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Mpe3 nocnegHUTe OECETUNETUS KapAMoMarHUTHo-pe3oHaHcHata Tomorpadus (KMPT) ce Hanara kaTto LeHeH WH-
CTPYMEHT B AMAarHoCTHUKaTa Ha MaunMeHTV CbC CbpAeyHa HedOCTaTbYHOCT UMK C PUCK OT Takasa. brarogapeHue Ha
cnocobHoCTTa U 3a TbKaHHA XapakTepucTuka Ha npomeHuTe B Muokapaa KMPT moxe ga npegoctasu nogpobHa
KIMHUYHO noneaHa MHopMaLns 0THOCHO BUAA U TEXECTTa Ha CbpAeyHaTa yBpeaa. MeTogbT 3aema BaHO MACTO He
CaMo 3a pa3rpaHnyaBaHe Ha MCXEMUYHA OT HEMCXEMWUYHA KapaMOMMONaTIS, HO M JONPUHACS 3a NPaBUHOTO AMAarHo-
CTMLMpaHe Ha NOATUMOBETE Ha HENCXeMUYHUTE Kapanommonatun. OCBEH TOBA e LUMPOKO NPUET W KaTo pedepeHTeH
CTaHAapT 3a KONMWYeCTBEHa OLieHKa Ha MUokapaHa mMaca, obemn 1 dpakumus Ha natnackeaHe. Llenta Ha Tasu ctatus
€ [1a ce Hanpasy npernea Ha ponsita Ha KMPT B guarHocTukaTa u IEYEHNETO Ha HENCXEMUYHITE KapaAMOMUONaTyu. .
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Abstract. In recent decades, cardiac magnetic resonance imaging (CMR) has been established as a valuable tool in the diagnosis
of patients with or at risk of heart failure. With its ability to characterize tissue changes in the myocardium, CMR can
provide detailed and clinically useful information about the type and severity of cardiac damage. The method is not only
important for differentiation of ischemic from non-ischemic cardiomyopathy, but also contributes to the correct diagnosis
of non-ischemic cardiomyopathy subtypes. It is also widely accepted as a reference standard for the quantification of
myocardial mass, volumes and ejection fraction. The purpose of this article is to review the role of CMR in the diagnosis
and treatment of non-ischemic cardiomyopathies..
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BbBEOEHME INTRODUCTION

[Npe3 nocnegHuTe AeceTUneTUsl KapauoMarHuT- Whitin the last two decades, cardiac magnetic
Ho-pe3oHaHcHaTa Tomorpadua (KMPT) ce Hanara kaTo resonance imaging (CMR) has been established as a
LeHEeH NHCTPYMEHT B AMarHoCTMKaTa Ha NaumMeHTn cbe valuable tool in the diagnosis of patients with or at risk
cbpaeyvHa HegocTaTbyHOCT (CH) nnn ¢ puck ot Takasa. of heart failure. CMR has an increasing role, not only

MeToaobT uma Bce Mo-ronsiMa pornsi, He camo B guar- in diagnosis, but also in selecting the most appropriate
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HOCTUKaTa, HO 1 B M30opa Ha MOAXO4dL, TepaneBTUYeEH
nogxog v nporHo3ara npy NauueHTn ¢ KapauomMmuonaTum.
BrarogapeHue Ha cnocobHOCTTa CU 3a ThKaHHa XapaKkTe-
pYCTVKa Ha MPOMEHUTE B MMOKapAa Ype3 13MnonaBaHe Ha
pPasnnMyHM MOLYNM, B TOBA YMCIO KbCHOTO ragonMHUEBO
YCUIBaHe U NO-HOBUTE KOMUYECTBEHU TEXHUKM Ha penak-
cometpusi — T1 n T2 kaptupaHe, KMPT moxe ga npe-
AOCTaBu nogpobHa M KIMMHWYHO MonesHa MHgopMaums
OTHOCHO BMAa W TeXecTTa Ha cbpaeyHata yspega. Oc-
BEH TOBA, METOABLT € LUMPOKO NMPUET N KaTo peddepeHTeH
CTaHAdapT 3a KonMYecTBeHa OLieHKa Ha M1okapaHa Maca,
06emu 1 dopakumsa Ha nstnackeaxe [1, 2].

LlenTa Ha Ta3u ctatuda € ga ce Hanpasu nperneq
Ha pongaTta Ha KMPT B gmnarHocTukara u rne4eHmeTo Ha
HENCXEMUYHNUTE KapauoMUonaTum.

KnACU®UKALUA HA KAPQUOMUONATUUTE

3a mbpBU NbT TEPMUHBLT KapoOuoMuonamusi € n3-
nonseaH npe3 1957 r. ot Wallace Brigden, kovto onvcea
C Hero Hem3BeCTHO HeKopoHapHO 3abonsiBaHe Ha MWO-
kapga ¢ HesicHa etmonorusa [3]. Mpe3 1980 r. CeeToB-
HaTa 3gpaBHa opranmdaumsa (C30) pgedmHupa Kapamo-
MuonaTusaTa kato 3abonsiBaHe Ha CbpAeqHWUS MYCKYI
C HeusBeCTHa EeTMONorMs, KOEeTO OTpassBa orpaHude-
HWTE MO3HaHWS MO OTHOLUEHWE Ha CbpaeqHuUTe 3abo-
nsiBaHUst MO TOBa BpeMe W npegfiara Kracudmkaums,
KOSITO pasgens kapauomuonatumMTe Ha auraTtaTtvBHW,
XVUNEPTPOUYHM N PECTPUKTUBHU. B Tean rpynm He ca
BKITIOMEHWN HeknacuduumpaniTe kapguommuonatim. Cuc-
TemMHata u 6GenogpobHata apTepuanHa XvnepToHus,
KOpoHapHaTa 6onect, knanHuTe 3abonsiBaHus U Bpo-
OeHUTe CbpaeyHn aHoManum ca usknodeHun [4]. B noc-
nencteue npe3 1969 r. C30 npepiara HoBa knacudmka-
LUMs Ha KapouomMmonaTumMTe, OCHOBaBalla Ce Ha HOBUTE
Mo3HaHWs! Mo TOBa BPEME MO OTHOLLEHWE Ha NaToreHe3ara
1 ETVOMONMSA HA CbpAEYHM 3ab0nsABaHKsA KaTo rM AeuHu-
pa kaTo 3abonsiBaHUsi HA MMOKapaa, CBbP3aHN CbC Cbp-
AevHa aucdyHKums. 3a MbpBu MbT B Taa3u knacudukaums
€ BKINYeHa apummoeeHHama 0ecHoKaMepHa Kapouomu-
onamusi. HekomnakTHaTa kapguMomuonaTusi, MUTOXOHA-
pvanHu kapguomuonartum, hubpoenacTtosa ca BKIYEHU
B rpynara Ha HeknacuduumpaniTte kapamomuonatun. B
Tasn HOBa KracudmKaums ce BKIYBaT 1 3abonsBaHmsATa
Ha Mrokapaa CbC crneumgmnyHa eTMonorms Kato UCXemmny-
Ha KapaumoMuonaTusl, XUMEepPTOHWYHa KapAuoMUuonaTus,
KrnanHa kapgromuonaTtusi u gp. Te ca obeanHenu B rpyna-
Ta Ha cneumduyHuTe Kapguommonatim [5).

PasBuTneTo Ha MeguumnHaTa npes crnegsalyuTe ro-
OVHW, HanpeobkbT B natodwusnonorusita, buomapke-
puTe, reHeTnkaTa, MorekyrnsipHaTa meguumHa n obpas-
HaTa AuMarHocTvka BOAAT A0 Mo-gobpoTto pasbupaHe
M xapakTtepusupaHe Ha 3abonsBaHusiTa, 3acsraiiu
Muokapda. ToBa Boay A0 HOBU 3aAbribodeHn npoyysa-
HUS1 B MOCOKa OCbBPEMEHsIBaHE Ha KracudukaummTe

treatment for each patient. With its ability to character-
ize tissue changes using different techniques, including
late gadolinium enhancement and parametric magnet-
ic resonance relaxometry mapping methods — T1- and
T2-mapping, CMR can provide detailed and clinically
useful information concerning the type and severity of
cardiac damage. Moreover, the method is also widely
accepted as a reference standard for the quantitative
assessment of myocardial mass, volumes and ejection
fraction [1, 2].

The purpose of this article is to review the role of
CMR in the diagnosis and treatment of non-ischemic
cardiomyopathies.

CLASSIFICATION OF CARDIOMYOPATHIES

The term cardiomyopathy was first used in 1957
by Wallace Brigden to describe an unknown non-cor-
onary myocardial disease of unclear etiology [3]. In
1980, the World Health Organization (WHO) defined
cardiomyopathy as a disease of the heart muscle of
unknown etiology, reflecting the limited knowledge of
heart diseases at that time, and proposed a classifi-
cation that divides cardiomyopathies into dilated, hy-
pertrophic, and restrictive. Unclassified cardiomyopa-
thies are not included in these groups. Systemic and
pulmonary arterial hypertension, coronary artery dis-
ease, valvular diseases and congenital heart anoma-
lies were excluded [44]. Subsequently, in 1969, WHO
proposed a new classification of cardiomyopathies,
based on the new knowledge at that time regarding
the pathogenesis and etiology of heart diseases, de-
fining them as diseases of the myocardium associat-
ed with cardiac dysfunction. For the first time, arrhyth-
mogenic right ventricular cardiomyopathy is included
in this classification. Noncompact cardiomyopathy,
mitochondrial cardiomyopathies, fibroelastosis are in-
cluded in the group of unclassified cardiomyopathies.
This new classification also includes diseases of the
myocardium with a specific etiology, such as ischemic
cardiomyopathy, hypertensive cardiomyopathy, valvu-
lar cardiomyopathy, etc. They are grouped as specific
cardiomyopathies [5].

Medical developments in the following years,
advances in pathophysiology, biomarkers, genetics,
molecular medicine and diagnostic imaging are lead-
ing to a better understanding and characterization of
diseases affecting the myocardium. This inevitably
leads to the need for a new, contemporary classifi-
cations of cardiomyopathies. In 2006, the American
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Ha kapauomuonatumte. [Npes 2006 r. AmepukaHcka-
ma cbpdeyHa acoyuayusi (American Heart Association,
AHA) npegnara HoBa knacudwukaums, gedvHUpanku
KapovMomuonaTumMTe KaTo pasHoOpofHa rpyna 3abons-
BaHUS Ha MUWOKapa, CBbp3aHa C MexaHu4Ha W/unu
enekTpuyecka OMCYHKLMS, KOSITO B MOBEYETO Cny4yau
(HO He BMHarun) Boau 4O NpeKOMepHa KamepHa xmnepT-
pochus nnu gunataumsi U ce ObIMKU Ha pasnuyHn npu-
YMHW, KOUTO YECTO Ca reHeTUYHN. Tasum knacudukaumns
pasgensi KapaguoMmonaTMmTe Ha ABe OCHOBHU rpynu —
MbPBUYHU, NN TaKMBa, KOMTO 3acdraTt caMo CbpLETO U
MoraT ga 6bAaaT reHeTUYHW, CMeceHu nnu NpugobuTy,
N 8MOpPUYHU Kapduomuornamuu, Npy KOUTO CbPLIETO ce
3acsira B Xofa Ha cMCTeMHO 3abonsiBaHe [6].

Mpes3 2008 r. EBponenckoTo Apy>XeCTBO Mo Kapano-
norus (European Society of Cardiology, ESC) npegna-
ra HoBa geduHMLMA 3a KapguomuonaTus — 3aborisiea-
He Ha MuokapOa, rnpu Koemo CbpOeYHUSM MYCKYsl e
CMPYKMypHO U QPYHKUUOHAaIHO yepedeH, npu furca Ha
KopoHapHa apmepuarsiHa bornecm, XurnepmoHus, Knari-
HO 3aborsieaHe U 8po0eHO CcbpOeyHO 3aborisisaHe,
docmambyHO az2pecusHu, 3a 0a npuyYuHsImM Habnwoda-
s8aHa muokapOHa yepeda. Cnopen ESC pasrpaHmyaBa-
HETO Ha MbPBUYHUTE OT BTOPUYHUTE Kapguommonartum
HEeBUWHAaru e necHo, KaTto rofisiMa yacT OT 3abonsiBaHusA-
Ta, KnacuduumMpaHy Kato MbPBUYHU KapaAnoMMonaTum,
MoraT Aa 6baaT CBbp3aHu C rofiemMun ekcTpakapamnanHm
nposiBuM 1 obpaTHo, rofnisiMa Yact 3abonsiBaHuATa, Kna-
cMdULMPaHN KaTo BTOPUYHM Kapguomuonatum morat
[a nmat npeguMHo CbpaedHo 3acsraHe. 3atoBa ESC
npeanarat HoOBa, KIUHWYHO OpPWEHTMpaHa knacudu-
Kauus, B KOATO HapyLleHUsiTa Ha CbpOEYHUA MYCKYyI
ca rpynvpanu crnopea crneunduyHm MopgonornyHn
PYHKLMOHaNHN DEeHOTUNOBE — XUNepTpoduyHa, au-
natatMBHa, apuTMOreHHa, PeCTPUKTMBHa M Heknacu-
duumpann kapanommonatun. OT CBOSI CTpaHa Bcsika
rpyna ce pasgensi Ha ABe noarpynu — doamuiiHa n He-
damunHa [7].

N3BecTHO €, ye no-rofisiMaTta 4acT OT Kapguomu-
onaTtumTe ca reHeTuyHu 3abonsiBaHus, KaTo ca ycTa-
HOBeHM MoHe 60 reHa, acoummpallm ce C pa3BUTME Ha
kapanomuonaTtus. Benpekn Yye gnarHosata ce OCHOBa-
Ba MpeguMHO Ha KNuHW4YHata (peHoTunHaTta) nssaea,
Ts1 cama no cebe cu He e JocTaTbyHa 3a OLEeHKa Ha
nporHo3arta, KOATo A0 ronisiMa cTeneH 3aBUCK U OT KOH-
KpeTHaTa reHeTu4yHa Mytaums. Hakom ot myTtauyuuTe,
NPUYMHSBALLM QunaTtaTvBHa KapAMOMMONATUs, Hanpu-
Mep ca CBbp3aHu ¢ ocobeHo noLua NporHo3a v Te3n na-
UMEHTW Ca KaHAMAATW ca UMMMaHTauus Ha KapavoBep-
Tep gedmbpunatop (ICD) B no-paHHuTE hasm Ha 3abo-
NsiIBAaHETO, KOorato cucTonHata (byHKUMSA € camo JeKo
unn ymepeHo noHwkeHa. OT gpyra ctpaHa, myTauuu
B €0HV M CblUM FeHM ca CBbp3aHu C pasnmyHn deHo-
TUMNOBE KaTo XMnepTpodmnyHa, AMnatatuBHa U pecTpuk-
TMBHa kapgnomuonatus. Npe3 2013 r. rpyna ekcnepTy,

Heart Association (AHA) proposed a new classifica-
tion, defining cardiomyopathies as a heterogeneous
group of myocardial diseases associated with me-
chanical and/or electrical dysfunction, which in most
cases (but not always) results in excessive ventricu-
lar hypertrophy or dilatation and is the result of vari-
ous causes which are often genetic. This classifica-
tion divides cardiomyopathies into two main groups
— primary or those that affect only the heart and can
be genetic, mixed or acquired, and secondary car-
diomyopathies in which the heart is affected in the
course of a systemic disease [6].

In 2008, the European Society of Cardiology
(ESC) proposed a new definition of cardiomyopathy
— a myocardial disease in which the heart muscle
is structurally and functionally damaged, in the ab-
sence of coronary artery disease, hypertension, val-
vular disease and congenital heart disease disease
suffisient enough to cause the observed myocardial
damage. According to the ESC, differentiation be-
tween primary and secondary cardiomyopathies is
not always easy, and furthermore, many of the dis-
eases classified as primary cardiomyopathies may
be associated with major extracardiac manifesta-
tions, and conversely, a large proportion of diseases
classified as secondary cardiomyopathies may have
predominantly cardiac involvement. ESC therefore
proposes a new, clinically oriented classification in
which heart muscle disorders are grouped according
to specific morphological and functional phenotypes

— hypertrophic, dilated, arrhythmogenic, restrictive
and unclassified cardiomyopathies. Each group, in
turn, is divided into two subgroups — familial and
non-familial [7].

It is known that the majority of cardiomyopathies
are genetic diseases, and at least 60 genes have
been associated with the development of cardiomy-
opathy. Although the diagnosis is primarily based on
the clinical (phenotypic) presentation, it alone is not
sufficient to stratify prognosis, which also largely de-
pends on the specific gene mutation. Mutations in
some genes causing dilated cardiomyopathy, for ex-
ample, are associated with a particularly poor prog-
nosis, and these patients are candidates for cardio-
verter defibrillator (ICD) implantation in the earlier
phases of the disease, when systolic function is only
mildly or moderately decreased. On the other hand,
mutations in the same genes are associated with
different phenotypes such as hypertrophic, dilated
and restrictive cardiomyopathy. In 2013, a group of
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BKIMHOYBALLA KIMMHUYHU KapAMOmosan, cneumnanuctu no
CbpAedvHa TpaHcnnaHTaums, reHeTuum 1 cneunannctm
no CbpAevHO-CbOoBa ObOpasHa AumarHocTuka npegna-
rat HoBa (PEHOTUMHO-TEHOTUMHA HOMEHKNaTypa Ha
KapguomuonaTtumTe, ogobpeHa ot CBeToBHaTa Cbp-
nedHa penepaumnsa (WHF). Kapgnomuonatuute ce ge-
duHupaT KaTo 3aborieaHus, xapakmepusupawu ce ¢
MOpPhOrI02UHHO U (byHKUUOHAITHO abHOpMEH MUOKapd
8 omcbcmeuemo Ha 0pyzo 3aborisgeaHe, Koemo camo
rno cebe cu e docmambyHO da rnpuyuHU Habndasa-
Hus ¢beHomur.

3a onncaHve Ha KapaMomMuonaTusi ce uanonaea 5
OykBeHa abpeBuaTtypa — MOGE(S), B kossto M oTpa-
35Ba MOPQONOrnyHMS U yHKUMOHaneH deHoTun —
Hanpumep MD — gunatatuBHa kapguomwuonatund, MH
— XuneptpodunyHa kapguommonatums, MA — aputmoren-
Ha KapguomuonaTtms 1 T.H. BbaMoxHo e n otbensseaHe
Ha npunokpusaLlm ce eHoTunose, Hanpumep MD+R.
O kogupa 3acerHatust opraH. OH ce otbensassa npu
n3onupaHo cbpdedHo 3acsaraHe. Korato ca 3acerHa-
TV WU OPYrY OpraHu u cUCTeMu, Te ce O0ThensasBaT CbC
CbOTBETHa OyKkBa, HanpumMmep npu 3acsraHe n Ha 6bL6-
peunte — OH+K. 3a 3gpaBu HOCUMTENWN Ha rEHEeTU4YHa
MyTaums ce na3nmncea — OO0, Tbi KaTO CbPLETO BCE OLle
He e KIMMHMYHO 3acerHato. G Hocu MHopmauus 3a
yHacnegaBaHeto — GAD — aBTO30MHO LOMMWHAHTHO,
GAR - aBT0O30MHO peuecunBHo, GXL — X-cBbp3aHo, GS
— cnopagunHo, GN — nuncea pammnHa o6pemMeHeHOCT
n ap. E — etmonorna — Hanpumep EG — reHeTu4Ha kato
ce oTbensi3aBa M CbOTBETHUSA reH, EV — BupycHa eTuno-
norug, ET — TokcmnyHa n T.H. lNocnegHata Gykea S He
€ 3agb/DKUTENHA, KaTto TS Ce U3MNon3Ba 3a OLeHKa Ha
cbpaevHaTa He4OCTaTbYHOCT.

HoBaTa knacudwmkaums BKnoYBa BCUYKM hopmu
Ha KapguomuonaTtuu, BKITHOYMTENHO acCUMMATOMHUTE
HOCUTENW, paHHUTE (hopMM N NMpUNoKpuBaLLKn ce de-
HoTunoBse. TS MMa 3a Len ga ctaHgapTuanpa u yHudu-
LMpa anarHoctukarta Ha kapguomuonatunte [8].

KMPT npPOTOKON NPU KAPAUMOMMUOMNATUMN

N36opbT Ha kapamo-MPT npoTokon npu oueHka Ha
MaumMeHTn C MU3BECTHa WNWN CycrekTupaHa KapamMoMuo-
natusi TpsibBa fa Obae cbobpa3eH C KOHKpeTHaTa MHAK-
Kauusi. B MarHMTHo-pe3oHaHcHaTa ToMorpadusi Ha Cbp-
Lie CbluecTByBa ronsmM Habop OT CEKBEHLIMK, KaTo HAKOM
OT TAX CbCTaBAT OOLLONPUET MPOTOKON, NPUNOXKMM MpU
noseyeTo nauneHTu. KbM TO31 NpOTOKON, B 3aBUCMMOCT
OT CbOTBETHATa MHAMKAaLWSA, OOMBbIHUTENHO MoraT fa ce
[06aBsAT U3MepBaHus, KOUTO Aa AOMbIHAT HeoOxoama-
Ta 3a KnnHu4YHaTa cutyaums nHgopmaums [9]. OcHoBHY-
AT NPOTOKOIT BKIMOYBA CreaHUTE TEXHUKU:

— MakeT TpaHcBep3anHM o6pa3u Ha rpbAHUA
kow. Cnyxart 3a obLia opueHTaums B CbpaeyHarta aHa-
TOMWSI 1 3@ NNaHNpaHe Ha OCHOBHUTE aHAaTOMWUYHU paB-
HWHW Ha CbpLETO.

experts including clinical cardiologists, heart failure—
transplantation physicians, geneticists and cardiovas-
cular imagers proposed a new phenotype-genotype
nomenclature of cardiomyopathies endorsed by the
World Heart Federation (WHF). Cardiomyopathies
are defined as disorders characterized by morphologi-
cally and functionally abnormal myocardium in the ab-
sence of any other disease that is sufficient, by itself,
to cause the observed phenotype.

The classification system is designated as a
5-letter abbreviation — MOGE(S), in which M stands
for the morphological and functional phenotype - for
example, MD - dilated cardiomyopathy, MH — hyper-
trophic cardiomyopathy, MA — arrhythmogenic car-
diomyopathy, etc. It is also possible to note overlap-
ping phenotypes, for example MD+R. O encodes the
affected organ. OH is noted in isolated cardiac in-
volvement. When other organs and systems are also
affected, they are marked with a corresponding let-
ter, for example when the kidneys are also affected
— OH+K. For healthy carriers of a genetic mutation,
it is written — OO0, since the heart is not yet clinically
affected. G carries information about inheritance —
GAD - autosomal dominant, GAR - autosomal reces-
sive, GXL — X-linked, GS — sporadic, GN — negative
family history, etc. E — etiology — for example, EG —
genetic, noting the specific gene mutation, EV — viral
etiology, ET — toxic, etc. The last letter S is optional

as it is used to grade heart failure.

The new classification includes all forms of car-
diomyopathies, including asymptomatic carriers,
early forms and overlapping phenotypes. It aims to
standardize and unify the diagnosis of cardiomyop-
athies [8].

CMR PROTOCOL IN CARDIOMYOPATHIES

The choice of CMR protocol in the evaluation of
patients with known or suspected cardiomyopathy
should be made according to the specific indication.
In cardiac magnetic resonance imaging, there is a
wide variety of sequences, some of which represent
a generally accepted protocol applicable to most pa-
tients. Depending on the indication, additional mea-
surements can be added to the protocol to further
expand the information required for the clinical sit-
uation [9]. The basic protocol includes the following
techniques:

— Stack of transversal chest images. They serve
for general orientation in cardiac anatomy and for
planning the main anatomical planes of the heart.
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— OuHaMn4YHM KMHO o6pasn — SSFP-6asupanu
(cBOBoOgHaTa npeLecusi B paBHOBECHO CbCTOSIHNE) 0bpa-
31, KOMTO Ce Mosy4yaBaTt B pasnuyHuTe hasun oT cbpaey-
HMST LUMKBI M CnyXaT 3a M3obpassiBaHe Ha ABWKEHUATA
Ha CbPLIETO N KPBbBOTOKA. Te ce MraHvMpaT B OCHOBHUTE
aHaTOMMWYHM PaBHWHW Ha CbPLIETO M CryXaT KaKTo 3a pe-
rMoHasiHa OLEHKa Ha KMHETUKATa, Taka 1 3a KonmyecTse-
Ha OL|EHKa Ha OCHOBHUTE (DYHKLIMOHAMHM NapameTpu.

—T1 n T2 Typ60 cnuH-exo obpa3u — 3a Mopdo-
nornyHa xapakTepucTvKa Ha Muokapaa M OTKpuBaHe Ha
MaCTHM OEeno3nTu.

— T2 obpa3u ¢ NOTUCKaHe Ha CUrHasma oT MasHu-
HUTE — BUCOKO YyBCTBUTENHM 32 HarNM4ne Ha eqemM B Mu-
okapga.

— MuokapgHa nepdy3usa — T1-6a3upaHo n3vepsa-
He, HEMOCPEOCTBEHO Crel UHXEKTMPaHe Ha KOHTpacTHa
MaTepus 3a oLeHKa Ha edpekTa Ha MbPBOTO NpeMMHaBaHe
Ha KOHTpacTa.

— KbcHo ragonuHmeBo ycunBaHe (late gadolinium
enhancement, LGE) — T1-6a3upaHu o6pasu ¢ Bb3CTaHo-
BSIBaHe crej MHBEPCUs 3a HynMpaHe Ha curHana ot Mu-
okapga, HeobxoauMO [a OnNTUMM3Mpa KOHTpacTa Mexay
34paBuvs U yBpeaeHust Mvokapa,. MuokapabT ce oueHsiBa
3a Hamuyve, fokanu3aumst 1 CTeneH Ha aHraxvipaHe Ha
ragonvHMEBO ycuneaHe. B 3aBncMMOCT OT Tuna Ha ycun-
BaHEe MOXE [a Ce pasrpaHnin MCXEMUYHA OT HEUCXEMUY-
Ha yBpeaa, KakTo 1 06paTMMOCTTa Ha MPOMEHMTE.

— T1, T2 n T2* kapTUpaHe — METOAM 3a KONU4yecTBe-
HO XapakTepuavpaHe Ha MpPoMeHuTe B Muokapaa. Ypes
CBOSAITA CEH3UTUBHOCT M CNeumndUYHOCT KapTUpaHeTo
NpenocTaBsi Bb3MOXHOCT 3a OLLUe MO-Mpeum3Ha OueHKa
Mo OTHOLLIEHME Ha 30HU Ha mMBPO3a, HEKPO3a, eAeM, UH-
dunTpaums, oTnaraHe Ha Xensso 1 ap.

— U3mepBaHe Ha KPbBOTOKa — MO MpeLeHKa MOoXe
[a ce NpUIoXu 3a U34NCnsiBaHe Ha rpagveHTa npes us-
XOOHWUSI TPAKT Ha NnsBaTa kamepa npv XunepTpocudHa
0BCTPYKTMBHA KapAMoMmonaTus Unm Korato e Heobxoam-
Ma oLeHKa Ha knanHus anapart [10].

XVNEPTPO®UYHA KAPQUOMUONATUS

XunepTtpodunyHaTa kapamommonatus (XKMIT) e Haw-
YeCTOTO FEeHETUYHO CbpAedHo 3abonsiBaHe, KaTo OOK-
nagBaHata B nuTepatypata yectota € 1 Ha 200-300
nHaveuam [11]. Bbnpeky ye TpaHCTOpakanHata exokap-
anorpadus (TTE) e nbpBM MeTOA Ha M300op 3a OLEeHKa
Ha naupeHTn ¢ XKMI, KMPT moxe ga gage AonbiHU-
TenHa nHgopmMaumst 3a pasnpoCTPaHEHUETO U CTEMeH-
Ta Ha xunepTpocusi, ocobeHo Npu atmnuyHMTe dopmu,
Hanpumep anvkanHara xmnepTpodus n xmneptpodusaTta
Ha cBoboaHaTa neBokamMepHa cteHa [12]. MeTtoabT AaBa
Bb3MOXXHOCT C BMCOKA TOMHOCT a ce u3mepu aebenvHa-
Ta Ha MMoKapaa 1 MvokapaHaTa Mmaca, KOeTo MMa BaXkHa
NPOrHOCTUYHa cTorHocT [13]. Ypes ckopocT-koampaHu
KMHO M3MepBaHus Npe3 U3XOAHUSA TPaKT Ha nsiBaTa kKa-
Mepa MOXe Aa Ce MU3YNCIU FPaaVNEHTBT NpU XMNepTpo-
dryHa 06CTPYKTUBHA KapguoMuonaTtusi, Kakto 1 aa ce

— Dynamic cine images — SSFP-based (steady-
state free precession) images that are obtained at
different phases of the cardiac cycle and serve to
represent the movements of the heart and blood flow.
They are planned in the main anatomical planes of
the heart and serve both for the regional wall motion
assessment and for quantitative analysis of the cardiac
function.

-T1 and T2 turbo spin-echo images - for
morphological characterisation of the myocardium and
detection of fatty deposits;

-T2 images with fat suppression — highly
sensitive for the presence of edema in the myocardium;

— Myocardial perfusion—T1-based measurement,
immediately after injection of contrast material to
assess the effect of the first pass myocardial perfusion.

— Late gadolinium enhancement (LGE) — T1-
based images with inversion recovery to null myocardial
signal and improve the contrast between healthy and
damaged myocardium. The myocardium is assessed
for the presence, localization, and degree of gadolinium
enhancement involvement. Depending on the type of
enhancement, ischemic from non-ischemic damage
can be distinguished, as well as the reversibility of the
changes;

—T1, T2 and T2* mapping — parametric mapping
techniques for quantitative tissue characterisation.
Through its sensitivity and specificity, mapping provides
an opportunity for an even more precise assessment
regarding areas of fibrosis, necrosis, edema, infiltration,
iron deposition, etc.;

— Blood flow measurement — can be used for
evaluation of the gradient across the left ventricular
outflow tract in hypertrophic obstructive cardiomyopathy
or when assessment of valvular heart disease is
required [10].

HYPERTROPHIC CARDIOMYOPATHY

Hypertrophic cardiomyopathy (HCM) is the most
common genetic heart disease, with a reported in-
cidence in the literature of 1 in 200-300 individuals
[11]. Although transthoracic echocardiography (TTE)
is the first method of choice for evaluating patients
with HCM, CMR can provide additional information
on the prevalence and the degree of hypertrophy,
especially in atypical forms, such as apical hyper-
trophy and left ventricular free wall hypertrophy [12]
. The method allows measurement of the myocardial
thickness and the myocardial mass with high accu-
racy, which has an important prognostic value [13].
Velocity-encoded cine measurements through the
left ventricular outflow tract can estimate the gradient
in hypertrophic obstructive cardiomyopathy, and can



48

A. MNapmeHosa, []. Kocmoea-/legpmeposa, K. [eHosa

oueHV abHOPMHOTO ABMKEHME Ha NPegHOTO MUTParHo
NnaTHO M CTeMneHTa Ha MUTparHa MHCyUUNEHLMS.

Hain-saxxHoTto npegmumctso Ha KMPT npu naumen-
™ B XKMI1 e Bb3MOXHOCTTA 3a maeHTuduumnpaHe u
OLEeHKa Ha 30HMTe Ha pmbpo3a B MMOKapaa Ypes Tex-
HWKaTa KbCHO eadosnuHueso ycuneaHe. Okono 2/3 ot
nauMeHTUTe UMaT xapakTepHO KbCHO ycurneaHe, Hab-
nogaBallo ce B Abnbo4YnHa Ha xunepTpodupanms Muy-
oKapA ¥ B 3anaBHUTE TOYKM Ha AsicHaTa kamepa (dur.
1). KbCHOTO ycunBaHe ce cMsTa 3a foL NPOrHOCTUYEH
©ener 3a pa3BuTre Ha apMTMUK 1 Ce CBbP3Ba C MO-BUCOK
pUCKOTBHE3anHa cbpaeyHa cmbpT (BCC). MeTaaHanus,
obxsaLuat 5 npoy4ysaHus ¢ o610 2993 nauneHTn, Npoc-
negeHn 3a nepvog OT 3 roguHu, Nokassea, Ye KbCHO-
TO ycunBaHe e CBbp3aHO C 3,4-KpaTHO YBenu4eHue
Ha pucka ot BCC, 1,8-kpaTHO yBenuyeHue Ha obwara
CMBPTHOCT U 2-9 MbTU yBENUYEHNE HA CbPAEYHO-Chb-
JoBaTa CMbPTHOCT M TEHAEHLUMS 3a yBenuyaBaHe Ha
CMBbpPTHOCTTa BcneacTeme Ha CH [14].

KMPT uma BaxkHa pons 1 B NraHMpaHeTo U npocrie-
OsIBaHETO Ha edheKkTa OT ankoxornHa abnaumsi, Tbil KaTto
AaBa Bb3MOXHOCT, KaKTO 3a TOYHa NoKanusaums Ha Mak-
CMMarnHoTO MMoKapaHo 3apebensBaHe npenpouenypHo,
Taka 1 3a oueHka Ha 00eMbT M no3numusaTa Ha noctabna-
LMOHHMA umkaTtpuke [10].

®ur. 1. CumetpuyHa xmnepTpodmy-
Ha kapguomuonatusa. SSFP obpa-
31 B KpaWiHa AuacTtona B paBHUHA
4 KyxuHu (A) 1 Kbca OC anukanHo
(B). KbcHO ragonuHueBo ycunsaHe
B paBHUHa 4 kyxuHu (C) u kbca oc
anukanHo — Hanvue € WUHTEH3VBHO
NETHUCTO KbCHO ycWunBaHe B Abll-
6ounHa Ha xunepTpodupanua Mu-
okapg — pesyntar OT pas3BuTue Ha
punbposa Hanuue e n manbk nepu-
kapaeH nanus (A, b — cTpenku)

also estimate abnormal anterior mitral leaflet motion
and the degree of mitral insufficiency.

The most important advantage of CMR in patients
in HCM is the possibility to identify and evaluate the
areas of fibrosis in the myocardium by the technique
of late gadolinium enhancement. About 2/3 of patients
have a characteristic late enhancement, observed in
the depth of the hypertrophied myocardium and in the
right ventricular insertion points (Fig. 1). LGE is con-
sidered as a poor prognostic marker for the develop-
ment of arrhythmias and is associated with a higher
risk of sudden cardiac death. A meta-analysis cov-
ering 5 studies with a total of 2993 patients followed
over a 3-year period showed that late enhancement
was associated with a 3.4-fold increased risk of sud-
den cardiac death, a 1.8-fold increased risk of total
mortality, and a 2-9 times increase in cardiovascular
mortality and a tendency to increase mortality due to
heart failure [14].

CMR also has an important role in planning and
monitoring the effect of alcohol ablation, as it en-
ables both accurate localization of maximal myocar-
dial thickening preprocedurally and assessment of
the volume and position of the postablation cicatrix
[10].

Fig. 1. Symmetric hypertrophic cardiomyopathy. End-diastolic SSFP images in 4-chamber (A) and apical short-axis views (B). LGE in 4 chamber
(C) and short axis views — intense patchy late enhancement in the depth of the hypertrophied myocardium representing fibrosis. Mild pericardial

effusion is also present (A, B — arrows)
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OWNATATUBHA KAPOQUOMMUOMNATUS

OunaratuBHaTa kapguomuonatus (OKMIT) ce xapak-
Tepuanpa C neBokamepHa unv GMBEHTPUKYNHa aunara-
unst n rmobanHa cucTonHa aucyHkuma. MbpuyHKUTE
dopmu Ha 3abonsBaHeTo npencrasnssat okorno 30-40%
OT BCUYKU ClyYam 1 BKITKOYBAT reHeTUYHU, Npuaodutn m
CMECEHW CbCTOSIHMS, MPY KOMUTO NaToNOrMYHUAT MPOLEeC €
OrpaHuyeH NpeavMHO OO MUoKapda, kato ce Habnogasa
damunHo yHacnegsisaHe B okoro 30% OT naumeHTuTe.
Mpwn BTopmyHuTe OKMIT kamepHaTa avnataums Bb3HUK-
Ba KaTo KpaeH CTafui Ha Texka Muokapaa yBpega npu
pPasnnyHM cUCTEMHM 3abonsiBaHUsl B TOBA YMCIIO aBTO-
UMYHHU, UMTOTOKCUYHN MM MeTabonuTH1 3abonsiBaHus.
PasnosHaBaHeTo 1 andepeHumpaHeTo Ha noanexaiims
naTtonorMyeH cybcTpart, 4oBen OO0 KaMepHa Avnarauus,
MOXe Aa Obfe OT KMYOBO 3Ha4YeHVe He camo Mpu U3-
fopa Ha MoaxoasLw, TepaneBTUYeH Moaxod, HO ChLUO U
3a OUEeHKa Ha MHAOVBMAyanHata MporHo3a, Tbi Kato TS
3HAYUTENHO Ce pa3nu4yaBa Npu pasnuMyHMTe POpMMN Ha
3abonsiBaHETO 1 € B Mpsika 3aBYCUMOCT OT Moiexailara
etmonorus [15].

Ponara Ha KMPT B gnarHoctukata Ha OKMI1 e Ha
MbpPBO MSACTO AMddepeHuMania avarHosa Mexagy Ucxe-
MUYHa 1 HencxeMmyHa cpopma. Kakto Beye Gelue crnome-
HaTo, METOABLT AaBa Bb3MOXHOCT 3a TOYHA hyHKLIMOHAN-
Ha OLEHKa KaKTO Mpv MbpBOHaYanHata guarHosa, Taka u
npu npocnegsisaHe edpekta ot neyeHwve. Npn BUcokocTe-
MEeHHO CMyTeHa CUCTOSMHAa PYHKLMS YECTO Ce yCTaHOoBsIBa
Hanuyve Ha TpoMb B KyxvHaTa Ha NnsiBata kamepa, KOMTo
MoXe obpe ga ce vgeHtTuduumpa Ha paHHuTe nepdy-
3MOHHK (hasn kaTo AedekT B U3MbiBaHeTo [15].

®dunbposata B Muokapga npu naumeHtn B OKMI
ce nposiBsiBa B 2 OCHOBHU popMM — HeobpaTMMo 3a-
MecTBaHe C MBpo3Ha TbKaH, M30bpassBaLlo ce KaTo
KbCHO rafioNIMHNEBO YCUNBaHE U AUdY3HA MHTEPCTULU-
arnHa ¢umbposa, kosTo No-gobpe kopenupa ¢ T1 Bpeme-
TO 3a penakcauus. 3amecTBaHeToO Ha Muokapga ¢ u-
Opo3Ha TbKaH Hal-4eCcTo Ce YCTaHOBsBa B AbMNOOYMHA
Ha centyma (MHTpamyparHo, IMHeapHO) U ce OTKpuBa
npu npnbnuantenHo 30% ot nauneHtute ¢ OKMIT (cour.
2), KaTO UMEHHO TUMbLT Ha KbCHOTO raAONMHNEBO YCUIT-
BaHe e OT ronisMo 3Ha4YeHne Npu pasrpaHNyaBaHeTo OT
ncxemmnyHa kapguomuonatms [16]. KbcHoTO ragonu-
HWEBO yCUINBaHe MpedocTaBsl AOMbIIHATENHA Bb3MOX-
HOCT 3a Mofy4YaBaHe Ha BakHa MHAOpMaLWs OTHOCHO
puckoBara cTpatudukauusa Ha nauyneHtute [17]. Fonam
Bpon nybrnmkyBaHu Hay4YHM NPOyYBaHNs CbOOLLABaT, Ye
HanM4MeTO Ha MHTPaMyparnHo yCurBaHe e NpeanKTMBEH
akTop 3a MHOyuMpyema KkamepHa Taxvkapgusi, no3Bo-
NsIBafKM CENEKTMPAHETO HA NaUUEHTUTE, KOUTO ca KaH-
angatn 3a nvnnantupade ICD [18, 19]. NMpocnekTuBHO
npoy4ysaHe ot 2013 r, BkmoyBawo 472 naumeHTu ¢
OKMI, ycTaHoBSBa, Ye nauneHTuTe ¢ KbCHO yCcunBaHe
ca CbC CUTHMGUKAHTHO NO-BMCOK puck 3a BCC nnun ne-
pvoaM Ha apuTMUS, KaTo Te3n pe3ynTatu ca He3aBucu-
MM OT CTOMHOCTUTE Ha (hpakumaTa Ha nstnackeaxe [20].

DILATED CARDIOMYOPATHY

Dilated cardiomyopathy (DCM) is characterized
by left ventricular or biventricular dilatation and global
systolic dysfunction. Primary forms of the disease are
responsible for about 30-40% of all cases and include
genetic, acquired and mixed conditions, in which the
pathological process is mainly limited to the myocar-
dium, with familial inheritance observed in about 30%
of patients. In secondary DCM, ventricular dilatation
occurs as the final stage of severe myocardial dam-
age in various systemic diseases, including autoim-
mune, cytotoxic or metabolic diseases. Recognition
and differentiation of the underlying pathological sub-
strate leading to ventricular dilatation may be crucial
not only for the selection of an appropriate therapeutic
approach, but also for the assessment of individual
prognosis, as it differs significantly between different
forms of the disease and is directly dependent on the
underlying etiology [15].

The role of CMR in the diagnosis of DCM is pri-
marily a differential diagnosis between ischemic and
non-ischemic forms. As already mentioned, the meth-
od enables an accurate functional assessment, both
in the initial diagnosis and in monitoring the effect of
treatment. In highly disturbed systolic function, the
presence of a thrombus in the left ventricular cavity
is often found, which can be well identified in the first
pass perfusion as a filling defect [15].

Fibrosis in the myocardium in patients with DCM
manifests in two main forms — irreversible replace-
ment with fibrous tissue, which is represented as
late gadolinium enhancement, and diffuse interstitial
fibrosis, which better correlates with T1 relaxation
time. Replacement of the myocardium with fibrous
tissue is most often found in the midwall septum (in-
tramural, linear) and is found in approximately 30%
of patients with DCM (Fig. 2). The type of late gad-
olinium enhancement is of great importance in dis-
tinguishing non-ishcemic from ischemic forms [16].
Late gadolinium enhancement can also provide
important information regarding patient risk stratifi-
cation [17]. There are a large number of published
studies in the literature reporting that the presence
of intramural enhancement is a predictive factor for
inducible ventricular tachycardia, allowing the selec-
tion of patients who are candidates for implantable
ICD implantation [18, 19]. A 2013 prospective study
of 472 patients with DCM found that patients with
late enhancement had a significantly higher risk of
sudden cardiac death or arrhythmic episodes, inde-
pendent of ejection fraction values [20] .
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®ur. 2. Maunent ¢ AKMI. SSFP o6pas B kpaii-
Ha guacTtorna B paBHUHA YeTupu KyxuHu (A) —
avnatupana u cpepuyHo pemogenupaHa nssa
kamepa. KbCHO ycurneaHe no Kbca OC CpeaHo
(B) — uHTpamypanHu nvHeapHu y4acTbLu Ha
KbCHO ycuneaHe B cenTtyma u no ceobopHaTta
CTeHa Ha nsiBaTa kamepa

Fig. 2. CMR of a patient with DCM. End-diastolic
SSFP image in four-chamber view (A) — dilated
and spherically remodeled left ventricle. Short
axis LGE image (B) — mid-wall enhancement
in the interventricular septum and along the left
ventricular free wall

APUTMOrEHHA KAPAMOMUONATUA

ApuUTMOreHHaTa JecHOKamepHa KapauomMuonatus e
HacneacTBeHa KapavoMuonaTtus, KOSTo Boau OO Kamep-
HW apuUTMUM 1 € YecTa NpuYMHa 3a BHe3arnHa CbpaeyHa
CMBPT Mpy Mragu xopa. 3abonsBaHeTo ce xapakTtepu-
3upa ¢ nporpecuBHa ¢prbposa n mactHa TpaHccopma-
umnst Ha muokapga. KMPT e metog, Ypes KOMTO CUITHO ce
nogrnomara OuarHOCTUYHUS MpoLec, mopagy Herosarta
TOYHOCT MpU OLEHKaTa Ha JecHoKaMepHaTa aunaraums
n gucpyHkums [21]. OuarHoCcTMYHUTE Haxogky npv Tosa
3abonsiBaHe BkntouBaT gunartaums Ha OK, mobanHa unm
pervioHanHa AUCYHKUMS, BKITFOUYUTENHO (DOKarHM U3MbK-
BaHMs No cBoOogHaTa CTeHa Ha AsicHa KaMmepa B CUCTOM-
Ha ¢ hopmMpaHe Ha TUNMYHK 3a 3ab0nsBaHETO MUKPOa-
HeBpu3amu [22] (cpur. 3)

®ur 3. lNMauneHT ¢ apuTMOreHHa Kap-
anomuonatus. SSFP o6pasu no kbca oc
B KpaviHa guactona (A) v B KpanHa cuc-
Tona (B) — ANCKMHETWNYHN y4acTbLm Mo
cBobofHaTa CTeHa Ha AscHaTta kamepa
¢ opMupaHe Ha MUKpoaHeBpuamu. T1
obpa3 B paBHUHa 3 KyxuHu (C) — y4acTb-
LM CbC CUMEH CUrHam MHTPaMUOKapAHO
no ceobofHaTa CTeHa Ha AsicHaTa kame-
pa, anukanHus centym u ceobopHaTa
CTeHa Ha nsBaTa kamepa, KOpecrnoHau-
paLuy Ha MacTHY Aeno3nTun. KbcHo rago-
NMHWEBO yCUNBaHe B paBHUHA YeTUpK
KyxvHu (D) — oBLumMpHU 30HWM Ha KbCHO
ycunBaHe B Mvokapda Ha AsicHaTa Ka-
Mepa. 30HM Ha KbCHO ycunBaHe ce ycrta-
HOBSIBaT ¥ B anuKamnHus cenTym

Fig 3. CMR of a patient with artymogenic
cardiomyopathy. Short-axis SSFP images
in end-diastole (A) and end-systole (B) —
dyskinetic areas along the right ventricle
free wall with microaneurysms formation.
T1-wighted image in 3 chamber view (C)
— intramyocardial areas of high signal
along the right ventricle free wall, the
apical septum and left ventricle free wall
are consistent with fat depositions. 4
chamber LGE demonstrated extensive
enhancement of the right ventricular
myocardium. Zones of late enhancement
are also present in the apical septum

4

ARRHYTHMOGENIC CARDIOMYOPATHY

Arrhythmogenic right ventricular cardiomyopathy
is an inherited cardiomyopathy that leads to ventric-
ular arrhythmias and is a common cause of sudden
cardiac death in young people. The disease is char-
acterized with progressive fibrosis and fatty transfor-
mation of the myocardium. CMR has an important
role in making the diagnosis, mainly because of its
accuracy in the assessment of right ventricular dil-
atation and dysfunction [21]. Diagnostic findings in
this condition are right ventricle dilatation, global or
regional dysfunction, including focal protrusions of
the free wall of the right ventricle in systole with typi-
cal microaneurysms formation [22] (Fig. 3).
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Kputepumte 3a gmarHocTuka Ha apuTMOreHHa JAeCHO-
KamepHa kapavoMumonatus ca NpeasioKeHu 3a Mbpeu MbT
npe3 1994 r. n pesmaunpann npes 2010 r. ot Task Force.
HanpegbkbT B pasdupaHeTo Ha beHoTUNHaTa ekcrnpecus
Ha 3abonsiBaHETO B CrieaBallmTe roguH1 BoaM OO NPoMsi-
Ha B MbpBOHauYasnHara KoHLenuus, 4e Toea e 3abonsisaHe,
3acsraLlo U3KIIYUTENHO AsicHaTa kamepa. CbBpeMeHHU-
Te Npoy4yBaHNA MOKa3BaT, Ye ToBa € KapaMoMuonaTust Ha
[JBETe Kamepu N MOXe [a 3acerHe 1 nsieata kamepa napa-
NEenHO C AsicHaTa, KakTo 1 Aa MMa NpeaumHo NeBoKamep-
HO 3acdraHe. [lonyyeHnTe OT MpOy4YBaHWATa pesynTatu
[oBedoxa [0 MOCTENEHHO M3MECTBaHe Ha MbpBOHaYar-
HOTO HaUMEHOBaHWE Ha 3abonsBaHETO OT ,APUTMOreHHa
[JecHOKamepHa kapgvomuvonaTtmsa” B ,apUTMOreHHa Kap-
aviomuronaTms’, KoeTo No-godpe onmneBa Lienys CnekTbp OT
deHoTUNHM BapuaHTy [23]. ToBa e 1 egHa OT OCHOBHUTE
NPUYMHK 32 HOBa PEBU3NS HA KPUTEPUUTE HA AapUTMOTEH-
HaTa kapugomuonatua npe3 2020 r. ¢ BKMoYBaHe B TsX
Ha HOBM KpUTEPUM 32 AMarHoOCTMLMpaHe Ha NeBOKaMepHU
PEHOTUMHM XapPaKTEPUCTUKN. BaxkHO AOMbIHEHVE KbM
KpUTEPUUTE € BKIHYBAHETO HAa KbCHOTO raJorMHUEBO
ycuneaHe kato 6ener 3a ¢poubpo-macTHO 3amecTBaHe B
Muokapaa. HanmynuTe gaHHmM nokasear, Ye MarHUTHO-pe-
30HaHCHaTa TbKaHHaTa XapaKTepucTvKa Mokassa BUCOKO
CBHOTBETCTBME C pe3ynTaTtute OT eHOOMMOoKapaHa buoncust
MO OTHOLLEHVE UAEHTUMLMPaHe Ha MUoKapaHa chmbpo-
3a 1 pasnpoCTPaHEHNETO Ha KbCHO YCUIIBaHE B ASICHA,
nsBa unM 1M B OBETE KaMepyu MMa BaXkHa CTOMHOCT 3a
naeHTUMLMPaHE Ha pasnMYHUTE (OEHOTUMHN BapuaHTU
Ha 3abonsiBaHeTo. MexayHapogHute kputepum ot 2020 r.
ca cunHo 3aBucummn ot KMPT, kosaTo ce npueme karto 3a-
ObIDKATENEH METOA NPY XapakTepuanpaHe Ha heHoTmna
Ha apuUTMOreHHaTa KapaMoMMonaTusl, Kakto 1 3a U3KIHY-
BaHe Ha Apyrn 3abonsBaHns Ha Muokapaa [24].

PECTPUKTUBHA KAPAQUMOMMUONATUSA

PecCTpuKTMBHWUTE KapgovoMMONaTUM Ca XEeTeporeHHa
rpyna 3abonsiBaHvs Ha M1MoKapaa C pasnMyHa natoreHesa
1 MPUNOKPUBALLIM Ce KIMHUYHKM NposiBu. 3abonssaHeTo ce
Xapaktepusupa ¢ HamarneHa pasTernMBOCT Ha CbpaeYHu-
Te KaMepu, KOETO BOAM 40 HAPYLLEHO KAMEPHO MbIIHEHE.
B paHHuTe dha3n Ha 3abonsiBaHETO pasMepuTe Ha Kyxu-
HWUTE M cucTONHaTa (PyHKUMSA OBMKHOBEHO Ca 3anaseHu
nnu ca ¢ 6rnnskm 4o HopMaTa CTOMHOCTUW. PeCTpuKTUBHUTE
KapamoMmonaTvm BKIMKOYBAT MbPBUYHA, UM MaMonaTnyHa
dopMa (reHeTU4HO 3abonsiBaHe, CBbP3aHO C HAaTpyrnBaHe
Ha gecMuH 1 kornareH Tvn lll) n BTopnyHM dbopmm, KOUTO
BKIOYBAT UHMNTPATUBHU Y HEMHPUNTPATUBHU hOpMK,
KaKTo 1 Bonectn Ha HaTpynBaHeTo [25].

Bbnpekn 4e exokapauorpacdusita € MmbpBU METOL
Ha 1300p, Haxogkata Yecto e HecneumdmyHa. KMPT ¢
Bb3MOXHOCTTa 3a TbKaHHa xapakTepucTuka, 6asvpalua
Ce Ha NPUCHLLLMTE MarHUTHW CBOMCTBa Ha HOpPMarHus 1
abHOPMHMSA MUOKapad, Ma BaxkHa pons B AndepeHumarn-

Diagnostic criteria for arrhythmogenic right ven-
tricular cardiomyopathy were first proposed in 1994
and revised in 2010 by a Task Force. Advances in
the understanding of the phenotypic expression of
the disease in the following years led to a change in
the original concept that it was a disease exclusivly
affecting the right ventricle. It is now known that this
is a cardiomyopathy of both ventricles and can af-
fect the left ventricle simultaneously with the right, as
well as having predominantly left ventricular involve-
ment. Hereby, to better describe the entire spectrum
of the disease, the original name “arrhythmogenic right
ventriculat cardiomyopathy” was replaced by “arrhyth-
mogenic cardiomyopathy [23]. This is also one of the
main reasons for a new revision of the diagnostic
criteria of arrhythmogenic cardiomyopathy in 2020
with the inclusion of new criteria for the diagnosis
of left ventricular phenotypic characteristics. The
other key update is the inclusion of late gadolinium
enhancement in the diagnostic criteria as a marker
for fibrofatty replacement in the myocardium. Avail-
able data suggest that MRI tissue characterization
shows high agreement with endomyocardial biopsy
results in terms of identifying myocardial fibrosis,
and the prevalence of late enhancement in the right,
left, or both ventricles has important diagnostic val-
ue in identifying different phenotypic variants of the
disease. International criteria from 2020 are highly
dependent on CMR, which is becoming a mandatory
method in establishing the phenotype of arrhythmo-
genic cardiomyopathy, as well as for excluding other
heart diseases [24].

RESTRICTIVE CARDIOMYOPATHY

Restrictive cardiomyopathies represent a hetero-
geneous group of myocardial diseases with different
pathogenesis and overlapping clinical manifestations.
The disease is characterized by reduced expansibility
of the heart chambers, which leads to impaired ven-
tricular filling. In the early phases of the disease, cavi-
ty dimensions and systolic function are usually normal
or close to normal. Restrictive cardiomyopathies in-
clude a primary or idiopathic form (a genetic disease
associated with the accumulation of desmin and type
[l collagen) and secondary forms that include infiltra-
tive, non-infiltrative forms, and storage diseases [25].

Although echocardiography is the first method
of choice, the finding is often nonspecific. CMR with
the ability of tissue characterization based on the in-
trinsic magnetic properties of normal and abnormal
myocardium has an important role in the differential
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HaTa AvarHosa Ha pasnmyHuTe OpMM Ha PECTPUKTUBHA
KapgmMomMuonaTtusi U o ronsiMa CTeneH Hamarnsisa Heobxo-
AVMOCTTa OT MpOoBeEXAaHe Ha eHaoOMMOoKapaHa Guoncus.
KbCHOTO rafonuHMeBo ycuneaHe, npu Nnnca Ha KoHTpa-
MHOMKaUUS, € 3adb/PKUTEenHa 4YacT OT W3CNeaBaHeTo,
Tb KaTo MOAENbT Ha YCUITBaHE MOXE B rornsiMa CTerneH
Aa Haco4n B edHa unu gpyra nocoka. [pes nocrieaHute
roovHW HapacTBa W ponsTa Ha PenakCoMeTpUYHNUTE Tex-
HUKKM, Kato T1 1 T2 kKapTnpaHe, KOUTO MoraT ga otande-
peHumpaT pasnuyHn No Bug 3abonsiBaHns B 3aBUCMMOCT
OT cneuunnyH1TE CTOMHOCTU Ha BpeMeHaTta Ha penakca-
LMsi, CbOTBETCTBALLM HA HATpynBalLMTe ce MeTabonuTu,
aopu 1 6e3 npunaraHeTo Ha ragonMHUEB KOHTpacT. [Mpu
CbMHEHUE 32 KapAMOMMONATUS C HaTpynBaHe Ha Xensi-
30, B NPOTOKOIa 3a KONMYeCTBEHa OLEeHKa Ha cTeneHTa
Ha HaTpynBaHe Ha >Xens30 ce BKNYBaT crneunduyHn
rpagneHT-exo CEKBEHLMN, NpeaHa3HavYeHn 3a n3mepBa-
HeTo Ha T2* BpeMeTo 3a penakcaums [25].

MPT HAXOAKU NPU PA3NIUYHUTE ®OPMU
PECTPUKTUBHA KAPQUOMUONATUSA

AmMunoungosa

CbpaeyHata ammnonaosa e cucTteMHo 3abonsiBaHe
CBbP3aHO C OTfaraHe Ha aMUITOMAEH NPOTEVH B pasnuny-
HW OpraHu, BKMKYUTENHO U B Mmokapda. OcBeH Tvnuny-
HWTE MpoMeHuW, HabnogaBaHu Mpu exokapauorpadvs,
LMPKYMPEPEHTHOTO CybeHOoKkapaHO KbCHO YCUIIBaHe,
no-m3paseHo GasarnHo 1 cpegHo, ce oTkpmea npu 80% ot
naumeHT!Te C aMnrnonao3a, a no-ronsgmMara 4yact oT ocTa-
Hanute 20% “MaT pasnuYH1N MOLENWN Ha KbCHO YCUBaHe
(dwr. 4). OudbysHoTo cybeHOokapaHO KbCHO ycuriBaHe
uma crneumduyHocT o 95% 3a nocTtaBsHe Ha AuMarHo3a-
Ta amunonaosa [26, 27]. itepnpeTtauusara Ha KbCHOTO
yCurBaHe 4ecTo e 3aTpyaHeHa nopaau andysHusa My xa-
pakTep, Bapuauumte B curHana ot Muokapaa v TpyaHoOTO
onpegensHe Ha MHBEPCUMOHHOTO BPEME 3a HyNMPaHETO
My. TUMUYHO MHBEPCUOHHOTO BPEME Ha CbPAEYHUTE Ky-
XVHM € MHOTO MO-KpaTKO OT ToBa Ha MnokapAda. Npu cbp-
AeYHa amurongosa ce Habnogasa 3HauMTenHo no-marn-
Ka pasnunka Mexay VHBEPCYOHHOTO BPEME Ha KyXUHUTE U
Ha MMOKapaa, KaTo Npy HeMarTbK BpoV NaumMeHT! HBEP-
CMOHHOTO BpeMe Ha M1oKapaa € No-KbCo OT TOBA B Cbp-
Ae4HUTE KyXuHW. Tean xapakTepHu NPOMEHN ca 0COBEHO
AeMoHcTpaTtBHK npu Tl ckayT obpasnTte 1 ce npvemar
3a xapaktepeH bener, Mall, 3Ha4eHne 1 3a NporHo3a-
Ta, Tbl KaTO HOCWU MH(pOpPMaLIMS 3a CTENEHTa Ha aHra-
XupaHe Ha Muokapga [28]. Mpe3 nocnegHUTe rOANMHN
MHOTO MPOYYBaHUS Ca HACOYEHN KbM Bb3MOXHOCTUTE
32 YMCMEHO onpeaensaHe Ha TEXeCTTa Ha aHraxupaHe
Ha MWOKapga 4pes3 M34McnsiBaHe Ha ekcTpauenynap-
Husa obem (ECV). ECV 3HauntenHo ce yBenuyaea npu
cbpAedHa amunongosa u ce nanonasa kato bromapkep
3a TexecTTa Ha 3abonsaBaHeTo. HatuBHoTO T1 Bpeme
Ha penakcaumsi CbLUO € CUTHUPUKAHTHO YA BITKEHO.

diagnosis of various forms of restrictive cardiomy-
opathy and largely reduces the need for endomyo-
cardial biopsy. Late gadolinium enhancement, in the
absence of a contraindication, is a mandatory part
of the study, as the enhancement pattern often can
tilt in one direction or another. In recent years, the
role of relaxometric techniques, such as T1 and T2
mapping has also increased, since this techniques
can distinguish different types of diseases by the
specific values of the relaxation times correspond-
ing to the accumulation of different metabolites, even
without the administration of gadolinium contrast. In
suspected iron overload cardiomyopathy, specific
gradient-echo sequences designed to measure T2*
relaxation time should be included in the protocol to
quantify the degree of iron deposition [25].

CMR FINDINGS IN THE VARIOUS FORMS
OF RESTRICTIVE CARDIOMYOPATHY

Amyloidosis

Cardiac amyloidosis is a systemic disease as-
sociated with deposition of amyloid protein in vari-
ous organs, including the myocardium. In addition
to the typical changes seen on echocardiography,
circumferential subendocardial late enhancement,
more pronounced basal and mid ventricle, is found
in 80% of patients with amyloidosis, and the majority
of the remaining 20% have different patterns of late
enhancement (Fig. 4). Diffuse subendocardial late
enhancement has a specificity of up to 95% for the
diagnosis of amyloidosis [26, 27]. Interpretation of
the late enhancement is often difficult because of its
diffuse nature and because of the varying signal from
the myocardium and the difficulties in identification of
the normal myocardial nulling time. Typically, the time
of inversion of the cardiac cavities is much shorter
than that of the myocardium, but in cardiac amyloido-
sis the difference is minor, and not infrequently that
of the myocardium is shorter than that of the cardi-
ac cavities. These characteristic changes are par-
ticularly demonstrative on Tl scout images and are
considered to be a characteristic sign that is also im-
portant for prognosis, as it provides information on
the degree of myocardial involvement [28]. In recent
years, many studies have focused on the possibilities
of quantifying the severity of myocardial involvement
using extracellular volume (ECV) calculation, which
is significantly increased in cardiac amyloidosis and
is used as a biomarker of disease severity. The native
T1 relaxation time is also significantly prolonged.
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Bonect Ha AHgepcoH-Pabpu

BonectTa Ha AHaepcoH-Oabpu e X-cBbp3aHa pele-
CVBHa NM3030MHa 60necT Ha HaTpynBaHETO, XapaKTepu-
3upalLa ce ¢ 4edununT Ha eH3mma anda-ranakrosugasa.
PaHHn KMPT npoy4dBaHust npy nauueHtn ¢ Gonect Ha
AHpepcoH-®abpu nokaseaT ycuneaHe, KOeTo 3aBuUCK OT
CTeneHTa Ha XvneptTpodusi, HaN-4eCcTo JOKANM3npPaHo
B JornHonarepanHute cermeHTy 6asanHo u cpegHo [29]
(dour. 5). T1 kapTMpaHeTO NokasBa TUMUYHO HamMarneHo
T1 Bpeme 3a penakcauums nopagu orrnaraHe Ha rfnKoc-
UHroNMNnAn, ¢ N3KNIOYEHNE Ha 30HUTE C KbCHO YCUI-
BaHe, kbaeto T1 BpemeTo e yabrmkeHo [30].

Hanyn BaHe Ha XernAa30

OTnaraHeTo Ha Xensi30 B MuoKapda Moxe [da e
BCMeACTBME Ha MbPBUYHM (HAcneacTBeHa XeMOXpOoMa-
TO3a) UM BTOPUYHY MPUYMHK (YECTU XEMOTpaHCy3nn).
OctaBeHo 6e3 neyeHne, 3abonsaBaHETO MOXe Aa AoBeae
00 Bb3HUKBAHE Ha CbpaeyHa HeOooCTaTbYHOCT U Oopu
[0 HacTbnBaHe Ha cMbpT. C HABMM3AHETO Ha TEXHUKUTE
3a kaptupaHe, KMPT ce npeBbpHa B OCHOBEH METOf, 3a
avarHocTvkara 1 cTpatudmkaums Ha pyucka npu Tesu na-
LUMNEeHTW. OTnaraHusTa Ha »erns3o B MWOKapaa BIUNAAT Ha
T2* BpemeTo 3a penakcaumsi, Kato CbLLECTBYBa NIMHENHA
3aBUCUMOCT MeXay HamansiBaHeTo Ha T2* BpeMeTo 3a

Anderson-Fabry disease

Anderson-Fabry disease is a X-linked recessive
lysosomal storage disease characterized by a de-
ficiency of the enzyme alpha-galactosidase. Early
CMR studies of patients with Anderson-Fabry dis-
ease show enhancement dependent on the degree
of hypertrophy, most commonly located in the infero-
lateral basal and middle segments [29] (Fig. 5). T1
mapping typically shows a decreased T1 relaxation
time due to deposition of glycosphingolipids, except
in areas of late enhancement where the T1 time is
prolonged [30].

®dur. 4. MNMauneHT ¢ amunogmosa — cyb-
eHaokapaHO ycuneaHe no csoGoaHaTta
cTeHa Ha nsiBaTa kamepa W UHTpamuo-
KapAHoO ycureaHe B centyma

Fig. 4. CMR of a patient with amyloidosis
— subendocardial enhancement along
the free wall of the left ventricle and
intramyocardial enhancement in the
septum

®dur. 5. MaumeHT ¢ GonecTt Ha AHpep-
COH-Pabpu. YmepeHa CUMETpUYHA Xu-
nepTpocmsi Ha Muokapaa Ha nsiBaTta
Kamepa, KosiTo e u cdepnyHo pemoae-
nupaHa. TpaHcMyparHa 30Ha Ha KbCHO
ycunBaHe Mo ropHonartepariHara cTteHa
Ha nsiBaTa kamepa cpegHo

Fig. 5. CMR of a patient with Anderson-
Fabry disease. Moderate concentric
hypertrophy of the left ventricular
myocardium, which is also spherically
remodeled. Transmural zone of late
enhancement along the mid anterolateral
wall of the left ventricle

Iron Overload Cardiomyopathy

Iron deposition in the myocardium can be a con-
sequence of primary (hereditary hemochromatosis)
or secondary causes (frequent hemotransfusions). If
left untreated, the disease can lead to heart failure
and even death. With the development of mapping
techniques, CMR has become the main method for
diagnosis and risk stratification of these patients.
Iron deposits in the myocardium affect the T2* re-
laxation time, and there is a linear relationship be-
tween the decrease in the T2* relaxation time and
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penakcaumsi 1 KONM4YecTBOTO XKens3o B Muokapda [31].
CronHocTh Ha T2* BpemeTo 3a penakcaums nog 10 ms
Ca CBbP3aHU C NMOBULLIEH PUCK OT KAMEPHW apUTMKK, 4OPU
npv 3anaseHa gpakums Ha mnatnackeaHe [32]. MetogbT
MOXe [a Ce M3Mon3ea 1 3a oLeHKa Ha HaTpynBaHETO Ha
Xensa3o B YepHus Apob. OueHkaTta Ha CTerneHTa Ha Hart-
pynBaHe Ha Xens30 B MMoKapaa 1 B YepHus apob e Ba-
XKHa, Tb KaTO BTOPUYHOTO MPETOBapBaHe Ha opraHn3ma
C Xenaso € 0bpaTMMo Mpy HaBPEMEHHO 3arnodBaHe Ha
xenarotepanus. BuabT Ha n3nonasaHusa xenaTop 3aBucU
OT TOBa Janu uenTa e U3BNMYaHe Ha Xenss3o OT YepHUst
Apob mnm ot cbpueTo [22].

HEKNACU®ULUPAHU KAPAUOMUONATUU

HekomnaktHa KapaunomMmuonatua

HekomnakTHaTa kapgvomuonatusi € BpodeHo 3abo-
nsiBaHe, ObIMKALLO Ce Ha 3a4bpykaHe Ha npoLeca Ha Hop-
MarnHoTO YNNbTHABAHE HA MUOKap4a Mo BpPeEME Ha em-
BpvioreHesara, KOeTo Boam A0 nepcucTrpaHe Ha Abrboku
KamepHu Tpabekynn n unHTepTpabekynapHu peuecycw.
[rarHosata ce OCHOBaBa Ha KIMHUYHM 1 MOPAIOOTMYHU
KpuTepumn. TOYHOTO NOCTaBsHE Ha AnarHo3ara Ypes HeuH-
Ba3MBHM 0Opa3HN METOAM B ronsiMa CTeneH ce 3aTpyaHs-
Ba NMopagu 3HAYUTENHOTO MpUNOKpuBaHe Ha 3abonsiBa-
HETO C HAKOW ApYrM CbCTOSHUSA, KaTo HanpuMmep gunara-
TUBHa KapauMoMuonaTus, a CbLUO Taka U C HopMarnHarta
nesokamepHa Tpabekynauusi, HabnogaBaHa NpyU HsKoOM
naumeHTn [2]. Petersen u cvasTt. npeanarat MPT kpute-
PV 3a OMarHOCTMKa Ha HEKOMMaKTHAa KapauomMuonarus,
KaTo npeqriarat U3ron3BaHEeTO Ha OTHOLLEHWUETO MeEXAY
HEKOMMAaKTHUS 1 KOMNaKTHUSE My1okapa (Hag 2,3:1). MNpo-
BedeHO npoyysaHe cped 177 naumeHTn nokassa 86%
YyBCTBUTENHOCT M 99% cneumdmnyHOCT Ha kpuTepms [33].
[pyro npoyyBaHe cTura o 3aknodeHuneto, Ye o 43%
OT MauneHTuTe, KOUTO Ce MoAriaraT Ha MarHUTeH peso-
HaHC Ha CbpLe BbB Bpb3Kka C Apyra HaCO4eHOCT Ha Npo-
y4BaHUATa, MoraT Aa OTroBapsaT Ha TO3n Kputepuin [34].
Jacquier n cbaBT. CpaBHSBaT NaLUMEHTN C HEKOMMaKTHa
Kapamomuonatusa ¢ naumeHTtn ¢ JKMIM, XKMIT n 3gpasu
KOHTponu. Te npegnarat pa3nuyeH Habop OT KpUTeEpUK
3a AMarHoCTVKa Ha HEKOMMaKTHa KapavMomMuonaTusi, kato
yCTaHOBSBaT, Ye TpabeKynupaHaTta feBokamepHa maca ¢
ronemuHa Hag 20% oT obLLata Macara Ha nsiBata Kame-
pa e ¢ 94% 4yBCTBUTEMHOCT M CNELUUYHOCT 3a AnarHo-
CTUKa Ha HekoMMNakTHaTa kapgnomuonatus [35]. o 4,4%
OT 34paBuTe MHANBUAM obaye NoKpMBaT U TO3U KPUTEPUIA
[36]. Toea mokasea, 4e 3a nogobpsiBaHe cneumUYHOCT-
Ta Ha AmarHoCcTVKaTa Ha HeKoMMakTHaTa Kapavuomuona-
ms, KMPT kpuTepunTe He TpsibBa Oa ce pasrnexaar ca-
MOCTOSITENHO, @ B CbY€TaHNE C KNHUYHUTE [37].

Takouy60 kapguomuonaTus

Takouybo KapauoMuonaTusl, UM oLle CTpec-uHay-
LuMpaHa kapavMomuonaTusi, anvkanHo 6anoHupaHe, cuHa-

the amount of iron in the myocardium [31]. Values of
T2* relaxation time below 10 ms are associated with
an increased risk of ventricular arrhythmias, even
with preserved ejection fraction [32]. The method
can also be used to assess iron deposition in the
liver. Assessment of the extent of iron deposition in
the myocardium and liver is important because sec-
ondary iron deposition is reversible with the early ini-
tiation of chelation therapy, and the type of chelator
used depends on whether the goal is to extract iron
from the liver or the heart [22].

UNCLASSIFIED CARDIOMYOPATHIES

Noncompact cardiomyopathy

Noncompact cardiomyopathy is a congenital
heart disorder caused by the arrest of the process
of normal myocardial compaction during embryogen-
esis, which leads to persistence of deep ventricular
trabeculae and intertrabecular recesses. Diagnosis
is based on clinical and morphological criteria. Ac-
curate diagnosis by non-invasive imaging methods
can be quite challenging because of the significant
overlap of the disease with some other conditions,
such as dilated cardiomyopathy, and also with the
normal left ventricular trabeculation seen in some
patients [2]. Petersen and co-authors proposed an
CMR criterion for the diagnosis of non-compact car-
diomyopathy — the ratio between the non-compact
and compact myocardium (2.3:1), and in a study
with 177 patients, the criterion showed a sensitivity
of 86% and a specificity of 99% [33]. However, it ap-
pears that up to 43% of patients undergoing cardiac
magnetic resonance imaging as part of other studies
may meet this criterion [34]. In a study of patients
with noncompact cardiomyopathy, comparing them
to patients with DCM, HCM, and healthy controls,
Jacquier et al. propose another set of criteria for
the diagnosis of noncompact cardiomyopathy. They
found that a trabeculated left ventricular mass > 20%
of the total left ventricular mass had a sensitivity and
specificity of 94% for the diagnosis of noncompact
cardiomyopathy [35]. However, up to 4.4% of healthy
individuals also meet this criterion [36]. This proves
that in order to improve the specificity of noncompact
cardiomyopathy diagnosis, CMR criteria should be
taken in consideration with clinical ones [37].

Takotsubo cardiomyopathy

Takotsubo cardiomyopathy or stress-induced car-
diomyopathy, apical ballooning, broken heart syn-
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pOM Ha pa3buToTO ChpLE Ce XxapaKTepuaupa C npexogHa
neBokamepHa AMCYHKUMSA M TUIMYHO GanoHupaHe Ha
nsiBaTa kamepa, NosIBABALLIO Ce NpW fnnca Ha KopoHapHa
OonecT, 0bMKHOBEHO crnen, eMoLumoHaneH cTpec [2]. Tou-
HUSAT MEXaHU3bM Ha Bb3HWMKBAHETO M OCTaBa HeHanmbIHO
U3SICHEH N KbM OHEeLUHa AaTa, Kato Bb3MOXHUTE XUMnoTe-
31 BKIMOYBAT — CMOHTaHHa TpoMbonum3a Ha Tpomb B KO-
poHapHa apTepusi, MHOXXECTBEH KOPOHAPEH Ba30CMNasbM,
MUKPOLIMPKYaTopHa ANCAYHKUMS U OTAENSHE Ha ronsamo
konunyectBo katexoramvHu [38]. KMPT ce Hanara kato
MeTOA Ha MbpBa NMHMA NPU AMarHoCcTvKaTa Ha TakoLy6o
KapaMoMmonaTus He camoO KaTo MHCTPYMEHT 3a Bu3ya-
NM3vpaHe Ha OTIMYUTENHUTE CETMEHTHM HapyLUEeHVs B
KMHETUKaTa, HO U 3a ngeHTudmumMpaHe n oueHka Ha 06-
paTMMOCTTa Ha MuoKapaHaTa yBpefa (30Hu Ha edem w/
WM KbCHO YCUINBaHE) U NOTEHUMAIHN YCITOXHEHNS KaTo
0ob6CTpyKUMS Ha u3xopHus TpakT Ha JIK, nepukapgeH mns-
nvB, NeBokamepHa TpomMbo3sa [39].

KbCHOTO ragonmHMEBO ycuneaHe e cped Ham-udyda-
BaHUTE 0bracTy no OTHOLLEHVE Ha MarHUTHO-PE30HaHC-
HaTa OuarHocTvKa Ha Takouybo kapavomuonatus. MMbp-
BOHayasriHo ce nprema, 4e nurncara Ha KbCHO yCUrBaHe
€ HeoOxogvMO yCroBME 3a MOCTaBfHE Ha AvarHosara.
BrnocnencTaue pasnuuHn eaMHUYHY oKNaau, a no-KbCHO
W Mo-rofieMun Npoy4YBaHusl, OOKA3BaT, Ye KbCHO yCUIBaHe
MOXe [a ce Habnogasa npy NauMeHTn ¢ Takouybo Kap-
avomuonartus [40, 41]. Korato MogensT Ha KbCHO ycunBea-
He ce NPUMOKpMBA C HAbMKABaHNS 1 MPY OPYTN CbCTOAHUS
(Hanp. ncxemmsa nny MMokapguT) B audoepeHumanHa gua-
rHO3a OCTaBaT 2 Bb3MOXHOCTU, TbiA KaTto € MHOro TpyaAHO
[a ce Kaxe CbC CUNYpHOCT fanv KbCHOTO yCuriBaHe € B
pesynTar Ha ocTpa yBpeaa, Unm oTpassBa npeaullHa Ta-
KaBa C pa3nuyHa natodumamonorus. Kopenauumsata Ha Ha-
XOOKuTe OT 00pa3HUTE U3cneaBaHuUst C KNMHUYHATa KapTu-
Ha, EKI" n nabopatopHuTe n3cnenBaHns € OT CbLLECTBEHO
3HaJveH1e 3a NPaBUIHOTO NOCTaBsHe Ha AnarHosara [42].

Bb3NANUTENHU 3ABONSABAHUA
HA MUOKAPQA

Capkounposa

CapkounposaTta € CUCTEMHO Bb3nanuTenHo 3abo-
nsiBaHe, XxapakTepuaupawlo ce ¢ popM1paHe Ha Heka-
3endmumpalym rpaHynomu. KnuHnyHata n nssisa Moxe
Oa Bapwvpa ot nunca Ha Ttakasa o CH n BCC. Bbnpe-
Kn ye camo 5% OT naumeHTUTe CbC capkomao3a nvat
KNHWYHW Benesun Ha CbpaevHo 3acsraHe, ayTONCUOH-
HM cepun cbobLwaBar o 25% cbpaeyvHo 3acaraHe npu
capkongo3sa [43]. MeTHUCTOTO aHraxkmpaHe Ha M1oKap-
[a, 4eCTo 3HAYMTENHO OrPaHNYEHO B paHHaTa dasa Ha
3abonsBaHeTo, 3aTpyaHsaBa guarHocTuumupaHeTo. Py-
TUHHO n3nonssaHuTe metoau kato EKI, ExoKI He ca
0CcObEeHO HageXaHu Npy OUMAarHOCTULMPAHETO Ha Cbp-
fevHata capkouposa [44]. dopwu eHgooMuokapaHaTta
ovoncusa nma crnaba YyBCTBUTENHOCT. ToBa ce ObIkM
Ha rpeLuKku npu NnpoboB3emaHeTo nopagmn orpaHNU4eHo-
TO FIOKanHO aHraxkvpaHe Ha MuoKapAa W nuncarta Ha

drome is characterized by transient left ventricular
dysfunction and typical left ventricular ballooning that
occurs in the absence of coronary artery disease,
usually associated with emotional stress [2]. The ex-
act mechanism of occurrence of this cardiomyopathy
is still not fully understood and possible hypotheses
include — spontaneous thrombolysis of a thrombus
in a coronary artery, multiple coronary vasospasms,
microcirculatory dysfunction and release of a large
amount of catecholamines [38]. CMR has established
itself as a first-line method in the diagnosis of Takot-
subo cardiomyopathy both as a tool for visualizing the
distinctive segmental motion abnormalities and for the
identification and assessment of the reversibility of
the myocardial damage (areas of edema and/or late
enhancement) and potential complications such as
left ventricle outflow tract obstruction, pericardial effu-
sion, left ventricular thrombosis [39].

Late gadolinium enhancement is one of the most
extensively studied areas in relation to Takotsubo car-
diomyopathy. It was initially considered that the ab-
sence of late enhancement was a condition essential
for the diagnosis. Subsequently, some isolated reports
and later larger studies have demonstrated that late
enhancement can be observed in patients with Takot-
subo cardiomyopathy [40, 41]. When the pattern of late
enhancement overlaps with that observed in other con-
ditions (e.g. ischemia or myocarditis), two possibilities
remain in the differential diagnosis, as it is very difficult
to define with certainty whether the late enhancement
is the result of an acute injury or reflects a previous one
with different pathophysiology. Correlation of imaging
findings with clinical picture, ECG and laboratory tests
is essential for the correct diagnosis [42].

INFLAMMATORY DISEASES
OF THE MYOCARDIUM

Sarcoidosis

Sarcoidosis is a systemic inflammatory disease
characterized by formation of noncaseating granulo-
mas. The clinical presentation of cardiac sarcoidosis
can range from none to heart failure and sudden car-
diac death. Although only 5% of sarcoid patients have
clinical evidence of cardiac involvement, autopsy
series have reported up to 25% cardiac involvement
in sarcoidosis [43]. Patchy involvement of the myo-
cardium and often quite limited in the early phase of
the disease makes the diagnosis very difficult. Rou-
tinely used methods - ECG, echocardiography are not
particularly reliable in the diagnosis of cardiac sar-
coidosis [44]. Even endomyocardial biopsy has poor
sensitivity, due to sampling errors because of limited
local involvement of the myocardium and lack of con-
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CUTYPHOCT 3a JOCTOBEPHOCT Ha pe3yntarta npu Herno-
nagaHe B 30Ha C rpaHyrnom [45].

Toea npasn KMPT npeanoyntaH obpaseH MeToa
3a OTKpMBaHe Ha CbpAedHa CapKouaosa, KaTto B KOH-
ceHcyceH aokymeHT ot 2014 r., nybnukyBaH ot Heart
Rhythm Society, ce npenopbuyBa npoBexgaHe Ha
KMPT npu BCMYkM maumMeHTUTE CbC capkomaosa, npu
KOUTO Ce OTKpMBaT MPOMEHM MpU MbpBOHAYanNHUTE
ckpuHuHroBu TectoBe (EKI, ExoKI) [46]. bBnaropa-
peHne Ha TexHWKaTa 3a KbCHO ragonuvHWEBO YCUN-
BaHe, METOABLT MOXe fa uaeHTUdMuupa MHOUBMON
CbC CbpAEYHO 3acdraHe AOpU MNPV Marnku 30HU Ha
aHraxupaHe Ha muokapga [47]. Hai-4yecto ce Hab-
nofgaBa MHTpPaMMOKap4HO nnu cybenvkapgHo ycunea-
He ¢ npegunekums kbMm cBobogHaTa cTeHa Ha nseara
kamepa 6aszanHo. OcBeH TOBa HaNMMYMETO Ha KbCHO
yCunBaHe nma u BaxkHa NpeauKTMBHA CTOMHOCT 3a Npo-
rHosata npu Te3u naumeHTn [48]. Opyrn MPT Haxoa-
KW BKIHOYBAT CErMEHTU HapyLUEeHWs1 B KUHETUKATa, a B
ocTpaTa hasa u Hannume Ha eaem, naeHTuuumpaL
ce Ha T2 nsmepsaHuaTa [2].

Mwuvokapgutu

MwuokapauTbT e Bb3naneHne Ha Mmuokapaa, KoeTto
MOXE [a UMa pasnuyHU NPUYUHUTENM, HAN-4eCTo € C
BMpPYCHA €TUOMOornsi, HoO MoXe ga 6bae MpPUYUHEH OT
TOKCWUHW, NlekapCTBa, aBTOMMYHHM npouecu [2].

KMPT e npueT kaTo 3nateH ctaHgapT npu gnarHoc-
TMKaTa Ha OCTbP MWOKapAWUT Mopagn Bb3MOXHOCTTA
3a nornyyaBaHe Ha MHopMaLMs KaKTo 3a CbpaeyHaTa
yHKUMS, Taka U 3a nAeHTUdULMPaHe Ha 30HN Ha eaemM
n/vnn nbposa B Muokapga [49]. MarHuTHo-pe3oHaH-
CHaTa fuarHo3a Ha OCTbp MUOKapauT ce OCHOBaBa Ha
Kputepumte Ha Lake Louise (LLC), peBusmpann npes
2018 r., nopaan HaBnM3aHETO Ha MeToauTe 3a KapTu-
paHe. 3a NOCTaBAHETO Ha AvarHosata ca Heobxoammu
noHe eauH T1-6a3mpaH kputepun (yabrmkeHo T1 Bpeme
Ha penakcauusi, yBenuyeH ekcTtpaienyrnapeH obem u
HencxemmnyeH Tun LGE) n noHe egnH T2-6a3unpaH kpu-
Tepui (yobimkeHo T2 BpeMe Ha penakcauusi, 30HM Ha
efem B Mmokapga Ha mopcdponornynunte T2 o6pasn) [50].

Han-yecto HabntogaBaHMAT MOAEN Ha KbCHO YCUI-
BaHe e nuHeapHo, cybenvKapaHO, aHraxupatlo nate-
panHarta CTeHa Ha nsiBata kamepa, a B no-marka vact
OT cny4vauTe 1 B 6a3anHus cenTyM — UHTPaMUOKapaHO
(cour. 6). Mpm yacT OT NauMeHTUTe KbCHOTO yCUrBaHe
Ce NpoCTMpa U3BbH BbLHLUHWUS KOHTYP Ha MUOKapga B
cbCeaHusa nepukapg (MuonepukapauT), Kato YecTo ce
HabrogaBa HanuuvMe M Ha fokaneH nepukapaeH us-
nvB. B 30HUTE C KbCHO ycunBaHe OOMKHOBEHO € Hamu-
Lue rneka 0o yMmepeHa XMMNOKMHE3Ud, KaTo B MOBEYETO
cnydaun rnobanHarta cucTtonHa (OyHKUUSE € HUCKOCTe-
neHHo HapyLueHa [51].

fidence in the reliability of the result in the absence of
a granuloma area [45].

This makes CMR the preferred imaging moda-
lity for detecting cardiac sarcoidosis, and a 2014 con-
sensus document published by the Heart Rhythm
Society recommends CMR in all sarcoid patients
who show changes on initial screening tests (ECG,
Echocardiogram)[46]. As aresult of the late gadolinium
enhancement technique, the method can identify
individuals with cardiac involvement, even with small
areas of myocardial involvement [47]. Intramyocardial
or subepicardial enhancement with a predilection for
the left ventricular basal free wall is most commonly
observed. Furthermore, the presence of LGE also has
an important predictive value for prognosis in these
patients [48]. Other MRI findings include segmental
wall motion abnormalities and in the acute phase,
the presence of edema detectable on T2 weighted
images [2].

Myocarditis

Myocarditis is inflammation of the myocardium,
which can have different causes, most often it is of
viral etiology, but it can also be caused by toxins,
drugs, autoimmune processes [2].

CMR has become the gold standard in the
diagnosis of acute myocarditis, for its ability to obtain
information both on cardiac function and to identify
areas of edema and/or fibrosis in the myocardium
[49]. The CMR diagnosis of acute myocarditis is
based on the Lake Louise (LLC) criteria, which were
revised in 2018 after the development of the parametric
techniques. According to the new criteria at least one
T1-based criterion (prolonged T1 time of relaxation,
increased extracellular volume and non-ischemic LGE
patter) and at least one T2-based criterion (prolonged
T2 relaxation time, areas of myocardial edema on
standard T2 sequences) have to be fulfilled for the
diagnosis of acute myocarditis [50].

The most frequently observed pattern of late
enhancement is linear, subepicardial, involving the
lateral wall of the left ventricle, and in a smaller
number of cases in the basal septum—intramyocardial
(Fig. 6). Not infrequently, late enhancement extends
beyond the outer contour of the myocardium into the
adjacent pericardium (myopericarditis), often with
the presence of a focal pericardial effusion. In areas
of late enhancement, mild to moderate hypokinesia
is usually observed, and in most of the cases global
systolic function is mildly impaired [51].
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3AKNIOYEHUE

KMPT 3aema BaxHO MSICTO HE caMO 3a paarpaHuya-
BaHe Ha UCXeEMMYHA OT HEMCXEMUYEHA KapAMOMMonaTus,
HO ¥ JonpuHacs 3a NPaBUIHOTO AWarHOCTULMpaHe Ha
NoaTWNOBETE Ha HEUCXEMUYHUTE Kapguomuonatum. Bba-
MOXHOCTUTE Ha METOAA 3a XapakTepusnpaHe Ha TbKaH-
HUTE MPOMEHU C NMOMOLLITA HA TEXHMKM KaTo KbCHO YCUIT-
BaHe, T1 kapTupaHe ¢ mnsuncnsieaHe Ha ECV, T2 n T2*
KapTupaHe, NpedocTaBst BakHa MHGOpMaUusi MO OTHO-
LUEHMe Ha eTrornormsTa Ha kapguomuonaTtusta. MetogbT
“Ma LeHTparnHa ponsi Npy CTpatuuLmMpaHeTo Ha pucka
3a naumeHTuTe, 3bopa Ha NpaBuUneH TepaneBTUYeH Noa-
X0 W oueHKaTa Ha edhekTa oT nedeHneTo. NpenopbyBa
ce pyTuHHOTO usnonasaHe Ha KMPT npu nscnegsaHe Ha
naLneHTn C HeMCXeMm4Ha KapguomMmonaTus.

He e deknapupaH KOH¢hnukm Ha uHmepecu
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