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MarHuTHo-pe3oHaHCHas

ToMorpadus

(MPT, MRI) — meTog nonyyeHus
NOCNOWHOro n3obpaxeHus
BHYTPEHHEU CTPYKTYPbl OpPraHoB WU
TKaHeW C NCMOorb30BaHNEM

(*)VI3I/N€CKOFO ABJ1IEHUA AOEPHOIo
MarHMUTHOIo pe3oHaHCa.

Using big magnet to get
an image




UcTopua metoAad

1938 r. — MHcudop Pabu oTkpbin sasneHne AMP
(Hobenesckaa npemust 1944 r. «3a Pe30HaHCHbLIN MeToA
N3MEPEHNN MAarHUTHLIX CBONCTB aTOMHbIX S4ep»).

1952 r. — Qenukc briox n 30e8apa lNepcesnn , HobeneBckas
npemMmns No uanke «3a pas3BUTUE HOBbLIX METOAOB AN
TOYHbIX SOEPHbIX MarHUTHbIX U3MEPEHUN N CBSA3AHHbIE C
STUM OTKPbITUSA.

1973 r. - ctatesa [lona Jlomepbypa «Co3pnaHue
n3obpaxeHns ¢ NOMOLLbI MHOYUMPOBAHHOIO NOKarbHOro
B3aMMOAENCTBUSA: TMPUMEPbI Ha OCHOBE MarHUTHOro
pe30HaHCa».

1974 r. - PetimoHO [amaObsiH, NepBbI NaTeHT B obnacTu
MarHUTHO-PE30HaHCHOW Tomorpadum Angd AWarHOCTUKU
3noKka4YeCcTBEHHbIX HOBOOOpAa3oBaHUN.

1984 r. — B CCCP cnocob wn ycrtponcteo ansa AMP-
TomMmorpadun npegnoxun B. A. MleaHos.

2003 r. — [lon Jlomepbyp w [lumep Ma3aHcuno,
HobeneBckasi npemus no dousnonormm u meguuuHe «3a
n300peTeHne MeToaga MarHUTHO-PE30HAHCHON ToMorpacun».




PuUsn4eckas OCHOBA METOAO — HACILLEHHOCTb TKAHEMH
OpPraHM3mMd BOAOPOAOM

Anpo BOOoOpoOAa COCTOUT M3 OOHOMO NPOTOHA, KOTOPbIM MMEET
MarHUTHbIX MOMEHT (CMUH) U MEHSIET CBOK MPOCTPAHCTBEHHYHO
OpVEeHTaLu0 B MOLLLHOM MarHMTHOM MNoJie, a TakKe Npu BO34enUCTBUuU
OOMONHUTENbHbIX FPAAWEHTHLIX MOMENn N BHELWHUX WMMYNbCOB
paguonsnyyvyeHund, nogaBaeMblX Ha cneundguyeckon pes3oHaHCHOM
yacTtorTe.

PaanoBosnHbl 4OMKHbI UMETb ONPeAeieHHY0 YacToTy, AN Toro, YToob!
OTa 4acTtota npornopunoHanbHaa cune marHutHoro nonga. Ecnm mbl cosf
MarHUTHOrO MOfsl, pasfu4yHble 4acToTbl paguouanyyeHus 6yayT BNUATb Ha I'IpOTOHbI B
pas3nn4yHbIX 06nacTax uccrneayemMoro npoctpaHcTea. [pu aToM perncTpupyeTcst BblaeneHme

QHEPInMn BO BpeM4A peJiakCauunn BO36y)K,£I,eHHbIX NMPOTOHOB.

field strength

space

e,
Strong External Magnetic Field




Kak ycTpoeH MArHUTHO-pPEe30OHAHCHbIU
Tomorpad?




Cosparorca ans
pa3HbIX YacTeun Tena:
ronoBbl, TYJIOBULLA,

KOJieHa, nrieva,
3anfACTbA, NTIOAbDKKW.
Ynyywatot
Applied Field COOTHOLWIEeHue
nrHasn/wym
Kopnyc npubopa

l RF Coil
| 3NEKTPOMATHMUT
FPAOMEHTHBIE KATYLUKW
Phano4yacroTHLie xarvluxu

MarHutHoe none
BHYTpU mMarHuTa (1 ‘l
T) B 80000 pa3 — FPAOMEHTHBIE KATYLUKW
SIS 3NEKTPOMATHUT MOl
MarHMTHOro nons nepBuYHoOe
3emnu. Oerexrop MarHuTHoe rnone.

paguonsInyvYeHmT— Cospatot rpaaneHT
Nossi No oCAM X, y, z.

Gradient Coil Co3pgalor

PRaMoO4acTOTHLIE Ka KM




Ocb Y: KOpoHapHas
npoekums

Ocb X:
carmtTrtasibHas
DOEeKLUUNA

Ocb Z: akcnanbHas
npoekuus




OT paspelleHusd
3aBUCUT Ka4eCcTBO
N3obpakeHna n
BpeMs,
Heobxoaumoe ans
CKaHMpoBaHus

EovHunua
NPOCTPAHCTBEHHOIO
pa3pewieHns 8 MPT
— BOKcenb (1,5-4
MM?3)




[ MarHuTHoe none

[TpomoHbI 8LIPABHUBAIOMCA 6
MA2HUMHOM o€
{ Mmnynbcbl pagnMo4acToTHOM ]
KaTyLUKH

[TpomoHsI ne2nowaom sHepauro

MpocTpaHcTEEHHOE [ Bo3 eHHue ]
0 e [1pOMOHb! UCAYCKGIOM 3HEP2UHD MosTopsetca
UCMO/Ib30BaHUEM 57 MHOFO paz
rpagueHTa [ Penakcayus ]

MarHMTHOro nons —

[ eTeKuus curHana ]

[ MaTtpuua AaHHbIX

[Tpeobpazosarte Pypoe

| Wsobpawenve |




MPT B AMAFHOCTHKE

MPT - oguH n3 cambix 9pPEKTUBHLIX METOAOB ANArHOCTUKU
3aboneBaHUin ronoBHOMO U CMUHHOMO MO3ra, NMO3BOHOYHMKA,
CyCTaBOB, OpraHOB OpHOLLIHOM MNOMIOCTM WU Marioro Tasa, a
Takke cepaua n cocynos. [maBHbIMK npenmyliectsamu MPT
SIBMSAIOTCSI BbICOKMM MSArFOTKaHHbIX KOHTPACT, a Takke
oTcyTcTBUE ny4dyeBou Harpy3ku. Kak npasuno, MPT He
NPUMEHAKT AN UCCNeAoBaHWM NEerkux, Xxernyagka wu
KULLEeYHUKA, KOCTeM.

AGCONIOTHLIE NPOTUBONOKa3aHUA:

YCTAHOBSIEHHbIW KapAWOCTUMYIATOP, beppoOMarHUTHbIE NI
9NEKTPOHHble  MMMNaHTaTbl cpedHero  yxa, Oonbline

STRONG MAGNETIC FIELD
The Magnet is Always On!

* NO CARDIAC PACEMAKERS OR IMPLANTABLE
MeTannMyeckne nMmnnaHtaTbl, eppoMarHUTHbLIE OCKOSTKN. @ s CARDIOVERTER DEFIBRILLATORS (ICDs) _
OTHOCUTENbLHLIE NPOTUBONOKAa3aHUA: i Lo e

Do not enter this area if you have any question regardin
WHCYNMHOBbIE MOMMbl, HedeppPOMarHUTHbIE WMMaHTaThI anInpian G, o it Conut 1 WP Tecnoeg

KPOBOOCTaHaBMBAKOLLNE  KIUMCHhI, D,eKOMI'leHCI/IpOBaHHaFI Epmss,b’d;g"d"g"z“'“ﬁ"”d" )
cepaeyHasd HeLOCTaTO4YHOCTb, nepBbIn TPUMECTP

bepemMeHHOCTN (cobpaHO HegocTaTOMHOE  KONIMYECTBO

[oKasaTenbCTB  OTCYTCTBUA  TepaToreHHoro adpdpekra
MarHUTHOIO nosns), Knayctpodgobusi, HeagekBaTHOCTb
naumeHTa, TshKENOoe COCTOSIHME naumeHTa,
Hannyne TaTynpoBOK, BbIMOSTHEHHLIX C MOMOLLbIO KpacuTeneu
C cogepxaHuem MeTanfnMyecknx CoeauHeHun (MoryT
BO3HMKaTb oXxoru). LLnpoko Mcnonb3yemblii

B NPOTE3NPOBAHUM TUTAH He sBNAeTcs heppoMarHeETUKOM U

BHyTpeH Hero yxa’ n pOTe3bI KnanaHOB Ce pD‘L"a’ Objects m.adri?rol;nofgr?fs%St:ﬁall-sguss‘tlﬁgut’;estaken into




PyHKUMOHaNbHas MarHUTHO-pe3oHaHCHas Tomorpaduma, nim pMPT —
Pa3HOBUOHOCTb MarHUTHO-PE30HAHCHOW TOoMorpadgun, KoTopas OCHOBaHa Ha
napamMarHUTHbIX CBOUCTBAX OKCUFeHUPOBAHOIrO U [Oe30KCUreHUpPOBaHOro
remorriobMHa n gaetr BO3MOXHOCTb YBUOETb M3MEHEHUSI KpOBOOOpalleHus B
rOSIOBHOM MO3re B 3aBMCMMOCTU OT €ero akTMBHOCTWU. Ha cerogHsLwHUn OeHb 3TO
OOWH U3 CaMbIX aKTUBHO pa3BMBalOLLMXCH BUOOB HENPOBU3YyanusaLuum.
bonbwnHctBo  PMPT  TOomorpadhoB  gawT  BO3MOXHOCTb  MPeacTaBnsTb
nccnegyemMomMy pasHble Bu3yalbHble M300paXeHus, 3BYKOBble W TaKTUIMbHbIE
CTUMYIbI n NpoOun3BOaUTL aoencreungd TMna HaXkaTnsa KHOMKU Unu
AsmxeHnsa mxomctukom. CneposatenbHo, PMPT mMoxHO wucnonb3oBaTtb, 4YTOObI
NnokasbiBaTb CTPYKTYpbl MO3ra W T[pPOLECChl, CBf3aHHble C BOCMPUATUEM,
MbILLUITIEHNEM U OABUXEHUSMMN.

Tak kak PMPT unckniounTenbHO YyBCTBUTENbHA K M3MEHEHUAM KPOBOOOpaLLEeHUS,
OHa OYeHb XOPOLUO ANArHOCTUPYET ULLEMMUIO, KaK Harnpumep npu NHCynbsTe.

Blood HenpoHHAS AKTMBHOCTb |
Oxygen | 5

femoamHammyeckmm oteeT (HRF) 1
Level Il

Dependent CurHan QoMPT |



MPT vs. doMPT

MPT nay4daer PMPT nayyaer
aHamomu4eckoe yHKUUOHUpOB8aHUe
CmpoeHue Mmo3ara u pasnuyHbIx obnacreun
OCHOBaH Ha codepxaHuu MO3ra 1 3aBUCUT OT
800opoda 8 MKaHsIX OKcuz2eHauyuu

Bbicokoe

paspewenue (1 Mmm)

OpHo uzobpamenue

MHoro nsobpaxeHun
N (kaxasie 2 cek) P




THE RISE OF fMRI 4 MNMepBble pMPT

nccrneagoBaHuUsA B Mupe -
CTUMYNAUUA 3pUTENTbHON
KOopbl
(Belliveau et al., 1991; Kwong
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EEG or MEG

Functional Mapping of the Human Visual Cortex by
. " . Magnctic Resonance Imaging
fMRI publications by subject: W, Rorimveav.s DN Kaswamn, R C. McKaesmay,

B R Buchmispes, B M. Wiissaorr, M. S, Comx, | M Vivea
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5676  Neurobiology: Kwong et al.

Baseline

OFF

FiG. 1. Noninvasive, real-time MRI mapping of V1 activation
during visual stimulation. Images are obliquely aligned along the
calcarine fissures with the occipital pole at the bottom. Images were
acquired at 3.5-s intervals using an IR sequence (80 images total). A
baseline image acquired during darkness (Upper Left) was sub-
tracted from subsequent images. Eight of these subtraction images
are displayed, chosen when the image intensities (see Fig. 2) reached
a steady-state signal level, during darkness (OFF) and during 8-Hz
photic stimulation (ON). During stimulation, local increases in signal
intensity are detected in the medial-posterior regions of the occipital
lobes along the calcarine fissures.

Dynamic magnetic resonance imaging of human brain activity during primary sensory

stimulation (Kwong et al., 1992)

Proc. Natl. Acad. Sci. USA 89 (1992)

Photic Stimulation - IR Images
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Photic Stimulation - GE Images
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FiG. 2. Signal-intensity changes for a region of interest (=60
mm?) within the visual cortex during darkness and during 8-Hz photic
stimulation. Results using both IR (flow sensitive) and GE (oxygen-
ation sensitive) techniques are shown. The T)-weighted IR data
(subtraction images shown in Fig. 1) were collected once every 3.5
s, and the T3-weighted GE data were collected once every 3 5. Brain
signal change for this particular subject is =~3% for both IR and GE
acquisitions. Upon termination of photic stimulation, an undershoot



Cnacubo 3a BHumaHue!



