemuuptit npotok (OXKII) ompemensioT kak Xo/leloX H IJIaBHBIH
nedeHo4yHbIH npotok. CornacHo aHaTOMHYeCKHM y4yeOHHMKaM, >TH /Ba OTae]a
GIIIHAPHOTO JiepeBa pa3feNsAIOTCsT Mexuty coOoH MecToM CIHAHMS (BXOXKICHMS)
My3bIPHOTO NPOTOKA. DTH JIBE HaCTH He HMEIOT 3HAYHTEIbHBIX AHATOMHYECKHX H
CTPYKTYPHBIX pasziHauii H 1pH MP-XxonaHrnorpaduu paccMaTpHBAIOTCS B KauecTBe
€HHOH CTpyKTypbl. IIpOTHKEHHOCTH TIJIABHOTO JKEIYHOTO IIPOTOKA COCTABISET
npHOIH3ATENBHO 5-15 ¢M: XOJ1 €ro cjierka H3BHTOH H HMEeT BBITHYTYIO BJIEBO (JOPMY.
HopmanbHble ero pasmepsl Kosiedntorcs B npefenax 3-10 mm; ommako OXII ¢



AMaMerposm K MM MOXKHO  paccMaTpHBaTh KaK pACHIMPEHHBIH IIpH  HAIHYHH
KAMIMMOCKIX CHMITTOMOB (KeTyXa HIH Ipyrue).

MP xosamrnorpagus  Takke crnocobHa otodpakats OXKIT  HopmanbHbIX
pRIMepon, xoTs, kKak npasmio, yeM mupe OXIL Tem cHibHee mony4eHHbIH CHIHAI H
IyUIIe KA4eCTBO PEKOHCTPYHPOBAHHBIX H300paxenuit (puc.2,3). ITootomy MP-
xosanrorpadus Jydine JIeMOHCTPHPYET AHIATHPOBaHHbIe H naTonoruyeckne OXKII,
YeM NIPOTOKH ¢ HOPMAIbHBIMH Pa3MepaMH.

Pnc.3. JKemHble MNpPOTOKH HOPMAasbHBIX
pasmepos. MPXIII™ nokassisaet Tompk0 OXKIT
H TJIaBHBIC ICYCHOUHBIC POTOKH

B cynpanyonenansroit wacti OXKIT HaxoaHTCsl B KOHTaKTe ¢ BOPOTHON BEHOH H
NeYeHOYHOH apTepHei; HIKe OH pachosiaraercs B roJIoBKe MODKETYA0YHON JKelle3bl.
Tun aHaTOMHYECKOro B3aHMOOTHOWICHHSA € TOJIOBKOH IODKEIYIOYHOH JKene3bl
BapHa0esieH M XOpOIIO pa3/H4YMM Ha CTAaHIAPTHBIX aKCHaIbHBIX MP-TOMOrpammax,
MOJYYEHHBIX Ha 3TOM YpoBHe. T2-B3BellleHHbIE TOMOTPAaMMbI  IOKa3bIBAlOT
OTYETJIMBBI KOHTPAcT MEXIy IoJOBKOH pancreas (IMIIOMHTEHCHBHBIH CHTHAI) H
OJKII (BBIpaKeHHBIH THIIEPHHTE HCHBHBIH CHIHA).

Jinctansree OXKII mpencrasieH cBoeif MHTpaxyoJeHaIbHONH 4YacThio. B 3TOM
MecTe IPOHCXOTHT CIHAHHE C TMAHKPEaTHYEeCKHM IIPOTOKOM H TOC/eaylomee
BXOXK/ICHHE JIByX NPOTOKOB B obaacts ammynsl ®atepa. MP-xonaHruorpaguyieckne
n3o0pakeHMs He BCerZa MOIyT oOecledHTh /eTaJbHYI0 OLEHKY aHATOMHH
auctanbHoro oraena OXII wim ero B3aMMOOTHOMIEHHS C MAHKPEATHYECKHM
IIPOTOKOM H JIBEHAJUATHNEPCTHOH KHmKoi. OJHAKO HHOTJA NpHEM TMallHeHTaMH
1epeJl HCCIIeIOBAHHEM JIBYX CTAaKaHOB BOJBI MOXKET MOMOYb JOGHTBCA TOCTATOYHO
CTabMIBHOTO  3aMOJHEHMS  12-epcTHOH — KHMINKH,  KOTOpas  CTaHOBHTCS
runepunTercHBHOM Ha MPXIII-u306paxeHHaX (MO3HTHBHOE KOHTPAcTHPOBAHME ).
DTHM IyTeM BO3MOXKHO OIpPEJEINTh TOYHOE PACCTOSHHE MENKIY JIHCTAIbHBIM
oraenom OXII u duodenum 18 MCK/IIOYEHHS HaIHYHsA 00beMHOro obpa3oBaHHS B
310if 06nacTH (pHc.4-6).



Pucd. a MIP-pekoHCTPYHPOBAaHHBI CHHMOK
NOKa3bIBacT HOpMaIbHBIX pa3mepoB  OXKIL
NY3bIPHBIH NPOTOK H JKeMIHbIH my3bips. O0macTs
CcOCOYKa ILIOXO BH3yammsmpyetcss Ha MIP-
n300pakeHHH, OJHaKO Ha eMHH4YHOM cpese (6)
BO3MOXHO  paymmauTe  OXIT 10 ypoBHs
duodenum

Puc.4. (mpoaomkenne)

Kak m B apyrux ciyyasx, OLCHKA AHATOMHM IIOCPEICTBOM CTaH/IapTHBIX
akcHalbHBIX ~ T2-B3BEIICHHBIX TOMOIpaMM MOXeT obecrneduTh paauosora
JononHuTenbHON HHpopMmaimed. Ha smux n3obpaxenusx Moxkno pasmmunts OXII B
€ro MHTPaAyo/leHANbHON 4acTH M CTeHKY 12-mepcTHOM KHIIKH, KOTopas €ro
OKpYy’aeT H KOTOpasi COOTBETCTBYeT cocouky. IIpn BocnamMTenbHBIX H3MEHEHHAX
cocouka (mamwumnt) MMeeT Mecto mwmstanms OXKIT Ges npusnakoB o6beMHOro
o0pa3oBanHs TOJIOBKM pancreas MWIH AHCTalIbHOro oTzena npotoka. I[Ipu3nHaku
HEBBIPAKEHHOTO YTONIIEHUS NMAWUIAPHOH CTEHKH IMO3BOJIAIOT CYAMTh O HaJIHYHH
BOCIIAJTE/IbHBIX H3MEHEHHH COCOYKa.

Pnrc.5. a Viyamenwe KoHTpacTHOCTH 12-
NEePCTHOH KHIIKH [ocle TpHeMa MalHeHTOM
CTaKaHa BOJIBI HO3BOISIET nyqime
BH3YyaH3HpOBaTh oG/acTh cocouka. B 3Tom
ciydae Takke scranpHas wacth OXKIT  He
pazmrauma Ha MIP-n300pakennH (a), B OT/IHIHH
OT eMHHYHOTO cpe3a (6)




Anomaimmn  OXII noBoneHO peskd. MoxeT BcIpedyaTbCs €ro  yABOEHHE,
IKTONHYECKOE APEHHPOBAHHE B XKEIYAOK WIH JyoJeHaNbHBIH oTAe1. Busyanusanuu
3THX aHOMAJIMH TeOpEeTHYECKH BO3MOKHa nipi MP-xonanruorpaduu.

Puc.6. a MIP-pexoHCTPYHPOBaHHbIH CHHMOK
MOKa3bIBAaCT HOPMAJbHYI0 AHATOMHIO JKEIYHBIX
npotokoB W BupcynroBa mportoka  (Genmoi
CIpelIKOH  yKazaH apredakT OT NyIbCalHH
TNEYeHOUHOH apTepHy, HMHTHPYIOUHI CTeHO3
OKII).

6  EauHmueBil cpe3 M03BOJSET NPaBHIBHO
HICHTHOHIHPOBATh B3aHMOOTHOIIEHHE MEXIY
auctanbHoif  wactelo OXII u  BupcyHroBsiM
IPOTOKOM

¢ Tor xe ciywaii 5a SPXIIT-Hn306paxkeHnn

Ievyenounbie MPOTOKH

JIBa 10neBBIX MEYEHOYHBIX MPOTOKAa BCerJa Xopomio otobpaxkarorcs Ha MP-
XOoJIaHTHOTpa)H9eCKHX CHUMKaX. OOBIMHO MOJKHO YBH/IETh HX CIHAHHE (KOH(IIIOEHC)
H UX HadaJbHble BHYTPHIIEYEHOUHbIE OTAe/bl. JIeBblii MeyeHO4HBIH POTOK 0OBIMHO
JUIHHHEE M PacHojokeH CIepeld, B OTIHYHe OT mpaBoro. CIHsHHE NeY4eHOYHBIX
IIPOTOKOB H BepXHsAA 4YacTh obmiero negeHounoro npotoka (OINII) syumie BiuHb Ha
MIP-pekoncTpyrpoBaHHBIX MP-X0OnaHrHOrpaMMax B KOCOI IIPOEKIHMH C IepejIHe-
IIpaBbIM HanpasieHHeM. bonee Kockle MPOEKIMH OOBIMHO MPHMEHSIOT JUIS OLEHKH
COOTHOILIEHH S IIPOTOKOB.

BHyTpHneyeHOYHbIE CerMeHTapHble NPOTOKH BHAHBI Ipy MP-Xxonauruorpadun
TOJIBKO NPH HAIHYHH PacHIMPeHHs JKeIYHbIX MPOTOKOB (pHc.7). B HopMmalbHBIX



YCIOBHAX OHH CIMHOIKOM Majbl, 49roObl BH3yaumsupoBatbes Ha MPXIIT-
u3obpaxeHusx. EcoM OHM BHIHBL, TO JIETKO OOHApY®HTb M HICHTH(HIMpOBATH
aHATOMHYECKHE aHOMAIMH, Takhe KaK PaHHMH JPEHaX B CETMEHTapHbIC MPOTOKH
TIpaBoii /IO TIEYeHH HJIH HAIWYHE JOIOIHHTEIbHBIX IIPOTOKOB, IPEHHPYIONHXCA B
TIpaBbie JKeT4HbIE POTOKH.

CranjapTHele akcHaidbHble MP-TOMOTpaMMBbl TakKe BeChbMa II0JIE3HBI B OLEHKE
OTHOIIEGHHH MEXIy IeYeHOYHBIMH IIPOTOKaMH Ha ypoBHe koH(moenca, OINI u
BOPOTHOH BeHb.. B 0651aCTH IT€YEHOYHBIX BOPOT IOPTajibHAS BEHA PACIIONOXKCHA
K3aH OT IEYCHOYHOTO MPOTOKA, KOTOPBIH HAaXOIMTCA CHEpEIH H JIaTepalibHO, a
TIeYCHOYHAs apTepHsl HAXOIHTCA B IepeIHE-MeTHATbHOH O3HIIHH.

ZKeruublif My3bIpb H MY3BIPHBIH NPOTOK

JKemuuslit 1my3sIpb, B G0bIIeH CTENEHH YeM JIpyrHe OpraHsl Tela, IpeJCTaBjIeH B
BHJIE NIMPOKOH CEpHU BOMOXKHBIX MOP(HOIOTHIECKHX KOH(PHTIYpAlHil H ONUCaHHEe HX
SABJIIETCS TOMBKO MHAMKATHBHBIM. OObrdHO OH HMmeeT 8-10 cM B JumHY M 4-5 cM B
IHpHHY. PasMepbl Mmy3bips BapbHpYIOT Takkeé B 3aBHCHMOCTH OT COCTOSHHA
NaIMEHTa, HalpuMep, HabIIolaeTCs ero OTHOCHTENIbHAA SKTa3uA HaTomak. O6bYHO
pexomenyercst MP-xonanruorpaguieckoe Hecel0BaHHe NMPOBOIHTH HATOINAK Ui
Iyqniel BH3yaqH3alliH aHATOMHH JKETYHOTO Mmy3bips. JKemuHblil Imy3bipb 0OBIMHO
OPHEHTHPOBaH BJOIb KOCOH OCH, B KpaHHO-Kay/laJbHOM HalpaBlICHHH CleBa
HarpaBo. [losumuss ¥ xox infundibulus ¥ my3sIpHOTO NIPOTOKA BapbUPYIOT B
3aBHCHMOCTH OT JIOKAJIH3ALMH ITy3bIps.

BHyTpeHHAS CTPYKTYpa XKeJMHOTO My3bIpA He BHAHA npH MP-Xxonanruorpaduu,
1109TOMY HEBO3MOMKHO OfpeleanTh pasmeps! Ui infundibulum. Oxnako Bo3MOKHO
HICHTHQUIMPOBATh  30HBI OTCYTCTBHS CHTHAla, CBS3aHHbIE C  HaIHYHEM
OIPaHHYEHHOTO KOMHYECTBA Ke/a4n, He oTpaxatonmecs Ha MPXIII -n3o6paxke HusAX.
ITysbIpHbIif HPOTOK TakkKe He BuAeH nmpH MP-xonanruorpadum Ha BceM cBoeM
npoTskeHHH. OOBIMHO ero BU3yaM3als yaydiaercs B a3y pacTsKEHHS JKeTIHOTO
Ty3bIPs WIH TIPH HATHIHK 00mielt IuaTanHu OWinapHoro aepesa.

Hmeercss  Gonplioe  HHCIO AHOMAIMI  JKEJNYHOrO  My3bIpS, Bce OHH
BU3YaIH3HpYyloTcs npH MP-xonaHrnorpaduu: oT areHe3uu Mmysbipsa 10 TOJHOTO €ro
yaBoeHHA. M ecnH 5TH Beé AHOMAIMH  SBIAIOTCA PEAKHMH, TO aHOMAJIHH
MECTOIOJIOKEHHS ITy3bIps — BHYTPHIICYEHOYHA, ITONepeyHas HIH JieBas MO3HIMH, a
TaK’kKe «IUIABAIOIIHIl ITy3bIph B IEPHTOHCAIBLHOH IOJOCTH — BCTpEYaloTCs TOpasio
yame. Bonee BaXHBIMH SBISIOTCS AHOMAIMH BXOJMKICHHS My3BIPHBIX [POTOKOB,
MOCKOJIBKY OHH MOT'YT HMeTbh HeraTHBHBI () (eKT NpH XHPYpPrHYeCKHUX OINeparHix
(puc.8), HanpuMep, NpH JANMAPOCKONUYECKOH XOJNEUHCTIKTOMHH. JIpeHupoBaHHe
My3bIPHOTO TIPOTOKa MOKET ObITh KpaHHaJIbHEE WIH KaylajibHee, 4eM B Hopme. Ilpu
JIMCTATBPHOM JIPeHake My3bIpHBII MPOTOK HMeeT Xol, mapaatensHbii  OXII,
JIPEHHPYSACh TOJBKO Iepe]l Ha4yaloM HHTpaIyoJeHaJbHOH 4acTH Xonemoxa. bonee
KPAHHAJIbHBIH JIPEHaK MOKET CIIYXKHTh [PHYHHON OCJIOKHEHHH BO BpeMs yHaJlcHHA

y3BIPSL.



Puc.7. JIBa ne4eHOMHBIX MPOTOKA BCETAa MOJKHO
pazmranth Ha MPXTIT-n306pakennn

Puc.8. a MIP-pekoHCTPYHPOBAHHBIH CHHMOK
nokassiBaer OXKII, mnedYeHoUHble MNPOTOKH H
KETUHBIT MMy3BIPb € H3BHIHCTBIM  [Y3bIPHBIM
IPOTOKOM

6 Koco-xopoHapHas DOpOeKHMA  [03BOISeT
BH3YATH3HPOBATH BXOMKICHHE y3BIPHOTO
npoTtoka B cpeineii acti OXKII

Hanuuue anomaimii KeTYHOTO ITy3bIps MOXKET OBITH OIpENEICHO C [OMOLIBIO
MP-xonauruorpaguu, ocoGeHHO ¢ IPHMEHEHHEM TEXHHK BBICOKOTO pa3peleHHs.
IIpy peTpocreKTHBHOM H3YYEeHHH MOKa3aHo, yTo MP-xonanruorpadus crnocobna
YCTaHOBHTh HAJIHYHE AHOMAIBHOIO JPEHHPOBAHHA IY3BIPHOIO TPOTOKA, OIHAKO
HeoOXOMMO TIpOBEJICHHE aHaIM3a COOTHOIICHHH wLeHbl H d(deKkTHBHOCTH
HCTIO/Ib30BAHUA METOJAA JUIS ONECHKH STHX aHOMAIHH y MAlHEHTOB, KOTOPBIM
IUIaHHPYETCA yAaJIeHHE KETIHOTO MY3bIPS.
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I'JIABA 3.
Bpoxnennas auastanus OMIHAPHON CHCTEMBI

Beenenne

BpoxienHas AWIATAalHsA JKeTYHBIX TIPOTOKOB SIBISETCH PEAKOH aHOMAlIHeH,
3aTparuBalolle BHe- WIH BHYTPHUIIEYEHOYHBIE OT/ENIbI OHIHAapHOTO NepeBa, IHOO Te
H apyrue. [lepBoe ommcanne 3ToMH marosoruu caenano ®arepom B 1723 romy, HO
TOIbKO B JBajanaToMm croinetun Bamens u Crusenc (1906r.) u, nosgnee, Kaponu
(1958r.) namu ee Gonee JeTanpHOE ONpee/eHHE, IONOTHEHHOE KiIaccu(pHKaiHe
3abonesanns, npeuioxkeHHoH Toxanu B 1977r.

B wmupopoii simTeparype omucaHo npuMmepHo 4000 cioydaeB, aBe TpeTH H3
KOTOpPBIX — B a3HAaTCKHX cTpaHaX. B Asuu 10 3a60neBanne otmevaetcs y 1 u3 1000
HoBopoxkaeHHbIX (0,01%), B To BpeMs Kak B cTpaHax 3amazna | ciywail mpuxoautes
Tonbko Ha 100 000-150 000 HoBOpoXkIeHHBIX. [IpeBanHpYIOT IKEHIIHMHBI,
COOTHOIIICHNE JKEHIIMH H MY)XYHH BapbHpYyeT MexIy 2,4:1 i 4:1 10 JaHHBIM pa3HBIX
aBTOpoB. Y 50% NalMEeHTOB JHArHo3 yCTaHABIHBACTCSA B TEYCHHE INEpBOI JeKailbl
KH3HH H Y 83% - 10 HACTYIIEHHA TpeThel JeKabl.

DTHOMaTOreHe3 BPOXICHHOH AMIATAMM OHIMApHOro 1epeBa He H3Yy4eH
JIOCTATOYHO XOPOIIO, HO MMEETCS HEeCKOJBKO TEOpPH, NMPENJOXKEHHBIX B pasHble
roasl. Hambonee BeposTHOM mpeicTaBiIfeTcs Teopus, NpelokeHHas Babbitt.
[Ipeamonaraercs, 4To aHOMaJIbHOE BXOXK/ICHHE XOJI€/I0Xa B [IAHKpEaTHYECKHIT MPOTOK
OTBETCTBEHHO 33 XPOHHYECKHH peduIIOKC NaHKpeaTH4eCKHX ITHIIEeBApUTEIbHBIX
(epMEHTOB B KEMYHBIH MPOTOK; ITH 3H3UMBI MOTYT NpPOBOIMPOBATh BOCIANEHHE,
Bedymiee K AWiATalmMu M ¢Qubposy. Dta Teopus momiepxkana gaHHeiMu DPXIIL,
BBIABHBIIEH HaTM4YHe aHOMAJBHOTO OHIHAPHO-TIAHKPEATHYECKOTO COCIUHEHHA B
10,5%-58% ciry4aes.

Kaaccnpuxanus

Knaccudukanns BpOXICHHON IHIATALMH OWIHAPHOTO TpakTa 10 CHX IOp
nuckyrHpyetes. C Hadajga [BaauUaToro BeKa JO CETOMHSAINHEro IHA pa3IHHbIE
aBTOpBl IIpEJUIaraloT MHOTHE BapHaHThl Kiaccupukauuil. OcHoBbiBasich Ha 94
ciyqasx Alonso-Lej B 1959r. Beuiennn TpH pasHble ocHOBHbIe Kateropun. Han6onee
HIHPOKO HCNOJb3yeMOH Kilaccuduxaimed saBasercss xinaccupukaums Todani B
OCHOBY KOTOpO#i B3sThl Habmonenus Alonso-Lej, Ho Gonee ycoBepiieHCTBOBaHHAS.
CornacHo 3ToH KIacCH(HKalMH BBIAENAIOT NATH IVIABHBIX THIOB (pHC.l). mepBbiit
tHn  (80%-90% ciydaeB) COOTBETCTBYET JHIATAIIMM —TeMaTHKOXolexoxa M
noapasjensercsa Ha THII 1A (ToTanrbHOE KHCTO3HOE pacimpenHe), 1B (cermenTapHas
kucra) B 1C (BepereHooOpasHas opma). Tum 2 (2% ciydaeB) COOTBETCTBYET
HCTHHHOMY JIMBepTHKYTY Xonefoxa. Tun 3 (1,4%-5% cnydaeB) npezctasiser co6oi
Xoleioxolesie, IpH KOTOPOM paclIMpeH HMHTpayoleHallbHbl oTaen Xoneaoxa. Tun
4 (19% cnydaeB) BKIIO9aeT MHOMKECTBEHHbIE BHYTPH- H BHEIICYCHOYHBIC KHCTO3HbBIE
pacumpenus (4A) H pacuMpeHHs TOJBKO BHEMEYEHOYHBIX NpoTokoB (4B). U,
HaKoHell, THI 5 mnpencTaBieH Oonesnplo Kaponw, ¢ MHOXKECTBEHHBIMH HIJIH
€/IHHHYHBIMH PaCLUIHPEHHBIMH BHY TPHIICYCHOYHBIMH XKETIHBIMH TPOTOKAMH.



Puc.1 MomduinpoBanHas Tonaun 1a 16 e
Kkinaccupnkamias  Asonco-Jles  BpoxIeRHOM ’ 1 e
JIMIATALHE XKeTIHBIX [IPOTOKOB | : {
Tun 1A: kucrosnoe pacunperine OXII. AP o
Tun 1B: cermenTapnas munstamms OXKIL ‘ 2%
Tun  1C: BeperenoobpasHas [HJAATALAS o § 0.
OXIL " G R
Tan 2: MBepTHKYA XOJIe10Xa. ; g
Tun 3: xozexoxomele, BoBIeKaoliee S j iy
TOIBKO HHTPATYOICHATBHBII OTe] X01e10Xa. " -
Tun 4A: MHOKECTBEHHble BHYTPH- H
BHETICYCHOUHBIE KHCThI
Tuin 4B: MHOXeCTBEHHBIE BHEIIEYeHOYHBIE i 5 /7
KHCTBI.
Tun 5: Gonesup Kapoam, ¢ eIHHHYHBIMH
HWIH MHOKECTBEHHBIMH BHYTPHIICUECHOUHBIMH
KHCTaMH.

Kanuuveckne CHMITOMBI

Kimmuudeckne cHMNTOMBI BapbHPYIOT B 3aBHCHMOCTH OT CIIEHH(HYECKOTO THIIA
aHoMamuy. THnHYHOH sABNAeTCA TpHala CHMIITOMOB — aGIOMMHANbHAZ OOJb,
KENTYyXa H HAIHYHE IaJbIIHPYeMOH MacChl, OXHAKO abJOMHHAIbHBIH GoaeBoH
CHMIITOM NpeBaiHpyeT B 60nbUIMHCTBE caydaes (51%). Kpome Toro, noteHimammsHble
OCJIOKHEHHS, TAKHE KAK JHTHA3 JKETYHOTO ITy3bIPs, XO/IEI0XOIHTHA3 H IHCTOIHTHAS,
ABIAIOIIMECSH CIEICTBHEM 3aCTOA JKENYH, SABIAIOTCS 4YACTHIMH ABICHHAMH M
BeTpedarotest 'y 8%-70% manuenToB. K MeHee 4acTbIM OCIOKHEHHSAM OTHOCATCH
MIaHKPEATHT, BOCXOIAIIMII XOJAHTHT, BHYTPHUIICYEHOYHBIH abcuecc M IKeTIHbIH
NEPHTOHHT  BCIEACTBHE  CMOHTAHHOTO  pa3pbiBa  KHCTBL  3J0Ka4YeCTBEHHOE
nepepoxkIeHHe 0TMedaloT B 2,5%-15% ciy4aes.

Jlnaraocruxa

HennBasnBHbIe METOIbI

Jlo BHeIpeHHS COBPEMEHHBIX IHATHOCTHYECKHX IIPHOOpPOB, TPaIHLHOHHBIE
PEHITEHOJIOTHYeCKHe HCCleIoBaHHs OBbUIH €IMHCTBEHHBIM CPEJCTBOM PaHOIOIOB
JUISL TIOCTAHOBKH 1MarHo3a. O630pHas peHITeHorpaMma OpIOIIHO# TOJIOCTH, B cllydae
Hamuus  oOvemuoli kuctel OJKIL, MoOkeT noka3aTh NPH3HAKH MPHCYTCTBHA
o6pa3zoBaHHa cpenHeil IUIOTHOCTH B BEPXHEM INPaBOM OT/esle OPIONIHON IONOCTH,
pAIOM ¢ nedeHbio. YacTo umeeT Mecto Macc-3>((eKT ¢ pacIHpeHHeM IyoleHATbHOH
JIYKOBHIIbI H, HHOTZA, ¢ HAJHYHEM IOYeYHOro cMermeHus. JKemynok moxer ObITh
CIABHHYT KHH3Y, JIaTEpaJbHO H BIeBO. KablHHATBI BHYTPH KHCTBI 0OHApYKHBAIOTCS
peIKo.

PenTreHOKOHTpacTHOE HCCJIEI0BaHHE JKelynoyHo-KumieyHoro tpakra (OKKT)
IO3BOJISIET JIy4IlIe ONMPE/IEIHTh HATHYHE dTHX CHMIITOMOB, ITOKa3bIBasi C/IBHI KIlepeIH
nepBoH M BTOpOii Myo/JeHaJbHBIX HacTeH M aHTpyMa jKeidyaka. Kpome Toro, mnpu
XojieloXoLeNne 10 CHX TOp HCHOJB3yeTcs THIOTOHHYecKas IyojeHorpadms,
MO3BOJIAIOIIAS TEMOHCTPHPOBATh Je()eKT 0OpaTHOrO HAIOJHEHHs B MECTe BBIXOIA



ParepoBa  cocouka. M, HakoHen, O0apHeBO-BO3JYINHAH  KIHM3Ma  MOXET
JIEMOHCTPHPOBATh BHEIIHIOK KOMIPECCHIO IIEYEHOYHOTO H3rHba TOJICTOH KHIIKH.

IlepopambHas xonenucTorpadus u BHYTPHBEHHAs XOlaHTHOrpadus eme coBceM
HEJIABHO HCMONB30BAIHCH OYEHb 4YacTo, IMOTOMY 4YTO OBbUIH CHHHCTBEHHBIMH
HCHHBA3HBHBIMH HCCIICIOBAaHHAMH, CTIIOCOOHBIMH IIPOJICMOHCTPHPOBATh OGuwiHapHOE
nepeBo ¢ Gonblieif WM MeHbIIeH TOYHOCTRI0. OTHAKO MX 3HAY€HHE OTrpaHHYHBACTCA
NpH THIEPOHIHPYOHHEMHH, MOCKONbKY B OTHX CIyYasX HEBO3MOXKHO Xopomiee
KOHTPAaCTHpOBaHHE OHIIHAPHOH CHCTEMBI.

B Hacrosiuiee BpeMs MeToJoM BbiGopa, 0e3 BCAKOro COMHEHMS, ABIAETCH
sXorpadua, KoTopas II03BOJIIET YCTAHOBHTH JMATHO3 €HIE JO POMKICHHS.
Dxorpaduieckoe Hccle0BaHHe 00ecTiedHBAaeT TOYHOH HAIJIAIHON JeMOHCTpaleit
KAK BHYTPH-, TaK H BHENCYECHOYHOH aunstanuu. KucTsl MOryr ObITh BHIHBI Kak
aHAXOTCHHbIE 30HBI C HAJIHYHEM COOOMICHHA MEXJly HHMHM H IJIaBHBIM JKEIYHBIM
npotokoM. [Ipn BHeneueHOYHOH JUIATAIMH aHYXOTeHHas Macca MOXeT OBbITh BHIHA
OKOIIO JKEMYHOro Iy3bIpA, KIEepeIH OT MEHYCHOYHBIX BOPOT MIH TOJIOBKH
MODKETYI0YHOI JKeae3bl. DTo oOpa3oBaHHE pachojaraercs MO XOMy KeITYHOro
POTOKA, HMEIOIIEro Pery/IspHble pa3Mephl, H PacIioNoKeHHbIE BbIIIE IPOTOKU TaKkKe
HE JIEMOHCTPHPYIOT NMPH3HAKOB AWIATALMH. B STHX ciydasX BHYTPH KHCT MOMKHO
OoOHApYKHTh 3aCTOSBLIYIOCH JKel4b H JKendHble KamHU. [Ipn Oonesnn Kapomu
9Xorpad s MOKa3bIBACT MHOXKECTBO BHYTPHMIICHEHOUHBIX KHCT C HOCHEHYIOMHMH
HOPMaJIbHBIMH BHETICYCHOYHBIMH JKeTYHBIMH IpoTokamu. Y3U MoxkeT Takike
MOKa3aTh COOOIIEHH MEXAY pasHbIMA KHCTaMH. 1o HeoOXomuMmo Juis
A bepeHIHaTBHOTO THATHO33 C IIPOCTBIMH BHYTPHIICYCHOYHBIMH KHCTAMH WM
MHOKECTBEHHBIMH abclieccaMH.

KT raxske MOXET HCMOJB30BaThCA /A OLEHKM JTHX aHOMAluii, MoKasbiBas
KHCTO3HBIE ~ CTPYKTYPHl €  IUIOTHOCTBIO, NpHOIM3MTENBHO paBHOH  BoJe.
IpenmymectBom KT sBaseTcs To, 4T0 OHa MOKET II0Ka3aTb B3aHMOCBSA3b M
COOTHOIIEHHE C OKPY/KAIOIMMH CTPYKTYPaMH, a TakikKe MOXKeT ObITh NpoBeicHa
TalHeHTaM, Y KOTOpbIX JaHHbie Y3U ObUIH HEACHBIMH H3-332 HATHYHA KHILCYHOTO
meteopusma. [Ipu Gonesnn Kapoym KT uHoraa MokeT 1eMOHCTPHPOBATh COOOLIEHHE
MKy KHCTaMH, YTO BAKHO JUI IIOCTAHOBKH JMarHo3a. Hexoropbie aBTOpBI
npeUiaraloT Hcrosnb3oBanne KT-xonanrvorpaguu B KayecTBe HOBOIO MeETOZA.
obnazatomiero Gommeil TOYHOCTHIO, YeM TpaauimonHas KT.

HuBasnBHBIE METOABI

Ha ceromusmHuii [eHb 30J0TBIM CTaHAApTOM HCCJIEIOBaHMA BPOXKJICHHOH
JUWIATALHH BHYTPH- H BHEIIEYEHOUHBIX JKEJIYHbIX IPOTOKOB sigeTcs DPXIIT. Srot
MeToh  Io3Boisier 0030pHO  BHJIETh OWIMapHOE JiepeBO M MaJeHbKHe
MapeHXHMATO3Hble BETBH. TOYHOE HCCIEIOBAaHHE XOJIEI0XONAaHKPEaTHIECKOro
COCJIMHEHMSI Ype3BbIYaifHO BaXKHO JUIS ONpeJe/ieHHs IaTOreHe3a BPOXKICHHOI
JWIATAMK KEIYHBIX IIPOTOKOB. B ocoboM cimywae Gomesnn Kaponu DPXIIT
ABisieTcs (yHIaMEHTAIbHOH VIl MOCTAaHOBKM /uarHosa. C  HCnosb3oBaHHEM
KOHTPAaCTHBIX BEIIECTB AEMOHCTPHPYETCS CBA3b KHCTO3HBIX CTPYKTYp MEXIy coboii
H ¢ OWIHapHBIM JIepeBOM, 4YTO SBIAETCS OCHOBomNonaraiomeil HHpopmaumeH B
MOCTAaHOBKe TNpaBuwibHOro auarsosa. Eciu OPXIIT HeBO3MOXKHO NPOBECTH 110
TeXHHYeCKHM cooOpaxkeHusM, To mnpuberator k YUXI, kotopas obecneunBaer
JMArHOCTHYeCKHMH H300pakeHHSAMH M MH(OpMalieil, cTolb JKe CyIecTBEHHbIMH,
yro u npu OPXIII. OmHako Kamaplii M3 OTHX METONOB HMEET HEKOTOpBIE
OTpaHHYEHHS OTHOCHTE/IbHO H300paXkeHHA H TeXHHKH. OTpaHHYeHHs B H300paXeHHH
CIEYIOT U3 TOTO (paKTa, 9T0 06a METOIa XOPOLIO MOKa3bIBAKOT CTPYKTYPY KETIHBIX
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