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Pestome. XuneptpodmyHata kapgrommonarus (XKMIT) e egHa ot Hamn-4ecTo cpellaHnte hopMmn Ha KapamoMmo-
naTtuun. Xapakrepusupa ce ¢ MbpBMYHaA XMNepTpodmsa Ha M1okapaa, Ae3opraHn3aums Ha Kapauommnoum-
TMTE N Prbpo3a. Tean MopoNorMyHM XxapakTeEPUCTMKM 0BYCNaBAT 1 NPUIIOKMMOCTTa U 3HAYMMOCTTa Ha
MarHUTHOPE3OHAHCHOTO M3crieaBaHe Npu OLEeHKa Ha Te3n naumeHTn. MarHUTHUAT pe3oHaHC Ha CbpLe
JOnpyHacs B AMarHOCTUKaTa Ypes naeHTUMUMpaHe Ha CerMeHT! Ha XUNepTpogmrs, KOUTO He ce BU3ya-
nuaupart gobpe Ypes exokapamorpadusi, ocurypsisa no-TouHM M3MepBaHust Ha aebenvHara Ha M1okapaa
n ancpbepeHumpa XKMIT ot gpyrv npuymHmn 3a neBokamepHa xuneptpodms. MetoabT AaBa Bb3MOXKHOCT
OCBEH 3a KayeCTBeHa 1 3a KonmnyecTBeHa oLieHka Ha dhokanHa n andysHa donbposa, KOeTo nva BaXkHa
pors Npy OLEeHKa Ha NporHo3ara v npocnenssaHe Ha naumeHTute. LlenTta Ha HacTosiwarta cratus e aa
Ce HanpaBsw Npernes Ha ponsaTa Ha CbpAeYHMS MarHUTEH pe3oHaHC B avarHoctukara Ha XKMI, nemoH-
CTpUparikv pasnuyHn opMmn 1 TEXHUTE TUMMYHM MOPAGIONOMMYHN U TbKaHHW NMPOMEHU, KaKTO 1 Aa ce
nokaxe ponsTta Ha MeToda B AudepeHumanHara guarHo3a Ha XunepTpouyHNS MUOKapA.

KniouoBn gymu:  xunepTpodryHa KapamomMmMonaTusi, MarHUTEH pe3oHaHC Ha cbple, 0bpasHa AnarHocTuka
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Abstract. Hypertrophic cardiomyopathy (HCM) is one of the most common form of cardiomyopathies. It is
characterized by primary hypertrophy, disorganization, and fibrosis of the myocardium. These
morphological characteristics determine the applicability and significance of magnetic resonance
imaging in the evaluation of these patients. Cardiac magnetic resonance helps the diagnostic process
by identifying hypertrophic segments, which are less accessible by echocardiography ensures more
precise measurements of wall thickness and differentiates HCM from other causes of left ventricular
hypertrophy. The method allows for not only qualitative but also quantitive evaluation of focal and diffuse
fibrosis which plays an important role in evaluation of patients’ prognosis and follow up. The aim of
this article is to review the role of cardiac magnetic resonance in the diagnosis of HCM, demonstrating
different forms and their typical morphological features, as well as to demonstrate the role of the method
in the differential diagnosis of myocardial hypertrophy.

Key words: hypertrophic cardiomyopathy, cardiac magnetic resonance, diagnostic imaging
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BbBEOQEHMUE INTRODUCTION

XunepTtpodpuyHata kapguomuonatus (XKMIT) ce Hypertrophic cardiomyopathy (HCM) is defined as
onpegens karto 3agebensiBaHe Ha cTeHaTa Ha MUoOKap- thickening of the left ventricular myocardium wall (with
Aa v ysernvyasaHe Ha MuokapaHaTa maca npu oTCbCT- and without right ventricular involvement) and an in-

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.
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BME Ha MpuyMHM 3a 06eMHO HaToBapBaHe, KOMTO Aa
0BACHAT xunepTpodumsaTa, KakTo U OTCbCTBUE HA WH-
dunTpaTnBHM 3abonsaBaHns U GonecTy Ha HaTpynBa-
HeTo (Hanp. amunongo3sa, 6onect Ha ®abpw) [1-4].

Mpn Bb3pacTHM naumeHTn 3a XKMI1 ce npuema
3apebeneHre Ha cTeHaTa Ha Myokapga = 15 mm BbB
BCEKM CErMeHT, KaTto cTonmHocTu oT 13-14 mm ce cuu-
TaT 3a rpaHu4HK, ocobeHo npu cbnbTCTBaLa hamur-
Ha obpemeHeHocCT [5].

XvnepTpochmyHata kapauomumonaTnua e egHa oT
Han-4yecTuTe popmmu Ha Kapgmommonatun. [Joknagsa-
HaTa 4YecTOoTa B pasnM4YHM Mpoy4BaHWs Bapupa, Kato
CcpeaHo ce npuema, ye e okono 1/500 npu Bb3pacTHaTa
nonynauus [6-9]. MNpuema ce, Ye 3abonsiBAHETO € reHe-
TWMYHO, KaTo KbM MOMEHTa ca ngeHtTudmumpaHm myta-
LUUM B PasnnyHM reHn, KomTo obycnaeaT aHomanusi B
capKoMepuTe U ce yHacneasisaT HaW-4ecTo aBTO30M-
HO-AOMWHAHTHO [10].

XKMIT ce acoumvpaHa C yBenuyeH CbpaeyeH pUCK.
Obwwarta roamwiHa cMbpTHOCT ce aBsiBa oT 1 8o 2%, CboT-
BETHO: BHe3arnHaTa cbpaeyHa cMbpT — 1%, cbpaeyHa He-
poctarbyHocT — 0.5%, Tpomboembonuabm — 0.1% [11].

XKMI ce xapakTepuaupa ¢ NbpBUYHa Xxmneptpodus,
nesopraHusaums n ombposa Ha Mmrokapga [12-14]. Teaun
MOPOINOrMYHN XapaKTEPUCTUKN OBYCNaBaT U NPUINOXKU-
MOCTTa M 3HAYMMOCTTa Ha MarHUTHOPE3OHAHCHOTO W3-
crnefBaHe MNpu OLEHKA Ha Te3W NaumneHTu.

MarHuTHUAT pe3oHaHC Ha CbpLETO € HEMHBA3MBEH
mMeTog 6e3 u3nons3BaHe Ha WMoOHM3Wpala paguauus,
KOWTO MO3BOfIsiBa Mory4yaBaHe Ha obpasu C BMCOKa
NPOCTPaHCTBEHA, KOHTpPACTHa 1 BpeMeBa pasaenuren-
Ha CNOCOBHOCT B pasnMyHN aHAaTOMUYHN PaBHUHN.

MpegumcTBaTa Ha MeToda Mpu AMarHocTukara Ha
nauneHT ¢ xuneptpoduyHaTa Kapguommonartmsi Mo-
raT ga ce ob600LAT KakTo creaga:

AHaTOMMYHa OLIeHKa

MarH1THopesoHaHcHaTa AnarHocTvka Ha CbpLeTo e
3rnaTeH CTaHOapT 3a KONMMYeCTBEHa OLEeHKa Ha Ccbpaey-
HUTe obemun 1 dyHKUMA [15]. Bb3aMoxHOCTTa 3a aBTOMa-
TUYHO UMW NOSyaBTOMaTUYHO OYepTaBaHe Ha enukapa-
HUS 1 eHOoKapOHUST KOHTYP MO KbCa OC C MOMOLLTa Ha
cneunanusmpaH codTyep ocurypsisa ronsiMa TOYHOCT
npv oLeHKaTa Ha kaMepHUTe obemu, MMoKapaHaTa maca
N (PyHKUMSA, KAKTO M BMCOKa Bb3NPOM3BOAMMOCT Ha W3-
MepBaHusaTa. OTNINMYHOTO aHaTOMWYHO UK300passiBaHe
Ha Muokapaa no3sorisiBa aHanu3 1 TO4HO U3MepBaHe Ha
AebenvHaTta Ha Myokapaa B 3acerHaTuTe CerMeHTU 1 Mo
TO3M Ha4YMH AaBa Bb3MOXHOCT 3a TOYHO OMNpeaensHe Ha
CTeMneHTa Ha aHraxxvpaHe oT xunepTtpodusTa.

OueHKa Ha aHraXmupaHeTo Ha AsicHa Kamepa oT
xunetTpocuyHaTa KapguommonaTus

[acHata kamepa CbLIO MOXe Aa bbae 3acerHarta
[16]. TakoBa 3acaraHe ce Habrniogasa B 28-44% ot
cnyyvaute [17, 18]. MarHUTHUAT pe3oHaHC € 0COBeHo

crease in myocardial mass in the absence of causes of
volume overload to explain the hypertrophy, as well as
the absence of infiltrative diseases and diseases of the
accumulation (eg amyloidosis, Fabry disease) [1-4].

In adult patients, myocardial wall thickening of = 15
mm in each segment is considered to be myocardial
thickening, with values of 13-14 mm considered bor-
derline, especially in the presence of concomitant fam-
ily burden [5].

Hypertrophic cardiomyopathy is one of the most
common forms of cardiomyopathy. Its frequency re-
ported in different studies varies, with an average
thought to be about 1/500 in the adult population [6-
9]. The disease is thought to have a genetic cause,
with identified mutations in different genes causing
sarcomere abnormalities and is most often inherited
in an autosomal dominant manner [10].

HCM is also associated with increased cardiac risk.
The total annual mortality is from 1 to 2% and, respec-
tively, sudden cardiac death (1%), heart failure (0.5%),
thromboembolism (0.1%) [11].

HCM is characterized by primary hypertrophy, dis-
organization, and fibrosis of the myocardium [12-14].
These morphological characteristics determine the ap-
plicability and significance of magnetic resonance im-
aging in the evaluation of these patients.

Magnetic resonance imaging of the heart is a
non-invasive, non-ionizing imaging method that al-
lows obtaining high-quality images with sufficient spa-
tial and temporal resolution in any desired plane.

The advantages of magnetic resonance imaging of
the heart and hypertrophic cardiomyopathy in particu-
lar can be summarized as follows:

Anatomical assessment

Magnetic resonance imaging of the heart is the gold
standard method for quantitative assessment of cardi-
ac volumes and function [15]. The possibility of auto-
matic or semi-automatic determination, with the help of
specialized software, of the epicardial and endocardi-
al contour along the short axis ensures high accuracy
of the assessment of ventricular volumes, myocardial
mass and function, as well as high reproducibility of
measurements. Excellent anatomical imaging of the
myocardium allows analysis and accurate measure-
ment of the thickness of the myocardium in the affected
segments and thus allowing t accurate determination
the degree of the hypertrophy.

Evaluation of right ventricular involvement in
hypertrophic cardiomyopathy

The right ventricle may also be affected [16].
Such involvement is observed in 28-44% of cases
[17, 18]. Magnetic resonance imaging is particularly



28

B. pydeea, A. lNapmeHosa

NOAXOAsLL 3a OLEHKa Ha OECHOKaMEPHOTO aHraxupa-
He oT xunepTpodusaTa. Han-yecto ce 3acqarat 30HUTE B
Onm13oCT 40 3anaBHOTO MSCTO Ha cenTymMa KbM AACHa
Kamepa v no-psako ceobofHaTa CTeHa Ha AscHa Kame-
pa. Hepsigko ce oTKpuBa M3onvMpaHa xunepTpodusi Ha
Kp1CTa TEPMUHANUC 1 cenTanHusi nanunapeH Myckyr.
B Te3n cnyyau TpaHcTOpakanHaTta exorpadusa 4ecto
HaJueHsiBa CTeneHTa Ha xuneptpodumsa Ha cenTyma,
nopagu TpygHocTTa Aa ce oTrpaHuun 3agebenexHus
CenTyMm OT KpucTa cynpaBeHTpukynapuc. [Npu xunep-
TpochmyHa kapanoMmonaTusa AecHokamepHOTO 3acsra-
He MOXe [a e KakTo MbpBUYHO, NOgobHO Ha ToBa Ha
neBOKaMepHWst MMOKapA, Taka 1 pesyntaT oT XemMoau-
HaMU4YHUS edpekT OT fieBokaMepHaTta gucdyHkus. [dec-
HOKaMepHOTO 3acsaraHe nNpu xunepTpodmyHa Kapau-
omMuonaTns ce acouuupa C NoBULLEH CbPAEYEH PUCK,
rmaBHO Mopaau Mo-ronisiMa YecTtoTa Ha PUTbMHO-NIPO-
BOOHW HapyLUEHWS], B TOBA YMCMO KaMepHa Taxmkapams
1 BHe3anHa cMmbpT [17]. 3a getainnHa oueHka Ha cTe-
neHTa Ha xuneptodusa Ha gdcHaTa kamepa n n3bsarea-
He Ha HagueHABaHEeTOo M e BaXHO Ha MarHUMTHoOpe30-
HacHUTe 00pa3n Aa ce U3KMNYBaT CTPYKTypuTe 1 nNpu
n3MepBaHe Ha cenTymMa Mo KbcaTa OC, NO-KOHKPETHO
Ha KpuUcTa CynpaBeHTpUKynapuc.

TbKaHHa xapaKkTepucTuKa

OCHOBHOTO NMPeauMCTBO HA MarHUTHUSI Pe30HaHC
€ cnocobHOCTTa My a OLEeHN TbKaHHaTa XapaKkTepuc-
TMKa Ha Muokapga. ToBa e eQUHCTBEHWS HEVHBa3NBEH
MeTo, KOWTO € B CbCTOSIHVME Aa BM3yanusupa npome-
HUTE B MUOKapAa.

OcHoBHaTa MarHUTHO-PE30HaHCHA TEXHWUKA 3a OTKPU-
BaHe Ha nbpo3a e KbCHOTO ragoNMHUEBO KOHTpacTUpa-
He, N3BECTHO OLLIe KaTo KbCHO KOHTpactupaHe, unn LGE
(late gadolinium enhancement) [19-22]. ToBa e TexHuKa,
0asupaHa Ha KOHTPACTHO ycuneaHe Ha obpasa, 1 n3uc-
KBa MHTPABEHO3HO MPUMOXEHWETO Ha rafoNMHNEBO KOH-
TpacTHO cpencTBo. 1aToU3NONOrMUHUST NMPUHLMN Ha
KbCHOTO KOHTpacTupaHe npv pmbposa ce CbCToU B KOM-
OuHaUMSA Ha MOBULLEHOTO aKyMyNUPAHETO Ha KOHTpacT-
HOTO CPeACTBO B 30HUTE C YBENMYEHO eKcTpaLenynapHo
NPOCTPaHCTBO M no-6aBHOTO My OTMMBaHe [23]. Hat-
pynBaHETO Ha rafjoNMHUEB KOHTPACT B 30HUTE C onbpo-
3a BoOM OO CkbecsiBaHe Ha T1 BpemeTo 3a penakcauus,
Ha KOETO Ce AbITKM MO-BUCOKMSAT CUrHamn Ha Myokapaa,
HabntogaBaH Ha LGE cekBeHuumTe. Taka pasrpaHMyaBa-
HeTO Ha mbpo3aTta OT HopMarHusa Muokapn, ce tasupa
Ha pasnuKkMTe B KOHTPACTHUTE UM XapaKTEPUCTUKK, KaTo
30HUTE Ha (pnbposa ce n3obpasaBaT C BUCOK cUrHar, 3a
pasnuka oT 34paBusa M1oKap, KOUTO OCTaBa C XOMOIreHHO
HUCBK curHan [24].

CeKBeHLMNTE Ha KbCHO rafiloNMHMEBO KOHTpPacTpaHe
ca YyaeceH MeTof 3a OTKpUBaHe Ha 3aMecTuTenHara gu-
©po3a, HO ca crnaboyyBCTBUTENHN MO-OTHOLUEHWE UOEH-
TucduumMpaHe Ha Oudy3Ha uHTepcTUuManHa dubposa.
Mo-HoBUTE, T.HApP. MEXHUKU 3a napamMempu4yHoO Kap-
mupaHe, NO3BONSABAT KOMMYECTBEHA OLIEHKA Ha npome-

suitable for evaluating right ventricular involvement
from hypertrophy. Most often, the areas near the at-
tachment point of the septum to the right ventricle and
less often the free wall of the right ventricle are affect-
ed. Isolated hypertrophy of the crista terminalis and
right ventricular papillary muscles on the side of the
septum is often found. In these cases, transthoracic
ultrasound often overestimates the degree of septal
hypertrophy due to the difficulty in distinguishing the
thickened septum from the crista supraventricularis.
In hypertrophic cardiomyopathy, right ventricular in-
volvement can be both primary, similar to that of the
left ventricular myocardium, and also result from the
hemodynamic effect of left ventricular dysfunction.
Right ventricular involvement in hypertrophic cardio-
myopathy is associated with increased risk, mainly
due to an increased risk of ventricular tachycardia and
sudden death [17]. For a detailed assessment of the
degree of right ventricular hypertrophy and avoiding
its overestimation, it is important, on magnetic reso-
nance images, to exclude its structures when measur-
ing the septum along the short axis, in particular the
crista supraventricularis.

Tissue characteristics

The main advantage of magnetic resonance imag-
ing is its ability to evaluate the tissue characteristics of
the myocardium. This is the only non-invasive method
that is able to visualize changes in the myocardium.

The main magnetic resonance technique for de-
tecting fibrosis is late gadolinium enhancement, also
known as late gadolinium enhancement (LGE) [19-
22]. As the name suggests, this is a contrast-based
image enhancement technique and requires the use
of intravenous gadolinium contrast agent. The physio-
logical principle of late contrast in fibrosis consists of
a combination of increased distribution of the contrast
agent in the extracellular space and its prolonged
washout in the myocardial fibrotic tissue [23]. Accu-
mulation of gadolinium contrast agent in the fibrosis
results in shortening of T1 relaxation times, hence the
strong signal intensity of the fibrosis observed on LGE
sequences. Thus, the differentiation between fibrosis
and normal myocardium is based on the differences in
contrast with areas of fibrosis being with high signal,
as opposed to healthy myocardium, which remains
with homogeneously low signal [24].

Late gadolinium contrast sequences are an ex-
cellent method for detecting replacement fibrosis but
have low sensitivity for identifying diffuse interstitial
fibrosis. Newer, so-called mapping techniques al-
low quantitative assessment of changes in the myo-
cardium and are particularly suitable for assessing
diffuse fibrosis.
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HWTE B MMOKapaa, KOETO MM npaBun 0COOEHO NMOAXOAsLLM
3a OLeHKa Ha andy3Ha omnbposa.

PenakcomeTpusita, BkItodBaLLa HAaTUBHO W MOCTKOH-
TpactHo T1 KapTupaHe e PeBOSMOLMOHHO HOB MOAXOA B
obpasHata gmarHoctuka Ha cubposata. 3a pasnuka ot
CEKBEHLMMTE 3a KbCHO KOHTpacTupaHe, komTo ce 6asmpat
Ha YMCTO Ka4eCTBEH aHanM3 1 CpaBHEHWE Ha CUrHarNHUS
WHTEH3UTET Ha HOPMAarHWs CIPSIMO NaToNOrMYHO NpomMe-
HEeHNsA MUoKapn, napameTUp4YHOTO KapTupaHe OBa Bb3-
MOXXHOCT Ha Konn4ecTtBeHa OueHKa Ha NpoMeHuTe. Bceku
BOKCES OT MMOKapAa ce NpeacTaBs C YMcrieHa CTOMHOCT,
CbOTBETCTBALLAa Ha BPEMETO My 3a penakcauus, u Moxe
Oa 6bJe LBETOBO KOAMPaH 1 NpeacTaBeH nog hopma Ha
LBeTHa kapTta. Ypes ctomHocTuTe Ha T1 BpemeTo npean
N crnep UHXEKTMPaHe Ha KOHTPaCcTHO CPeACTBO MOXE Aa
Ce M34MCnn ekcTpauenynapHust obem. MNapameTpuyHoTO
KapTupaHe npeBpbLia MarHATHUSI PE30HAHC Ha CbpLe B
Ouomapkep, paskpuBall, CbpAedHaTa natodm3vonors.
BaxHo e fa ce oTbenexu, Ye Tbil KaTo CTOMHOCTUTE Ha
BpeMeHaTa 3a penakcauus 3aBuUCAT OT Tvna Ha anapara,
cunara Ha MardHMTHOTO nosne 1 OT Buaa Ha npuroXeHara
nyncoBa CekBeHUWA, 3a Aa Ce npunarar B NpakTukata e
HeobXoaMMO BCEKM LIEHTHP Aa NPOoBeAe TECTOBE Ha 3apa-
BM 4OOPOBONLUM 3a NpeaBapuTENHO YCTaHOBSABaHE Ha An-
anasoHa OT HOpMariHN CTOMHOCTW.

OudepeHuymnanHa guarHosa

MarHnTHope3oHaHCcHaTa AuarHocTvka Ha CbpLeTo
MOXe [a pas3rpaHunyM xuneprpodmyHaTa kapgvomuvona-
TUA OT Apyra reHesa Ha yBenuyaBaHETO Ha MUOKapaHa-
Ta Maca, KaTo XMnepTeH3uBHa XnepTpodns, atreTnyHo
cbpLe, KnanHa reHesa unv 6onecTy Ha HaTpynBaHEeTo.

ATneTnyHo cbpue ce Habnogaea Npu MHTEH3VBHU
hM3MYECKM TPEHMPOBKM M € CBbpP3aHO C afanTaTvBHU
NPOMEHM B MMOKapAa, BKIMIOYUTENHO C yBENMYaBaHe Ha
MycKyrnHaTa maca. MarHUTHUST pe3oHaHC Moxe Aa pas-
rpaHW4M TOBa CbCTOsIHME OT Kapauomuonarus. Cuuta
ce, Ye CbOTHOLUEHME MexXay MakcumanHata aebenvHa
Ha MVoKapga B KpawHa guactona KbM WHOEKCUpaHUs
KpaeH guactorneH obewm (diastolic wall-to-indexed volume
ratio) < 0.15 mm/m?ml pa3rpaHnyaBa aTneTn4HOTO Cbp-
ue ot apym dopmm Ha xunepTtpodus (xmnepTpodunyHa
KapavoMuonaTusi, XMnepTeH3nBHa Unu Knanda reHesa) ¢
99% cneundmyHocT [25].

He TpsibBa aa ce 3abpass, Ye B NpakTukaTta atneTuny-
HOTO CbpLie M XxMnepTpoduyHaTa kKapanommonaTus Mmorat
[a CblLecTByBaT eAHOBpeMeHHO. [Jobpe n3secteH e da-
KTbT, Ye XmnepTpodmyHaTa KapauommonaTus € Haw-yec-
Tata NpuvyMHa 3a BHe3anHa CMbPT Npu Mragu atnetu.
Toa NpaBu pasrpaHN4aBaHETO U ThPCEHETO HAa MOPO-
nornyHm 6enesmn Ha ABeTe CbCTOSHUE 0COBEHO BaXXHO.

XunepTpodusa Ha MMokapaa ce Habntogaea u B pe-
3ynTaT Ha AbArorogmiiHa xuneptoHus. Makap T4 ga ce
acoummpa ¢ no-cnabo 3agebeneHne Ha cTeHara, npu
pasrpaHuyaBaHeTo N OT XMnepTpoduyHaTa Kapgnomm-

Relaxometry, including before and postcontrast
assessment of T1 mapping and calculation of ex-
tracellular volume (ECV), is a revolutionary new
approach in the imaging diagnosis of fibrosis. In
contrast to the classical approach by means of late
contrast sequences, which are based on a purely
qualitative analysis and comparison of normal myo-
cardium against pathological changes, parametric
mapping offer possibilities for quantitative assess-
ment of changes. Each voxel of the myocardium is
represented by a numerical value corresponding to
its relaxation time and can be color-coded and rep-
resented as a color map. The extracellular volume
can be calculated from T1 values before and after
injection of contrast medium. Parametric mapping
turns cardiac magnetic resonance into a biomark-
er revealing cardiac pathophysiology. It is important
to note that since the values of the relaxation times
depend on the type of machine, the strength of the
magnetic field and the type of pulse sequence ap-
plied, in order to be applied in practice it is neces-
sary for each center to conduct tests on healthy vol-
unteers in order to establish normal range values.

Differential diagnosis

Magnetic resonance imaging of the heart can
differentiate hypertrophic cardiomyopathy from oth-
er genesis of myocardial mass increase, such as
hypertensive hypertrophy, athletic heart, valvular
genesis, or accumulation diseases.

An athletic heart is observed during intense
physical training and is associated with adaptive
changes in the myocardium, including an increase
in muscle mass. Magnetic resonance imaging can
differentiate this condition from cardiomyopathy. A
diastolic wall-to-indexed volume ratio < 0.15 mm/m?/mi
is considered to differentiate the athletic heart from
other forms of hypertrophy (hypertrophic cardiomy-
opathy, hypertensive or valvular genesis) with 99%
specificity [25].

It should not be forgotten that in practice, athletic
heart and hypertrophic cardiomyopathy can coexist.
It is well known that hypertrophic cardiomyopathy is
the most common cause of sudden death in young
athletes. This makes distinguishing and looking for
morphological signs of the two conditions particular-
ly important.

Hypertrophy of the myocardium is also observed
as a result of long-term hypertension. Although it is
associated with less thickening of the wall, when
distinguishing it from hypertrophic cardiomyopathy,
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onaTtus He MOXe [a ce pa3yuta eauHCTBEHO Ha KpuTe-
pus aebenvHa Ha MMokapga Hag 15 mm. XunepToHnu-
HaTa XMnNepTpodus Han-4ecTo e CMMeTpu4yHa. YBenu-
YeHa MHOEKCMpaHa MMoKapAHa Maca, fmnca Ha KbCHO
rafioNIMHNEBO KOHTPACTMpPaHe 1 fmnca Ha obcTpyKums
Ha M3X0OHUA TPaKT Ha nsiBaTa kamepa 1 NaTtoriorMyHo
CUCTOMHO OBWXEHWE Ha MPegHOTO MUTPanHO nnaTHO
(SAM) ca nokasaTenu B nonsa Ha XUNEPTOHUYHA XU-
neptpodus [26].

OueHkKa Ha pucka npu xunepTpodmnyHa
KapauomuonaTus

OT rmegHa Toyka Ha obpasHaTta guarHocTuka cbp-
OEYHMAT PUCK € CBbpP3aH CbC CTEMNeHTa Ha XUNepTpo-
dus n ¢ ob6CTpyKUUSATA HA U3XOOHUSI TPaKT Ha nsBaTa
Kamepa 1 Hanuuuneto Ha cmbposa [27]. ETo 3awo mar-
HUTHUSAT PE30HAHC Urpae BaxkHa pons B cTpaTuduka-
UMsiTa Ha pucka OT PUTBMHU HapyLUeHUs 1 BHe3anHa
cbpAedHa CMbpT. Bb3MOXHOCTTa 3a TOYHaA OLeHKa Ha
MakcumanHata gebenvHa Ha Muokapga BbB BCEKM
€0WH CErMeHT e BaxkHa, Tbii kaTo gebennHa Ha Muokap-
aa Hag 30 mm ce acoummpa ¢ yBenuyeH puck. LleHeH
MapKep € M Bb3MOXHOCTTa 3a Npeum3Ha OLeHKa Ha
MUuokapgHata Maca. Cnopen HsKou aBTOpM MHOEKCU-
paHaTa KbM TerecHaTta MoBbPXHOCT MUOKapgHa maca
€ MOo-TOYEeH KpMTEPUIA 3a OLlEHKA Ha puUcKa B CpaBHEHME
¢ aebenvHaTta Ha Myuokapga [28].

PrckbT € cBbp3aH M C HanMymMeTo M CTeneHTa Ha
pasnpocTpaHeHue Ha pnbposa B Mruokapaa. B nutepa-
TypaTa ce cbobLLaBa 3a YecToTa Ha M1okapaHa ubpo-
3a npu nauueHTtn ¢ XKINM otkputa 4pes KbCHO ragonu-
HMEBO KOHTpacTupaHe B AnanasoHa Ha 33-86% [27].

[MporHocTnyHaTa CTOMHOCT Ha KbCHOTO ragonuHu-
€BO KOHTpacTupaHe Mo OTHOLUEHME Ha puCKa e rons-
Ma. Peguvua npoyyBaHus acoummpar Hanmdmie Ha npo-
LeHTHO cbabpaHune Ha orbposa Hag 15% ot obuwaTta
Maca C yBenun4yeH pUcK oT BHe3arnHa cbpAedHa CMbpT
N HOMKaLMS 33 UMMNaHTUpaHe Ha kapauoBepTep de-
dubpunatop (ICD) n ToBa e 0TpaseHo 1 B NPENOPbKU-
Te 3a gobpa npakTuka no OTHOLLUEeWHEe Ha KapauvoMu-
onaruute [5].

MPT cnPAMO EXOKAPOAUOIPA®USA

TpaHcTOopakanHaTa exokapauorpadms — OCHOBEH
MeToq 3a oueHKka Ha mopdonormaTa n yHkumaTa Ha
CbpLETO, € MbPBY METOA Ha M300op MpW HavanHa oueH-
Ka Ha nauuMeHTMTe C xunepTpoduyHa KapanommonaTus.
OrpaHVILIeHVIH Ha MeToda Ca CllydaunTe Ha 1oLl akyCTUYEeH
npo3opeL, UM 3aTpyaHeHaTa OueHKa Ha HAKOW CermeH-
W, HanNpumMep Ha cbpaeyHus BpbX. [pn HesaknounTe-
neH pesynTaT OT TpaHCTopakanHaTa exokapauorpadus
MarHUTHUSIT Pe30HaHC MPEOoAonsBa Te3W OrpaHUYeHus,
nsobpassBa OeTansiHo M u3MepBa C rofisiMa TOYHOCT
BCUYKM CErMEeHTU Ha MUoKapaa. MarHuTHmaT pPe3oHaHC

one cannot rely solely on the criterion: myocardial
thickness over 15 mm. Hypertensive hypertrophy is
most often symmetrical. Increased indexed myocar-
dial mass, absence of late gadolinium contrast and
absence of left ventricular outflow tract obstruction,
and abnormal systolic motion of the anterior mitral
valve (SAM) are indicators that tip the scales toward
hypertonic hypertrophy [26].

Risk assessment in hypertrophic
cardiomyopathy.

From the imaging point of view, cardiac risk is
related to the degree of hypertrophy and to the ob-
struction of the left ventricular outflow tract and the
presence of fibrosis [27]. Therefore, magnetic reso-
nance imaging plays an important role in stratifying
the risk of arrhythmias and sudden cardiac death.
The ability to accurately estimate the maximum
thickness of the myocardium in each segment is im-
portant, as a thickness of the myocardium greater
than 30 mm is associated with an increased risk.
A valuable marker is also the possibility of precise
assessment of myocardial mass. According to some
authors, myocardial mass indexed to body surface
area is a more accurate risk assessment criterion
than myocardial thickness [28].

The risk is also related to the presence and
spread of fibrosis in the myocardium. In the litera-
ture, the presence of myocardial fibrosis in patients
with HCPM detected by late gadolinium contrast has
been reported in 33-86% of cases in different stud-
ies [27].

The prognostic value of late gadolinium contrast
with respect to risk is high. A number of studies have
associated the presence of a percentage of fibrosis
above 15% of the total mass with an increased risk
of sudden cardiac death and an indication for im-
plantation of a cardioverter defibrillator (ICD), and
this is also reflected in good practice guidelines for
cardiomyopathies [5].

MRI vsS. ECHOCARDIOGRAPHY

Transthoracic echocardiography — the primary
method for evaluating the morphology and function
of the heart — is the first method of choice in the initial
evaluation of patients with hypertrophic cardiomyop-
athy. The limitations of the method are the cases of
a poor acoustic window or the difficult evaluation of
some segments, for example the cardiac apex. With
an inconclusive result from transthoracic echocardi-
ography, magnetic resonance overcomes this lim-
itation, imaging in detail and measuring with great
accuracy all segments of the myocardium. Magnetic
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C ronsiMa Npeum3HOCT OLEHsIBa PasnpoOCTPaHEHNETO Ha
XvnepTpocusita, OTKPMBA CENMEHTHUTE 30HM Ha Xunep-
Tpodh1s, NpornycHaTK Npy CTaHgapTHaTa TpaHcTopakar-
Ha exokapauorpacdms, ocobeHo B obnacTTa Ha cenTyma,
CbpAEYHUS BPBbX M CpeaHaTa aHTeponareparnHa cTeHa.
MarHuTHUST pe3oHaHC NPeBb3X0XAa TpaHCcTopakanara
exokapauorpadusi No OTHOLLEHUE HA TOYHOCTTA Ha M3-
MepBaHe Ha XMnepTpodusiTa Ha M1okapaa.
MarHuTHUAT pe3oHaHC € C NPeAMMHO CPSIMO exoKap-
avorpadusita U B OLeHKaTa Ha no-guHUTe Mopdhonorny-
HW aHOManuu, kato abHOPMHM Tpabekyrnaumn, Mruokapa-
HM KpUNTKM M MYCKYNHW mapacenTtanHu 6aHaoBe, KoMTo
YeCTO CbNbTCTBAT XUNepTpodmaTa Ha Mmokapaa [29, 30].

OcHOBHM nokasaHusa 3a npoBexaaHe Ha MPT
npu xmnepTpocuryHa KapgmommonarTus

Habop oT x1McTonaTonormyHm 1 aHaTtomMo-naTosnory-
HN CbCTOSHUSI Cb34aBaT Pas3fnuyHM MPOSIBMEHUS HA XU-
neprtpocuyHata kapguomuonatusi. CbBpEMEHHUAT Noa-
X0n, KbM KapguomMuonatum BkouBa OEeHOTMINHO onuca-
HMe Ha HaxogkuTe. AHatommyHata uHdopMauMsa U xa-
pPaKTEpUCTUKA Ha MUOKap4a NpY MarHUTHOPE30HAHCHOTO
n3criegBaHe Ha CbpLIETO CMOCOOCTBa 3a NPaBUMHOTO MPy-
nvpaHe crnopef beHoTuna Ha npomeHuTe. B nocnegHute
npenopbky 3a fobpa nNpakTvka Ha EBponeinckoTo apyxe-
CTBO o kapamonorust ot 2023 r. MarHUTHUAT Pe30HaHC Ha
CbpLETO € NnokasaH ¢ knac | tHankaums. lNpenopbunTenHo
€ NpoBeXxaaHe Ha MarHUTHOPE30HAHCHO M3creaBaHe npu
MbpBOHaYanHaTa oUeHKa Ha NauueHT CbC CYCMNeKTHa Xu-
nepTpochryHa kapgrommonaTusi, 0cCobeHo B CriydamTe Ha
anukanHa xvneprtpodusi, anvkanHa aHeBpu3mMa Unm m3o-
nupaHa xvnepTpodus Ha natepanHara cteHa. Toraea ce
OYaKBa, Ye TpaHCTopakanHarta exokapauorpadust Moxe
[a He e 3akntounTenHa. NHavkauumte BKITKOYBAT OLle ae-
TaWrHa oueHka Ha MopdororiaTa Ha obCTpyKUuMsaTa Ha
N3XOOHWS TPaKT Ha nsiBaTa kamepa v npuYnHaTa 3a Hesl
npeav nnaHvpaHe Ha 4e306CTpyKTMBHM Tepanun. MNoka-
3aHMATa ca HACOYEHWN U KbM OLeHKa Ha pucka. [Jobaes-
HETO Ha KOHTPACTHOTO M3CreaBaHe NO3BOSsABA OLeHKa Ha
dokanHa u amdysHa hmbposa 1 HEMHOTO pasnpocTpaHe-
HVEe — LLeHEeH Mapkep 3a OLeHKaTa Ha pucka OT BHe3anHa
cbpaeyHa cMbpT. [NokasaHusiTa 3@ MarHUTHOPE30HAHCHO
n3criegBaHe BKIHOYBAT U CbCTOSIHMSA, MpU KOUTO TpsibBa
[a ce pasrpaHyym xunepTpocms Ha MUokapaa OT Apyro
CbCTOSIHUE, KaToO aTfeTUYHO ChpLe, XUNepToHust unmn 6o-
NeCcT! Ha HaTpynBaHeTo (Hanp. aMmunonaosa, bonect Ha
®abpu), KaKTo 1 3a pasrpaHMYaBaHe Ha OOCTPyKUMATa Ha
N3XOOHWS TPaKT Ha fsiBaTa Kamepa npu xmneptpocus ot
Hanuyve Ha cybaopTHa MemMbpaHa.

MarHuTHUAT pes3oHaHC Hamupa MNpUroXeHue U B
npocrneasiBaHETO Ha MauMEHTUTE U MOHUTOPUPAHE Ha
edhekTa OT TepaneBTMYHOTO MOBEAEHNE, HAaNpUMep npu
npocnegsBaHe Ha pesynTara OT ankoxonHa abnauus
[31]. Makap 1 ga HamMa MbJfieH KOHCEHCYC 3@ MOHUTOPU-

resonance with high precision evaluates the spread
of hypertrophy, detects segmental areas of hyper-
trophy missed by standard transthoracic echocar-
diography, especially in the region of the septum,
cardiac apex, and mid-anterolateral wall. Magnetic
resonance imaging is superior to transthoracic echo-
cardiography in terms of accuracy in measuring myo-
cardial hypertrophy.

Magnetic resonance imaging also outperforms echo-
cardiography in the assessment of more subtle morpho-
logic abnormalities, such as abnormal trabeculations,
myocardial crypts, and muscle paraseptal bands, which
often accompany myocardial hypertrophy [29, 30].

Main indications for MRI in hypertrophic
cardiomyopathy

A range of histopathological and anatomical-
pathological conditions create different manifesta-
tions of hypertrophic cardiomyopathy. The modern
approach to cardiomyopathies includes a phenotypic
description of the findings. Anatomical information
and characterization of the myocardium in magnet-
ic resonance imaging of the heart contributes to the
correct grouping according to the phenotype of the
changes. In the 2023 good practice recommenda-
tions of the European Society of Cardiology, cardiac
magnetic resonance is indicated with a class | indi-
cation. Magnetic resonance imaging is recommend-
ed in the initial evaluation of a patient with suspected
hypertrophic cardiomyopathy, especially in cases of
apical hypertrophy, apical aneurysm, or isolated lat-
eral wall hypertrophy. Then it is expected that trans-
thoracic echocardiography may not be conclusive.
In this sense, the indications include detailed mor-
phological assessment, assessment of obstruction
of the left ventricular outflow tract and its cause be-
fore therapies for its deobstruction. The indications
are also aimed at risk assessment. The addition of
the contrast study allows the evaluation of focal and
diffuse fibrosis and its distribution, a valuable mark-
er for the assessment of the risk of sudden cardiac
death. Indications for magnetic resonance imaging
also include conditions in which myocardial hyper-
trophy must be differentiated from another condition,
such as athletic heart, hypertension, or storage dis-
eases such as amyloidosis, Fabry disease, and to
differentiate left ventricular outflow tract obstruction.
chamber in hypertrophy from the presence of a sub-
aortic membrane.

Magnetic resonance is also used in patient fol-
low-up and monitoring the effect of therapeutic be-
havior, for example in amyloidosis or in monitor-
ing the outcome of alcohol ablation [31]. Although
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paHeTo Ha XunepTpodryHaTa KapauommnonaTtus ¢ mar-
HUTEH pe3oHaHc, NpPenopbKUTe ca NpocrneasBalloTo
uscrneasaHe Oa ce nposexaa 2-3 . crned NMbpBOHA-
YarnHoTo.

MPOTOKON 3A MAFHUTHO PE3SOHAHCHO
U3CNEOBAHE HA CbPLE NPU XUNEPTPO-
PUYHATA KAPOAUMOMUONATUA

MarHuTHMAT pe3oHaHC Ha CbpLie N3NCKBA CKaHMpa-
HETO [a € CUHXPOHU3MPAHO C efnekTpokapanorpamara
3a nosfyvyaBaHe Ha AuarHocTuyHu obpasu. MNpunara ce
ragorMHNEBO KOHTPACTHO CPEACTBO 3a OLEeHKa Ha Tb-
KaHHUTE NPOMEHM B M1OKapAa.

Knacuyecknsit MarHUTHOPE3OHaHCEH MPOTOKON 3a
OLEHKa Ha CbpLETO Mpu XUNepPTpoduyHa Kapamomu-
onartusl BKINoYBa KaTo 3a4b/HKUTENHM KOMMOHEHTU:

e [InHaMnyHM (KMHO) CeKBeHLMU 3a Moponoruny-
Ha OLEeHKa Ha CbpAEYHUTE KyXMHU U aHanu3 Ha rno-
fanHaTta v permoHanHaTa KMHeTuKa. Teau QUHaMuyHu
(kMHO) 0Bpa3n Han-4ecTo ca Nony4deHu Ypes npunara-
He Ha cBobogHaTa npeuecuss B paBHOBECHO CbCTOSA-
Hue (balanced Steady State Free Precession, bSSFP).
Mony4aBa ce Habop OT mocrnegoBaTernHM CpesoBe No
KbcaTa OC Ha CbpLIETO, KOMTO MOKPMBAT OT paBHUHATA
Ha MUTPanHWs KnaneH NpbCTEH A0 Ta3n Ha CbpaeYHMS
BpbX. M3nonaear ce 3a oueHka Ha o6emu 1 yHKLuuATa
KaKTO Ha nsiBaTa, Taka 1 Ha asicHata kamepa. Heobxo-
AVMK ca 1 obpasu B Opyrute cTaHOapTHUTE CbPAEYHM
PaBHUHW — YEeTUPU-, ABY- N TPUKYXMHEH 0Opas.

e CeKkBeHUMM 3a periakcomeTpusi — ToBa ca T.Hap.
KapmupaHe, unv mapping mexHuku. Bkniousa cekBeH-
UMM Ha T1 penakcaumoHHUTE BpeMeHa Npean KOHTpacT-
HO ycuneaHe 1 15 min cnep npunaraHe Ha MHTPaBEHO3-
HOTO ragONMHNEBO KOHTPACTHO CPEACTBO.

e [TOCTKOHTPACTHM CEKBEHLMM — MPU MbPBOTO Npe-
MWHaBaHe Ha KOHTPaCTHOTO CPEACTBO - 3a OLeHKa Ha
nepdysnsita B NOKOW.

e CeKkBeHUMM 3a KbCHO ragonuineBO KOHTpPacTu-
paHe (late gadolinium enhancement. LGE). MNMpoBex-
aat ce 10-15 min cneg npuNoXeHNETO Ha ragonuHu-
€BOTO KOHTPACTHO CPEACTBO U LeNAT OTKPMBAHETO Ha
¢punbpo3sa.

Mpu xunepTpodmyHa OBCTPYKTMBHA Kap4MOMMO-
naTus ce npunarat TEXHWKU 3a U3MepBaHe Ha KpbBO-
TOKa — 3a M34UCNABaHE Ha rpagueHTa npes U3xoaHus
TpakT Ha naBaTta kamepa. OBMKHOBEHO ce M3nonssaT
CKOpoCT-koaupaHn obpasn B paBHUHA, MeprneHauKy-
NsipHa Ha paBHMHATa Ha KPbBOTOKA.

Cnopen KMUHMYHUS BBMPOC NPOTOKOMbT MOXE Aa
BKIHOYBA U HAKOW JOMbIHUTENHN CEKBEHLNN:

e T2 GasvpaHu cekBeHUUM KM T2 KapTupaHe 3a
OLeHKa Ha egem Ha MuokapAaa.

e Obpasu B AOMbITHUTENHW PaBHUHM 3a OLEHKa Ha
noaknaneH anapar unu gdcHa kamepa.

there is no complete consensus on the monitoring
of hypertrophic cardiomyopathy with magnetic reso-
nance, the recommendations are that the follow-up
examination should be carried out 2-3 years after the
initial one.

PROTOCOL FOR CARDIAC MAGNETIC
RESONANCE IMAGING IN HYPERTROPHIC
CARDIOMYOPATHY

Magnetic resonance imaging of the heart requires
that the scan be synchronized with the electrocardio-
gram to obtain diagnostic images. A gadolinium con-
trast agent is administered to assess structural chang-
es in the myocardium.

The classic magnetic resonance protocol for eval-
uating the heart in hypertrophic cardiomyopathy in-
cludes as mandatory components:

e Dynamic (cinematic) sequences with morpho-
logical assessment of cardiac cavities and analy-
sis of global and regional kinetics. These dynamic
(cinematic) sequences are most often of the bal-
anced steady state free precession (bSSFP) type.
A series of consecutive slices along the short axis
of the heart are obtained, covering from the plane
of the mitral valve annulus to that of the cardiac
apex. They are used to assess volumes and func-
tion of both the left and right ventricles. Images in
the other standard cardiac planes are also required
— four-chamber, two-chamber, and three-chamber
views.

e Sequences for relaxometry — these are the so-
called mapping techniques. Includes sequences of
T1 relaxation times before contrast enhancement and
15 min after administration of intravenous gadolinium
contrast agent.

e Post-contrast sequences — at the first pass of
the contrast medium — to assess perfusion at rest

e Sequences for late gadolinium enhancement
(LGE). They are carried out 10-15 minutes after the
application of the gadolinium contrast agent and aim
to detect fibrosis.

In hypertrophic obstructive cardiomyopathy,
blood flow measurement techniques are applied to
calculate the gradient through the left ventricular
outflow tract. Typically, velocity-encoded images in
a plane perpendicular to the blood flow are used.

According to the clinical question, the protocol may
also include some additional sequences:

e T2-based sequences and T2 mapping to assess
myocardial edema.

¢ Images in additional planes for assessment of
subvalvular apparatus or right ventricle.
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MArHUTHOPE3OHAHCU HAXOAKU NPU
XUNEPTPO®PUYHATA KAPOUOMUONATUA

XuneptpodmyHaTa kKapanoMmonaTusi CbC CUr-
MouAeH centym — sigmoid septum contour

ToBa e Ham-yectata MopdorormyHa dpopma Ha
XKMTIT, cpelualla ce B 40 ABe TpeTu OT crnyyauTe [32].

[Mpw Ta3n mopdonoruyHa popma acCUMETPUYHOTO 3a-
csiraHe Ha cenTyM B NpeauMHO npegHocenTanHn cermeH-
TW NpMaaBa XxapakTepHus ,S-06pa3eH B1A“ Ha nocneaHus
[33]. B cnyyas ce Habnogaea 1 TeHaeHUUs KbM oopMU-
paHe Ha anukanHa aHespuama (dur. 1). Ha guHamunyHute
06pasn ce B13yanuavpa no4Ty MbiiHa CUCTONHa obnuTe-
paums B CpedeH KbM anukarneH cerMeHT B obriactTa Ha
MakcvMmarnHara xunepTtpodus (pur. 2 a u b). Hanvue e n
aHraxxupaHe Ha Kpucta CynpaBeHTPUKYNapuc OT XuUnepT-
podhusta. [lebenvHa Ha centyma B gnactona € 30 mm,
n3MepeHa M3KMKYBanku XMnepTpodmyHaTa Kpucta cyn-
paBeHTpuUKyrapuc (dur. 2¢).

[Mpy NOCTKOHTPACTHUTE Cepyn Ce OTKPUBAT KOHGMY-
npaLy MHTpamMmoKapaHM 30HU Ha KbCHO rafonvHUEBO
KOHTpacTMpaHe C XapakTepeH HEUCXEMUYEH TUM pasnpe-
nenexve. NpomMeHnTe ca nokanusvpaHu B obrnactta Ha
MakcrmMarnHa xuneprTpodus kato bener Ha 3amecTuTenHa
Gubposa. Habnogaeat ce yBenuyeHn T1 penakcaumoH-
HY BPEMEHa B 30HWUTE Ha XMNepTpousi N yBENNYEH eKc-
TpauenynapeH obem o 38% (dwr. 3 a, b, c).

MAGNETIC RESONANCE IMAGING FINDINGS
IN HYPERTROPHIC CARDIOMYOPATHY

Hypertrophic cardiomyopathy with sigmoid

septum sigmoid septum contour

This is the most common morphological form of
HCM occurring in up to two thirds of cases [32].

In this morphological type, the asymmetric involve-
ment of the septum in predominantly anteroseptal
segments gives the latter the characteristic “S-shaped
appearance” [33]. In this case, a tendency towards
apical aneurysm formation is also observed (Figure
1). Dynamic images visualize almost complete systol-
ic obliteration in the mid-to-apical segment in the area
of the maximal hypertrophy (Figure 2 a, b).

There is also involvement of the crista supraven-
tricularis from the hypertrophy. Septal thickness in di-
astole was 30 mm, measured excluding the hypertro-
phic crista supraventricularis (Figure 2c).

Postcontrast series revealed confluent intramyo-
cardial areas of late gadolinium contrast with a charac-
teristic non-ischemic type of distribution. The changes
are localized in the area of maximum hypertrophy as a
sign of replacement fibrosis. Increased T1 relaxation
times in areas of hypertrophy and increased extracel-
lular volume up to 38% (Figure 3 a, b, c).

®dur. 1. XvnepTpoduryHa KapamoMuonaTnsa cbC curmomgeH centym. MarHutHopesoHaHceH obpas ot auHamuyHa (bSSFP) cekBeHums: a) 4-kyxu-
HeH cpes Bu3yanuampa TunmyeH obpas Ha xuneptTpodus Ha cenTyma; b) 2-kyxrHeH cpes, mokasBall, XunepTpodus Ha npegHa cTeHa U TeHAEH-

UMA KbM 06pa3yBaHe Ha anukarnHa aHeBpu3sma

Fig. 1. Hypertrophic cardiomyopathy with sigmoid septum. Magnetic resonance image, dynamic (bSSFP) sequence: a) Four-chamber view
demonstrating a typical appearance of septal hypertrophy; b) Two chamber view showing anterior wall hypertrophy and a tendency towards

apical aneurysm formation
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®dur. 2. XunepTpoduyHa KapaMomMmonaTusi CbC curMongeH centym. MarHutHope3oHaHcHM obpasmn oT AnHamuyHa (bSSFP) cekBeHums: a) no
KbcaTa oc B cuctona v b) B anactona; cybTotanHa obnurepauus Ha KyxmHaTta Ha nsiBa kamepa B CUCTOMa; C) MapkvpaH eHAoKapaeH KOHTYp
(B YepBeHO) 1 envKkapAeH KOHTYP (B 3eneH0) Ha nsBa kamepa. Xuneptpoupanuat M1uokapa Ha KpucTa CynpaBeHTPUKYNapuc € U3KIYeH oT
M3MepBaHeTO Ha M1Mokapaa Ha cenTyma. EHOoKapaHUAT KOHTYp Ha AsicHaTa kamepa € MapKkupaH B XbNTo.

Fig. 2. Hypertrophic cardiomyopathy with sigmoid septum. Dynamic (bSSFP) sequence magnetic resonance images: a) along the short axis in
systole and b) in diastole; subtotal systolic left ventricular cavity obliteration; c¢) marked endocardial contour (in red) and epicardial contour (in
green) of the left ventricle. The hypertrophied myocardium of the crista supraventricularis is excluded from the septal myocardium measurement.
The endocardial contour of the right ventricle is marked in yellow

60.00 %

ECV
91.6 mm (AHA)

®dur. 3. XvnepTpoduryHa KaparoMnonaTus CbC CUrMouaeH cenTym. MarHUTHOPE30HaHCHM MOCTKOHTPACTHY 06pasn: a) KbCHO rafofIMHUEBO KOH-
TpacTupaHe Mo KbcaTa OC; NETHUCTW KOH(NyMpaLLM 30HM Ha KbCHO KOHTPacTUpaHe ¢ pasnpeaerieHne ot MHTpPaMUOKapAEeH TvM B obnacTta Ha
xunepTpodusita Ha cenTyma; b) T1 kapTupaHe no KbcaTa OC Ha CbLLOTO HABO AEMOHCTPYPA yAbIMKeHN T1 penakcaunoHHU BpeMeHa B obnacTta
Ha XxunepTpocumsiTa; C) ekcTpauenynapeH ob6em B 17-cerMeHTHa kapTa, 4EMOHCTPUPALL YBENUYEHN CTOMHOCTU B XUNEPTPOUYHIUTE CETMEHTU

Fig. 3. Hypertrophic cardiomyopathy with sigmoid septum. Magnetic resonance postcontrast images: a) late gadolinium contrast in the short
axis; patchy confluent areas of late enhancement with intramyocardial type distribution in the region of septal hypertrophy; b) short-axis T1
mapping at the same level demonstrates prolonged T1 relaxation times in the region of hypertrophy; c) extracellular volume in a 17-segment
map demonstrating increased values primarily in the hypertrophied segments

M3mepBaHe Ha 3amecTuTenHa mbposa
npu acuMmeTpU4Ha xunepTpodcus

O6pasm No Kbcata oc Ha cepumTe Ha KbCHO ragoro-
BMEBO KOHTpacTMpaHe No3BorisiBaT BM3yariHa oLeHKka Ha
HanMuMeTo 1 PasnpPOCTPAHEHNETO HA KbCHOTO KOHTpac-
TMpaHe. C nomoLyTa Ha cneumanusmpaH cogtyep Circle
Cardiovascular Imaging Inc e nsuncrneH obem Ha KbCHOTO
KOHTpacTupaHe 22,69% ot obLiata Maca Ha Myokapaa
npw cTaHgapTHO oTKrNoHeHne 2 x SD (cur. 4 an b).

Measurement of replacement fibrosis in
asymmetric hypertrophy

Short-axis images of late Gadlow contrast se-
ries allow visual assessment of the presence and
extent of late contrast. Using Circle Cardiovascular
Imaging Inc specialized software, late contrast vol-
ume was calculated to be 22.69% of total myocar-
dial mass at a standard deviation of 2 x SD (Figure
4 a, b).



aneprochqHa Kapanomumonatua — nNpUMHOC Ha MarHUTHOpe3OoHaHCHaTa AnarHoCTuka 35
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dur. 4. XvneptpoduryHa KapaMomMmonaTusi CbC CUrMOUAEH CEMTYM: a) Cepusi MarHUTHOPE30OHaHCHW nocrefoBaTenHM obpasn no KbcaTa oc,
[EMOHCTPMPALLM Pa3npOCTPAaHEHNETO Ha XMMNEPUHTEH3HM 30HU Ha KbCHOTO raflofIMHMEBO KOHTpacTupaHe; b) noctobpaboTka Ha obpasa ypes
crneumanusnpaH codTyep 3a U34nCnsBaHe NPOLEeHTa Ha aHraxupaHe Ha MUokapAa OT KbCHO KOHTpacTUpaHe W NpeAcTaBAHETO Ha YNCheHnTe
CTOMHOCTW Ha ekTpaLenynapHusa obem B 17-cermeHTHa KapTa

Fig. 4. Hypertrophic cardiomyopathy with sigmoid septum: a) magnetic resonance consecutive short-axis images demonstrating the spread of
hyperintense areas of late gadolinium enhancement; b) image post-processing with dedicated software to calculate the percentage of myocardial

involvement by late enhancement and the presentation of the extracellular volume values in a 17 segment map

AcumMeTpuyHa xunepTpodus c o6CcTpyKLUS
Ha U3XOOHUS TPAKT

e 3acaraHeTo Ha npeguMMHO GasaneH npegHocen-
TaneH v NpedeH CerMeHT YecTo BOAM A0 0bCTpyKums
Ha u3xogHusa TpakT. Mpn gnHamu4HuTEe 06pa3n B Te3n
crny4vau ce BM3yanuavpa naTorormyeH KpbBOTOK B 00-
nactTa Ha U3XOO4HUSA TPakT U abHOPMHOTO ABWXEHUE
Ha npegHo MuTpanHo nnatHo (SAM) (dwr. 5 a n b). da-
30BO KOAMPAHUTE CEKBEHLUUN 3a OLEHKa Ha KPbBOTOK,
n3mepeH cybaopTHO, MOXe Aa M3YMCNAT NOBULLEHUS
rpagueHT B Nokor. MutpanHuTe nnaTHa ca yabimKeHu
npu XKIMNM Hag 26 mm B cpaBHEHME CbC 34paBu KOH-
Tponu (cpur. 5¢).

o XunepTtpoduyHaTta Kapguomuonatms ¢ obparteH
KOHTYp Ha centym — reversed septal contour — “C” 06-
pasHa doopmMa U eAHOBPEMEHHO aHraXxmpaHe Ha AsicHa
Kamepa ot xunepTtpocdusaTa (dur. 6 a n b).

e KbCHO KOHTpacTMpaHe B obnacTTa Ha Makcumar-
Ha xMnepTpodusa ¢ MHTPAaMUOKaApPAHO pasnpenenexHme,
C NO-BNCOK MHTEH3UTET U NETHUCT BUA, U abHopMHM T1
penakcaumoHHN BpeMeHa B 30HUTE Ha xuneptpodus
B NsiBa U gsicHa kamepa (dwur. 6 ¢, d, e, f). Hanvue e
aHraxkmpaHe Ha AgsicHata Kamepa c xunepTpodusTta Ha
anukarnHu 1 CerMeHTV U Ha npegHa 1 CTeHa CbC CUC-
TONHa obnNuUTEepaLmsa Ha KyxvmHaTta anvkarsHo.

Asymmetric hypertrophy with outflow tract
obstruction.

e Predominantly basal prenaseptal anterior
segment involvement often results in outflow tract
obstruction. The dynamic images in these cases
visualize a pathological jet in the region of the
outflow tract and the abnormal movement of the
anterior mitral valve (Figure 5 a, b). Phase-encoded
sequences for estimating blood flow measured
subaortically can calculate the reduced gradient at
rest. Mitral leaflets were elongated in HCPM over
26 mm compared with healthy controls (Figure 5c).

e Hypertrophic cardiomyopathy with reversed
septal contour — ,C“ shape and simultaneous in-
volvement of the right ventricle by hypertrophy (Figu-
re 6 a and b).

¢ Late contrast enhancement in the area of maxi-
mal hypertrophy with intramyocardial distribution,
with high intensity and patchy appearance and ab-
normal T1 relaxation times in the areas of left and
right ventricular hypertrophy (Figure 6 c, d, e, f).
Involvement of the right ventricle with the hypertro-
phy of the apical segments of the right ventricle and
anterior wall with systolic obliteration of the cavity
apically.
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dur. 5. AcumeTpryHa xunepTpodus ¢ 06CTPYKLMS HA U3XOOHWS TPAKT Ha NnsBata kamepa: a) MarHUTHOPE30HaHCeH 3-KyXUHEH Cpes, MoKasBsall, yCKo-
peHUs KPBLBOTOK (B YEPEH LIBSIT) B 06nacTTa Ha U3XO[HWsI TPaKT Ha nsiBaTa kamepa; b) 0bpa3 no kbcaTa oc, AeMOHCTpMpaLL 3acsraHeTo Ha GasanHus
NpeAeH 1 NpeHocenTaneH CerMeHT OT XxmnepTpodusaTa; ¢) 3-KyxmHeH 06pas B AnacTona — yabImkeHO NPpeaHo MATPANHO MaTHO C AbMkuHa 29 mm

Fig. 5. Asymmetric hypertrophy with left ventricular outflow tract obstruction. (a) Magnetic resonance three-chamber view, showing the
accelerated blood flow (in black) in the region of the left ventricular outflow tract; b) short-axis image demonstrating the involvement of the basal
anterior and anteroseptal segments by hypertrophy; c) three-chamber view in diastole. Elongated anterior mitral valve leaflet measuring 29 mm

dur. 6. XunepTpoduyHata kapamommonaTtusi ¢ obpaTeH KOHTYp Ha CenTyMm: a)
MarHMTHOPE30HaHCeH 3-KyXMHEH Cpes, xunepTpodusa Ha cenTym ¢ Mopdonorus
Ha obpaTeH KOHTYp , b) 4-kyxuHeH obpas — xunepTpodusi Ha CENTYM 1 aHraxu-
paHe Ha gsicHa kamepa. ¢) 1 d) CekBeHLMM 3a KbCHO rafofniMHMEBO KOHTpacTupa-
He no KbcaTa 0C — NETHUCTU MHTPaMMUOKapAHM 30HM Ha KbCHO KOHTpacTUpaHe B
30HUTE Ha xunepTpodusita B nsABa U B AAcCHa kamepa; T1-kapTupaHe npeau
KOHTPaCTHOTO yCUNBaHe; €) U MOCTKOHTPACTHO; f) NaTonormyHn CTOMHOCTU B Cb-
LMTE 30HMU.

Fig. 6. Hypertrophic cardiomyopathy with reverse septal contour: a) Magnetic
resonance three-chamber section, hypertrophy with reverse septal contour;
b) four-chamber view showing septal hypertrophy and right ventricular
involvement; c) and (d) short-axis late-gadolinium-enhancement sequences —

k - ' / patchy intramyocardial late enhancement in left ventricular and right ventricular
0 cm J'ﬁm-; -9 edian ' ; hypertrophy areas; T1-mapping before contrast; e) and post-contrast;
7 f) pathological values in the same areas

wS@m? [ 1101.7 + 1

CumeTpuyHa xuneptpodmyHa KapguommonaTms Symmetrical hypertrophic cardiomyopathy
Cpewa ce B okoro 40% ot crnyyante. CrmeTpryHa It occurs in about 40% of cases. Symmetrical hy-
xnnepTpocous ¢ Benesn Ha NHTPaMMOKAPAHO KbCHO ra- pertrophy with signs of intramyocardial late gadolini-

AONVHNEBO KOHTPaCTMpaHe € Tunm4HaTa MopdonormyHa
HaxoakK ur. 7 a n b). Oun HUManHata guarH : X
axonka (& a 1 b). depenuantara Anarqosa re 7 a, b). DD includes hypertensive hypertrophy,
(O0) BktouBa XMNepTEH3NBHA XMNepTpodus, aTneTnyHO i ; )
cbpue. OBMKHOBEHO MpW XMNepTeHanBHaTa dopma Xi- an athletic heart. Usually, in the hypertensive form,
nepTpocusiTa e no-cnabo n3paseHa U nuncear Geneau the hypertrophy is less pronounced and there are
Ha 3amecTuTenHa unbposa NpM KbCHOTO ragonNMHNEBO no signs of replacement fibrosis on late gadolinium
KOHTpacTupaHe (dur. 7 ¢ n d). contrast (Figure 7 c, d).

um contrast is the typical morphologic finding (Figu-
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XunepTtpodunyHa KapamommonaTus
npu anvkanHa xunepTtpodus

AHraXxupaHeTo Ha anuKarHu CEerMeHTU OT XUNepT-
podus Boau Ao obnutepaums B Tasu 30Ha M npuaasa
dopma Ha “nvka” gobpe BMAMMA Ha YETUPU KyXUHEH
cpes (cur. 8 a, b u c). ObukHoBeHO NunceaT 6enesmn Ha
0BCTPYKUMS Ha M3XOOHWUSI TPaKT, Tbi KaTo GasanHute
CermMeHTV ca CbC 3anaseHa gebenviHa Ha MyUoKapaa.

Oco6eHu chopmu — MHDUNTPaATMBHA
KapauomuonaTus

AmMuniongosata ce BKIOMBA B CMEKTpyMa Ha Xu-
nepTpodunyHna deHotmn. PasrpaHndaBaHeTo M C mar-
HWTHOPE30OHAHCHOTO M3CNeABaHe Ha CbPLETO € JIECHO,
Haln-Bede Ha Oa3aTa Ha NPOMEHUTE B TbKaHHWUTE Xapak-
TepUCTUKN. Amunongosara ce npeacrass C XapakTepeH
TUM NPOMEHU HA KbCHOTO rafoNMHNEBO KOHTpAacTUpaHe,
a VMEHHO AM(Y3HO, UMPKYMM(EPEHTHO KbCHO ragonu-
HMEBO KOHTpacTVpaHe C NpeguMHo cybeHaokapaeH Tvn
pasnpegenenve. B nspaseHute cnyyan Ha ammnongosa
€ MpaKTNYeCKM HEBL3MOXHO MPUMaraHeETo Ha TEXHMKaTa
Ha NOTWCKaHETO Ha MMOKapAa Ha MarHUTHOPE30HAHCHUTE
o6paan. NMpn T1 kapTMpaHe ce Habnogaear CUMHO yOobI-
XeHn T1 penakcauuoHHM BpPEMEHA WM CUMHO YBENUYEH
ekcTpauenyrnapeH obem (cpur. 9 an b).

~

4,08 mm 1
2:13.23 mod
3: 14.16 niin
4: 13.65 M .

-

1RA

Hypertrophic cardiomyopathy
in apical hypertrophy

The involvement of an apical segment by hypertro-
phy leads to obliteration in this area and gives a “peak”
shape clearly visible on a four-cavity section (Figure 8
a, b, c¢). Signs of outflow tract obstruction are usually
absent because the basal segments have preserved
myocardial thickness.

Special forms - infiltrative
cardiomyopathy

Amyloidosis is included in the spectrum of the
hypertrophic phenotype. Distinguishing it with mag-
netic resonance imaging of the heart is easy, mostly
based on changes in tissue characteristics. Amyloi-
dosis presents with a characteristic type of late gad-
olinium contrast changes, namely diffuse, circular,
late gadolinium contrast with a predominantly sub-
endocardial type of distribution. In advanced amy-
loidosis it is practically impossible to apply nulling
technique of the myocardium. In T1 mapping tech-
nique pronounced elongation of T1 relaxation times
and significant increase in ECV is present (Figure 9
a, b).

®ur. 7. CumeTpuyHa neBokaMepHa Xu-
neptpodus. MarHuTHO-pe3oHaHCHN obpa-
31 Ha: a) u b) cumeTpuyHa xunepTpoduny-
Ha KapavomuonaTts CbC 30HW Ha KbCHO
KoHTacTmpaHe (b) u ¢) n d) xunepTeH3nBHa
XunepTpodusi, paBHOMEpHO 3adebeneH
Muokapg ¢ gebenutHa 14 mm n 6e3 Hanu-
4re Ha 30HU Ha KbCHO KOHTpacTupaHe (d)

Fig. 7. Symmetrical left ventricular hyper-
trophy. Magnetic resonance imaging of a)
and b) symmetric hypertrophic cardiomy-
opathy with late enhancement areas (b),
and c) and d) hypertensive hypertrophy,
thickened myocardium measuring 14mm
and no late enhancement areas (d)
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3z 12:16 mm
4:12.16 mm

IRA

dur. 8. XvnepTpodmyHa kapavommonaTus npy anukanda xmneprpodust. MarHuTHo-pe3oHaHcHM 06pasu Ha: a) 4-KyXMHeH cpes, AEMOHCTpUpalLL
anuvkarnHo 3agebeneH Muokaps; b) cpes no kbca oc Ha anukanHu CEerMeHTV B AUacTona, nokaseall, XMnepTpodus Ha M1uokapaa; c) cuctona Ha
Cpes Mo KbcaTa 0C Ha CbLUOTO HUBO — MbJiHA 06NUTEPALUS Ha KyxXuHaTa

Fig. 8. Hypertrophic cardiomyopathy in apical hypertrophy. Magnetic resonance images of: a) four-chamber view demonstrating apical thickening
of the myocardium; b) short-axis section of apical segments in diastole showing myocardial hypertrophy; c) systolic short-axis view at the same
level showing complete obliteration of the cavity

T1 Mathve
105.5 mm (AHA)

oY
109.5 men (AMA)

®dwur. 9. Amnnongosa. MarHnTHo-pesoHaHcHM obpasn Ha: a) T1 kapTupaHe npeaw u cnep KOHTPacTHO yCWUIiBaHe BMCOKOCTEMEHHO ANdY3HO
3aBuLLeHn T1 penakcaunoHHV BpeMeHa v yBenuyeH ekctpalenynapeH obem, pasnpegeneHne Ha CTOMHoCTUTe B 17 cerMeHTHa LBeTHa kapTa;
b) cekBeHUMs Ha KbCHO KOHTPacTUpaHe B 4-KyXMHEH cpe3 — ANY3HO KbCHO KOHTpaCcTUpaHe ¢ npeaMmHo cyberaokopadeH Tun pasnpeneneHve

Fig. 9. Amyloidosisn Magnetic resonance images of: a) T1 mapping before and after contrast enhancement and significantly diffusely elevated
T1 relaxation times and significantly increased extracellular volume, distribution of values in a 17-segment colour map; b) late contrast sequence
in a four-chamber view showing diffuse late enhancement with a predominantly subendochoroid type of distribution

3AKNIOYEHUE CONCLUSION

MarHUTHUAT pe3oHaHC Ha CbpUETO MMa Bb3MO- Magnetic resonance imaging of the heart plays
Ba pond B AuarHocTukaTa M OLeHKata Ha XMnepTpo- a major role in the diagnosis and evaluation of
duyHata kapauomwmonaTtusa. MeToabT Bu3dyanuaupa hypertrophic cardiomyopathy. The method visualizes
MopcdhonoruaTa Ha NPOMEHUTE, OLIEHsIBA Ha pucKa U the morphology of the changes, assesses the risk
npegoctaBs Bb3MOXHOCT 3a NnpocriegsBaHeTo Ha na- and provides an opportunity for the follow-up of
LUmeHTuTe. patients.

He e deknapupaH KOHGIUKM Ha UHmMepecu No conflict of interest was declared
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