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Pestome. WcxemnyHaTa bonect Ha CbpueTo, HEMHUTE NOCMEACTBUS U YCNIOXHEHUS ONPUHACAT CbLUECTBEHO 3a 3abonsemMocTTa
1 CMbPTHOCTTa B CBETOBEH MaLLab. 3HaUMTENHUAT TEXHONOMYEH HanpeadbK Npe3 NOCheLHUTE FOAUHM PasLimpy oce-
3aeMO MpUNOXEHUETO Ha HeWHBa3MBHaTa 0bpa3Ha AnarHocTiKa B KOMMMEeKCHaTa OLeHKa Ha NaLMEeHTU C UCXeMUYHa
60necT Ha CbpLEeTO B NPELKNMHUYHWTE U KITMHUYHO pasrbHaTuTe cTaguu Ha BonectTa. KapanomarHuTHo-pe3oHaHcHa
0bpa3Ha AnarHocTiKa BKITOYBA KOMMEKCHa MopdonorniHa v chyHKLMOHanHa oLeHka. PeroHanHata u rmobanHara
MUOKapAHa KMHETWKa W OyHKLMS, MOPGONOrMYHUTE NPOMEHN B MUOKapaHaTa ThKaH nog opmarta Ha 0ToK, Xxemopa-
1S W LMKaTPUKC ONPEAEnsT pasniyHi NPOsSiBU Ha MUOKapAHA UCXEMUS B HeliHaTa ocTpa U XpoHuYHa dopma. Paspa-
BOTeHM, LWIMPOKO BaNMMAMPaHW 1 NPUIOXEHN B KIMHUYHATA NPaKTUKa NPOTOKOMW Ha U3creaBaHe Beye JEMOHCTpUpaT
HeCbMHEHa AnarHocT4YHa 1 NPOTrHOCTNYHA CTONHOCT. 1o BNNSHWUE Ha HECTIMPEH KIMHUYEH UHTEPEC KapamoMarHuT-
HO-pe3oHaHcHa obpasHa AMarHoCTVKa ce pa3BuBa M YCbBBPLLEHCTBA HEMPEKBCHATO KaTo Ce pas3paboTeaT HOBM, NHO-
BaTUBHW TEXHONOrUK 3a Nnojly4aBaHe Ha M306pa>|<eva, CbAbpXally LeHHa, AONbIHUTENHa VIH(‘bOpMaLll/IH, GaampaHa
Ha OTKpuBaHe W KONMM4eCTBEHO onpeendHe Ha 06pa3HVI 6|/|0|\/|ap|<epv|, Nno3sondABaLl HamanaBaHe Unun n3bsreaHe
NPUNoXeHneTo Ha BEHO3€H KOHTPacT uvnm CTpeCcOBM areHTHu.

Knroyosu dymu: “cxemMnyHa 6onecT Ha CbpLETo, kKapanoMarHUTeH pe3oHaHe
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Abstract. Ischemic heart disease, its sequelae and complications contribute substantially to morbidity and mortality worldwide.

Significant technological progress in recent years has significantly expanded the application of non-invasive imaging
modalities in the systematic and complex evaluation of patients with ischemic heart disease in the preclinical and
clinically developed stages of the disease. Cardiac magnetic resonance imaging includes a complex morphological
and functional assessment. Regional and global myocardial kinetics and function, morphological changes in myocardial
tissue in the form of edema, hemorrhage, and scarring determine various manifestations of myocardial ischemia in
its acute and chronic form. Currently established clinical protocols have already demonstrated their diagnostic and
prognostic value. Under the influence of unceasing clinical interest, cardiac magnetic resonance imaging is constantly
developing and improving with emerging imaging technologies that provide additional information based on advanced
quantification of imaging biomarkers and improved diagnostic accuracy, therefore potentially allowing reduction or
avoidance of contrast and/or stressor agents.
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BbBEOQEHMUE

Bbnpekn HaTpynaHuTe 3HaHWs B AMarHocTukaTa,
NeYeHneTo M NpeBeHUusaTa, CbpAeYHO-CbAOBETE 3a-
OonaBaHMs ocTaBaT BaxeH hbakTop 3a OOnecTHoCT u
CMBPTHOCT B WMKOHOMWYECKM pa3BuTuTe O6LLecTBa,
Kato mcxemmyHata 6ornecTt Ha CbpLeToO MMa CbLyecT-
BeH npuHoc [1]. OcHoBeH MaTom3nonorMyeH mexa-
HU3BM 3a pasBUTME HA MUOKApAHA UCXEMUS € Hapy-
weHne B GanaHca Mexay KucnopogHata AocCTaBka
KbM MUOKapAa W peanHute My HyXau 3a OnTUMarHo
NnokpmBaHe Ha (yHKUMOHANHUTE mnamckeaHus. Oule B
nbpBute 10-15 MUHYTM OT HayanoTo Ha ucxemusaTa
mMoraT fa ce Habnogasat MUKPOCTPYKTYPHU NMPOMEHN,
KaTo HaMarneHwe Ha BbTPEKNeTbYHMS [MUKOreH, OT-
nycHatu muocpmnbpun, paspyliaBaHe Ha capkonemara.
AKO XMNOKCuATa NPOABLITKM Ce pasBMBa Ba3OrEHEH U
LUTOTOKCMYEH edeM KaTo HecrneLmduyeH OTroBOpP KbM
ocTpa yBpega. B nocnegHuTe etanm Ha ucxemusita ce
HapyLlaBa MHTEerpuTeTa Ha KanunsipHaTa u KnetbyHara
CTeHa, yBenuyaea ce NponycKNMBOCTTa UM 1 CTapTu-
pa npolec Ha anonTo3a, nocregBaHa OT TbKaHHa pe-
reHepauus, akTMBupalla Bb3nanuTenHara kackaga u
rpaHynauus. KynmunHaumsata Ha npoueca e 3amsiHa Ha
(PyHKLMOHaNHa M1oKkapaHa TbKaH CbC CbegUHUTENHA
TbKaH n obpasyBaHe Ha uukaTpuke [2].

OT KnNuHMYHa rnegHa Touka, hasata Ha paHHU
NCXEMUYHN NMPOMEHN € CBbpP3aHa C BUCOK PUCK OT pas-
BUTME HA CMbPTOHOCHM apUTMUN N KapOUOTrEHEH LLOK,
pesynTar OT TbKaHHa eneKkTpu4ecka HecTabuIHOCT K
HapylleH MWoKapgeH KoHTpakTunuteT. MwuokapaHa
pynTypa € YCrnoXHeHWEe, XapakTepHO 3a MO-KbCHUTE,
noaoCcTpu eTanu Ha ucxemmsita. B 3aBucmMmocT oT nno-
wiTa 1 nokanu3aumsTa Ha obpasdyBaHUs LMKaTPUKC B
XPOHUYHUSA €Tan Ha UCXeMusiTa MOXEe [a Ce O4aKea
MOHMXEHNE Ha KOHTpaKTUIHaTa pyHKUMsSI C pasnuyHa
TEeXeCT N pa3BUTUE Ha 3acToWHa cbpaeyHa HegocTa-
THYHOCT.

3HaAYNTENHUAT TEXHUYECKN Hanpedbk Ha HeuHBa-
3uBHMTE 0bOpa3HM MeToau npes3 NocrnegHUTe roauHU
yTBbpXOaBaT pondta MM Npu AuMarHocTvkata u ge-
TannHaTa xapakTepucTuKa Ha ocTpaTta U XpoHWYHaTa
MUOKapOoHa UCXemusl, KakTo U npu cTpaTudukaums
Ha pucKka 3a pasBUTMETO N B Be3CMMNTOMHUTE, npea-
KNUHWYHM cTagum Ha Gonectta. KapavomarHUTHUST
pe3oHaHc (KMP) e BaXeH MHCTPYMEHT 3a OTKpMBaHe
N XapakTepusvpaHe Ha MuWoKapaHaTa UCXemusl, KaTto
Hapen c 0OEKTUBHUTE M3MEpPBaHWsSI Ha NIeBOKaMepHa-
Ta CTPYKTypa 1 OYHKLUMSA BEYE CbLLECTBYBA CMEKTHP OT
HOBW Bb3MOXHOCTM 3a AeTalrHa, HeMHBa3NBHA TbKaH-
Ha MUOKapAHa XapakTepuctuka — 6enesm Ha Muokap-
OEH OTOK, CTpec-MHAyuupaHa MuoKapaHa UCXeMUst u
nepMaHeHTHa OCTpa U XPOHUYHA MCXEMWUYHA MUOKapa-
Ha yBpegaa.

OVERVIEW

Despite the accumulated knowledge in diagnosis,
treatment and prevention, cardiovascular diseases re-
main an important factor of morbidity and mortality in
economically developed countries, with ischemic heart
disease being a significant contributor [1]. The main
pathophysiological mechanism for the development of
myocardial ischemia is a disturbance in the balance
between oxygen supply to the myocardium and its real
needs for optimal coverage of its functional require-
ments. In the first 10-15 minutes from the beginning
of ischemia, microstructural changes can already be
observed, such as a decrease in intracellular glycogen,
relaxed myofibers, destruction of the sarcolemma. If
hypoxia continues, vasogenic and cytotoxic edema
develop, as a non-specific response to acute injury. In
the last stages of ischemia, the integrity of the capillary
and cell walls is broken, their permeability increases
and a process of apoptosis is started, followed by tis-
sue regeneration, activating the inflammatory cascade
and granulation. The culmination of the process is the
replacement of functional myocardial tissue with con-
nective tissue and the formation of a cicatrix [2].

From a clinical point of view, the phase of ear-
ly ischemic changes is associated with a high risk of
developing lethal arrhythmias and cardiogenic shock,
resulting from tissue electrical instability and impaired
myocardial contractility. Myocardial rupture is a com-
plication characteristic of the later, subacute stages of
ischemia. Depending on the area and localization of
the cicatrix formed in the chronic stage of ischemia, a
decrease in the contractile function of varying severity
and the development of congestive heart failure can be
expected.

The significant technical progress of non-invasive
imaging methods in recent years confirms their role in
the diagnosis and detailed characterization of acute
and chronic myocardial ischemia, as well as in risk
stratification for its development in the asymptomatic,
preclinical stages of the disease. Cardio magnetic res-
onance (CMR) is an important tool for detecting and
characterizing myocardial ischemia, and along with ob-
jective measurements of left ventricular structure and
function, there is already a spectrum of new possibil-
ities for detailed, non-invasive tissue myocardial char-
acterization — signs of myocardial edema, stress-in-
duced myocardial ischemia and permanent acute and
chronic ischemic myocardial injury.
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®YHKLUOHANHA OLEHKA

OueHkaTta Ha cermeHTHaTa 1 rmobanHaTta M1MoKapa-
Ha KMHEeTUKa 1 cbpaeyHuTe obeMm ca OCHOBEH acnekT
Ha KMP v wmnpoko BanuampaH cTaHgapT 3a fieBokamep-
Ha 1 OgecHoKaMepHa MUOKapAHa KMHETUKa U (PYHKUMS
[3]. NcxemnyHaTta 6onect Ha cbpueto (MBC) npome-
HS MMOKapgHaTa KMHEeTWKa B pasfuyHa cTeneH — oT
XWUMOKUHE3NS 1N aKvHe3us OO0 napagokcanHa KuHesus
(aMcKMHE3ns) B XpOHNYHUTE ha3n Ha UCXEMUSI, KOraTo
BMAOWIMHUSAT MMOKap € 3aMeHeH OT YHKLMOHArHO He-
aKTMBHa UMKaTpuumanHa TbkaH. [axe KpaTbk envsof
Ha ncxemus (< 15 min) MoXe Aa NPOMEeHN MUOKapAHa-
Ta KMHETUKa (T.Hap. 3allemMeTeH MmoKapa) 3a Yacose,
Jaxe cref NbiHO M HaBPEMEHHO Bb3CTaHOBSIBaHE Ha
KOPOHapHMS KPbBOTOK. [MO-TEXKM UNK MOBTOPSIEMU €Nu-
3041 Ha mncxemus (xmbepHupaH Mokapd) npuyunHaBaTt
NPOOBbIDKATENHA KOHTPaKTUNHA AucyHKums, obpaTtu-
Ma camo B ClyyaunTe Ha HaBpEMEHHa, yCreLllHa v Mbi-
Ha MuMokapgHa peBackyrnapusauus [4]. JleBokamepHaTa
CUCTOMNMHa (PyHKUMS, n3MepeHa vpes pakumusita Ha ns-
TnackeaHe (®W), nma NpOrHOCTUYHA POrs MPW OLEHKa
Ha pUCKOBETE, CBbP3aHM C OCTPa M XPOHUYHA MUOKapa-
Ha UCXEMUS, KaKTO U NPV ONpeaensiHe U MOHUTOpUpaHe
Ha NneyeHneTo, BKMIOYUTENHO HEOOXOOAMMOCTTa OT UM-
nnaHTUpaHe Ha kapavosepTep-gedubpunaTop.

CTtaHgapTHOTO KMHO M3obpassiBaHe u3nckBa Cbbu-
paHe Ha AaHHW B NPOObIMKEHWE Ha HAKOMKO Nocrefosa-
TENMHW CbpAEYHN LMKBIIa U NpeacTaBsi cepus OT "cermeH-
TMpaHn" n3obpaxkeHnst B M3bpaHN CbpAeYHU PaBHUHM,
OOMKHOBEHO C MomowiTa Ha GanaHcuMpaHa ycTonuMBa
cBobogHa npeuecus (bSSFP) unun TexHunka 3a 6bp30 rpa-
OneHTHO exo [3]. Tasm TexHMKa e 0cobeHO YyBCTBUTENHA
KbM YCKOpPEHa 1 apUTMMYHA CbpAeyHa AEVHOCT N HOCU
No-BUCOK PUCK OT apTedaKTu, CBbP3aHu C AMLaHeTo. 3a
[a ce NpeodoneaT Te3n HegocTaTbuu, ce pa3paborear
TEXHMKM 3@ YCKOPEHO CbOMpaHe Ha AaHHM, T.Hap. “KoM-
npecvpaHa 4yBCTBUTENHOCT “ U KUHO-M300paxeHus B
“peanHo Bpeme” OT LANOTO CbpLe B paMKUTE Ha efqHO
rnoemaHe 1 3agbpXXaHe Ha Bb3ayX.

Bbnpekn ye namepsaHeTo Ha nesokamepHata O
€ Han-4eCTOo M3MOon3BaH Nnokasarten 3a onpegernsHe Ha
neBoKamepHaTa CUCTOMHa (PyHKUUS, TON MMa CbLLECT-
BEHW OrpaHu4eHns n crabocTtn. ToBa ACHO Ce OEMOH-
cTpupa ot dakTta, 4ye 40% OT maumeHTUTe CbC Cbp-
JeyHa HedoCcTaTbYyHOCT MMaT 3anaseHa OU. Ta moxe
[a ocTaHe B HOpMasHW rpaHuum nNpy permoHanHo Mu-
okapHo 3acsraHe B pesyntat Ha WBC wnnn muokap-
auT. CbluecTBeHO noHwxeHne Ha ®U HacTbnBa eaBa
B KparHUTE N YecTo HeobpaTumu ctagun Ha 6onecTTa,
KOraTto Bb3MOXHOCTUTE 3a Ne4YeHne 1 Bb3CTaHOBSIBaHE
BEYEe Ca OrpaHnyeHwu.

MHoro no-uyBcTBUTENEH BMOMapkep 3a Muokapa-
Ha maTonorusi € oueHkaTa Ha MuokapgHaTa gedopma-
unsa — nokasarten gobpe nosHaTt oT exokapguorpadu-

FUNCTIONAL ASSESSMENT

Evaluation of the segmental and global myocar-
dial kinetics and cardiac volumes are a fundamental
aspect of CMR and a widely validated standard for
left ventricular and right ventricular myocardial ki-
netics and function [3]. Ischemic heart disease (IHD)
changes myocardial kinetics to varying degrees —
from hypokinesia and akinesia to paradoxical kinet-
ics (dyskinesia) in the chronic phases of ischemia,
when viable myocardium is replaced by functionally
inactive scar tissue. Even a brief episode of ischemia
(< 15 min) can alter myocardial kinetics (so-called
stunned myocardium) for hours, even after com-
plete and timely restoration of coronary blood flow.
More severe or repeated episodes of ischemia (hi-
bernating myocardium) cause prolonged contractile
dysfunction, reversible only in cases of timely, suc-
cessful and complete myocardial revascularization
[4]. Left ventricular systolic function as measured
by ejection fraction (EF) has a prognostic role in as-
sessing the risks associated with acute and chronic
myocardial ischemia and in determining and moni-
toring treatment, including the need for cardioverter
defibrillator implantation.

Standard cine imaging requires acquisition of
data over multiple, consecutive cardiac cycles and
presents a series of "segmented" images in pre-
selected cardiac planes, usually using a balanced
steady state free precession (bSSFP) or fast gradi-
ent echo technique [3]. This technique is particular-
ly sensitive to fast and arrhythmic heart activity and
carries a higher risk of respiration-related artifacts.
To overcome these limitations, faster techniques are
being developed for accelerated data collection, the
so-called "compressed sensibility" and cinema-imag-
es in "real time" acquired during a single breath-hold.

Although measurement of left ventricular ejection
fraction (EF) is the most commonly used indicator
of left ventricular systolic function, it has significant
limitations and weaknesses. This is clearly demon-
strated by the fact that 40% of patients with heart fail-
ure have preserved EF. It may remain within normal
limits in cases with regional myocardial involvement
as a result of coronary artery disease or myocarditis.
A significant decrease in EF occurs only in the final
and often irreversible stages of the disease, when
the possibilities for treatment and recovery are al-
ready limited.

A much more sensitive biomarker for myocardial
pathology is the evaluation of myocardial deforma-
tion — an indicator well known from echocardiogra-
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STa, U3NoNn3BaH W npunaraH Bce no-wmnpoko n B KMP.
Ton m3cnegBa KOMMIIEKCHOTO CUCTONHO MMWOKapgHO
OBWXKEHME, OCHOBAHO Ha OpueHTauusTa Ha mMuodu-
Opute B oTgenHuTe crioeBe Ha mwuokapga. Cybenu-
KapoHUTE BakHa ca OpWEHTUpaHW B NsBa cnvpana
(-60° cnupaneH brobn), a cybeHOokapOHWUTE BriakHa
ca OpueHTMpaHu B AdcHa cnupana (+60° cnupaneH
brbn). Mnombpute Ha cpegHaTa CTeHa ca OpUEeHTU-
paHu umpkymdepeHTHo [5]. Taka cbpaevHata gedop-
Mauus No BpemMe Ha CbKpalleHre MOXe Aa ce pas3genu
Ha TpY OCHOBHW MoZeria Ha ABWXKEHMWE: HaOTbXHO U
LMPKYMAPHO CKbCSIBaHE W pagmarnHo yBenuyaBaHe Ha
pebenvHata Ha cTteHaTta. MuokapgHOTO yCykBaHe W
pasBMBaHe ca pe3ynTaT OT NPOTMBOMOMOXHA KOHTPaK-
LUUs 1 penakcaums Ha cnvpanute Ha cybeHaokapaHus
n cybenukapgHust cnomn, kato 6asanHUTe CErMeHTU ce
3aBMBaT MO NOCOKA Ha YaCcOBHMKOBATa CTperka, a anu-
KanHuTe cerMeHTU — B o6paTtHa nocoka. NMpu kamepHa
KOHTpaKuus CTOMHOCTUTE Ha HaambXHaTa WU LUPKy-
MdepeHTHa aecopmaumsi ca HeraTMBHU, a paguanHa-
Ta — NO3UTMBHA. Taka cTaBa ACHO, 4Ye BCEKU MOAEN Ha
OBWXXEHME € CBbP3aH C pasniMiyeH MUOKapAeH Crown, U
Mo TO3M HayMH CTaBa Bb3MOXHO Aa Obae pasnosHato
MECTOMOSIOXKEHNETO U TEXECTTa Ha yBpexaaHeTo. Bb-
npeku ye JIK cuctonHa yHKUMA € pesynTtaT OT CIOXHO
B3aUMOZENCTBNE MeXOy HaOTbXHO CKbCABaHe, Lup-
KyMdpepeHTHa KOHTpaKkLUusi U YCyKBaHe, Tean Tpu KOM-
MOHEHTa He Ca HaMbJIHO paBHOMOCTaBeHW. Han-3Ha-
YUM NpPUHOC KbM popmMupaHe Ha JIK yoapeH obem nva
HaOMbXHOTO CKbCSIBaHE KaKTO NMpu 3apasu UHOUBUAN,
Taka u cneg MuokapaeH uHdapkr [6].

B npaktukata ce u3nonseaTt HAKOMKO TEXHUKWU 3a
OLleHKa Ha M1oKapaHaTta gedopmauns, Kato NOBEYETO
OT TAX M3UCKBAT cCrneunarnHu nyricoBM CEKBEHLMU U
cneumaneH codTyep 3a nocT-npouecuHr (obpabor-
Ka Ha cypoBuTe AgaHHu) [7]. Han-paHHute MP TexHu-
K/ M3UCKBAT MorfyyaBaHe Ha cneumanHu ,MapKkupaHmn®
CEKBEHLUMM C TbMHa Mpexa OT NMHUM BbPXY M1oKapaa
3a BM3yaliHa 1 KonM4yecTBeHa OLeHKa Ha gedopmMauu-
a1a. OBMKHOBEHO MapKepuTe ce MOCTaBsAT B Kpas Ha
AvacTona u ce npocreasiBar npes octaHanara 4act oT
cbpaevHus uukbn. MNopagu HagnbXHaTa penakcauus
Te 0BMKHOBEHO 130neaHABaT B HA4anoTo Ha gmacTtona,
KOETO orpaHuyaBa oLeHKaTa Ha guctonHata QyHKUnS.
MpoobmKUTENEH MHTEH3UTET HA TbMHATa MpeXa Bbp-
Xy MUOKapAa, eAHaKkbB Mo BpeEME Ha Lenus cbpaeyeH
umKbn, Moxe ga ce nonyyu npu 3T MP maluvHm ¢ Bu-
Ccoko 6a3o0Bo marHuTHO nore [8]. NapanenHo ce pa3su-
BaT M OPYrv TEXHUKM KaTo ,KOOupaHe Ha N3MeCTBaHETO
CbC CTUMYMMPaHO eX0 U KogMpaHe Ha fecopmauyusara’,
KaKTO M anropuTMu 3a NpocrnefsBaHe Ha XapakTepHU
Oenesn. lNocnegHata TeEXHUKA € CPaBHUTEMNHO NecHa
3a BHe[psiBaHe B KIMHWYHM pabOTHM Mpouecu, Tbi
KaTo M3Non3Ba PYTUHHU KMHO CEKBEHLUN U TEXHWUKX 33
CerMeHTMpaHe Ha Mumokapga 3a yHKUMOHaneH aHa-

phy, used and applied increasingly in CMR as well.
It studies the complex systolic myocardial motion
based on the orientation of the myofibers in the in-
dividual layers of the myocardium. Subepicardial fi-
bers are oriented in a left spiral (-60° spiral angle)
and subendocardial fibers are oriented in a right
spiral (+60° spiral angle). The myofibers of the mid-
wall are oriented circumferentially [5]. Thus, cardiac
deformation during contraction can be divided into
three main motion patterns: longitudinal and circu-
lar shortening and radial increase in wall thickness.
Myocardial twisting and unwinding are the result of
opposite contraction and relaxation of the coils of
the subendocardial and subepicardial layers, with
the basal segments twisting in a clockwise direction
and the apical segments in the opposite direction.
During ventricular contraction, the longitudinal and
circumferential deformation values are negative, and
the radial deformation is positive. Thus, it becomes
clear that each movement pattern is associated with
a different myocardial layer, and thus it becomes
possible to recognize the location and severity of the
damage. Although LV systolic function is the result of
a complex interplay between longitudinal shortening,
circumferential contraction, and torsion, these three
components are not completely equal. Longitudinal
shortening has the most significant contribution to
formation of LV stroke volume, both in healthy indi-
viduals and after myocardial infarction [6].

Different techniques have been used in clinical
practice to assess myocardial deformation, most of
them require special pulse sequences or special soft-
ware for post-processing (processing of the raw data)
[7]. The earliest MR techniques required the acquisi-
tion of special "tagged" sequences with a dark grid
of lines on the myocardium for visual and quantita-
tive assessment of deformation. Markers are usually
placed at the end of diastole and tracked throughout
the remainder of the cardiac cycle. Due to longi-
tudinal relaxation, they usually fade in early diasto-
le, which limits the assessment of diastolic function.
Sustained dark grid intensity on the myocardium, uni-
form throughout the cardiac cycle, can be obtained
on 3T MR machines with a high baseline magnetic
field [8]. Simultaneously, other techniques such as
"stimulated-echo shift-encoding and echo-encoding"
are being developed, as well as feature tracking al-
gorithms. The latter technique is relatively easy to im-
plement into clinical workflows as it uses routine cine
sequences and myocardial segmentation techniques
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nn3. [pyrn TEXHUKK KaTo ,KOAMPaHe Ha M3MECTBAHETO
Ha CTUMynMpaHu exa“ u ,kogmpaHe Ha geopmaumsara’
ca BCce oLle B NpoLeC Ha akTUBHO MPOy4YBaHe KaKTo Mo
OTHOLLEHWE Ha CEKBEHLUMWTE, Taka U Ha copTyepHUTe
nporpamu 3a obpaboTka Ha obpasuTe.

OBeMBLT Ha CUCTOMHO ABWKEHUE Ha aTPUMOBEHTPUKY-
napHaTta paBHUHa (MnM paBHMHATa Ha MUTPanHUs Kna-
neH NPbCTEH) € ApYr CPaBHUTENHO NMECEeH 3a n3MepBaHe
napameTbp, KOWTO CbLLO € M3MON3BaH MbpBOHAYanHo B
exokapauorpadusaTa 1 e 3aMmMcTBaH Nno-kbcHo 1 B KMP.
HapyLueHata cuctonHa ekckypsusi B paBHMHaTa Ha MuT-
panHua npbcteH (MAPSE) npu KMP e HesaBucum npor-
HOCTMYEH (PaKTOp 3a CMbPTHOCT NMOpPagy BCUYKM NPUYn-
HW Npy naumeHTn ¢ notucHata JIK cucrtonHa goyHKums,
He3aBMCMMO OT noasiexallara npuyrHa 3a Toea [9).

B 3akntodyeHne moxe ga ce o606LM, Ye oLeHkaTa
Ha cbpgeyHata gedopmMaunsi nogobpsisa CbLLECTBEHO
OmnarHocTukaTa v KornmyecTBeHaTa OLeHKa Ha M1oKapa-
HaTa OUCKMHE3NsI MpW OCTpa U XPOHUYHA UCXEMUYHA
yBpena. MP TexHuku 3a MmokapaHa gedopmaums ocu-
rypsiBat BakHa JOMbIHUTENHA MHpopMaLmMs npu onpe-
OensiHe Ha pucka OT YCNOoXHeHUs n dbaewm, Hebnaro-
NPUATHN MHUMAEHTU crieq OCTbP MUOKapPAEH MHapKT
[10]. 3a cbxaneHue Bce OLLe HAAMa YCTAHOBEH KOHCEH-
CyC WUInK CTaHAapTM3aumMs Ha TEXHUKaTa U Ha MPOTOKO-
niTe 3a n3obpassiBaHe Ha MuoKapgHa aedopmaums,
Tb/ Kato pasnMYHUTE WMHCTPYMEHTW 3a Mocrneasalia
0obpaboTka n3nona3eaTt pasnuyHM anropuTMm 3a Us4unc-
nsiBaHe Ha napameTpuTe Ha gedopmaumata. OcseH
TOBa CTOMHOCTUTE Ha gedopMauumsita He ca B3aMMHO-
3aMeHsieMU MeXay pasnuyHUTe COTyepHU pelueHus
N Bb3MNPOM3BOAUMOCTTa Ha M3MepBaHuATa Ha aedop-
MauusaTa 3aBUCAT OT U3MNOM3BaHUS CoPTyep, KakTo 1 OT
BMAa Ha MMOKapgHaTa gedopmanms, kato rmobanHata
paguanHa pgedopmaums € Hau-TpyaHO Bb3Npou3BO-
aum rmobaneH napamMeTbp Ha gedopmaumaTa. Haenu-
3aHETO Ha W3KYCTBEH MHTENEKT M MalUMHHO ObydeHune
Hal-BEPOSATHO LLEe OMPOCTU U LLE YCKOPU BCUYKM TE3U
N34YMCIEHNS U LIe T HanpaBu NO-LUMPOKO OOCTbLMHN B
eXXefHeBHaTa KINMHUYHA NPaKTuKa.

MWOKAPOEH OTOK MPU OCTPA
N XPOHUYHA UCXEMUYHA YBPEQA

OTOKBT Ha TbKaHWTe € 6a30B 1 HecrneundUYeH OTro-
BOP Ha OCTpa yBpeda 1 Nopaan ToBa UMa BaXHO 3Hade-
HVe Npy pasrpaHU4aBaHe Ha OCTPU OT XPOHWUYHM NaTomno-
TMYHM Npouecy. B MMHaNoTo 3HayYeHMeTo My € NoAueHs-
BaHO, TbI KaTo AOPY 1 HaW-TOYHUTE TEXHWKM He ycnsiBaT
Aa NPeacTaBsaT HaAEXOHN KavyeCTBEHM MW KonuvecTae-
HW OaHHW 3a HEroBOTO Hanu4yue, CTeneH W pervoHanHo
pasnpegeneHve.

3a MbpBU MbT MUOKaPAHWUAT OTOK NPUBIMYA BHUMA-
HWETO Ha u3crnenosaTeny B Ha4anoto Ha 80-Te roguHy Ha
XX Bek npn MP n3cnensaHe Ha Marnku 1 rofiemMmn >unso-

for functional analysis. Other techniques such as
"shift encoding of stimulated echoes" and "deforma-
tion encoding" are still under active investigation, both
in terms of sequences and image processing software.

The volume of systolic movement of the atrio-ven-
tricular plane (or the plane of the mitral valve annu-
lus) is another, relatively easy to measure parame-
ter, which was also used initially in echocardiography
and later borrowed in CMR. Impaired mitral annulus
plane systolic excursion (MAPSE) on CMR is an in-
dependent prognostic factor for all-cause mortality in
patients with depressed LV systolic function, regard-
less of underlying cause [9].

In conclusion, it can be summarized that the
assessment of cardiac deformation significantly im-
proves the diagnosis and quantitative assessment of
myocardial dyskinesia in acute and chronic ischemic
injury. MR techniques for myocardial deformation pro-
vide important additional information in determining
the risk of complications and future adverse events
after acute myocardial infarction [10]. Unfortunately,
there is still no established consensus or standard-
ization of myocardial strain imaging technique and
protocols because different post-processing tools
use different algorithms to calculate strain parame-
ters. Furthermore, strain values are not interchange-
able between different software solutions, and the
reproducibility of strain measurements depends on
the software used as well as the type of myocardial
strain, with global radial strain being the most difficult
to reproduce global strain parameter. The advent of
artificial intelligence and machine learning will most
likely simplify and speed up all these calculations
and make them more widely available in daily clinical
practice.

MYOCARDIAL EDEMA IN ACUTE
AND CHRONIC ISCHEMIC INJURY

Tissue edema is a basic and nonspecific res-
ponse to acute injury and is therefore important
in distinguishing acute from chronic pathological
processes. Itsimportance has been underestimated in
the past because even the most accurate techniques
fail to provide reliable qualitative or quantitative data
on its presence, extent and regional distribution.

Myocardial edema first attracted the attention
of researchers in the early 1980s in MR studies of
small and large animal models [11]. The results of
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TUHCKM Mogenu [11]. Pesyntatute oT Te3n npoyyYBaHUA
NOTBbPXOABaT T€3U OT MPEeaULLHN OTKPUTUS, KbAETO Ha-
NNYMETO HA OTOK B MO3bYHMS MAPEHXUM BOAW OO YBENu-
YaBaHe Ha CUrHanHUs UHTEH3UTET B T2 namepBaHuAaTa,
pesynTar OT YBENMYEHO CbabpKaHne Ha Boga B TbKaHU-
Te. \@eHTYHM npoMeHmn ce HabnogasaT U B MMOKapAHa-
Ta TbKaH, KbETO OTOKbT € paHeH Gerner B ncxemmyHara
Kackaga M OCTaBa OrpaHuM4eH camo B Teputopusita Ha
,BUHOBHaTa“ KOpoHapHa apTepus. VIMEHHO nokanu3sa-
LUusaTa cnomara 3a pasrpaHnMyaBaHeTO Ha UCXeMUYHa OT
APYrv NPUYMHU 3@ OTOK, HECBBbP3aHM C OCTpa KOpoHap-
HaTa 6onecrt.

CovBpemeHHusaT KMP ypes nyncosu nocnegosarern-
HOCTW, BMCOKOYYBCTBUTEMNHW 3@ BOAA, KOPEHHO MpO-
MEHS Bb3MOXHOCTUTE 3a Bu3yanu3aumsita Ha OTOK B
XvBaTta MyMokapaHa TbkaH. [lonaBsHeTo u nsobpassiea-
HETO Ha OTOKa Ocurypsiea noresHa, JOMbIHUTENHA Ou-
arHOCTMYHa M NPOrHOCTUYHA MHAOPMaLMS B Pas3nnyHn
KITMHWYHK YCIOBWSI, CBbP3aHM CbC CbMHEHME 3a OCTpa
MUOKapAHa yBpexaa. 30HUTe C MMoKapgeH OTOK umar
25-50% no-BMCOK CUrHaMNEeH UHTEH3UTET B CPaBHEHNE C
OoCTaHanusi, HopMarneH muokapg npu T2 6asupaHn MP
0obpa3n 1 Ta3n Haxogka e B Mpsika kopenauus ¢ T.Hap.
,30Ha B pUCK* OT No-HaTaTblUHa yBpeaa, HabnogasaHa
npu XMcTonaTosiornyHo mnacneasaxe [12].

Haw-4yecTo nsnon3eaHmnaT nogxog € nonyyaBaHe Ha
T2 GasvpaHa CeKBEHLMSI C YepHa KPbB C KpaTKOTpamHO
MHBepcHO Bb3cTaHoBsABaHe (STIR). WManonsear ce aga
HaYyanHn NHBEPCHM Nyrica, 3aHyNnsaBaLly Teyallara KpbB,
a TPETUAT MHBEPCEH MyrC ce npunara 3a NoTUCcKaHe Ha
curHana ot masHuHuTe (kbco T1). Taka 30HMTE C OTOK B
MuoKapa ce NpeacTaBaT C BUCOK CUTHAMNEH MHTEH3UTET
Ha d)oHa Ha ocTaHanus Muokapa. [13]. XapaktepHu 3a
Tasn CeKBeHUMs1 ca T.Hap. apTedakTn ,spKka KpbB“ no-
pagun HeMmbIHO NOTUCKaHEe Ha curHana Ha KpbBTa 6rm3o
[0 eHpokapaHaTa NMoBbpXHOCT (3abaBeH M 3aBUXPEH
KPBbBOTOK), KaKTO 1 OUXaTENHN 1 ABUraTenHu aptedakTy,
nopagu no-ronsMara NpoAbIPKUTENHOCT Ha M3MepBaHe-
TO (dour. 1). HepocTaTbk ChLUO Taka e cybekTMBHaTa, Ka-
YyecTBeHa oueHKa 6e3 TOYHO KONMYeCcTBEHO U3MepBaHe
N HeobXo4MMOCTTa NpoMeHuTe Aa 6baar oTHAaCAHU KbM
CurHana Ha ,HopMarsnHu“ MMOKapAHU 30HM U CKerneTHaTa
Myckynartypa. VIMeHHo Te3n HegocTaTbLM MoraTt aa go-
BeOaT 40 AMAarHOCTUYHM HETOYHOCTM npu okono 20% ot
cnydvauTte [14].

KoHTpacTHO ycuneHa, ©GanaHcupaHa cBoboaHa
npeuecus e antepHaTUBHa TEXHWKa 3a OueHKa Ha
30HMTE Ha OTOK MpuU MmMokapaHa mucxemusa [15]. Ta ce
OCHOBaBa Ha HepaBHOMEPHO pa3npegeneHne Ha rago-
NNHNEBUS KOHTPACT B UHTEPCTULMYMA Ha HOPMarHu1S
N UCXEMUYHNSA MUOKap 1 NpeofonsiBa ronsma yact ot
HegocTaTbuUMTe Ha T2 HatoBapeHuTe STIR n3mepBa-
HWS, HO MOXe Ada ObAe NoBnMsiHa OT HanM4yeH Ha To-
TanHa KopoHapHa okny3us, 6e3 penepdysus B nogne-
XalmTte TbKaHu.

these studies confirm those of previous findings where
the presence of edema in the brain parenchyma leads
to increased signal intensity in T2 measurements,
as a result of the increased tissue water content.
Identical changes are also observed in the myocardial
tissue, where edema is an early sign in the ischemic
cascade and remains limited only in the territory of
the "culprit" coronary artery. It is the localization that
helps distinguish ischemic from other causes of edema

unrelated to acute coronary disease.

Up to date CMR examinations, with its high
sensitive to water pulse sequences, fundamentally
change the possibilities for the visualization of ede-
ma in living myocardial tissue. Detection and imaging
of edema provides useful, additional diagnostic and
prognostic information in a variety of clinical settings
associated with suspected acute myocardial injury.
Areas of myocardial edema have a 25-50% higher
signal intensity compared to the remaining, normal
myocardium on T2-based MR images, and this find-
ing directly correlates with the so-called “area at risk”
of further damage seen on histopathological exam-
ination [12].

The most commonly used approach is to obtain
a short-time inversion recovery (STIR) black blood
T2-based sequence. Two initial inversion pulses are
used, nulling out the flowing blood, and the third in-
version pulse is applied to suppress the signal from
fat tissue (short T1). Thus, areas with edema in the
myocardium are presented with high signal intensity
compared with the background of the remaining myo-
cardium [13]. Characteristic of this sequence are the
so-called "bright blood" artifacts due to incomplete
suppression of the blood signal near the endocardi-
al surface (slow or turbulent blood flow), as well as
respiratory and motor artifacts due to the longer du-
ration of the measurement (Fig. 1). A disadvantage
is also the subjective, qualitative assessment without
precise, quantitative measurement and the need to
refer changes to the signal of "normal" myocardial ar-
eas and those from skeletal muscles. It is these short-
comings that can lead to diagnostic inaccuracies in
about 20% of cases [14].

Contrast-enhanced, balanced free precession is
an alternative technique for evaluating areas of ede-
ma in myocardial ischemia [15]. It is based on non-
uniform distribution of gadolinium contrast in the in-
terstitium of normal and ischemic myocardium and
overcomes many of the shortcomings of T2-weighted
STIR measurements, but may be influenced by the
presence of total coronary occlusion, without reperfu-

sion in the underlying tissues.
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HoBu, MHOro 4yBCTBUTEMNHM METOAM 3a MUOKapA-
Ha TbKaHHa xapaktepusauma ca T1 n T2 TexHukuTe 3a
KapTupaHe. MuokapgH/UAT OTOK MpU OCTpa MCXEMUS
npuynHsaBa yabrkaBaHe Ha HatuBHuTe T1 u T2 Bpe-
MeHa, pesynTaTr OT HapylleH MHTErpuTeT Ha Kapguo-
MuoumTHaTa membpaHa 1 yBenu4yeH ekctpavenynapeH
o6em (cpur. 2). T1 kapTMpaHeTO e YyBCTBUTENHA TEXHU-
Ka 3a gonaBsiHe Ha MMOKapAeH OTOK, HO AaHHUTe oT T2
KapTUpaHeTo ca No-cneunduryHn, Tbii KaTo BPEMETO 3a
T1 penakcauus ce yabrkasa KakTo OT Hanuyne Boga,
Taka U OT HaTpynBaHe Ha Apyrv TbKaHuu (Hamp. amu-
nounp) [14]. AHanM3bT Ha NPOMEeHUTEe NpU MUOKapOeH
OTOK ¢ T2 6asmpaHn 06pasu 1 napameTpuyHO KapTmpa-
He moraT ga ObaaT NoBMUSAHM OT HaNMyne Ha 30HM Ha
HEeKpo3a 1 XeMoparus ¢ NpoAyKTK OT Aerpagaunsita Ha
xemornobuHa, KaTo A4eOoKCU- U METXEMOINOOMH, KOUTO
oTcnabBaTt CUrHamnHus MHTEH3UTET B CbpLUEBMHATA Ha
MHapKTHaTa 30Ha. T2* cekBeHUuATa e cneymduryHa
TeXHMKaTa Ha rpagueHTHO €X0, MHOMO YyBCTBUTENHA
3a JonaBsfHE Ha [EeOKCUMreHuMpaH XemorrobuH, meT-
XEeMOrnobuH n xemocaepuH, obeanHeHn nog oodums
TEPMUH AerpajaumoHHM NPOAYKTM Ha XeMornobuHa,
HabrnogBaHM Npy MHTpammnokapgHa xemoparus. Tasu
TEXHWKA NpeacTaBsl TOYHU AETalnM No OTHOLLUEHUE Ha
rnokanusauusi, pasnpocTpaHeHne 1 cTaaum Ha pasBu-
TMe Ha xemoparusata u OeMOHCTpMpa OTNuYHa naTto-
XUCTOMNOMMYHa Kopenauus.

[o6poTo no3HaBaHe U KOMOBUHUPAHOTO NpunaraHe
Ha pas3nnyHu MP TexHukn 3a nsobpassBaHe Ha OTOK,
HeKpo3a 1 xemoparus aBa Bb3MOXHOCT 3a pasrpaHu-
YaBaHe Ha obpaTuma oT HeobpaTuma ocTpa Muokapa-
Ha yBpeaa v KONMYeCTBEHO onpeaensiHe Ha Mvokapaa
B PMCK Npeaw v crneg KopoHapHa peBacKynapusauusi.

®dur. 1. T2-STIR o6pa3 B paBHMHA YETUPU KYyXMHM NMOKasBa T.Hap.
apTedakT ,ApKa KpbB“, nopagn HEMbHO NOTUCKaHe Ha curHana Ha
KpbBTa 61130 40 eHaokapAHaTa NOBbPXHOCT.

Fig 1. Four chamber T2-STIR image shows ,bright blood* artifact due
to incomplete suppression of the blood signal near the endocardial
surface

New, highly sensitive methods for myocardial tis-
sue characterization are T1 and T2 mapping tech-
niques. Myocardial edema in acute ischemia causes
prolongation of native T1 and T2 times, resulting from
impaired integrity of a cardiomyocyte membrane and
increased extracellular volume (Fig. 2). T1 mapping is
a sensitive technique for detecting myocardial edema,
but T2 mapping data are more specific because the T1
relaxation time is prolonged by both the presence of
water and the accumulation of other tissues (eg, amy-
loid) [14]. Analysis of the changes in myocardial edema
with T2-based imaging and parametric mapping may
be influenced by the presence of areas of necrosis
and hemorrhage with hemoglobin degradation prod-
ucts such as deoxy- and methemoglobin that attenuate
signal intensity in the core of the infarcted area. T2*
sequence is a specific gradient echo technique, very
sensitive for detecting deoxygenated hemoglobin, met-
hemoglobin and hemosiderin, united under the general
term hemoglobin degradation products, observed in
intramyocardial hemorrhage. This technique presents
precise details regarding location, distribution and
stage of development of the hemorrhage and demon-
strates excellent pathohistological correlation.

Good knowledge and the combined application of
different MR techniques for imaging edema, necrosis,
and hemorrhage make it possible to distinguish revers-
ible from irreversible acute myocardial injury and quan-
tify the myocardium at risk before and after coronary
revascularization.



36

M. Hedeecka, B. pydesa, A. MapmeHosa

®dur. 2. MNauneHT ¢ ocTbp NpeaeH NHgapkKT Ha Mnokapaa. TpaHcmypa-
nNeH egem B 30HaTa Ha MCxeMusi ce n3obpassiBa kaTo BUCOKM CUrHanu B
T2-STIR no npegHa cteHa anukanHo (A). T1 (B) n T2 (C) BpemeHaTta 3a
penakcauusi B 3o0HaTa Ha UCXeMusi ca YObIMKEHN — n306paseHn B opaH-
xeB UBAT. KbCHO ragonuHmneTo ycuneaHe B CbLUMSA CErMeHT, aHraxupa
0o 75% ot pebenuHarta Ha Myuokapga (D). MNnowta Ha MMokapaHUsi OTOK
€ no-ronsiMa oT Ta3n Ha KbCHOTO yCUrBaHe.

Fig. 2. A patient with acute anterior myocardial infarction. Transmural
myocardial edema in the anterior wall is observed as an area with high
signal intensity on T2-STIR image (A). T1 (B) and T2 (C) relaxation
times in the area of ischemia are increased, represented in orange. Late
gadolinium enhancement in the same segment involves up to 75% of
the myocardial thickness (B). The area of myocardial edema is larger
than the area of infarction on late gadolinium-enhanced MRI.

CTPEC-MArHUTHOPE3OHAHCHU TEXHUKMU
3A AUATHOCTUKA HA NMPOBOKUPAHA
MUOKAPOHA UCXEMUA

Ctpec-MP mnokapgHa nepdy3unst € HagexaeH me-
TOA 3a JonaBsHEe Ha NPOBOKMpaHa OT CTpec-MuoKapa-
Ha ncxemus npu nogosmpana MBC. MNoHacToswem ce
n3non3eaTt ABa OCHOBHM MPOTOKOMA 3a Cb3gaBaHe Ha
CTpec, kaTo ¥ ABaTa U3nonssat MeaukaMeHTH C Baso-
OunartaTtvBEH UMM MHOTPOMNEH eqekT.

BazogunaratvBHWTE MeOMKaAMEHTW, KaTo afeHo-
31H 1 perageHoCoH yBenuyaBaT KpbBOTOKa B HOpmMar-
HUTE KOPOHAaPHW apTePUN U He YCNABaT Aa ro NPOMEHAT
B CTEHOTUYHUTE TEPUTOPUN, KOUTO BEYE Ca B YCNOBUS
Ha MakcuManHa Basogunatauus. TUNUYHUAT nepdy-
31OHEH AedeKT aHraxvpa cybeHgokapaHMTe 30HM U1
uanarta gebenvHa Ha MMoKapaa u ce npeacTaBs KaTto
»,TbMHa 30Ha“ Ha hoHa Ha OCTaHanus KOHTpacTupaH
Muokapd. AMHaMUYHUAT Xapaktep Ha nepdy3noHHUTe
n3cneaBaHus No3BoMsiBa M3MeEpPBaHe M aHanu3 Ha UH-
TEeH3WTeTa Ha NPOMEHMTE BbB BPEMETO U TAXHOTO rpa-
b1YHO NpecTaBsaHE KaTo KpMBK C pa3nunyHa opma B
NoKon n npw HaToBapBaHe [16].

MHOTPOMHM NN XpOHOTPOMHU MeANKaAMEHTU, KaTo
nobyTtamMuH, yBenuyasaT KUCNOPOOHUTE HYXAM HA MU-
okapga, nogobHo Ha dmsmdecko HaToBapsaHe. [pu-
NOXEH B HUCKM [03M TOW MOTEHUMpa MUOKapAHUTE
KOHTPaKTUIHWN pe3epBu, a BbB BUCOKM 403N MOXe [a
NPOBOKMPA UCXEMUSI B 30HATA Ha CTEHOTUYHM KOPO-
HapHW apTepuun C AONOBMMW NPOMEHN B CErMEHTHaTa
MuoKapAaHa KnHetuka [17].

N pBeTe TEXHUKM HOCAT MOTEHUManeH puck oT
Bb3HMKBAHE Ha >XMBOTO3acTpallaBallM YCIIOXKHEHUSA U
MMaT XxapakTepHW OrpaHUYEHusi, CBbP3aHN OCHOBHO C
HeobXxoaMMOCTTa OT NeAaHTUYHO U3MbIIHEHUE Ha NPOo-
TOKoOra 3a norny4yaBaHe Ha QUAarHOCTUYHU U KAaYeCTBEHN

STRESS-MAGNETIC RESONANCE
TECHNIQUES FOR THE DIAGNOSIS
OF PROVOKED MYOCARDIAL ISCHEMIA

Stress MR myocardial perfusion is a reliable
method for detecting stress-induced myocardial isch-
emia in patients with suspected coronary artery dis-
ease. Two main protocols are currently used to cre-
ate stress, both of which use pharmacological stress
agents with vasodilatory or inotropic effects.

Vasodilators such as adenosine and regadenoson
increase blood flow in normal coronary arteries and
fail to change it in stenotic territories that are already
in conditions of maximal vasodilation. A typical perfu-
sion defect involves the subendocardial areas or the
entire thickness of the myocardium and presents as a
"dark area" against the background of the remaining
contrast-enhanced myocardium. The dynamic nature
of perfusion studies allows measurement and analysis
of the intensity” changes over time and their graphical
presentation as curves of different shape at rest and
during exercise [16].

Inotropic or chronotropic drugs, such as dobuta-
mine, increase myocardial oxygen demand, similar
to exercise. Applied in low doses, it mobilizes myo-
cardial contractile reserves, and in high doses it can
provoke ischemia in the area of stenotic coronary
arteries with detectable changes in segmental myo-
cardial kinetics [17].

Both stress techniques however carry a potential
risk of life-threatening complications and have some
limitations mainly related to the need to meticulously
execute the protocol to obtain diagnostic images of suf-
ficient quality under conditions of maximum stress. A
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obpasun B yCrnoBus Ha MakcumarneH ctpec. M3secTeH
HefocCTaTbK e MoNyKonMyYecTBeEHaTa, BU3yariHa oLeHKa
n HeobxooMMOCTTa OT CpaBHEHWE C OocTaHanwus, ,Hop-
MarneH"“ MMokapa, KOETO He € Bb3MOXHO Mpu Andy3Hu
NPOMEHU MpU MUKpPOBAcKynapHa Gonect.

Ocb3HaBaHETO Ha Te3U OrpaHNYeHUst AaBa HOB Tra-
CbK B pa3BMTUETO HaA METoAa CbC CTPeMeX 3a Jobusa-
He Ha HanbITHO OBEKTUBHW, KONMYECTBEHN Nepdy3nNOoH-
HW JaHHW 4Ype3 napameTpuvyHa TEXHUKa Mo MeToda Ha
nukcenn [18]. Mo To3n Ha4YMH € Bb3MOXHO KONU4YecT-
BEHO M3MepBaHe Ha KPbBOTOKA B Pa3nNMyHN MUOKaPAHU
CErMEeHTN N U34YNCNSABaHE Ha MWOKaApOHWS KPbBEH pe-
3epB. 3a mocTvraHe Ha Te3u LeMnv € HYXHO Mpuroxe-
HVE Ha MHOMBWAYanuavpaHu NPOTOKOMM MO OTHOLLEHWE
Ha KONMMYeCTBO Ha KOHTPACT, CKOPOCT Ha MHXEKTMpaHe
W MHOMO TOYHO OMpedernsiHe Ha BPeMeTo 3a uacren-
BaHe, B 3aBMCUMOCT OT CKOPOCTTa, C KOATO KOHTpacTa
HaenuM3a B TbkaHuTe. Bbnpeku mHoroobelyaBalute
MbpBOHAYanNHW pesyntaTn Te3n TEXHUKN BCE OLLe He ca
CTaHAapTU3MpaHn 1M BanvauMpaHu HambiHO 3a uenuTe
Ha exxeqHeBHaTa KINMHUYHA NpakTuka.

M3non3BaHeTo Ha TexHMKaTa 3a OLEHKa Ha Mu-
okappHata gedopmauums (strain MR) B ycnosusita Ha
ctpec MP ©u npeogonsna orpaHn4yeHusaTa oT U3uano
BM3yarnHaTa OLEeHKa Ha CermMeHTHaTa MuokapgHa Ku-
HeTuka [19]. KaTo anTepHaTuBa Ha TexHMKa ¢ papma-
KOMOrn4eH CTpecop, pasnnyHn aBtTopy cbobLyasaT 3a
npunaraHe Ha 1M3n4ecko HaToBapBaHe Ypes3 U3nons-
BaHe Ha cbBMecTumu ¢ MP Bernoeprometpu. 3acera
TAXHaTa Wwupoka ynotpeba ocTtaBa orpaHuyeHa, no-
pagu TpyoHOCTUTE Npu nonyyaBaHe Ha U3obpakeHns,
KaKTO M Ka4eCTBOTO Ha NonyveHnTe n3obpaxkeHusi, Hs-
KOW TEeXHWYECKV MpeamsBUKaTerncTBa M OrpaHnYeHus
Ha HanuM4yHUTE B TbpProBCKaTa Mpexa yCTpOWCTBa 3a
ynpaxHeHusi, cbBMecTumun ¢ MP anapartu [20].

HecTtaHgoapTeH, nHoBaTuBeH Noaxod 3a AonassHe
Ha MPOMEHN B TbKaHHUTE XapaKTEPUCTMKM Ha MMOKapaa
e T1 kapTupaHe B ycroBusi Ha papMaKOIorMyYeH CTpec
6e3 NpunoxeHve Ha BEHO3EH KOHTPAcCT U CPaBHEHWE Ha
pesyntatuTe C Te3u B Nokon. MeToabT ce ocHOBaBa Ha
Bb3MOXXHOCTUTE Ha HaTUBHOTO T1 KapTupaHe ga gona-
BSI MPOMEHU B MMOKapOHWS KpbBEH 00eM. YBeNnyeHue-
TO Ha MMOKapaHUA KpbBeH 06eM e (hrM3nonormyeH oTro-
BOp Ha Basogunatauuata. Taka T1 kapTute, nonyyeHn
npeay n No Bpeme Ha hapMakororMyeH Basogunara-
TMBEH CTPEC LUe MoKa3BaT pasfM4yHN CTOMHOCTU Ha MU~
okapaHoTo T1 Bpeme, B pe3yntaT OT pasfnmyeH KpbBeH
06em. Tasm TexHMKa M3MCKBA MHOTO TOYHO M3MEpBaHe
Ha T1 BpeMeTo 3a penakcauusl, 0cobeHo Ha oHa Ha
CcTpec-vHAyLmMpaHa BUCOKa cbpaeydHa YecTtota [21].

KMP nPu AUArHOCTUKA HA OCTBP
N XPOHUYEH MUOKAPOEH UHOAPKT

OcHoBHa Lien Ha MarHUTHOPE30HaHCHOTO U3crea-
BaHe € [a [OMOBU U XapakTepusupa pasivyHi KOM-

known disadvantage is the semi-quantitative, visual
assessment and the need for comparison with the re-
maining, "normal" myocardium, which is not feasible
with diffuse changes in microvascular disease.

The realization of these limitations gives a new im-
pulse to the development of the method with the aim of
obtaining completely objective, quantitative perfusion
data by a parametric pixel method technique [18]. In
this way, it is possible to quantitatively measure the
blood flow in different myocardial segments and cal-
culate the myocardial blood reserve. Achieving these
goals requires the application of individualized proto-
cols in terms of contrast amount, injection speed, and
very precise timing of the examination, depending on
the rate at which the contrast enters the tissues. De-
spite promising initial results, these techniques have
not yet been fully standardized and validated for the
purposes of daily clinical practice.

Furthermore, the use of the technique to assess
myocardial deformation (strain MR) under stress MR
conditions would overcome the limitations of purely
visual assessment of segmental myocardial kinetics
[19]. As an alternative to the pharmacological stress-
or technique, various authors have reported the ap-
plication of exercise using MR-compatible treadmills.
So far, their widespread use remains limited due to
difficulties in obtaining images, as well as the quality
of the images obtained, some technical challenges
and limitations of commercially available exercise
devices compatible with MR machines [20].

A non-standard, innovative approach to detect
changes in tissue characteristics of the myocardium
is T1 mapping under conditions of pharmacologi-
cal stress without administration of venous contrast
and comparison of the results with those at rest. The
method is based on the capabilities of native T1 map-
ping to detect changes in myocardial blood volume.
An increase in myocardial blood volume is a phys-
iological response to vasodilatation. Thus, T1 maps
obtained before and during pharmacological, vaso-
dilatory stress will show different myocardial T1 time
values, resulting from different blood volume. This
technique requires a very accurate measurement of
the T1 relaxation time, especially in the context of a
stress-induced high heart rate [21].

CMR IN THE DIAGNOSIS OF ACUTE
AND CHRONIC MYOCARDIAL INFARCTION

The main purpose of a magnetic resonance ex-
amination is to detect and characterize various com-
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®ur. 3. MNaumeHT ¢ npexuBeHn MHdapkTn B bacenHnTe Ha naBa u
AsicHa KopoHapHa apTtepus. [iunatupaHa n cepuyHo peMoaenvHa-
pa naBa kamepa. O6pasu OT KMHO Cepun B PaBHWMHWN YETUPU KYXUHK
(A) n kbca oc (B) cpenHo noka3BaT BUCOKOCTEMNEHHO U3TbHSABAHE Ha
MuoKapaa no npefHa cTeHa, CenTym u BbPXoBO. B Te3n cermeHTu ce
yCTaHOBsIBa TPaHCMypariHo KbCHO ragonuuueTto ycuneade (C, D) ¢
HambnHO aBUTaneH Muokapa.

Fig. 3. A patient with a prior transmural myocardial infarction in left
anterior descending and right coronary arteries. Dilated left ventricle
with spherical remodeling. Four chamber (A) and short axis (B)
CINE images in diastolic phase reveal myocardial wall thinning
in the anteroseptal wall. Late gadolinium-enhanced MR images
demonstrate the transmural infarction in the anteroseptal wall and
apex (C, D). Myocardial viability is not preserved in the infarcted area.

MOHEHTM Ha OcCTpaTa MCXeMMYHa MUOKapdHa yBpeda
C MoTeHuManHa NporHoCTUYHa CTOMHOCT, @ B XPOHUYHA
¢asa ga npenctasym MopdornorusaTa U fokanusauuata
Ha obpasyBaHusi umkaTpukc (dur. 3). B cbaosarta Tepu-
TOpUATa Ha OKNyaMpaHa KOpoHapHa apTepus nNpu nunca
Ha KonaTeparHa LMpKyrnaumsi OCBEH 30Ha Ha MUOKapaHa
Hekposa ce ocopms 1 nepudepHa, rpaHnyHa 3o0Ha, Ha-
pedeHa ,Mmuokapg B puck®. Ta moxe ga 6bae ,crnaceHa”
ypes ycrelHa KOpoHapHa MHTEepBeHUMS ¢ penepdy3ust
N1 ga eckanupa KbM HeEOBpaTUMM UCXEMUYHM NMpOMe-
HW, pa3LLIMpsIBaLLM 30HaTa Ha MMoKapaHa Hekpo3a.

Penepdysudara Ha oknyanpaHa KopoHapHa apTepust
Bb3CTAHOBSIBA EMUKApAHNS KPBBOTOK, HO HE BUHArM yc-
nsiBa Ja Bb3CTAHOBU MMKpOBACKyrnapHaTta LpKyrnaums
N MOXe [a MPWYMHW OOMbIHMTENHA, TeXKa yBpeaa Ha
BEYE UCXEMUYHUTE TbKaHW. HegocTtaTbyHa MUKPOBACKy-
napHa nepdysusa ce Habrnogasa B 6rnm3o 50% ot MU ¢
ST-eneBaunsa n ce NpeactaBa KaTto MUKpOBacKynapHa
o6cTpykuma (MBO) n nocneaBalla MHTpammnokapaHa xe-
moparus (MMX). Tean natonorMyHmn NpoLecu ca pesynrtart
OT M3MbIIBAHETO Ha KanunspuTe ¢ epuTpoLmTH, TPOMOO-
LMTU, MUKPOTPOMOW U eAeMHW eHOOTENHN KneTku. Mpo-
BOKMpaHa OT UCXemusiTa OeCTpyKUWMsi Ha eHpgoTenHata
Oapuepa BOOM [0 eKCTpaBauMs Ha KPbBHU MPOAYKTU
KbM OKOIMHWUTE WHTEPCTMUMAnHM TbKaHu Kato odopms
30Ha Ha xemoparus [22]. HannumneTo Ha M1KpoBackyap-
Ha OBCTpyKUMSI € BaKeH MPOrHOCTUYeH Gener 3a 6bge-
LM CbpOEYHO-CHOOBU YCIOXHEHWS, 3a NeBOKaMepHa
ONCHYHKUMSA 1 KamepHO pemopenuvpaHe. Pasmepute u
pasnpoCTpPaHEHMETO Ha UHTPaMMOKapaHaTa xemoparus,
OT Apyra CcTpaHa, Npsiko KoOpenupar ¢ pa3MepuTe Ha WH-
apkTa 1 e HebnaronpusTeH NporHocTuyeH bener crieq
OCTpa M1OKapOHa NCXeMKS.

NHxeKkTMpaHeTo Ha ragonmHNEB KOHTPAcCT € BaXHa
CTbMKa B MPOTOKOSa 3a KOMMJIEKCHA OLeHKa Ha Mu-
oKapAHa ucxemusi, crieq, CeKBeHUmmTe 3a oueHka Ha JIK

ponents of acute ischemic myocardial damage with
potential prognostic value, and in the chronic phase to
assess the morphology and localization of the devel-
oped scar tissue (Fig. 3). In the vascular territory of an
occluded coronary artery, in the absence of collateral
circulation, in addition to an area of myocardial necro-
sis, a peripheral, border areas called "myocardium at
risk" is formed. It can be "rescued" by successful coro-
nary intervention with reperfusion or escalate to the de-
velopment of irreversible ischemic changes and further
expansion the area of myocardial necrosis.

Achieved reperfusion of an occluded coronary
artery restores epicardial blood flow but does not al-
ways succeed in restoring microvascular circulation
and may cause additional, severe damage to already
ischemic tissues. Insufficient microvascular perfusion
occurs in nearly 50% of ST-elevation Ml and presents
as microvascular obstruction (MVO) and subsequent
intramyocardial hemorrhage (IMH). These pathological
processes are the result of filling the capillaries with
erythrocytes, platelets, microthrombi and edematous
endothelial cells. Ischemia-induced destruction of the
endothelial barrier leads to extravasation of blood prod-
ucts into the surrounding, interstitial tissues, forming
an area of hemorrhage [22]. The presence of micro-
vascular obstruction is an important prognostic marker
for future cardiovascular complications, left ventricular
dysfunction, and ventricular remodeling. The size and
distribution of intramyocardial hemorrhage, on the oth-
er hand, directly correlates with the size of the infarct
and is an unfavorable prognostic marker after an acute
myocardial ischemia.

The injection of gadolinium contrast is an import-
ant step in the protocol for the complex evaluation of
myocardial ischemia, after the sequences for the eval-
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dyHKUmna n obemn (bSSFP), T2 3a oueHka Ha egem un
T2* cekBeHUMATa 3a JoNaBsHE Ha NapamarHUTHN cyo-
CTaHUMM OT Aerpagaumsita Ha xemornobuHa npu VIMX.
laponvHMeBUTE XenaTtu ca ekcTpalenynapHu KoHTpac-
TW N TAXHOTO pPa3npoCTpaHeHne B MMOKap4a 3aBncu oT
pasnuyHM akTopu, CBbpP3aHN C KpbBHUS 06eM, nep-
dy3uaTa Ha TbkaHUTe, 0beMa Ha ekcTpaLenynapHoTo
npocTtpaHcTeo (ELM) n konu4ecTBOTO Ha HEKPOTMY-
HUTE TbKaHu. [TbPBOTO NpemMuHaBaHe Ha KOHTpacTa
npes CbpLETO NpeacTaBsa paHHaTa MuokapaHa nepdy-
3US 1 NCXEMMYHATA 30HA € pa3nuymma OT ocTaHanus
MUOKapg nopagu 3HaduTenHo no-cnabo KOHTPacTHO
ycurgaHe, T.€. KaTo 30Ha Ha xunonepdysus (dur. 4).
Tasn 30Ha e 3Ha4YMTernHO Mo-marnka OT KbCHOTO rago-
nuHneBo KoHTpacTupaHe (LGE) n pobpe kopenupa
CbC 30HaTa Ha MUOKapeH OTok Ha T2 cekBeHuuuTe. B
HOpPMarHus MUoKapa ragonMHUEBUAT KOHTpacT 6bp30
ce ,0TMMBA“, a B NaTtonornyHata, HeKpOTUYHO npome-
HeHaTa OT UCXeMusiTa 30Ha, Ce 3agbpxa U Ta3un pas-
nvika e Han-gemMoHcTpaTuBHa Ha 10-ata MuHyTa cneq
WHXeKTUpaHeTo My. Taka WHdapKTHaTa, HeKpoTM4Ha
30Ha Ce npeacTaBsl KaTo TbKaH C KbCHO KOHTPACTHO
ycunBaHe, 3aemMalla pasnuyHa YyacTt ot obwiarta nnoLy
Ha Muokapga. KbCHOTO KOHTpacTHO ycunBaHe u T2
CeKBEHUMMTE MOraT da Cce U3nonaeaTt 3a Karnkynauusi
Ha MHAEKC 3a ,MMUOoKapaHO cnaceHue” [22]

T2 ) _ 3P (%ot JIKHaT2) — 31 (% ot JIK Ha LGE)

ume (LGE 3P (%ot JIK Ha T2)

2

kboeto: MMC — nHOgekc 3a MuokapgHoO ,craceHue’,
3P — 30Ha B puck, 3U — 30Ha Ha UHapkT

F.

uation of LV function and volumes (bSSFP), the T2
sequence for the evaluation of edema, and the T2*
sequence for the detection of paramagnetic substanc-
es from the degradation of hemoglobin in IMH. Gado-
linium chelates are extracellular contrast agents and
their distribution in the myocardium depends on vari-
ous factors related to blood volume, tissue perfusion,
extracellular space (ECS) volume, and the amount of
necrotic tissue. The first pass of the contrast through
the heart tissue represents early myocardial perfusion
and the ischemic area is distinguishable from the rest
of the myocardium due to significantly lower contrast
enhancement, i.e. as an area of hypoperfusion (Fig.
4). This area is significantly smaller than late gadolini-
um enhancement (LGE) observed later and correlates
well with the area of myocardial edema on T2 weight-
ed sequences. In the normal myocardium, the gad-
olinium contrast is quickly "washed out", and in the
pathological, neurotically changed by ischemia area,
itis retained, and this difference is most demonstrative
at 10 minutes after its injection. Thus, the infarcted,
necrotic area is presented as tissue with late contrast
enhancement, occupying a different part of the total
area of the myocardium. Late contrast enhancement
and T2 sequences can be used to calculate a “myo-
cardial salvage” index [22].

T2 AR (% LV at T2WI1)-AI (% LVat LGE
MS] (_) _ AR (% )-AI (% )

LGE AR(%LV atT2wWI)

where: MSI — myocardial salvage index, AR — area at
risk, Al — area of infarct

®ur. 4. [TbpBO NpeMrMHaBaHe Ha KOHTpPacTHa maTepus
(nepdby3ns) Npu NauMeHT crnen NpexvBaH MHAAKPT B
bacenHa Ha left anterior descending (LAD). Cy6eHgo-
KapHa anepdysnpaHa 30Ha Ha npakTvka B Lenus ba-
ceiiH Ha LAD.

Fig. 4. First pass myocardial perfusion in a patient with
a prior myocardial infarction in left anterior descending
artery. Subendocarial perfusion defect in seen in the
infarcted territory.
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KbCHOTO KOHTpPacTHO ycunBaHe Ha MuoKapha e
HadeXOeH MHCTPYMEHT 3a pasrpaHnyaBaHe Mexay He-
NCXEMUYHUN N UCXEMUYHW Kap4MOMUONaThm, 3a OLeHKa
Ha MuUokapAHa BUAOWMHOCT M MMa NPSKO OTHOLUEHME
KbM BEPOSITHOCTTA 32 Bb3CTAaHOBSIBAHE Crief peBacKy-
napusauus. AKo 3oHaTa Ha KbCHOTO KOHTPACTHO YCUIl-
BaHe 3aemMa no-manko ot 75% ot uanara gebenuHa-
Ta Ha MyoKapAa crieq pesackynapusvpaH octbp MU,
MOXe [la Ce O4aKkBa Bb3CTaHOBSBAHE Ha CerMeHTHaTa
n rnobanHata MuoKapaHa KMHETWKa, AOoKaTo ToBa e
Bb3MOXHO camo npu 2% OT crnyvyauTe C KbCHO KOH-
TpactupaHe, aHraxuvpaiwlo > 75% [22]. MBO n NMX
Ce OTKpMBAT KaTo 30HM C HWCBK MMM NUMCBALL, CUrHar
B 30HMTE C KbCHO KOHTPACTHO ycuriBaHe, obuyarnHo B
LeHTpanHnTe 30HN Ha MHpapKTHaTa ThKaH. AnNTepHa-
TMBHa TexHuka 3a MBO ca T2 6a3npaHuTe cekBeHLUH,
a uMeHHo T2* kaptupare unm T2 STIR (cwur. 5).

OLlle nNo-ToyeH NPorHoCTNYeH Gener 3a oueHka Ha
Bb3CTAHOBSABAHETO Ha MWOKapAHaTa KMHETUKa e us-
YMCNABAHETO Ha eKcTpaLenynapHusa obem ¢ KOHTpacT-
HO ycuneHo T1 kapTorpadumpaHe [23].

B tabnuua 1 ca cucremaTnsmpaHm NpOMeHUTe nNpu
KMP, HabntogaBaHn npy MUOKApAEH OTOK, OCTbP MuU-
okapaeH nHdapkt n MCO/MMX.

Late contrast enhancement of the myocardium is
a reliable tool to differentiate between non-ischemic
and ischemic cardiomyopathies, to assess myocardial
viability and has a direct relationship to the probability
of recovery after revascularization. If the area of late
contrast enhancement occupies less than 75% of the
whole thickness of the myocardium after revascular-
ized acute MI, recovery of segmental and global myo-
cardial kinetics can be expected. While this is only
possible in 2% of cases with late contrast involving
> 75% [22]. MVO and IMH are detected as areas of
low or absent signal in areas of late contrast enhance-
ment, common in central areas of infarcted tissue. An
alternative technique for MVO is T2-based sequenc-
es, namely T2* mapping or T2 STIR (Fig. 5).

An even more accurate prognostic marker to assess
the recovery of myocardial kinetics is the calculation
of extracellular volume with contrast-enhanced T1
mapping [23].

Table 1 summarizes the CMR changes observed
in myocardial edema, acute myocardial infarction, and
MCO/IMH.

®ur. 5. MaumeHT c ocTbp MHMapKT B 6acelHa Ha umpkymdnekcHata aptepus. TIRM obpa3s B paBHMHa KbCa OC CpeaHO NoKa3Ba 30Ha Ha eem no
fJonHonarepanHa cCTeHa C Hanm4une Ha LieHTparnHa XMNnovHTeHCHa 30Ha — kopecnoHaumpatia Ha MBO/MMX (A). KbCHOTO rafgonumHueTo ycunsaHe
notebpxgasa MBO/MIMX B nHdapumpaHaTta 3oHa KosiTo ce n3obpassiBa KaTo LeHTpanHa Heycunealia ce 30Ha, orpajeHa OT TpaHcMyparnHa
30Ha Ha kbcHO ycuneaHe (B). T1 (C) n T2 (D) BpemeHaTa 3a penakcauusi B 3oHaTa Ha UCxemMusi ca yabikeHn (6enu ctpenku) u ce nsobpasasat
B MO-CBETHI1 OPAHXEB LBAT, C U3KMNoveHne Ha 3oHata Ha MBO/MMX, KbAEeTo ca MOHWXKXEHW (YEPHU CTPEnKK).

Fig. 5. A patient with acute myocardial infarction in the left circumflex artery. T2-STIR image in mid short axis view reveals myocardial edema in
inferolateral wall together with a central hypointense zone representing MVO/IMH (A). LGE confirms MVO within the infarcted zone visualized as
a nonperfused core, surrounded by transmural zone of enhancement (B). T1 (C) and T2 (D) relaxation times in the infarcted area are increased
(white arrows), except for the MVO/IMH zone where they are decreased (black arrows).
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Ta6nuua 1 // Table 1

Xapaktepuctuka

3oHa B puck

30Ha Ha uHdapkT

MBO/MMX

OTOK

L[]
e OTOK
e Bb3nanexve e MUKpOBAcCKyrapHa
o Bb3nanexue
MaTtodpmamnonornyHn 6enesn ® VHTaKTHU KMETBYHU CTEHM 06CTpyKLMS
o paspyLIEHU KETbYHN CTEHU
e VHTaKTHa e VHTpammoKapaHa xemoparus
o VHTaKTHa MUKPOLMPKynaLms
MUKPOLIMPKynawums
T2W Bucok CU Bucok CU Hucek CU
PaHHO KOHTpacTHO ycuneaHe Bes oueHka Bes oueHka Hucwsk CU
KbCHO KOHTPACTHO ycunBaHe Bes oueHka MHTeH3nBHO ycuneaHe He ce koHTpacTupa

HaTtuneHo T1 kapTorpadmpaHe

YabmkeHo T1 Bpeme

YabmkeHo T1 Bpeme

CkbceHo T1 Bpeme

KoHTpacT ycuneHo T1 kapTupaHe

CkbceHo T1 Bpeme

3HauuTenHo ckbceHo T1 Bpeme

CkbceHo T1 Bpeme

T2 kaptupaHe

YabmkeHo T2 Bpeme

YabrmkeHo T2 Bpeme

CkbceHo T2 Bpeme

T2* kapTvpaHe

YobmkeHo T2* Bpeme

YpabkeHo T2* Bpeme

CkbceHo T2* Bpeme

Characteristics Area at risk Infarct area MVO/IMH
° fedema . e edema

Pathophysiologic features ° !nﬂammatlon « inflammation e microvascular obstruction
o intact cell walls « cell destruction e intramyocardial hemorrhage
e intact microvasculature

T2WI

Hyperintense

Hyperintense

Hypointense/low signal intensity

Early contrast enhancement/first pass

No assessment

No assessment

Hypointense

LGE

No assessment

Intense enhancement

No enhancement

Native T1 value

Increased T1 value

Increased T1 value

Decreased T1 value

Contrast enhanced T1 value

Decreased T1 value

Significantly decreased T1
value

Decreased T1 value

T2 mapping Increased T2 value Increased T2 value Decreased T2 value
T2* mapping Increased T2* value Increased T2* value Decreased T2* value
3AKNIOYEHUE CONCLUSION

CbBpeMeHHUTE TEXHUKU Ha KapaAuOMarHUTEeH pe-
30HaHC 3a aHaTOMM4YHa U (PYHKUMOHAMHA OLEHKa npu
NCXeMMYHa BONECT Ha CbPLIETO Ca KITMHWUYHO YTBbPAEHM,
C [IoKa3aHa AuarHoCTM4Ha U NPOrHOCTUYHA CTOMHOCT. Bb-
MPEKU LUMPOKUST CNEKTBP OT NPUIOXKEHWS, TPAANLMOHHN-
Te TeXHMKM BCE OLLIe ca HecrocobHU aa OCUrypsiT TOUHU
N aBTOMaTU3MPaHM N3YUCIIEHNSI HA OCHOBHUTE TbKaHHU
XapaKTepPUCTMKM — MUOKaPAEH KPbBEH TOK, TEXECT U pas-
NpoCcTpaHeHNe Ha MWOKapAHWUS OTOK, BUTArIeH M1OKapA,
MUKPOCHA0Ba OOCTPYKUMSI U MHTpaMUOKapaHa xemopa-
rvs. HectuxBalwmaT MHTEpeC U HemnpecTaHHO pasBuTue
Ha MeToda nopakaa rnosiBata Ha KOnMYeCcTBEHU TEXHUKM
3a NPOMeHN B M1MOKapda Ha 6asa npoMsiHa BbB BpeMe-
TO 3a penakcauusi, nsobpassiBaHe Ha AedopmauusTa u
KONMYECTBEHO M3MEpBaHe Ha MuokapaHaTta nepdysus,
KouTo B ONM3ko Obaelle Lie ObaaT YacT OT exXeaHeB-
HaTa, pyTUHHA KNUHWUYHA paboTa MU BEPOSITHO LUE TpaH-
copMmMpaT HaMbHO AMArHOCTUYHATa U MPOrHOCTUY-
HaTa e(peKTUBHOCT Ha MeToaa.

He e deknapupaH KOHGAUKM Ha uHmepecu

Modern cardiac magnetic resonance techniques
for anatomic and functional assessment of ischemic
heart disease are clinically validated, with proven
diagnostic and prognostic value. Despite the wide
range of applications, traditional techniques are still
unable to provide accurate and automated calculations
of the main tissue characteristics - myocardial blood
flow, severity and extent of myocardial edema,
vital myocardium, microvascular obstruction, and
intramyocardial hemorrhage. The continuing interest
and continuous development of the method leads to
the emergence of quantitative techniques for changes
in the myocardium based on changes in relaxation
time, strain imaging and quantitative measurement
of myocardial perfusion, which in the near future will
be part of daily, routine clinical work and will probably
completely transform the diagnostic and prognostic
efficiency of the method.
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