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Pestome. KapanomarnntHo-pesoHaHcHata Tomorpacust (KMPT) e Wwmpoko n3non3saH MeToA4 npy AnarHoCTVKaTa Ha Cbpaey-
HO-CbaoBNTE 3abonsiBaHms. [pes nocneaHoTo AeceTuneTie Bsxa pa3paboTeHn HOBU TEXHMKN, MO3BONSBALLM NOMY-
4aBaHeTo Ha KONMYeCTBEHN NapameTpu 3a NpoMeHuTe B Mokapaa. T1 v T2 kapTupaHeTo ca vacT ot pyTuHHUg KMPT
MPOTOKON W NO3BONSABAT AMPEKTHO KONMMYECTBEHO onpefensHe Ha T1 u T2 BpemeHata 3a penakcauusi B MMokapaa,
KaKTO M M34MCNSBAHETO Ha ekcTpaLienynapHus obem. ToBa ca BaxHW G1OMapKepu KakTo 3a AuarHocTukata Ha pas-
Nn4HUTe 3abonsBaHNa Ha MUOKapAa, Taka 1 3a npocrneasBaHe Ha NeYeHNeTo 1 onpeaensiHe Ha nporHosata. Lienta
Ha T031 0630p e [a ce HanpaBy KpaTbk npernes Ha 6a3oBuUTe NPUHLMMKM Ha TexHUkuTe T1 1 T2 KapTupaHe, KakTo 1 Ha
OCHOBHWTE UM NPUIIOXEHNS NPW Pa3nUYHUTE BULOBE KapAMOMMOnaTuu.
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Abstract. Cardiac magnetic resonance tomography is widely used method in the diagnosis of cardiovascular diseases. In the
last decade, new techniques have been developed to obtain quantitative parameters of myocardial changes. T1 and
T2 mapping are part of the routine CMRT protocol and allow direct quantification of T1 and T2 relaxation times in the
myocardium as well as the calculation of extracellular volume. These are important biomarkers both for the diagnosis
of various myocardial diseases and for monitoring treatment follow-up and determining prognosis. The purpose of this
article is to provide a brief overview of the basic principles of the T1 and T2 mapping techniques, as well as their main
applications in different types of cardiomyopathies.

Key words: cardiac magnetic resonance tomography, T1 mapping, T2 mapping, extracellular volume, myocardium, cardiomyopathy

Address Prof. Kameliya Genova, MD, PhD, Radiology Department, MRI Centre, UMBALSM “N. I. Pirogov”, 21 Totlebel blv.,

for correspondence: BG - 1606 Sofia, tel.: +35929154304, e-mail: kameliagenow@gmail.com

BbBEOEHME INTRODUCTION

OCHOBHO NpeaMMCTBO Ha KapAMOMarHUTHO-pe30- A major advantage of cardiac magnetic reso-
HaHcHaTa Tomorpadua (KMPT) e Bb3moxHoCTTa 3a nance tomography (CMRT) is the ability to character-
TbKaHHO XapakTepuaupaHe Ha NPOMEHUTE B MUOKap- ize tissue changes in the myocardium. One aspect
fa. EavH ot acnektuTe B pasBUTMETO Ha Kapguomar- of the development of cardiac magnetic resonance

HUTHO-PE30HaHCHaTa TEXHOMOorus npes nocnegHnTe technology in recent years has been the develop-
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rOAVHW € Cb3daBaHeTO WM MpunaraHeTo B MpakTvkarta
Ha TEXHVKK, NO3BOMSIBALLUN KONIMYECTBEHO ONpeaensHe
Ha NPOMEHWTE B MMOKapaa.

Knacuyeckata KMPT n3nonsea pasnukata BbB goyH-
AaMeHTarnHWTe CBOMCTBA Ha ThKaHUTE, KOUTO ca CBbp3a-
HY C pa3nu4yHa NpoabIHKUTENHOCT Ha TUMUYHUTE 3a BCS-
Ka otgenHa bronorMyHa TbkaH BpeMeHa Ha penakcaums
Ha marHeTnsaumata um — T1, T2 n T2*, npm koeTo ce re-
Hepvpa pasnuyeH MHTEH3NTET Ha curHana B obpasa. Npu
CbBpPEMEHHUTE anapaTtu NPoAbIPKUTENHOCTTa Ha T1, T2
unn T2* BpemMeHaTa Ha penakcaumsa Moxe aa obae ms-
MepeHa B paMKUTe Ha e4HO 3aabpykaHe Ha AMLLAHETO OT
CTpaHa Ha NauueHTa, KaTto Nnory4YeHmnTe CTOMHOCTU Ce KO-
AVpaT LBETOBO B 3aBUCMMOCT OT UHTEH3MTETA Ha CUrHa-
na n ce npencTasaAT nog copmarta Ha T.Hap. MUKCENHM
kaptn (T1 n T2 kapTupaHe). ToBa No3BosnsBa nosny4vasa-
HETO Ha LIBETHW aHaTOMWYHMW KapTyh 3a pasnunyHuTe Bpe-
MeHa Ha penakcaumsa T1, T2 n T2* n Konnm4ecTBeHOTO U3-
MepBaHe Ha CTOMHOCTUTE M BbB BCEKM OTAENeH 0b6eMeH
enemeHT (Bokcen) oT usobpaseHuss muokapg. CpaBHsi-
BaHETO Ha Te3W CTOMHOCTM C HOpMarHuTe pedepeHTHU
CTOMHOCTV NpW 34paBu ThKaHW Ha Te3n NapameTpu B M-
OKapda [aBa Bb3MOXHOCT 3a paHHO maeHTuduumpaHe
Ha Bb3HUKHaNM NpoOMeHn KaTo eaeM, Hekposa, hmbposa,
HaTpynBaHe. VamepBaHeTo Ha T1-BpemeTo 3a penakca-
LS Npeam 1 cried HKeKTUpaHe Ha KOHTpacTHa MaTepus
AaBa Bb3MOXHOCT a Ce W34UCMM eKCTpaLenynapHus
06em Ha mmokapga (ECV). B momeHTa TexHukute T1 n
T2 kapTupaHe ca YacTt ot pyTuHHUS KMPT npoTokon u ca
BaXkeH GuomMapkep He caMo Mpu AuarHocTvkaTta Ha pas-
NMYHUTE BUOOBE KapaMoMMONaThm, HO 1 KaTo MPOrHOCTY-
YeH haKkTop 1 3a NpocrensiBaHe Ha Ne4YeHneTo.

T1 1 T2 KAPTUPAHE — TEXHUYECKMU
ACMEKTHU

HaTtneHo T1 kapTupaHe

BpemeTo Ha penakcauusa T1 npeacraensisa Bpeme-
TO, 3@ KOETO BEKTOPbT Ha HagnbXHaTta mMarHetTusauums
Ha TbKaH, NOCTaBeHa B MOCTOSIHHO BBHLUHO MarHUTHO
nore, HapacTea Ha 63% OT MakcMmarnHaTa Cv CTOMHOCT.
T1 3aBMCK OT XapaKTEPUCTUKUTE Ha TbKAHWUTE U OT rone-
MUHaTa Ha MarHMTHaTa MHAYKUWS Ha MONeTo, T.e. OT Ha-
nperHaTocTTa Ha MmarHuTHoTto none Ha KMPT ypenbara.
TbKaHU C MO-KpaTKO BPEME Ha pernakcauusi, Kato MasHu-
HW, ce n306passiBaTt C No-ronsiMa sApKocT B obpasa.

Mpn HaTuBHOTO T1 KapTupaHe ce n3nona3eaTr Tex-
HWKKN 3a n34ncnssaHe Ha T1 BpeMeKoHCTaHTaTa B Mu-
okapfa, npu KOUTO crief npunaraHe Ha pagMov4ecToTeH
UMMYMC, BEKTOpa Ha HaanbXHata MarHetmsauus unu
Ce VHBepTMpa B MPOTUBOMOMOXHA MOCOKa (TeXHWUKa
WHBEPCUS-Bb3CTAHOBABAHE), UK ce Hynupa (TexXHWKa
caTypauus-Bb3cTaHOBsIBaHe). VsmepBaHudata Ha T1
Ce M3BbpPLIBAT MNPV PasnU4HM BpEMEHA crieq UHBEep-
CMSA Ha HagnbXHaTa MarHeTusauus wnu Bpeme cneg

ment and implementation in practice of techniques
which allow the quantification of myocardial changes.

Classical CMR uses the difference in the funda-
mental properties of tissues, which are associated
with different duration of the typical for each individ-
ual biological tissue relaxation times of their magne-
tisation — T1, T2 and T2*, which generates different
signal intensity in the image. In modern devices, the
time length of T1, T2 or T2* relaxation times can be
measured within one breath hold by the patient, and
the resulting values are colour coded according to
the signal intensity and presented as so-called pixel
maps (T1 and T2 mapping). This allows the acquisi-
tion of colour anatomical maps for the different re-
laxation times T1, T2 and T2* and the quantification
of their values in each individual volume element
(voxel) of the mapped myocardium. Comparison of
these values with normal reference values in healthy
tissue of each of these parameters in the myocardi-
um allows early identification of changes that occur,
such as edema, necrosis, fibrosis, and accumulation.
Measurement of T1 relaxation time before and after
injection of contrast media allows calculation of myo-
cardial extracellular volume (ECV). Currently, T1 and
T2 mapping techniques are part of the routine CMRT
protocol and are important biomarkers not only in
the diagnosis of different types of cardiomyopathies,
but also as a prognostic factor and for treatment fol-
low-up.

T1 AND T2 MAPPING — TECHNICAL
ASPECTS

Native T1 mapping

The relaxation time T1 represents the time for
which the longitudinal magnetization vector of a tissue
placed in a constant external magnetic field increases
to 63 % of its maximum value. T1 depends on the tis-
sue characteristics and on the magnitude of the mag-
netic field induction, i.e. on the magnetic field strength
of the CMRT device. Tissues with shorter relaxation
times, such as fat, are imaged with greater brightness
in the image.

In native T1 mapping, techniques are used to cal-
culate the T1 value in the myocardium, where, after
application of a radio-frequency pulse, the longitu-
dinal magnetization vector is either inverted in the
opposite direction (inversion-recovery technique) or
reset (saturation-recovery technique). T1 measure-
ments are performed at different times after longitu-
dinal magnetization inversion or time after saturation.
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catypauus (HacuwaHe). CaTypaums-Bb3CTaHOBSBaHe €
anTepHaTVBHa Ha MHBEPCUS-Bb3CTAHOBSABAHE TEXHUKA,
C noTeHuUman 3a nogobpsiBaHe Ha TOMHOCTTA Npu onpe-
OEensaHeTo Ha cToMHocTTa Ha T1. MNpuUnoXxeHnaT Nbpeo-
HadarneH pagmMovecToTeH UMMyNC 3a caTypauus edpek-
TUBHO HyNupa HaanbXHaTa MarHeTn3aLms He3aBUCUMO
OT HMBOTO 1 Npeaun nvnynca. o To31 HaurH He e Heob-
XOAMMO [a ce n34aksa Bb3CTaHOBSIBAHETO Ha T1 mexay
[Ba pasnuyYHN pagmMoveCcToTHU MMMyNca 3a nofnyvaBaHe
Ha caTypauus B u3cneaBaHaTa TbKaH U U3MEPEHUTE
CTOMHOCTM 3a T1 He 3aBUCAT OT CbpAeyHaTa yecToTa.

Mpn HaTtnBHOTO T1 ce M3amepBa BbTPELUHUS CUr-
Han OT KOMOWHMPaHUTE KNETBYHU U UHTEPCTULMANHU
KOMMOHEHTN Ha Muokapga. [pegumcTtBaTta My ca, ve
He M3MCKBA WHXEKTUpaHe Ha KOHTpacTHa martepusl.
BpemeTto 3a penakcauus Ha HaTuBHOTO T1 namepBa-
He ce yabrnkaBa Npu Hanuyne Ha konareH (ubposa),
efeM 1 amuriovz 1 ce CKbCsiBa MpU HanmmMyne Ha xe-
na30, MasHUHKU U XxemornobuHaerpagaumoHH npogy-
KTn. KaTto ce nma npeasug, Yye HatuBHOTO T1 n3mepBa
kakto T1 Ha uHTepcTuumyma, Taka u T1 Ha MuouunTK-
Te, CUrHambT CamMO OT MHTEpPCTUUMYMa € [OOHAKbOEe
MOBNMSIH OT CUrHamna Ha MuouuUTUTE, Taka Ye PuHUTE
pasnuku ce naeHTMduumupar no-TpyaHo. Tpsabea oa ce
otbenexu, 4e Ha U3MepBaHETO BNUSAE U NITbTHOCTTA
Ha KanunapuTe, KOETO CbLLO BOAM A0 MNOTEHUManHu
OTKIMOHEHWS1 B CTOMHOCTUTE, aKO TbPCEHUAT CuUrHan e
caMo OT MaTtpukca unv muoumtute. CTOMHOCTUTE Ha
HaTuBHOTO T1 Bpeme morar ga BapupaT B 3aBMCMMOCT
OT curaTta Ha noreTo 1 Au3ariHa Ha nyrcoBaTta CEKBEH-
LuMs nNpu pasnuyHuTe anapaTtu, KOeTo npasBu TPYAHO
CpaBHEHWNETO Ha HAaTUBHUTE 1 MOCTKOHTPACTHUTE CTON-
HocTu mexay KMPT ueHTpoBeTe. Heobxognmo e ga ce
onpeaensit HopManH1MTe CTOMHOCTU Ha T1 BpeMeTo 3a
penakcaumsi B Mmokapaa npu BCEKUM KOHKPETEH ana-
paT u cbOTBeTHaTa u3nonasaHa TexHuka. Hanpumep
JoknagBaHuTe HopManHu T1 CTOMHOCTM MpU U3MNon3-
BaHe Ha MHBepcMOHHa TexHuka (MOLLI) ca 930 + 21
ms npu 1.5T n 1052 + 23 ms npu 3T anapatu [1]. Ha-
TMBHOTO T1 Bpeme CblLO Taka 3aBWCKU OT Bb3pacTTa
M nomna, Kato Npu MbXETe U Npu MO-Bb3pacTHU Xopa
TE€3U CTOMHOCTM Ca MO-BMUCOKMU, OTKOMKOTO MPU XXeHUTe
1 B No-mnaga Bb3pacT [2]. B momeHTa ca pa3paboTeHn
T1 dpanTomun ¢ uen ga ce ynecHn obobLiaBaHeTO Ha
OaHHUTE Npu MHOroueHTpoBuTe manuteaHusa (Peruc-
Tbp Ha xunepTpoduyHata kapamomuonatns [HCMRY])
unu ga ce paspabotaT pedepeHTHN cTaHgapTu (npo-
rpama 3a kaptorpacduvpaHe Ha T1 n ctaHgapTusnpaHe
Ha ECV B CMR [T1MES]).

HopmanHo TbkaHuTe CbAbpXKaT BoAa M pasfinyHu
roremMum MOJNEKYNM B onpedeneHo cboTHoweHue. [Mpu
pasnuMyHMTE NaTONOrMYHN NPOLLECU TOBA CbOTHOLLEHWE
Ce NPOMEHS, KOETO BOAM M 0 NpomsiHaTa B T1 Bpeme-
TO 3a penakcaumsi. OCHOBHU NATOMOMMYHU NPOMEHM,
KOUTO BOASAT 4O NPOMsiHA B CTOMHOCTUTE Ha T1 Bpeme-

Saturation-recovery is an alternative to inversion-re-
covery technique, with the potential to improve the
accuracy in determining the T1 value. Applying an
initial radio-frequency pulse for saturation effectively
zeroes the longitudinal magnetization regardless of
its level before the pulse. Thus, it is not necessary to
wait for T1 recovery between two different radio-fre-
quency pulses to obtain saturation in the imaged tis-
sue, and the measured T1 values are independent
of heart rate.

In the native T1 is measured the intrinsic signal
from the combined cellular and interstitial compo-
nents of the myocardium. Its advantages are that it
does not require injection of contrast media. The re-
laxation time of native T1 measurement is prolonged
in the presence of collagen (fibrosis), edema, and
amyloid and is shortened in the presence of iron, fat,
and hemoglobin degradation products. Considering
that native T1 measures both T1 of the interstitium
and T1 of myocytes, the signal from the interstitium
alone is somewhat influenced by the signal of myo-
cytes, so fine differences are more difficult to identi-
fy. It should be noted that the measurement is also
affected by capillary density, which also leads to po-
tential biases in the values if the signal of interest
is from the matrix or myocytes only. Native T1 time
values can vary depending on field strength and
pulse sequence design and between different im-
aging equipment, making comparison of native and
postcontrast values between CMRT centers difficult.
It is necessary to determine the normal values of T1
relaxation time in the myocardium for each specif-
ic imaging equipment and corresponding technique
used. For example, the reported normal T1 values
using the inversion technique (MOLLI) are 930 + 21
ms for 1.5T and 1052 £ 23 ms for 3T devices [1].
Native T1 time is also age and gender dependent,
with these values being higher in men and in elder-
ly patients than in women and young patients [2].
Currently, T1 phantoms have been developed to fa-
cilitate summary of data in multicenter trials (Hyper-
trophic Cardiomyopathy Registry [HCMR]) or to de-
velop reference standards (Program for T1 Mapping
and ECV Standardization in CMR [T1MES]).

The normal tissues contain water and various
large molecules in a certain ratio. In different patho-
logical processes, this ratio changes, resulting in a
change in T1 relaxation time. The main pathological
changes that lead to a change in T1 relaxation time
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TO 3a penakcauus ca andysHata MMokapaHa gounbposa
[3, 4], Bb3nanuTenHu npomeHu [5, 6], MHPUNTPATUBHK
3abonsiBaHMs kaTo amuriongosa [7], 6onect Ha ®abpu
[8], xemocupaeposa (cur. 1) [9].

NMocTkoHTpacTHO T1 KapTUpaHe

Cnen npunaraHe Ha ragonvHUA-CbObPXKaLLM KOH-
TpacTHu matepun T1 BpeMeTo 3a penakcaums 3aBucu ot
KOHUEHTpaLMATa Ha ragornvHniA B TbKaHWUTE 1 € 06paTHO
NpPOoMopLMOHanHo Ha Hed. KoHTpacTHaTa matepusi ce 3a-
ObpXa B MHTEPCTULMYMa Ha yBPEeOEHUs: MUOKapA 1 Ko-
NMYECTBOTO M Ce yYBENMYaBa C yBenM4aBaHeTo Ha obema
Ha WMHTEpPCTULMYMa, Hanpumep npu Hekposa, dnbpo3a,
nHdmnTpaums (dur. 1) [10]. MocTkoHTpacTHoTO T1 Bpe-
Me CbLLIO Bapvpa B 3aBUCUMOCT OT j03aTa Ha ragornuHus,
BPEMETO Cref UHXEKTUPAHETO M OT cneumduyHuTe 3a
naumeHTa paktopu KaTo cbpaedHa YecToTa, CKOpOCT Ha
KMUPBHC, TeNeceH CbCTaB U xemaTtokput [12].

EkcTpauenynapeH obem

MwokapabT MOXe Aa ce pasrnexia Kato CbCTaBeH
OT [Ba OCHOBHM KOMIMOHEHTa — KIMETbYEH 1 U3BBbHKIIE-
TbyeH. KnetbyHnsaT obem BKMNOYBA WMHTAKTHUTE Kre-
TbYHU KOMMOHEHTU HA MUOKapaa, B ToBa 4Mcno n obe-
Ma Ha MuounTuTe, MbpobrnacTute, KPLBHUTE KNETKM
W T.H., B KONTO KOHTpAcTHaTa Matepus He Haenu3a. OT
apyra cTpaHa, KOHTpacTHaTta MaTtepus HaBnu3a CBO-
©04HO B eKCcTpaLenynapHms KOMMOHEHT, KOUTO BKIHOY-
Ba WHTpECTULManNHUTE NPOCTPaHCTBa M KanunsipHaTa
Mpexa Ha Muokapga. ToBa No3BorsBa Aa ce U34ncnm
ECV Ha myokapaa Bb3 OCHOBa Ha CbMOCTaBKa Ha npe-
M NOCTKOHTpacTHUTE T1 KapTu. AKO ce U3MepsT CTOM-
HocTuTe Ha T1 BpemeHaTa npeau u cnep uHxektupa-
He Ha KOHTpacTHa MaTepusi KakTo B KpbBTa, Taka u B
MUoKapga cref LOCTaTbyHO BpeMe 3a MocTuraHe Ha
paBHoBecue (Har-manko 15 min), Moxe fa ce U34ncnu
KoedUUMEHTBT Ha pa3npeneneHve. Heobxogmmo e u
n3MepBaHe Ha akTyarneH XemaToOKpWuT, 3a Ja ce ycTa-
HOBUM 1 06eMbT Ha pasnpeeneHve Ha KoHTpacTa 1 aa
Cce ms4ucnu ekctpauenynapHata dpakuus [12]. Tosa
cTaBa no dopmynara:

ECV = {AR1muokapa/AR1kpbB} *x {1 — Hct} ,
kbaeto AR1 e pasnukata mexay BpemeTo 3a T1 pe-
nakcauus npegu u crnep vHXeKTupaHe Ha KOHTpacTHa
MaTepusl, CbOTBETHO B MUOKapga v B KpbBTa, Het —
xemartokpuT [13].

HaTpynaHn kbM MOMEHTa [aHHM OT Mpoy4YBaHus
nokaseart, 4e ECV Ha muokapga npv 3gpasu [obpo-
BOJUM € CXOAEeH Npu HanperHatocTt Ha noneto ot 1,5T
(0,25 + 0,04) n 3T (0,26+0,04) [12]. Cnopen MynTueT-
HUYEeCKO n3crneaBaHe Ha atepockreposara, 6asvpaHo Ha
oueHkata Ha KMPT, Bbnpeku 4e npu xxeHute ce Habnto-
AaBsa no-sucoka ECV oT Ta3u npu mbxete, Bapnauumnte
BbB BpeMeTo ca marnku [14]. iaBecTHo e, Ye npu 3gpasu
xopa ECV ce yBennyaBa neko c Bb3pactra [12].

values are diffuse myocardial fibrosis [3, 4], inflam-
matory changes [5, 6], infiltrative diseases such as

amyloidosis [7], Fabry disease [8], and hemosidero-
sis (Fig. 1) [9].

Post-contrast T1 mapping

After application of gadolinium-based contrast
media, the T1 relaxation time depends on the gado-
linium concentration in tissues and is inversely pro-
portional to it. The contrast media is preserved in the
interstitium of the injured myocardium and its amount
increases as the volume of the interstitium increases,
e.g. in necrosis, fibrosis, infiltration (fig. 1) [10]. Post-
contrast T1 time also varies with gadolinium dose,
time after injection, and patient-specific factors such
as heart rate, clearance rate, body composition, and
hematocrit [11].

Extracellular volume (ECV)

The myocardium can be considered as being
composed of two main components- cellular and ex-
tracellular. The cellular volume consists of the intact
cellular components of the myocardium, including
the volume of myocytes, fibroblasts, blood cells, etc.,
into which contrast material does not enter. At the
same time, the contrast material enters freely into
the extracellular component, which includes the in-
terstitial spaces and the capillary network of the
myocardium. This allows calculation of myocardial
ECV based on comparison of precontrast and post-
contrast T1 maps. If the T1 values before and after
injection of contrast media are measured, both in the
blood and in the myocardium after sufficient time to
reach equilibrium (at least 15 min), the distribution
coefficient can be calculated. Measurement of the
actual hematocrit is also necessary to determine the
volume of contrast distribution and to calculate the
extracellular fraction [12]. This is determined using
the formula:

ECV = {AR1myocardium/AR1blood} x {1 — Hct}
where AR1 is the difference between the T1 relax-
ation time before and after injection of contrast me-
dia, in the myocardium and blood, respectively, Het
— hematocrit [13].

The present data reported from different studies
show that myocardial ECVs in healthy volunteers
are similar across magnetic field strengths of 1.5T
(0.25 £ 0.04) and 3T (0.26 + 0.04) [16, 20]. Accord-
ing to a multiethnic study of atherosclerosis based
on CMRT evaluation, although women had a higher
ECV than men, there was little variation over time
[14]. ECV is known to increase slightly with age in
healthy individuals [12].
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MauncnsieaHeto Ha ECV nosBonsiBa KONMYECTBEHO
onpepensHe Ha pasnuMyHUTE MaTONOMMYHN NMPOMEHN B
MUokapda kato mbposa, eaemM, amunoud, HaTpynea-
He Ha xena3o 1 nunuaw [15]. BaxxHo e ga ce 3Hae kak
Ce NPOMEHS! CbOTHOLLIEHNETO HA MaTPUKCa N KNETbYHUS
obem npu pasnMyHMTE MATONOMMYHN MPOLIECU, KOETO
[aBa Bb3MOXHOCT B HAKOW Criydau 3a crneuuduyHa am-
arHosa, Hanpumep 3a andepeHLumpaHe Ha NEeKOBEPMK-
Ha OT TpaHCTUPETUHOBA ammnonaosa. 3Hae ce, Ye npu
TPaHCTUPETMHOBAaTa aMUionao3a nvia noBeye MaTpukc
1 no-ronsim obem Ha KneTknTe, KOeTo BOAM 1 A0 KOMMEH-
catopHa xuneptpodums [12, 15].

T2 kapTupaHe

BpemeTto Ha penakcauusa T2 e BpeMeTo, 3a Koe-
TO BEKTOpa Ha HanpeyHata MarHeTM3auusi Ha TbKaH,
noctaBeHa B NMOCTOAHHO BBLHLUHO MarHMTHO Mofe Ha-
Mansiea Ha 37% OT MbpBOHaYanHara cu CTOMHOCT. T2
3aBUCU OT XapaKTEPUCTUKUTE Ha TbKaHUTE, KaTo Be-
LecTBaTa C No-4bIro Bpeme Ha penakcauusa T2 ce us-
obpassaBaT ¢ No-rongma sipKocCT.

Mpn T2 KapTUpaHETO TUMNYHUTE TEXHUKW, KOUTO Ce
nanonaear ca 6banaHcmpany SSFP (cBobogHa npeLecus B
PaBHOBECHO CbCTOsIHME) n3mepBaHus (b-SSFP), kato 3a
nogcuneaHe Ha T2 KOHTpacTa NpensapuTeNHO ce npuna-
ra MynTuexo noaxop ¢ “T2-nogroTBuTterneH” nyncoBo-rpa-
OveHTeH mogyn. Ypes MynTuexo nogxopa ce nogcurypsi-
Ba Cepusi OT MUKOBU CTOMHOCTU Ha WMHTEH3UTETa Ha U3-
MEPEHNST CUTHas, ObIPKALLM Ce Ha yBENMYaBaHe Ha BEK-
Topa Ha HanpeyHara (TpaHcBep3anHara) MarHeTu3aums
dopmrpaHe Ha exo-CbbUTKA 3a BCSKa MUMKOBA CTOMHOCT.
WHTepBanbT Mexay HavyanoTto Ha Bb3Oyxaallmsa pagmo-
YeCTOTEH MMMYNC, KOWTO Aa AoBeae A0 yBenuyaBaHe Ha
HanpeyHaTa MarHeTusauMs U MOMEHTa Ha HacTbMBaHe
Ha exoTo, KOraTo CUrHambT JOCTUMHE MakcUMariHa CTOoR-
HOCT ce Hapuya exo Bpeme (TE). N3amepBaHeTo cTasa npu
HSIKOITKO PasfinyHM CTOMHOCTU Ha TE, koeTo, nogobHO Ha
T1 KapTypaHeTOo, NO3BONsABa Aa Ce NPoCcneamn 3aTuxBaHe-
TO Ha HarnpeyHaTta (TpaHcBep3arHaTta) MarHeTusaums u
Aa ce nadmcnu T2 BpeMekoHCTaHTaTta B M1okapaa. Yse-
nyaBaHe Ha BOOHOTO CbabpyKaHMe B MUOKapAA € OCHOB-
HaTa npuyMHa 3a No-AbAroTo T2 BpeMe Ha penakcaums.
Hannuneto Ha egem e ocHoBHaTa naTornorusi, KoSTo BOAU
[0 yBenuuyaeaHe Ha T2, KOETO NpaBu TEXHUKATa NonesHa
NPy NaUMEHTU C OCTbP MMOKapAeH MHAAPKT, MMOKapauT,
CTpec-MHOoyuMpaHa KapamoMuonaTus, capkongosa v ap.
(dour. 1) [16]. KaTo HopmanHu cToMHOCTU Ha T2 BpemeTo
3a penakcauus npu nanonssaHe Ha b-SSFP TexHukara ce
npvemar 52,18 + 3,4 ms npn 1,5T HanperHaTocT Ha mar-
HUTHOTO norne [17] n 45,1 ms npn 3T [18].

T2* kapTupaHe

HamansBaHeTo Ha HanpeyHata MarHeTusauus
(penakcaumaTa) T2 ce ObmkM Ha fedasvpaHeTo Ha
OTAENHWTe NPOTOHM B CbCTaBa Ha otdeneH obemeH
enemeHT OT u3crnegBaHuTe TbkaHu (Bokcen). Hannuu-

Calculation of ECV allows quantification of vari-
ous pathological changes in the myocardium such as
fibrosis, edema, amyloid, iron and lipid accumulation
[15]. It is important to know how the ratio of matrix
to cell volume changes in different pathological pro-
cesses, which provides the possibility in some cas-
es for a specific diagnosis, e.g. to differentiate light
chain from transthyretin amyloidosis. It is known that
in transthyretin amyloidosis there is more matrix and
larger cell volume, which also leads to compensatory
hypertrophy [12, 15].

T2 mapping

The T2 relaxation time represents the time for
which the transverse magnetization vector of a tis-
sue placed in a constant external magnetic field de-
creases to 37 % of its initial value. T2 depends on
tissue characteristics, whereas substances with lon-
ger T2 relaxation times are displayed with greater
brightness.

In T2 mapping, the typical techniques used are
balanced SSFP (steady-state free precession) mea-
surements (b-SSFP), with a "T2-prep" pulse-gradient
multi-echo approach to enhance the T2 contrast in
advance. The multi-echo approach provides a series
of peak values of the measured signal intensity as
a result of the increase of the transverse magneti-
zation vector and the formation of "echo"-events for
each peak value. The interval between the initiation
of the excitation radio-frequency pulse to produce an
increase in transverse magnetization and the time
of occurrence of the echo when the signal reaches
a maximum value is called the time of echo (TE).
Measurement is performed at multiple different TE
values, which, similar to T1 mapping, enables the
attenuation of transverse magnetization to be moni-
tored and the T2 value can be calculated in the myo-
cardium. An increase in myocardial water volume is
the main cause of the longer T2 relaxation time. The
presence of edema is the main pathology that leads
to an increase in T2, making the technique useful in
patients with acute myocardial infarction, myocardi-
tis, stress-induced cardiomyopathy, sarcoidosis, etc.
(Fig. 1) [16]. The normal T2 relaxation times using
the b-SSFP technique are considered to be 52.18 +
3.4 ms at 1.5 T magnetic strength [17] and 45.1 ms
at 3T [18].

T2* mapping

The decrease in transverse magnetization (re-
laxation) T2 results from the dephasing of individual
protons in the composition of a single volume ele-
ment of the studied tissues (voxel). The presence
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€T0 Ha MUKPOHEXOMOIEHHOCTM BbB BbHLUHOTO MarHUTHO
rore Bogu [0 MosiBa Ha pasnuka B YECTOTUTE Ha MpeLe-
CWSl Ha NMPOTOHUTE, a Te OT CBOS CTpaHa Ao Aedhasupa-
He Ha BbPTEHETO MM B HaMpeyHaTa Ha BbHLUHOTO Mar-
HUTHO none paBHWHA. [OedasnpaHeTo [OMbIHUTENHO
CbKpalllaBa BpeMeTo Ha pernakcauust T2, kato no 1o3u
HaYMH TbKaHWTe perakcupat no-6bpP30, OTKONKOTO Brxa
penakcupany nopagu CoBCTBEHUTE CU XapaKTepPUCTUKN,
C BpeMe Ha penakcaums T2* (< T2). PesyntatsT e, ye
BEKTOPBT Ha HanMpeYHaTa MarHeTM3aums n3yessa, npeau
na ce e popmmpan T2 KoHTpacTa.

Mpn T2* kapTMpaHeTO ce M3MNOM3BaT rpagUueHTHU
(FLASH - fast low angle shot) namepsanus npu pasnuy-
HW CcTOMHOCTM Ha TE. YckopsiBaHeTo Ha T2* penakcaum-
aTa e bener Ha BMCOKa CTaTUyHa rnokanHa HeXOMOoreH-
HOCT Ha MarHWTHOTO More, Han-4ecTo 3apaan NPUCHCT-
BME Ha NapamarHWTHW cyOcTaHLum, KOMTO yBenu4yaear
MarHuMTHaTa Bb3NpPUEMYMBOCT (Kensi3o, xemornobnHae-
rpagaumoHHy npoayktn) (dowr. 1) [29].

of micro inhomogeneities in the external magnetic
field leads to the occurrence of a difference in the
precession frequencies of the protons, and these in
turn to the dephasing of their rotation in the trans-
verse plane of the external magnetic field. The de-
phasing further shortens the relaxation time T2, thus
the tissues relax faster than they would because of
their own characteristics, with a relaxation time T2*
(< T2). The result is that the transverse magnetiza-
tion vector disappears before the T2 contrast has
formed.

T2* mapping uses gradient (FLASH - fast low
angle shot) measurements at different TE values.
Acceleration of T2* relaxation is a sign of high static
local magnetic field inhomogeneity, most often be-
cause of the presence of paramagnetic substances
that increase magnetic susceptibility (iron, hemoglo-
bin degradation products) (Fig. 1) [19].

@wur. 1. Bcekn BoKkcen oT MMOKapAa € LIBETOBO U YMCMEHO KOAMPAaH B 3aBWCUMMOCT OT BPEMETO 3a penakcauus. LipeTHaTta ckana Bapvipa npu
BCEKM anapar 1 Moxe Ja 6be NpoMeHsiHa B pa3nuyHK HI0aHCH, Hanp. BUOJNIETOBO, OPaHXKEBO, XbITO (KaKTo e Noka3aHo Ha durypara). LiBeTHa-
Ta ckana B 3aBWCMMOCT OT CTOMHOCTUTE Ha BPEMETO Ha penakcaums no3sonssa 6bp3a Bu3yarnHa oLeHKa Ha CbCTOSHUETO Ha Muokapaa. Ypes
oyepTaBaHe, B 30HaTa Ha VHTEpeC ce Nony4aBaT TOYHM YMCNeHn cTolHocTu. A) T2 kapTupare. B) HatueHo T1 kapTupaHe. C) NOCTKOHTPaCTHO
T1 kaptupaHe. D) T2* kapTupaHe.

Fig. 1. Each myocardial voxel is colour and number coded according to relaxation time. The colour scale varies with each different CMRT unit
and can be changed to different shades, e.g. violet, orange, yellow (as shown in the figure). The colour scale depends on the magnitude of the
relaxation time and allows a quick visual assessment of the myocardial status. By outlining, accurate numerical values are obtained in the area

of interest. A) T2 mapping; B) native T1 mapping; C) postcontrast T1 mapping; D) T2* mapping

OCHOBHUW KNUHUYHU NMPUNOXEHUSA
HA T1 U T2 KAPTUPAHE

OCHOBHUTE KNMUHUYHWU npunoxeHns Ha T1, T2 un
T2* kapTupaHusTa ca NpeacTaBeHn B OMPOCTEH CXe-
MaTu4eH Bug Ha dur. 2.

OwvnataTuBHa KapaunoMuonatusa

IOunartatneHata kapgmomuonatus (OKMIT) ce xa-
pakTepusmpa C KamepHa Avrnartaums u HapylleHa cuc-
TOMNHa (PyHKUMSA, Npy nuMnca Ha gpyru akTopu, KOUTo
BOAAT o nosieata n. OCHOBEH GhaKTop 3a pemogenupa-
HETO e pa3BUTMETO Ha AMdy3Ha M1okapaHa dubposa,
KaTo HelHaTa CTeneH e OCHOBEH NPOrHOCTUYEH hakTop,

MAIN CLINICAL APPLICATIONS
OF T1 AND T2 MAPPING

The main clinical applications of the T1, T2 and
T2* mappings are presented in simplified schematic
format in Fig. 2.

Dilated cardiomyopathy

Dilated cardiomyopathy (DCM) is characterized
by ventricular dilatation and disordered systolic func-
tion, in the absence of other factors that lead to its
occurrence. A major contributor to the remodeling is
the development of diffuse myocardial fibrosis, and
its degree is a major prognostic factor associated



T1 1 T2 KapTpaHe — OCHOBHM MPUHLMMNW 1 KITUHUYHO NPUMOXEHNE 65

WHdpapkT Mwokapout Amunongosa

Infarction

Myocarditi Amyloidosis

XKMI
HCM

Kensaso

®dur. 2. CxemMaTUYHO NpeacTaBsiHe Ha OCHOBHUTE KIMHUYHK NpunoxeHus Ha T1, T2 n T2* kaptupaHeTo. NokasaHa e npomsiHata Ha BpeMeHa-
Ta 3a penakcauus npv pasnuyHu 3abonaBaHua Ha Muokapaa. CTpenka Harope — yabrbkaBaHe; CTpenka HaJomny — CKbCsIBaHE; XOPU3oHTarnHa

cTperka — 6e3 NpoMsiHa BbB BPEMETO Ha pernakcaums

Fig. 2. Schematic representation of the main clinical applications of T1, T2 and T2* mapping. The variation of relaxation times in different
myocardial diseases is shown. Up arrow — prolongation; down arrow — shortening; horizontal arrow — no change in relaxation time

CBbp3aH C pa3BUTUETO Ha CbpaeyHa aucdyHkums [20].
KbcHoTo raponuHueBo ycunsaHe (LGE) e HanoxeHa
KMPT TexHuka 3a n3obpassisaHe Ha oubposata B Mu-
okapga. Npu Hannyne Ha andysHa chrnbposa obade Tex-
HUKaTa TPygHO MOXe Aa unaeHTuduumpa pasnmka Mex-
Oy HOpMarnHa MyYoKapgHa TbkaH 1 mbposa. YecTo npu
naumMeHTu ¢ aunatatuBHa KapaMoMmMonaTus He ce UAEH-
TMdnuMpaT 30HN Ha hnbpo3a B MMOKapaa C TeXHMKaTa
KbCHO ycuneaHe [21]. Pegnua npoyyBaHMs NOKa3eart, Ye
npu naumeHTn 6e3 HanM4uMe Ha 30HM Ha KbCHO yCcunBea-
He Cce YCTaHOBSBAT 3HAYUTENHO MO-BMCOKN CTOMHOCTU
KakTO Ha HaTMBHOTO T1 Bpeme 3a pernakcauusi, Taka u
Ha ECV 1 No-HUCKM CTOMHOCTM Ha NOCTKOHTPACTHOTO T1
BpeMe B CpaBHeHME C KOHTPOrHa rpyna 3apasu nauu-
eHTn [22]. OceeH ToBa npu AKMI1 ce yctaHoBsBaT 1 no-
BUILLIEHM CTOMHOCTU Ha T2 BpeMeTo 3a penakcauus [23].
[oknagsaHa e kopenauus mexay CToMHocTute Ha T1
BpemeTo 1 ECV n dyHKUMOHanHMTe napameTpu Ha ns-
BaTa Kamepa, KaTto opakums Ha u3TnacksaHe, CTPenH n
ap. [12]. C Te3un TexHUKM MmoraTt fja ce OTKPUAT u Cyoknu-
HUYHW MUoKapgHu npomenu npyn OKMIT B paHeH cTagui
[24]. YobmkaBaHeTo Ha T2 BpeMeTo 3a penakcauums ce
CBbp3Ba C €4eM B MvoKapaa B pe3ynTaT Ha yBpeaa U

with the development of cardiac dysfunction [20].
Late gadolinium enhancement (LGE) is an estab-
lished CMRT technique for imaging fibrosis in the
myocardium. In the presence of diffuse fibrosis, how-
ever, the technique can have difficulty in identifying
a difference between normal myocardial tissue and
fibrosis. Often in patients with dilated cardiomyopa-
thy, areas of fibrosis in the myocardium are not iden-
tified with the late enhancement technique [21]. A
number of studies have shown that patients without
areas of late enhancement have significantly high-
er values of both native T1 relaxation time and ECV
and lower values of postcontrast T1 time compared
with a control group of healthy patients [22]. In addi-
tion, increased T2 relaxation time values were also
found in DCM [23]. A correlation between T1 time
and ECV values and left ventricular functional pa-
rameters such as ejection fraction, strain and others
has been reported [12]. These techniques can also
detect subclinical myocardial changes in early-stage
DCM [24]. The prolongation of T2 relaxation time is
associated with edema in the myocardium as a result
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Bb3narneHne, B X04a Ha pasBuTe Ha KapavomuonaTtu-
ata [23]. Npuema ce, 4e npomeHuTe B T1 BpemeTo 3a
penakcauuna n ECV ca He3aBUCUMU NPOrHOCTUYHM (hak-

of injury and inflammation as cardiomyopathy pro-
gresses [23]. Changes in T1 relaxation time and ECV
are considered to be independent prognostic factors

Topu npu naumneHTn ¢ OKMI (cour. 3) [25]. in patients with DCM (Fig. 3) [25].

®dwur. 3. 47-roguiuHa nauueHTka ¢ gunatatuBHa kapgnomuonatus. A) T2 kapTupaHe — T2 BpemeTo 3a penakcauusi € B pedepeHTHU rpaHuLm
— 45-47 ms; B) T1 kapTupaHe — yobmkeHo T1 Bpeme 3a penakcauus B AbnbodnHa Ha 6asanHusi centym — oo 1160 ms (Mo-CBETHI HIOAHC Ha
opaHxeB LBAT); C) nocTkoHTpacTHo T1 kapTupaHe — ckbceHo T1 Bpeme 3a penakcauns B AbnboynHa Ha 6a3anHus cenTyM (Mo-TbMEH HI0aHC Ha
OpaHXeB LBAT) C HUCKOCTENEHHO yBenuYyeHa ekcTpauenynapHa dpakumsa — 27%; D) kbCHO ycunBaHe — AUCKPETHO NMMHeapHO KbCHO ycurBaHe
B AbNOOYMHa Ha 6asanHusa centym

Fig. 3. 47-year-old female patient with dilated cardiomyopathy. A) T2 mapping — T2 relaxation time is in the reference range- 45-47 ms; B) T1
mapping- prolonged T1 relaxation time in depth of basal septum - up to 1160 ms (lighter shade of orange color); C) Postcontrast T1 mapping
— shortened T1 relaxation time in depth of basal septum (darker shade of orange color) with low-level increased extracellular fraction — 27%;

D) late enhancement — discrete linear late enhancement in depth of the basal septum

XuneptpoduuHa kapgunomumonatusa (XKMI)

[wnarHosata ce 6asvpa Ha MOpdONOrMYHM MPOMEHMU
C xunepTpodumsa Ha Mrokapaa, Npy HeagunaTnupaHa nssa
Kamepa v nunca Ha gpyra npudmMHa Ha Xuneptpodus.
HanuuneTto Ha ¢ombpo3a B AbnbounHa Ha xuneptTpodu-
panvs MMoKapd CbLUO € XapakTepHO 3a 3abonsiBaHe-
TO [26]. Habntogaea ce n 3HAYUTENHO yAObiKaBaHe Ha
CTOMHOCTUTE Ha T1 BPEMETO, KakTo U yBenMyaBaHe Ha
ECV B 3acerHatusa muokapg. T1 kapTupaHeTo No3Bons-
Ba OTKPUBAHETO Ha 30HM Ha pMbpo3a B MMoKapda v B
yyacTbUW, KbOETO HE Ce YCTaHOBSABAT 30HM HA KbCHO
ycuneaHe (dowr. 4) [27]. YcTaHOBEHO €, Ye CTOMHOCTUTE
Ha T1 BpeMeTo KopenupaT C TeXecTTa Ha 3abonsiBaHe-
TO U ca NO-BUCOKN B y4aCTbLUTE C NMO-BUCOKOCTENEHHO
xuneptpocdmpan muokapg [28]. CtomHOCTUTE Ha no-
CTKOHTpacTHOTO T1 Bpeme Kopenupat C AvactonHara
ONCAOYHKLUMS U ca 3HAYUTENHO MO-HUCKU NPU NauMeHTK
¢ XKMT, nopagun gudpysHata nHtepctuumanta dpunbpo-
3a [28]. MNpoyyBaHus npeanonarat, 4e ECV moxe ga
Obae noteHumaneH Guomapkep npu XKMI1, nopagm
Kopenauusita ¢ obemHaTa pakumsa Ha konareHa n ou
MOIbJ1 ja MOMOTHE B pasrpaHnyaBaHeTo Mexay rpynure
CcbC 1 6e3 myTaumu, CBbp3aHM CbC capkornemara [29].

Amunonposa

Mpn cbpaeyHaTa ammnongosa (TpaHCTUPETUHOBA
N nekoBepwxkHa) ce Habntogaea oTnaraHe Ha aMmunoug
B MyoKapgda v npu nposexgaHe Ha KMPT TtununyHo ce

Hypertrophic cardiomyopathy (HCM)

Diagnosis is based on morphological changes
with myocardial hypertrophy, with an undilated left
ventricle and no other cause of hypertrophy. The
presence of fibrosis in depth of the hypertrophied
myocardium is also characteristic of the disease
[26]. There is also a significant prolongation of T1
time values as well as an increase in ECV in the af-
fected myocardium. T1 mapping allows the detection
of areas of fibrosis in the myocardium and in regions
where areas of late enhancement are not detect-
able (Fig. 4) [27]. T1 time values have been found
to correlate with disease severity and are higher in
areas of more severely hypertrophied myocardium
[28]. Postcontrast T1 time values correlate with di-
astolic dysfunction and are significantly lower in pa-
tients with HCM due to diffuse interstitial fibrosis [28].
Studies have suggested that ECV may be a potential
biomarker in HCM due to its correlation with collagen
volume fraction and could also help in distinguishing
between groups with and without sarcolemmal-related
mutations [29].

Amyloidosis

In cardiac amyloidosis (transthyretin and light-
chain), amyloid deposition in the myocardium is ob-
served, and diffuse predominantly subendocardial
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yCTaHOBsIBa ANY3HO NPeaUMHO CybeHO0KapaAHO KbCHO
ycunBaHe B MMOKapAa Ha fnisiBaTa, a 4ecTo U Ha asicHaTa
kamepa [30]. XapakTepHUsT Mogen Ha KbCHO yCuUnBaHe
ce nosiesiea 0bade Mo-kbCHO B xoda Ha 3abonsieaHe-
TO, a MOHSKOra MoraTt a ce YCTaHOBAT U ApYrn TUNoBe
KbCHO ycuneaHe. T1 kapTupaHeTo e nonesHa TexHWKa
npu OvarHoCTUUMPaHETO Ha CbpaevHata amunonaosa,
nopagv yobmkaBaHeTo Ha T1 BpemMeTo 3a penakcauus,
HabniogaBaHO Npu OTnaraHe Ha amunoung B Muokapaa
n yBennyasaHeto Ha ECV (cbur. 5) [31]. YcTaHoBeHa € 1
Kopenauusi Mexay TeXecTTa Ha 3acsiraHe Ha Muokapaa
M CTOMHOCTUTE Ha T1 BpemeTo 3a penakcaumsi, Kakto u
CbC CTeneHTa Ha CUCTOMHA U AMacTonHa ANCHYHKUNS
[31]. HatuBHOTO T1 Bpeme 3a penakcauus u na4ncns-
BaHeTO Ha ECV nossonsiBat 1 TOYHO KONMMYECTBEHO U3-
MepBaHe Ha aMUITouaHWS ToBap, KOETO AaBa Bb3MOX-
HOCT 3a ornpeaensiHe Ha NporHo3ara 1 3a MoHUTopupa-
He Ha xofa Ha 3abonseaHeTo [32].

late enhancement in the myocardium of the left and
often right ventricle is typically established on CMRT
[30]. The characteristic pattern of late enhancement
appears, however, later in the disease progression,
and sometimes other types of late enhancement can
be established. T1 mapping is a useful technique in
the diagnosis of cardiac amyloidosis because of the
prolongation of the T1 relaxation time seen with am-
yloid deposition in the myocardium and the increase
in ECV [31]. A correlation has also been found be-
tween the severity of myocardial involvement and T1
relaxation time values, as well as with the degree of
systolic and diastolic dysfunction (Fig. 5) [31]. Native
T1 relaxation time and ECV calculation also provides
an accurate quantification of amyloid load, which en-
ables prognosis determination and monitoring of dis-
ease progression [32].

—
\',

A

®dur. 4. 20-rogMLeH NauneHT ¢ acMMeTpUYHa XunepTpoduyHa KapanomMmnonaTns U BUCOKOCTeNeHHo 3aaebeneH Mmokapa Ha 6asanHus v cpea-
Hus cenTym. A) T2 kapTupaHe — yabimkeHo T2 BpeMe 3a penakcaumsi B Abno6oynHa Ha 3apebenennst Mmokapa — Ao 60 ms (Mo-CBETBI HI0aHC Ha
opaHxeB UBAT); B)T1 kapTupaHe — yabikeHo T1 Bpeme 3a penakcauus B AbnbounHa Ha 6asanHus centyMm — Ao 1200 ms (no-cBeTbI HI0AHC Ha
opaHxeB LBAT). C) NoCTKOHTpacTHO T1 kapTupaHe — ckbceHo T1 Bpeme 3a penakcauus (Mo-TbMEeH HI0aHC Ha BUOMETOB LBAT) C YBENUYEHa eKc-
TpauenynapHa dpakums — Ao 30%. D) KbCHO ycunBaHe — orpaHnYeHn 30HM Ha KbCHO ycunBaHe B AbnOo4nHa Ha xunepTpodupanus Muokaps

Fig. 4. 20-year-old patient with asymmetric hypertrophic cardiomyopathy and high-grade thickened myocardium of the basal and middle septum.
A) T2 mapping-prolonged T2 relaxation time in depth of thickened myocardium-up to 60 ms (lighter shade of orange colour). B) T1 mapping —
prolonged T1 relaxation time in depth of basal septum-up to 1200 ms (lighter shade of orange colour). C) postcontrast T1 mapping — shortened
T1 relaxation time (darkerer shade of violet colour) with increased extracellular fraction — up to 30%. D) late enhancement — limited areas of late
enhancement in depth of hypertrophied myocardium

®dur. 5. 69-roguileH NauyeHT ¢ nekoBepwkHa amunongosa. A) T2 kapTupaHe — yabimkeHo T2 Bpeme 3a penakcauus B AbnbodnHa Ha 3apebe-
neHus centym n B cBobofHaTa CTeHa Ha NnsiBaTa kamepa cybenaokapaHO — Ao 67 ms (No-CBETHI HI0AHC Ha opaHxeB UBAT); B) T1 kapTupaHe
— 0TYeTNMBO yabIkeHo T1 Bpeme 3a penakcaums B AbnboymHa Ha 6asanHus centym u cybeHaokapaHo B cBoboAHaTa CTeHa Ha nsBaTta kamepa
— [0 1260 ms (N0-CBETHN HIOAHC Ha oparxeB LBAT); C) MOCTKOHTpacTHO T1 kapTupaHe — ckbceHo T1 Bpeme 3a penakcaums (Mo-TbMeH HI0aHC
Ha opaHXXeB LIBAT) C yBenuyeHa ekcTpauenynapHa dpakums — 4o 35%; D) KbCHO ycunBaHe — 30HM Ha KbCHO ycunBaHe B AbnboynHa Ha 6asan-
HWs cenTym u cybeHgokapaHo B cBoboaHaTa cTeHa

Fig. 5. 69-year-old patient with light-chain amyloidosis. A) T2 mapping — prolonged T2 relaxation time in the depth of the thickened septum
and in the left ventricular free wall subendocardially — up to 67 ms (lighter shade of orange color); B) T1 mapping — markedly prolonged T1
relaxation time in depth of the basal septum and in the left ventricular free wall subendocardially — up to 1260 ms (lighter shade of orange color);
C) Postcontrast T1 mapping — shortened T1 relaxation time (darker shade of orange color) with increased extracellular fraction — up to 35%;
D) late enhancement — areas of late enhancement in the depth of the basal septum and subendocardially in the free wall



68

K. leHosa, [. Kocmosa-Jlegpmeposa

T2 BpemeTo 3a penakcauus CblIO Ce yabinkasa
nopagv HanMuMeTo Ha egem B Mmokapga npuv ocrpara
(raza Ha 3abonsBaHeTo 0COOEHO MpW NeKoBepPMKHaTa
amunonaosa, KoeTo € 1 nNporHocTuyeH Gener [33].

BonecTt Ha ®abpwm

CbpoeyHoTo 3acsaraHe npu Gonectta Ha ®abpu e
pesyntaTt OT HaTpynBaHe Ha MUKOCUHIoONUNMan B
MWUOLIMTUTE W TNAAKOMYCKYMHUTE KIETKM, KOETO BOAM
4O neBoKamMepHa xunepTpodms, ncxemmdHa Gonecr,
PUTBMHO-NPOBOAHN HapyLIEHUs1 W KranHu LUCHYHK-
unn [34]. KbcHoTO ycuneaHe npu 6onectrta Ha AHaep-
CcoH-Pabpu TuUNMYHO ce HabniogaBa B OasanHuTe U
cpefHUTe OOMHO fateparnHn CerMeHTn Ha ceobogHaTa
CTeHa Ha nsiBata kamepa. To3n TUMN KbCHO ycurBaHe e
YCTaHOBEH B OTHOCUTENHO Mariku Cepun NaumeHTn 1 He
ce cMsTa 3a XxapakTepeH [34].

WM3nonsBaHeTo Ha T1 kapTupaHe CblLUO nognomMara
AvarHoctuumpaneto. T1 BpemeTo 3a penakcaums e Ha-
MarneHo npu 6onectrta Ha AHOepcoH-Pabpu B cpaBHEHME
C Opyrn 6onectn Ha MmMoKapaa, CBbp3aHu C XUMepTpo-
dus, KbAETO Krnacuyeckn e yabrmkeHo [35, 36]. B Havan-
HUTe basn Ha aHraxvpaHe Ha Muokapaa npu bonectra
Ha AHgepcoH-®abpu, koraTo Bce oLle He ce Habnogasa
XvnepTpodus, HaTUBHOTO T1 BpemMe € HUCKOCTEMEHHO
KbM CPeOHO CKbCEHO, MOPaau Hanu4une Ha rmmMKoCdUHIo-
nvnuaw [37]. Mpu HannM4Me Ha 30HM Ha KbCHO yCuneaHe,
pesynTar Ha pa3BuTMe Ha nbposa, T1 BpeMeTo 3a pe-
nakcauus € yabimkeHo B Te3n y4acTblLM, 3a pasnuka ot
CKbCEHOTO T1 BpemMe B 30HUTE C OTnaraHe Ha nMnuau, Ho
6e3 Hannume Ha hrbposa (cur. 6) [36, 37].

MuokapauTtu

KMPT e Hanoxun ce obpaseH metog npv AnarHo-
CTUKaTa Ha Bb3nanuTtenHute 3abonsaBaHus Ha MUOKap-
[Aa nopaamn Bb3MOXHOCTTa He camo Aa uaeHTudpuumpa
3abonsBaHeTo, HO 1 Aa onpedenu ctagust U cTeneHTa
Ha aHraxvpaHe Ha Muokapaa.

CTOoMHOCTUTE Ha HaTWMBHOTO T1 Bpeme 3a penak-
cauums ca 3HaYUTENHO YBEMNUYEHU NPU NAUMEHTU C MU-
OKapauT, pesynTaT Ha npoTuyallMTe npouecu Ha Bb3-
nanexHve n egem B muokapga [38]. T1 kapTupaHeTto e
TEXHWKa, MO3BONABALLA MAEHTUDMLMPAHETO Ha 30HUN Ha
MUWOKapAHa yBpeada v B y4acTbLUM, KbAeTo ¢ Mopdono-
rmyHuTe T2 0bpasm 1 TeXHMKATa KbCHO yCUIBaHe He ce
YyCTaHOBSIBaT NPOMEHW, KakTo 1 a pasrpaHu4ym octpara
OT XpOHMYHaTa asa Ha 3abonseaHeTto [6, 38]. CToN-
HocTuTe Ha ECV cbLio ce yBenuyasat npv naumMeHTn ¢
OCTbpP MUOKapPOMT.

T2 kapTupaHeToO € OT ronsiMo 3HavYeHne 3a OLeHKa
Ha HanNMYMEeTO Ha edeM B MMOKapAa Y KONMYEeCTBEHOTO
My onpegensHe (dwr. 7). TexHukaTta e no-Marnko 4yBCT-
BUTEMNHA KbM ABUratenHn aptedakti, HEXOMOreHHOCT
Ha NoneTo u cybeHaokapaHUst KPbBOTOK B CPaBHEHME C
MopdornornyHute T2 o6pasm [39].

T2 relaxation time is also prolonged due to the
presence of myocardial edema in the acute phase
of the disease, especially in light-chain amyloidosis,
which is also a prognostic marker [33].

Fabry disease

Cardiac impairment in Fabry disease results
from accumulation of glycosphingolipids in myocytes
and smooth muscle cells, leading to left ventricular
hypertrophy, ischemic disease, rhythm-conduction
disturbances, and valvular dysfunction [34]. Late en-
hancement in Anderson-Fabry disease is typically
observed in the basal and middle inferolateral seg-
ments of the left ventricular free wall. This type of
late enhancement has been found in relatively small
series of patients and is not considered characteris-
tic [34].

The use of T1 mapping also assists in the di-
agnosis. T1 relaxation time is reduced in Ander-
son-Fabry disease compared with other myocardial
diseases associated with hypertrophy, where it is
classically prolonged [35, 36]. In the initial phases of
myocardial involvement in Anderson-Fabry disease,
when hypertrophy is not yet present, the native T1
time is low/medium shortened due to the presence of
glycosphingolipids [37]. In the presence of areas of
late enhancement resulting from the development of
fibrosis, the T1 relaxation time is prolonged in these
sections, in contrast to the shortened T1 time in ar-
eas with lipid deposition but without the presence of
fibrosis (Fig. 6) [36, 37].

Myocarditis

CMRT is an established imaging modality in the
diagnosis of inflammatory myocardial diseases be-
cause of its ability not only to identify the disease but
also to determine the stage and degree of myocardial
involvement.

Native T1 relaxation time values are significant-
ly increased in patients with myocarditis, a result of
the inflammatory and edema processes ongoing in
the myocardium [38]. T1 mapping is a technique to
identify areas of myocardial injury also in areas where
morphological T2 imaging and the late enhancement
technique do not detect changes, and to distinguish
the acute from the chronic phase of the disease [6,
38]. ECV values are also increased in patients with
acute myocarditis.

T2 mapping is of great importance to assess
the presence of edema in the myocardium and to
quantify it (Fig. 7). The technique is less sensitive to
motion artifacts, field inhomogeneity, and subendo-
cardial blood flow compared with morphological T2
imaging [39].
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®dur. 6. 49-roguweH naumeHT ¢ 6onect Ha ®abpu, nNpoBexaall eH3MM-3aMecTuTenHo neveHune. A) n B) T2 kapTupaHe — NETHUCTU 30HU C
yOabImKeHo T2 Bpeme 3a penakcauus B AbnbouvHa Ha 3agebenenns muokap (MO-CBETHI HI0AHC Ha OpaHXeB LBSAT) — A0 58 ms B foMHO nare-
panHaTa cTeHa Ha nsiBaTta kamepa; C) u D) T1 kapTupaHe — Bapupallo Bpeme Ha T1 penakcauus — ckbCeHO cybenvkapaHo (Mo-TbMEH HIaHC
Ha BMoneToB UBAT — Ao 850 ms), npegnMHo cybenukapaHo B cBobogHaTa cTeHa (pesynTaTt Ha HaTpynBaHe Ha COUHIONUNUAM), U YObIMKEHO B
AbnboynHa Ha MyMokapAa B AOMHO fateparnHara CTeHa Ha NnsiBata kamepa CpefHo (Mo-CBETBIT HI0AHC Ha BUONIETOBO-OparxeB UBAT — Ao 1200
ms), pe3ynTaT Ha 30HU Ha prbposa

Fig. 6. 49-year-old patient with Fabry disease under enzyme replacement therapy. A) and B) T2 mapping — spotted areas of prolonged T2
relaxation time in depth of thickened myocardium (lighter shade of orange colour) — up to 58 ms in the inferolateral wall of the left ventricle;
C) and D) T1 mapping — varying T1 relaxation times — shortened subepicardial (darker shade of violet colour — up to 850 ms), predominantly
subepicardial in the free wall (result of sphingolipid accumulation) and prolonged in depth of the myocardium in the inferolateral wall of the left
ventricle on average (lighter shade of violet-orange colour up to 1200 ms), results in areas of fibrosis

dur. 7. 60-roaunLLeH naumeHT ¢ MuokapauT. A) T2 kapTupaHe — yabikeHo T2 BpeMe Ha penakcaums B AbnboynHa Ha 6asanHusi centym 1 B CBO-
6opaHaTa cTeHa Ha nsBaTa kamepa (Mo-CBETHI HI0AHC Ha OpaHXXeB LBAT — 40 61 ms), pesynTaT Ha NOBULLEHO BOAHO CbAbPXMMO — efem; B) T1
KapTupaHe ¢ kopecrnoHaupaLlo yabmkeHo T1 Bpeme 3a penakcauusi, NpeAMMHO B AbN604MHa Ha cenTyma (Mo-CBETHIT HI0AHC Ha OpaHXeB LBAT);
C) noctkoHTpacTHO T1 KapTupaHe CbC CKbCEHO BpeMe (MO-TbMEH HI0OAHC Ha OpaHXeB LBAT) yBenu4eHa ekctpauenynapHa dpakuma — 36%;
D) KbCHO ycunBaHe — MHTEH3UBHO B Ab00YMHA Ha cenTyma v NeTHUCTO B AbMNOOYNHA Ha cBobOdHATa CTeHa Ha nsiBaTta kamepa

Fig. 7. 60-year-old patient with myocarditis. A) T2 mapping — prolonged T2 relaxation time in the depth of the basal septum and in the left
ventricular free wall (lighter shade of orange color — up to 61 ms), the result of increased water content — edema; B) T1 mapping with a
corresponding prolonged T1 relaxation time, predominantly in septal depth (lighter shade of orange color); C) postcontrast T1 mapping with
shortened time (darker shade of orange color) and increased extracellular fraction — 36%; D) Late enhancement — intense in depth of septum
and spotty in depth of left ventricular free wall

UcxemunyHa 6onecTt Ha cbpueTo

MuokapdeH uHehapkm — ocmpa ¢hasa

KMPT Hamupa npunoxeHue Kakto npu guarHocTu-
KaTa, Taka 1 3a onpefensiHe Ha pycka U nporHosara ot
FIe4EHNETO NpU NaLMEHTN C OCTbP MUOKAPLAEH UHAAPKT.
KbCcHOTO ycunBaHe ce nprema 3a ,3narteH ctaHgapT” npu
OLIEHKa Ha CTeMeHTa Ha aHraxwipaHe Ha Muokapga npv
ncxemuyHarta 6onect Ha cbpueTo [40]. T1 n T2 kaptupa-
HETO npe3 NnocneaH1Te roauHU ChLLO HaMupaT NpPUNoxe-
HMEe KaKTO 3a NPeLM3HOTO AuarHoCTuUmMpaHe, Taka 1 npu
onpegernsiHe Ha TEXEeCTTa Ha aHraxvpaHe Ha Myokapaa
[5, 6]. HatneHOTO T1 Bpeme 3a penakcauusi ce yabihkasa
B 30HMTE C edem B Mmmokapga [5]. T1 n T2 kapTupaHeTo
MO3BONSABAaT CbLUO Taka KONMMYECTBEHO onpefensiHe Ha
30HaTa B pPUCK Npu OCTPUA M1oKapaeH UHapKT [5, 41].

Ischemic heart disease

Myocardial infarction — acute phase

CMRT is used both in the diagnosis and in de-
termining the risk and prognosis of treatment in pa-
tients with acute myocardial infarction. Late enhance-
ment is considered to be the "gold standard" in the
assessment of the degree of myocardial involvement
in ischaemic heart disease [40]. T1 and T2 mapping
have also found application in recent years, both for
accurate diagnosis and in determining the severity of
myocardial involvement [5, 6]. The native T1 relax-
ation time is prolonged in areas of myocardial edema
[5]. T1 and T2 mapping also allow quantification of the
area at risk in acute myocardial infarction [5, 41].
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CTtoriHocTuTE Ha T1 BpemeTo 3a penakcauus ca
pas3nnyHM B 30HMTE HA MMKPOBAKCynapHa OOCTpyKuUmMs
1 Ha MHpapLUMpaHnsa MUOKapA, KOETO NO3BofsiBa Ande-
peHumpaHeTo UM [42]. B npoyuBaHe Ha Dall'Armellina
M cbaBT. [42] ce goknaaBa 3a Kopenauus Mexzay CTon-
HOCTWUTE Ha HaTMBHOTO T1 Bpeme 3a penakcauus u Te-
XeCTTa Ha yBpea Ha Muokapaa, koeto 6u mMorno ga e
NPeauKTMBEH (DaKTOP MO OTHOLUEHME Ha (PYyHKLMOHan-
HOTO Bb3CTaHOBsABaHe. T1 BpeMeTo 3a penakcauus ce
CKbCSBa MPU Hanm4ymMe Ha MHTpaMMoKapaHa xemoparus,
KOETO MO3BOSIABA JIECHOTO N naeHTudmumpane [43]. T2
KapTMpaHEeTo CbLUO € OT Mon3a npy OCTPUsi MUOKapaeH
WMHapPKT nopagn HagexagHoTo naeHTuduumpaHe n Ko-
NMYECTBEHO OMpeaensiHe Ha 30HNTE Ha edeM B MM1oKap-
Aa N CbOTBETHO 30HaTa B puUCK [44].

MocTkoHTpacTHOTO T1 KapTuMpaHe M msdncnsBaHe
Ha ECV umart cblLo Taka CBOETO 3HayeHue 3a OLEeHKa
Ha OCTpUSA MUOKapAeH MHMapPKT, KakTo 3a onpeaensiHe
Ha pasMmepa Ha MHapuupaH1s y4acTbk, Taka 1 3a on-
pefernsiHe Ha cTeneHTa Ha ¢ombpo3saTa 1 B MHdapumpa-
HWS, 1 B OCTaHanus muokapg [45].

MuokapdeH uHgapkm — xpoHU4YHa ¢hasa

Mpn XpoHU4HMA MmnokapaeH nHgapkt KTMP u pec-
nekTneHo T1 n T2 KapTUpaHETO nMaT 3Ha4YeHne 3a ToY-
HO onpefensiHe Ha cTagus Ha 3abonsiBaHETO U pasrpa-
HMYaBaHETO Ha XpOHWYHaTa ¢hasa Ha 3abonsiBaHeTO,
npwu KOSITO He ce HabnogaBa eaeM B Muokapaa [44, 46].
[Mpn macTHaTa meTannasusa HaTMBHOTO T1 Bpeme e oT
KIOYOBO 3HaYeHVe nopaam NOHMKEHUTE CTOMHOCTU Ha
T1 BpemeTo 3a penakcauus npu Hanuyne Ha MasHHN B
Muokapaa [46]. PaamepbT Ha chubposaTa cbLo ce on-
peaens To4Ho Ha 6a3a T1 kapTupaHe 1 nsdmncnsBaHe Ha
ECV, kaTo 3a rpaHnyHa CToMHOCT ce npuema 42% [47].
Mpy XPOHUYHMS MMOKapAeH MHMAPKT ce yCTaHOBSBa
MO-BUCOKO CBbOTBETCTBME MEXAY AAHHUTE OT KbCHOTO
ycunBaHe 1 gaHHuTe oT T1 KapTMpaHeTo No OTHOLLEHNE
Ha pasMepa Ha UHdapumpaHaTa 3oHa (dwr. 8) [46, 47].

HatpynBaHe Ha Xenfa3o B Muokapaa

C kapano-MPT moxe ga ce yCTaHOBAT Aen03nTK Ha
Xens30 B CbpaevHaTa MyckynaTypa yYpes U3nonssaHe Ha
T2* obpasu 1 € eQUHCTBEHUST HEMHBA3MBEH MeTOZ, Aa-
BalL, Bb3MOXXHOCT Ha OLieHKa Npu Te3un CbCTosIHMSA [48].

HatpynsaHeTo Ha ena3o Boau A0 HamarnssaHe Ha
T2* BpemMeTOo 3a penakcauusi B TbKaHUTE U MOHMXKaBa-
He Ha curHana Ha T2 obpasuTte C No-AbMAro exo-Bpeme
(dour. 9). MeTogbT ce M3nomna3Ba pPyTMHHO MPU MOHUTO-
pypaHe Ha Te3n nauueHTU, C noryyaBaHe Ha YUCIIEHU
CTOVMHOCTM 3a KONUYECTBOTO XENA30 B MUOKapaa, KOeTo
[AaBa Bb3MOXHOCT 3a HaBpeMeHHa NpoMsiHa B Tepanusi-
Ta U Ha fo3aTa Ha MeguKameHTa.

Opyrv KapguomuonaTum

T1 n T2 kapTUpaHETO HamMupa NPUNOXKEHNe U Npu
AVarHoCcTMKaTa u MOHUTOPMPAHETO Ha MHOTO Apyru Kap-

T1 relaxation time values are different in areas of
microvascular obstruction and of the infarcted myo-
cardium, allowing their differentiation [42]. A study
by Dall'Armellina et al [42] reported a correlation be-
tween native T1 relaxation time values and severity
of myocardial injury, which could be a predictive fac-
tor regarding functional recovery. The T1 relaxation
time is shortened in the presence of intramyocardial
hemorrhage, allowing its easy identification [43]. T2
mapping is also beneficial in acute myocardial infarc-
tion because of the reliable identification and quan-
tification of areas of myocardial edema and the area
at risk, respectively [44].

Post-contrast T1 mapping and ECV calculation
have also been reported for assessment of acute
myocardial infarction, both to determine the size of
the infarcted area and to determine the extent of fi-
brosis in both infarcted and the remaining myocar-
dium [45].

Myocardial infarction - chronic phase

In chronic myocardial infarction, CMRT and T1
and T2 mapping, respectively, are important for ac-
curate staging of the disease and differentiation of
the chronic phase of the disease in which no myocar-
dial edema is observed [44, 46]. In fatty metaplasia,
native T1 time is of key importance because of the
decreased T1 relaxation times in the presence of fat
in the myocardium [46]. The extent of fibrosis is also
well defined based on T1 mapping and ECV calcu-
lation, with a cut-off value of 42 % [47]. In chronic
myocardial infarction, there is a higher correlation
between late enhancement data and T1 mapping
data with respect to the size of the infarcted area
(Fig. 8) [46, 47].

Iron deposition in the myocardium

CMRT can detect iron deposition in cardiac mus-
cle using T2* imaging and is the only noninvasive
method that allows evaluation in these conditions
[48].

Iron deposition leads to a decrease in T2* relax-
ation time in tissues and a decrease in signal on T2
images with longer echo times (Fig. 9). The method
is routinely used in monitoring these patients, with
numerical values obtained for the amount of iron
in the myocardium, enabling therapeutic and drug
dose changes in a prompt manner.

Other cardiomyopathies

T1 and T2 mapping is also used in the diagnosis
and monitoring of many other forms of cardiomyopathy,
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®dwur. 8. 33-rogumiLeH naumeHT ¢ obLumpeH nHdapkT B 6aceriHa Ha LAD B xpoHu4Ha tasa Ha eBOMNoLMS M MOCTUCXEMUYHA AunaTtaTuBHa Kapamo-
muonatusi. A) T2 kaptupaHe — T2 BpeMe 3a penakcauus B pepepeHTHU rpaHnum — 45-48 ms; B) otyeTnmBo yabmkeHo T1 BpeMe 3a penakcauus
B MpefHaTa CTeHa Ha nsaBaTa kamepa v B NpefHus cenTyM (Mo-CBETBI HI0AHC Ha opaHxeB LBAT) — Ao 1400 ms, KopecnoHaMpaLLo CKbCEHO
nocTkoHTpacTHo T1 Bpeme 3a penakcaums (TbMeH HaHC Ha BuoneTos UBAT); C) 1 yBenuueHa ekcTpauenynapHa dpakuuns — 42%, v TpaHCcMy-

panHo ycuneaHe; D) 1 aBUTaneH Mmokapng

Fig. 8. 33-year-old patient with extensive infarction in the LAD pool in the chronic phase of progression and postischemic dilated cardiomyopathy.
A) T2 mapping — T2 relaxation time in reference range — 45-48 ms; B) Distinctively prolonged T1 relaxation time in the left ventricular anterior wall
and anterior septum (lighter shade of orange colour) up to 1400 ms with corresponding shortened postcontrast T1 relaxation time (dark shade of
violet colour); C) and increased extracellular fraction — 42%, and transmural enhancement; D) and avital myocardium

OMoMMonaTK, KakTo U 3a OTKPMBAHETO Ha CyOKNMHWY-
HM 3abonsiBaHMS Ha MUOKapda. Te3n TEXHUKU Hamupar
NPUIoXXeHNe Npu AuarHocTukaTa Ha pegvua aBTOUMYH-
HY 3abonsBaHns, KaTo CUCTEMEH NyMnyCc eputemaTtogec,
peBMaTouaeH apTpuT u ap. [12]. MNMpu nauneHTn ¢ myc-
KyINHU OUCTpoduK, CTpec-MHOoyumMpaHa kapavomuona-
TUS, Cnen CbpAevHa TpaHCMnaHTauus, pasfuyHu Tu-
noBe MUTOXOHAPWaNHW kapamomuonatum u ap. T1 un T2
KapTUpaHEeTo No3BOMsiBaT PaHHO AMarHoCTUUMpaHe Ha
npomeHu B Muokapaa [12].

MEPCNEKTUBMU

Bce NO-LWMPOKOTO npunaraHe Ha MU3KYCTBEH UHTE-
NeKkT B Mnpoueca Ha cbOMpaHe MU PEeKoOHCTPyMpaHe Ha
panHm npy KMPT nosBonsBa He camo CbKpallaBaHe
Ha BpPeMETO 3a uscnegBaHe, HO U Mofy4yaBaHETOo Ha pe-
3ynTatH1 obpasn ¢ No-masnko aptedakTn U NoKpueBaLLm
uenus obem Ha cbpueTo, 6e3 nHTepBanu Mexay obpa-
3uTe. PaspaboTeHo e Beye 1 e B NpoLec Ha BbBeEXaa-

®ur. 9. T2* kapTupaHe npu nauneHT ¢ Tanacemus mariop. OT4yeTnu-
BO CkbCeHO T2* BpeMe 3a penakcauus B MMokapaa Ha nsia kamepa
(8,7 ms) — Texka CTeneH Ha HaTpynBaHe Ha Xens3o B Mnuokapaa

Fig. 9. T2* mapping in a patient with thalassemia major. Pronounced
shortened T2* relaxation time in the left ventricular myocardium (8.7
ms) — severe degree of iron deposition in the myocardium

as well as for the detection of subclinical myocar-
dial diseases. These techniques find application in
the diagnosis of many autoimmune diseases such
as systemic lupus erythematosus, rheumatoid arthri-
tis, etc. [12]. In patients with muscular dystrophies,
stress-induced cardiomyopathy, after heart trans-
plantation, various types of mitochondrial cardiomy-
opathies, etc. T1 and T2 mapping allow early diagno-
sis of myocardial changes [12].

PERSPECTIVES

The increasing application of artificial intelligence
in the process of data acquisition and reconstruction
in CMRT allows not only to shorten the examination
time, but also to obtain resultant images with fewer
artifacts and covering the entire volume of the heart,
without intervals between images. Three-dimension-
al T2 mapping has already been developed and is
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He B pPyTWHHaTa MpakTuka TpuM3MepHo T2 KapTupaHe
[49]. Opyra obelwlaBalla TexHuka e T1p KapTUpaHeTo,
npu KOSITO ce Npeogonsear ABuratenHute apredaktu
N KOATO MO3BONsABa AEeTalriHa OLEHKa Ha CTPYKTYPHU-
Te MPOMEHU MpU UCXEMUYHA yBpeada Ha MyoKapaa v Ha
npakTvka faBa Bb3MOXHOCT 3a M306pa3siBaHe Ha 30HU-
Te Ha KbCHO ycuneaHe 6e3 koHTpacT [50].

3AKNIOYEHUE

T1 n T2 KapTUpaHEeTO ca HaaeXaHN TEXHUKN, BeYe
yacT oT pyTuHHMA KMPT npoTtokon npu guarHoctukarta
N MOHWUTOPMPAHETO Ha MaUMEHTU C pasnuyHn BUAOBE
Kapguomuonatuu. Te UrpasT BaxkHa poris KaKTo 3a paH-
HOTO AMarHocTuuMpaHe Ha 3abonsBaHusiTa Ha MUOKap-
[a, Taka 1 3a NpeLmn3HOTO onpeaernsiHe Ha CTeneHTa Ha
aHraxxmpaHe Ha MyMokapda oT naTonorm4yHus npouec. Te
ca BaxkeH Guomapkep 1 npu npocriegsBaHe B Xo4a Ha
nevYeHneTo 1 3a onpedensHe Ha MporHosarta, nopagu
Bb3MOXXHOCTTA 3a Mory4YyaBaHe Ha YNCIEHU CTOMHOCTMU
3a NPOMEHUTE B MUOKapaa, KOeTo v npaesu u no-cnabo
3aBUCUMU OT CyOEeKTUBHUS hakTop.

He e deknapupaH KOHGIUKM Ha UHMepecu

Bubnuorpadus / References

1. Dabir D, Child N, Kalra A et al. Reference values for healthy
human myocardium using a T1 mapping methodology: results from
the International T1 multicenter cardiovascular magnetic resonance
study. J Cardiovasc Magn Reson 2014;16:69

2. Piechnik SK, Ferreira VM, Lewandowski AJ et al. Normal
variation of magnetic resonance T1 relaxation times in the human
population at 1.5T using ShMOLLI. J Cardiovasc Magn Reson
2013;15:13

3. Bull S, White SK, Piechnik SK et al. Human non-contrast
T1 values and correlation with histology in diffuse fibrosis. Heart
2013;99:932-937

4. Dass S, Suttie JJ, Piechnik SK et al. Myocardial tissue
characterization using magnetic resonance noncontrast t1 mapping
in hypertrophic and dilated cardiomyopathy. Circ Cardiovasc Imaging
2012;5:726-733

5. Ugander M, Bagi PS, Oki AJ et al. Myocardial edema as
detected by pre-contrast T1 and T2 CMR delineates area at risk
associated with acute myocardial infarction. JACC Cardiovasc
Imaging 2012;5:596-603

6. Ferreira VM, Piechnik SK, Dall’Armellina E et al. Non-contrast
T1-mapping detects acute myocardial edema with high diagnostic
accuracy: a comparison to T2-weighted cardiovascular magnetic
resonance. J Cardiovasc Magn Reson 2012;14:42

7. Karamitsos TD, Piechnik SK, Banypersad SM et al.
Noncontrast T1 mapping for the diagnosis of cardiac amyloidosis.
JACC Cardiovasc Imaging 2013;6:488-497

8. Sado DM, White SK, Piechnik SK et al. Identification and
assessment of Anderson- Fabry disease by cardiovascular magnetic
resonance noncontrast myocardial T1 mapping. Circ Cardiovasc
Imaging 2013;6:392-398

9. Sado DM, Maestrini V, Piechnik SK et al. Noncontrast
myocardial T1 mapping using cardiovascular magnetic resonance for
iron overload. J Magn Reson Imaging 2015;41:1505-1511

being introduced into routine practice [49]. Another
promising technique is T1p mapping, which over-
comes motion artifacts and allows detailed assess-
ment of structural changes in ischemic myocardial
injury and, in practice, allows imaging of areas of late
enhancement without contrast [50].

CONCLUSION

T1 and T2 mapping are proven techniques, now
part of the routine CMRT protocol in the diagnosis
and monitoring of patients with various types of car-
diomyopathies. They are important both for the early
diagnosis of myocardial diseases and for the precise
determination of the degree of myocardial engage-
ment by the pathological process. They are also an
important biomarker for follow-up during treatment
and for prognosis determination, due to the possibility
of obtaining numerical values for changes in the myo-
cardium, which also makes them less dependent on
subjective factors.

No conflict of interest was declared

10. Perea RJ, Ortiz-Perez JT, Sole M et al. T1 mapping:
characterisation of myocardial interstitial space. Insights Imaging
2015;6:189-202

11. Miller CA, Naish JH, Bishop P et al. Comprehensive validation
of cardiovascular magnetic resonance techniques for the assessment
of myocardial extracellular volume. Circ Cardiovasc Imaging
2013;6:373-383

12. Kim PK, Hong YJ, Im DJ et al. Myocardial T1 and T2 mapping:
techniques and clinical applications. Korean J Radiol 2017;18(1):113-131

13. Cameron D, Vassiliou VS, Higgins DM at al. Towards accurate
and precise T 1 and extracellular volume mapping in the myocardium:
a guide to current pitfalls and their solutions, MAGMA 31 (2018) 143—
163, https://doi.org/10. 1007/s10334-017-0631-2.

14. Liu CY, Liu YC, Wu C et al. Evaluation of age-related interstitial
myocardial fibrosis with cardiac magnetic resonance contrast-
enhanced T1 mapping: MESA (Multi-Ethnic Study of Atherosclerosis).
J Am Coll Cardiol 2013;62:1280-1287

15. Mongeon FP, Jerosch-Herold M, Coelho-Filho OR et al.
Quantification of extracellular matrix expansion by CMR in infiltrative
heart disease. JACC Cardiovasc Imaging 2012;5:897-907

16. Roller FC, Harth S, Schneider C et al. T1, T2 Mapping and
Extracellular Volume Fraction (ECV): application, value and further
perspectives in myocardial inflammation and cardiomyopathies. Rofo
2015;187:760-770

17. Giri S, Shah S, Xue H et al. Myocardial T2 mapping with
respiratory navigator and automatic nonrigid motion correction. Magn
Reson Med 2012;68:1570-1578

18. von Knobelsdorff-Brenkenhoff F, Prothmann M, Dieringer
MA et al. Myocardial T1 and T2 mapping at 3 T: reference values,
influencing factors and implications. J Cardiovasc Magn Reson
2013;15:53

19.Y. Feng, T. He, J.P. Carpenter, et al., In vivo comparison of
myocardial T1 with T2 and T2* in thalassaemia major, J. Magn. Reson.
Imaging 38 (2013) 588-593, https://doi.org/10.1002/jmri.24010.



T1 1 T2 KapTpaHe — OCHOBHM MPUHLMMNW 1 KITUHUYHO NPUMOXEHNE 73

20. Hong YJ, Park CH, Kim YJ et al. Extracellular volume
fraction in dilated cardiomyopathy patients without obvious late
gadolinium enhancement: comparison with healthy control subjects.
Int J Cardiovasc Imaging 2015;31 Suppl 1:115-122

21. Mewton N, Liu CY, Croisille P, Bluemke D et al. Assessment
of myocardial fibrosis with cardiovascular magnetic resonance. J Am
Coll Cardiol 2011;57:891-903

22. Yoon JH, Son JW, Chung H et al. Relationship between
myocardial extracellular space expansion estimated with post-
contrast T1 mapping MRI and left ventricular remodeling and
neurohormonal activation in patients with dilated cardiomyopathy.
Korean J Radiol 2015;16:1153-1162

23. Nishii T, Kono AK, Shigeru M et al. Cardiovascular magnetic
resonance T2 mapping can detect myocardial edema in idiopathic
dilated cardiomyopathy. Int J Cardiovasc Imaging 2014;30 Suppl 1:65-72

24. aus dem Siepen F, Buss SJ, Messroghli D et al. T1 mapping in
dilated cardiomyopathy with cardiac magnetic resonance: quantification
of diffuse myocardial fibrosis and comparison with endomyocardial
biopsy. Eur Heart J Cardiovasc Imaging 2015;16:210-216

25. Barison A, Del Torto A, Chiappino S et al. Prognostic
significance of myocardial extracellular volume fraction in
nonischaemic dilated cardiomyopathy. J Cardiovasc Med
(Hagerstown) 2015;16:681-687

26. Ho CY, Lopez B, Coelho-Filho OR et al. Myocardial fibrosis
as an early manifestation of hypertrophic cardiomyopathy. N Engl J
Med 2010;363:552- 563

27. Matek LA, Werys K, Ktopotowski M et al. Native T1-mapping
for non-contrast assessment of myocardial fibrosis in patients with
hypertrophic cardiomyopathy--comparison with late enhancement
quantification. Magn Reson Imaging 2015;33:718-724

28. Ellims AH, lles LM, Ling LH et al. Diffuse myocardial fibrosis
in hypertrophic cardiomyopathy can be identified by cardiovascular
magnetic resonance, and is associated with left ventricular diastolic
dysfunction. J Cardiovasc Magn Reson 2012;14:76

29. Ho CY, Abbasi SA, Neilan TG et al. T1 measurements identify
extracellular volume expansion in hypertrophic cardiomyopathy
sarcomere mutation carriers with and without left ventricular
hypertrophy. Circ Cardiovasc Imaging 2013;6:415-422

30. Garcia-Pavia P, Tome-Esteban MT, Rapezzi C. Amyloidosis.
Also a heart disease. Rev Esp Cardiol. 2011;64:797-808.

31. Karamitsos TD, Piechnik SK, Banypersad SM et al. Noncontrast
T1 mapping for the diagnosis of cardiac amyloidosis. JACC Cardiovasc
Imaging. 2013;6:488-97.

32. Banypersad SM, Fontana M, Maestrini V et al. T1 mapping
and survival in systemic lightchain amyloidosis. Eur Heart J
2015;36:244-251

33. Kotecha T, Martinez-Naharro A, Treibel TA, et al.
Myocardial edema and prognosis in amyloidosis. J Am Coll Cardiol
2018;71:2919-31.

34. Moon JC, Sachdev B, Elkington AG, et al. Gadolinium
enhanced cardiovascular magnetic resonance in Anderson-
Fabry disease: evidence for a disease specific abnormality of the
myocardial interstitium. Eur Heart J 2003;24:2151-5.

35. Sado DM, White SK, Piechnik SK, et al. Identification and
assessment of Anderson-Fabry disease by cardiovascular magnetic
resonance noncontrast myocardial T1 mapping. Circ Cardiovasc
Imaging 2013;6:392-8.

36. Thompson RB, Chow K, Khan A, et al. T(1) mapping with
cardiovascular MRl is highly sensitive for Fabry disease independent
of hypertrophy and sex. Circ Cardiovasc Imaging 2013;6: 637—45.

37. Pica S, Sado DM, Maestrini V, et al. Reproducibility of native
myocardial T1 mapping in the assessment of Fabry disease and
its role in early detection of cardiac involvement by cardiovascular
magnetic resonance. J Cardiovasc Magn Reson 2014;16:99.

38. Ferreira VM, Piechnik SK, Dall’Armellina E et al. Native T1-
mapping detects the location, extent and patterns of acute myocarditis
without the need for gadolinium contrast agents. J Cardiovasc Magn
Reson 2014;16:36

39. Luetkens JA, Homsi R, Sprinkart AM et al. Incremental value
of quantitative CMR including parametric mapping for the diagnosis of
acute myocarditis. Eur Heart J Cardiovasc Imaging 2016;17:154-161

40. Arai AE. Magnetic resonance imaging for area at risk,
myocardial infarction, and myocardial salvage. J Cardiovasc
Pharmacol Ther 2011;16:313-320

41. Bulluck H, White SK, Rosmini S et al. T1 mapping and T2
mapping at 3T for quantifying the area-at-risk in reperfused STEMI
patients. J Cardiovasc Magn Reson 2015;17:73

42. DallArmellina E, Piechnik SK, Ferreira VM et al.
Cardiovascular magnetic resonance by non contrast T1-mapping
allows assessment of severity of injury in acute myocardial infarction.
J Cardiovasc Magn Reson 2012;14:15

43. Pedersen SF, Thrysge SA, Robich MP et al. Assessment
of intramyocardial hemorrhage by T1-weighted cardiovascular
magnetic resonance in reperfused acute myocardial infarction. J
Cardiovasc Magn

44. Verhaert D, Thavendiranathan P, Giri S et al. Direct T2
quantification of myocardial edema in acute ischemic injury. JACC
Cardiovasc Imaging 2011;4:269-278

45. Choi EY, Hwang SH, Yoon YW et al. Correction with blood T1 is
essential when measuring post-contrast myocardial T1 value in patients
with acute myocardial infarction. J Cardiovasc Magn Reson 2013;15:11

46. Messroghli DR, Walters K, Plein S et al. Myocardial T1
mapping: application to patients with acute and chronic myocardial
infarction. Magn Reson Med 2007;58:34-40

47. Bauner KU, Biffar A, Theisen D et al. Extracellular volume
fractions in chronic myocardial infarction. Invest Radiol 2012;47:538-545

48. Modell B, Khan M, Darlison M et al. Improved survival of
thalassaemia major in the UK and relation to T2* cardiovascular
magnetic resonance. J Cardiovasc Magn Reson 2008;10:42.

49. Bustin RA, Hua A, Milotta G at al. High-Spatial-
Resolution 3D Whole-Heart MRI T2 Mapping for Assessment of
Myocarditis. Radiology 2021; 298:578-586 https://doi.org/10.1148/
radiol.2021201630

50. Berisha S, Han J, Shahid M et al. WRT (2016) Measurement
of Myocardial T1p with a Motion Corrected, Parametric Mapping
Sequence in Humans. PLoS ONE 11(3): e0151144. doi:10.1371/
journal.pone.0151144



