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Pestome. BbBeaeHue: [NapameTpuyHOTO KapTMpaHe € HEVHBA3MBEH METOZ 3a KONMYeCTBEHA OLEHKa Ha TbKaH-
HWTE NPOMEHWN B MMOKapaa Ypes u3mepBaHe Ha BpeMeHaTa 3a penakcaums T1, T2 n T2* n ekctpaueny-
napHus obem, KaTo ce U3NCKBa NPeaBapuUTENHO YCTaHOBSABaHE Ha MHTEpBar OT HOPMAariHW CTOMHOCTW.
Llenta e ga ce ycTaHOBAT pedepeHTH CTOMHOCTY 3a HatuBHM T1 1 T2 BpemeHa 3a penakcaums Ha
MuoKapaa npv 3gpasu nHaMBuam Ha 1.5 T MarHMTeH pe3oHaHC 1 Aa ce OLEHAT NPOMEHNTE B CTOMHOCTU-
Te UM B 3aBMCUMMOCT OT CEFMEHTUTE Ha NsIBa kKamepa, Bb3pacT, Mor, CbpAeyHa YecTtoTa u gebennHa Ha
Muokapga. Marepuan n metogu: NpoBegeHo e NpPocnekTMBHO NpoyyBaHe Ha 1.5 T marHuTeH peso-
HaHC ¢ JOBPOBONHOTO yyacTue Ha 50 3opaBv MHOMBMAW B Pa3nvYHN Bb3PacToBM rpynun. AHanmM3bT Ha
obpasnTe e N3BbPLLUEH OT PEHTTEHONOT C 5 roAnHU ONUT B 0ONacTTa Ha KapauoMarHUTHOPEe3oHaHCHaTa
TOoMOrpacmst U JOMbIHUTENTHO ChITIACyBaHW C peHTreHornor ¢ Haa 20-roguwieH onuT B obnactra. 3a 13-
yncnsiBaHe Ha obemute 1 yHKUMSATa Ha OBETE KaMepy € u3nonaeaH uHTerpypaH codpryep ARGUS Ha
Siemens. N3amepeHu ca rnobanHun n cerMeHTHM cToMHocT Ha T1 1 T2 B cpes Mo Kbca OC Ha CPeaHO HNBO
Yypes pbYHO oYepTaBaHe Ha obnacTTa Ha nHTepec. [lebenvHaTta Ha Muokapaa € n3mepeHa B CbLUMS Cpe3
cenTtanHo. Pesynratu: Pa3npeneneHveTto Ha gobposonuute e 25 mbxe n 25 xenn. Habniogaear ce
[OOCTOBEPHO MO-BMCOKM CTOMHOCTM B rmobanHoTto T1 npu xeHute (1027,7 + 25,4 ms) cnpsMo MbxeTe
(992,9 £ 24,4 ms), npu p <0,001. CbLuaTa 3aBUCMMOCT Ce Habnogasa 1 B OTAENHUTE CETMEHTH, C JOCTO-
BEPpHa pasnuka mexay nonosete. M3crneasaHeTo Ha kopenaumara mexay T1 u octaHanuTe napameTpu
JoKasa HeraTvBHa NMHEeHa 3aBUCMMOCT eaMHCTBEHO ¢ febenvHaTta Ha Mmuokapaa. mnobanHoto T2 npu
XeHute (48,6 + 2,49 ms) CbLLO € LOCTOBEPHO MO-BMCOKO OT TOBa Npu MbXeTe (44,6 + 2,06 ms), ¢ Habnto-
AaBaHa pasnuka ot 3,95, p < 0,001. MmobanHoTo T2 nokasa MHOMO CUHa oTpuuaTenHa KopenawunoHHa
Bpb3Kka ¢ aebenvHarta Ha mmnokapaa (r = -0,769; p < 0,001). He ce gokasa goctoBepHa kopenaumyoHHa
Bpb3ka Mexay T2 BpeMeHaTa 1 CbpAe4YHUst pUTbM U Bb3pacTTa Ha nauneHTute. 3akntodeHue: [Jokasa
Ce CTaTUCTUYECKN 3Ha4YMMa pasnuka B HaTUBHUTE CTOMHOCTU Ha T1 1 T2 no nornos npusHak. MNpenopbysa
Ce M3MOM3BaHETO Ha MOOBO onpeaeneHy pedepeHTHN CTOMHOCTM 3a pa3rpaHnyaBaHe Ha 30paBus OT
NaToNoOrMyHO 3acerHaTst MMOKapA4,.
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Abstract.

Introduction: Parametric mapping is a non-invasive method to quantify tissue changes in the myocardium
by measuring T1, T2 and T2* relaxation times and extracellular volume, requiring a pre-established range
of normal values. Purpose: To establish reference values for native T1 and T2 myocardial relaxation
times in healthy subjects on 1.5 T magnetic resonance imaging and to assess changes in their values
according to left ventricular segments, age, sex, heart rate, and myocardial thickness. Material and
Methods: A prospective 1.5 T magnetic resonance imaging study was performed with the voluntary
participation of 50 healthy individuals in different age groups. Image analysis was performed by a
radiologist with 5 years of experience in the field of CMRT and further coordinated with a radiologist
with more than 20 years of expe-rience in the field. Siemens ARGUS integrated software was used
to calculate the volumes and function of both cameras. Global and segmental T1 and T2 values were
measured in the shortaxis midlevel section by manually delineating the region of interest. Myocardial
thickness of the mid septum was measured for each patient. Results: The distribution of volunteers was
25 men and 25 women. Significantly higher global T1 values were observed in women (1027.7 £ 25.4
ms) compared to men (992.9 + 24.4 ms), at p < 0.001. The same correlation was observed in individual
segments, with a significant difference between genders. Examination of the correlation between T1 and
other parameters demonstrated a negative linear relationship only with myocardial thickness. Global T2
in women (48.6 + 2.49 ms) was also significantly higher than in men (44.6 + 2.06 ms), with an observed
difference of 3.95, p < 0.001. Global T2 showed a very strong negative correlation with myocardial
thickness (r = -0.769; p < 0.001). There was no sig-nificant correlation between T2 times and heart rate
and age of patients. Conclusion: A statistically significant difference in native T1 and T2 values by sex
was demonstrated. The use of sex-specific reference values to distinguish healthy from pathologically
affected myocardium is recommended.
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BbHBEOQEHME

KapavomarHutHopesoHaHcHaTta Tomorpadgms (KMPT)
€ LUMPOKO M3MON3BaH METOL, 3a TbKaHHa XapaKTepucTu-
Ka Ha Mvokapda, KaTo nmpes nocrnegHoTo AeceTuneTve
B pPyTUHHaTa MpaKTUKa LLUMPOKO HaBnmM3aT TEXHUKUTE 3a
napameTpuyHO KapTupaHe Ha Muokapga. [NapameTtpuy-
HOTO KapTupaHe e HeMHBa3VBEeH METOA 3a KonuyecTse-
Ha OuUeHKa Ha TbKaHHMTE MPOMEHW B MMO-Kapga 4dpes3
n3MepBaHe Ha BpemeHaTta 3a penakcauma T1, T2 n T2*
N ekcTpauenynapHus obem. lNMpomeHuTe B Te3n napa-
METPU OTpa3siBaT M3MEHEHUsI B WHTpa- W/MNn ekcrpa-
uenynap-Hvs KOMNapTMBbHT Ha MUOKapgda v no3sonssar
OLIEHKA KaKTo Ha dhoKarHa, Taka 1 Ha andpyaHa cbpaeyHa
yBpeaa [1].

[MpakTnyeckoTo UM NPUIOXEHNE 3a pasrpaHnyaBaHe
Ha HopMareH OT yBpedeH MMOKapa U3UCKBa npeasapu-
TEMHO YCTaHOBSIBAHE HA MHTEpBarn OT HOpMariHu CTOW-
HOCTU 3a BpeMeHaTa 3a penakcaums T1 n T2. CToHocTu-
Te 3a T1 n T2 He ca cTporo gedmHMpaHn 1 ukcupaHu,
a ce pasnu4yasar Npu pasnuyHUTE anaparu, KaTo 3aBucAT
OT HamperHaTtocTTa Ha MarHWTHOTO MOfe WM OT Tuna Ha
n3non3BaHarta nyrcosa cekseHuus. MuHMmanHm npome-
HW B PYTMHHWUS MPOTOKON WM HACTPOMKUTE Ha anapara
Ouxa goBenu OO0 CbLUECTBEHaA MPOMSHA B CTOMHOCTUTE
Ha Bpe-meHaTta 3a pernakcaums [1, 3]. OpyxecTtBoTo no
KapgvomarHutHopesoHaHcHa Tomorpadms (SCMR) npe-
nopbyBa paspaboTBaHETO U M3MON3BAHETO Ha NoKareH
pedepeHTeH MHTepBan 3a BCEKU KOHKPETEH anapaTt B
3aBUCMMOCT OT HeroBaTa HanperHatocT Ha MarHUTHOTO

cardiac magnetic resonance, T1 and T2 mapping, referent values, 1.5 T

Anelia Partenova, MD, Department of Diagnostic Imaging, UMHAT Sveta Ekaterina, 52A, Pencho
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INTRODUCTION

Cardiac magnetic resonance imaging (CMRI) is
a widely used method for tissue characterization of
the myocardium, and parametric myocardial map-
ping techniques have entered routine prac-tice ex-
tensively in the last decade. Parametric mapping is
a non-invasive method to quantify tissue changes in
the myocardium by measuring T1, T2 and T2* relax-
ation times and extracellu-lar volume. Changes in
these parameters reflect changes in the intra- and/or
extracellular com-partment of the myocardium and
allow assessment of both focal and diffuse cardiac
injury [1].

Their practical application to differentiate normal
from abnormal myocardium requires the pri-or establish-
ment of an interval of normal values for the relaxation
times T1 and T2. The values for T1 and T2 are not strict-
ly defined and fixed, but vary from one MRI machine to
another, de-pending on the magnetic field strength and
the type of pulse sequence used. Minimal changes to
the routine protocol or device settings would result in a
significant change in relaxation time values [1, 3]. The
Society of Cardiac Magnetic Resonance Imaging rec-
ommends the develop-ment and use of a local reference
interval for each specific device depending on its mag-
netic field strength and the technique used to acquire
the images. It is recommended that, before being intro-
duced into routine practice, the values obtained should
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rorne u u3rnorasaHara TeXHUKa 3a noryvyaBaHe Ha obpasu-
Te. lNpenopbyBa ce, Npean fa 6baaT BbBEAEHW B PYTUH-
HaTa npakT1Ka, Nofy4YeHUTe CTOMHOCTU NpeaBapuTErnHoO Aa
ce CpaBHAT ¢ NybnnkyBaHUTe B Hay4YHaTa nutepartypa AaH-
HV 1 NPV HanuM4ve Ha rorieMmn OTKITOHEHUS, A Ce NOTbPCU
npu-4ynHaTa 3a Tosa [4].

BpemeHara Ha penakcaumsi T1 n T2 3aBUCAT He caMo
OT TEXHUYECKUTE (PaKTOpW, KaTO XapaKTEPUCTUKUTE Ha
M3Mon3BaHus anapar 1 napameTpute Ha paspaboTeHute
PYTVHHM MPOTOKOMW, HO M OT PasnnyHM PU3NONOrNYHN
dakTopu. PasnuyHm npoyyBaHuWsi B obnactra gokasear
3HaAYUTESNHO MO-BUCOKM CTOMHOCTM 3a T1 BpemeTo 3a pe-
nakcaumsi Ha MMOKapAa Npu XXeHW CpsiMO TE3U MPU MbXXe,
A0KaTo KopenaumsaTa ¢ Bb3pacTTa, CbpgedHaTa vyectorta 1
aebenvHaTa Ha Myokapda e npoTuBopeynBa [5-8]. Pas-
NIMYHM aBTOPU CbOOLLIABAT 3a CErMEHTHM pasnuumsa B T1,
KaTo 3a cenTyma ce HabntogasaT No-BMCOKM CTOMHOCTY, a
3a nartepanHarta cteHa — no-Hucku [7, 8].

LlenTta Ha HacToALLOTO Npoy4yBaHe € Aa ce YCTaHOBAT
pedepeHTHN CTOMHOCTU 3a HaTMBHU T1 1 T2 BpemeHa 3a
penakcauusa Ha mmokapga npu 3gpasu nHomeuam Ha 1.5
T MPT n ga ce OUueHsIT MPOMEHUTE B CTOMHOCTUTE B 3a-
BMCUMOCT OT CErMEHTUTE Ha fsiBa Kamepa, Bb3pacT, non,
cbpaedHa YecToTa 1 gebenuHa Ha Muokapaa.

MATEPUAN U METOAMU

YyacTtHuum

MpoBeaeHo e NPOCNEKTMBHO MpoyYBaHe, BKMYBALLO
[06poBOMnHOTO yvactie Ha 50 3gpasu nHamBuan. Kpute-
pvmMTE 3a BKIOYBAHE Ha y4aCTHULMTE ca: HopMasiHa enek-
TpokapauorpamMa (nony4yeHa B pamkuTe Ha egHa ceagmuua
npeay NpoBexaaHe Ha 13creaBaHeTo), finnca Ha U3BecCT-
HU CbpPAEYHO-CHAOBU MM CUCTEMHU 3abonsiBaHUsi, HOpP-
ManHa 6bbpevHa hyHKUMS M unca Ha NpPOTMBOMNOKa3a-
HWS 3@ NpOBEXadaHe Ha M3cneaBaHeTo. YyacTHuumTe bsixa
paBHO-MEPHO pasgerneHu no nos B CregHUTe Bb3pacToBu
nogrpynu ot no 5 yoeeka Bcska: 20-29 r., 30-39 r., 40-49
r, 50-59 r. n > 60 . B npoy4BaHETO Ca BKIOYEHN BCUYKU
[06pOoBOMLM, OTroBa-psiLLM HAMbITHO Ha NpeaBapUTENHO
3aJafeHnTe KpUTEpUK, 4O JOCTUrAHETO HA HEOOXoAMMUS
©Opol n1ua 3a Bcsika OT Bb3pacTOBUTE Mpymnu.

KMPT

MpoyuBaHeTo e npoBeaeHo Ha MPT anapat ¢ 1,5 T
HanperHaTocT Ha MarHWTHOTO nore, Siemens Magnetom
Aera, ¢ 18-kaHanHa enactuyHa aHTeHa (bobuHa) 3a Tsno ¢
18 BrpageHu npeycunearens B KOMOMHaUMsS ¢ 32-kaHarnHa
CP spine array aHTeHa ¢ 32 BrpageHv npeycur-saTensi.

MpOTOKOMBT 3a N3CNEABAHETO BKITHOYBA CEKBEHLMMTE:

e [nnotHn obpasn (obpasu 3a nokanusauusi) —
SSFP 6asupann obpasn, EKI TpurepupaHe 3a obxa-
LaHe Ha uenus rpbOeH KoL 1 3a onpegernsiHe Ha aHa-
TOMUYHUTE PaBHUHM Ha CbPLETO.

be compared in advance with published data in the
scientific literature and, in the presence of large devi-
ations, the cause should be investigated [4].

T1 and T2 relaxation times depend not only on
the technical factors, such as the characteristics of
the device used and the parameters of the routine
protocols developed, but also on various physiologi-
cal factors. Different studies in the field demonstrate
significantly higher values for T1 myocardial relax-
ation time in women compared to men, while the cor-
relation with age, heart rate and myocardial thickness
is controversial [5-8]. Different authors reported seg-
mental differ-ences in T1, with higher values for the
septum and lower values for the lateral wall [7, 8].

The purpose of the present study was to establish
reference values for native T1 and T2 myocar-dial re-
laxation times in healthy subjects on 1.5 T MRI and
to assess changes in values according to left ventric-
ular segments, age, sex, heart rate, and myocardial
thickness.

MATERIAL AND METHODS

Subjects

A prospective study involving 50 healthy volun-
teers was performed. The inclusion criteria were: a
normal electrocardiogram (obtained within one week
before the CMRI study), absence of car-diovascular
or systemic diseases, normal renal function and ab-
sence of contraindications for performing the study.
The participants were evenly divided by gender into
the following age subgroups of 5 people in each: 20-
29 years, 30-39 years, 40-49 years, 50-59 years and
> 60 years old. The study included all volunteers fully
meeting the previously set criteria until the required
number of participants for each of the age groups was
reached.

CMR

The study was performed on a 1.5 T MRI ma-
chine, Siemens Magnetom Aera with an 18-channel
elastic body coil with 18 integrated pre-amplifiers in
combination with a spine coil with 32-channel design
with 32 integrated pre-amplifiers.

The following imaging sequence were applied:

* Pilot images (Localizers) — Steady state free pro-
cession (SSFP) based images, ECG - triggered that
cover the entire chest and to define the anatomical
planes of the heart.
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o MopdonornyHu obpasu Cbe CBETNA KPbB B TPaH-
cBep3anHa paBHuHa — 2D SSFP 6asupaHu, ¢ npocnek-
TnBHO EKI TpurepmpaHne ¢ gebenvHa Ha cpesa 10 mm
n pasctosiHne mexgy cpesosete 0 mm (TR — 449 ms,
TE — 1.6 ms), flip angle — 80°, matpuua — 256/146, ¢
acMMeTpuYHO norne Ha wm3obpassBaHe 317/360 mm
(88% B nocoka Ha ha3zoBOTO KoaMpaHe).

o [IMHaMN4HM KMHO 0Bpa3n CbC CBETNa KPbB B OC-
HOBHUTE aHAaTOMMYHM PaBHMHU Ha CbPLIETO (MO Abrra
OC Ha nsiBa Kamepa — B paBHUHU — [BE KyXWUHU, YETUPU
KyXWUHW 1 TPU KyXUHW; NO KbCaTa CbpAaevHa oc oT 6asa-
Ta 0o cbpAedHnst Bpbx — 2D SSFP 6asupann obpasu
¢ petpocnektuBHo EKI TpurepupaHe ¢ gebenvHa Ha
cpesa 8 mm 1 pascTosiHMe MexXay Cpe3oBeTe Mo Kbca-
Taoc 0 mm, TR — 42,5 ms (25 obpasa 3a eanH cbpae-
yeH uukbn), TE — 1.4 ms, flip angle — 61°, trigger delay
— 0 ms, matpuua — 208/151, c acMMeTpUYHO Mnose Ha
n3obpassisaHe 290/360 mm (80% B nocoka Ha ¢haso-
BOTO KOAMpPaHe).

e T1 kapTupaHe — HaTUMBHO MO KbcCa OC GasarnHo,
CcpeaHo v anukanHo. MisnonaeaHa e mogu-cuumpaHaTa
LookLocker nHBepcus — Bb3CTaHOBSIBAHE CEKBEHLIUS
cbe single-shot bSSFP nsmepBaHe ¢ TR — 377.2 ms,
n TE — 1.3 ms, gebenunHa Ha cpe3a 8 mm, flip angle
— 35°, matpuua 256/144 mm, acMMETPUYHO nosne Ha
n3obpasssaHe 327/384 mm (85% B nocoka Ha ¢aso-
BOTO KogupaHe).

e T2 kapTupaHe Mo Kbca oOc 0GasanHo, cpegHo
M anukanHo c npwunaraHe Ha T2-6asvpaHu bSSFP
CEKBEHLMM MpU pasfMyHU rofeMrHu Ha BpeMeTo 3a
norny4yaBaHe Ha exo-curHan, cboTBeTHo 0 ms, 25 ms
n 55 ms. TR — 214 ms, n TE — 1.3 ms, gebenuHa Ha
cpesa 8 mm, flip angle — 70°, matpuua 192/116 mm,
acMMeTpu4yHo none Ha 063op — 308/384 mm (80% B
nocoka Ha a30-BOTO KOAMPaHe).

AHanus Ha obpasute

AHanM3bLT Ha obpasuTe € N3BbPLLEH OT PEHTIEHONON
¢ 5 roguHu onut B obnactta Ha KMPT u gonbnHuten-
HO CbrnacyBaH C peHTreHonor ¢ Hag 20-roguileH onut
B obnactTa. [Mpn BCUYKM n3cnenBaHnsa 3a usdmcnsiBaHe
Ha obemuTe N hyHKUMATa HA ABETE KaMepu e U3NoN3BaH
nHterpupaH codpryep ARGUS Ha Siemens (Erlangen,
Germany) Ha 6asata Ha mogena Ha Simpson. KpanHu-
Te CMCTOMna M AavacTora ca onpegeneHn aBToMaTuyHO U
npu HeoBXOAMMOCT Ca KOpUrMpaHn pbyHo. V3nonssaHo
€ MofyaBTOMaTU4YHO OYepTaBaHe Ha eHAoKapaHuTe U
envKapaHUTE KOHTYpY Ha OBETE Kamepu, KaTo mpu He-
06Xx0aMMOCT B MOCREefoBaTeENHUTE OVHAMUYHU U3MEp-
BaHMWS MO KbcaTa CbpAeyHa OC Ca KOPUIMpaHM PbYHO Ha
BCekn 00pas. lNMokpuTn ca ABeTe kamepu Mo UsnoTo UM
NpoTeXeHne OT HUBOTO Ha Knanute 40 CbpAeYHNSI BPbX.
ManunapHUTE MYCKynn He ca ovepTaBaHu, a ca BKIoYe-
HW KaTo YacCT OT KyXMHUTE Ha kamepute. N3uncneHn ca
abConTHUTE N HOPMUPaHUTE (OTHECEHM KbM TenecHaTa

¢ Bright blood morphological images in transverse
plane-2D SSFP based, with retrospective ECG -
trigger with slice thickness 10 mm and slice distance 0
mm, TR — 449 ms, TE — 1.6 ms, flip angle — 80°, matrix
—256/146, with an asymmetric imaging field of 317/360
mm (88% in phase encoding direction).

e Dynamic cine-images with bright blood were
acquired in the main anatomical planes of the heart
(along the long axis of the left ventricle — in planes —
two chambers, four chambers and three chambers;
along the short axis from the base to the apex of the
heart — 2D SSFP-based retrospective gating with slice
thickness 8 mm and slice distance 0 mm, TR — 42.5
ms (25 imag-es per cardiac cycle), TE — 1.4 ms, flip
angle — 61°, trigger delay — 0 ms, matrix — 208/151, with
asymmetric field of view 290/360 mm (80% in in phase
encoding direction).

e Native T1 mapping — three parallel short-axis
slices (basal, mid and apical) of the left ventri-cle were
acquired in end-diastole by a modified LookLocker
inversion-recovery sequence (MOLLI) with single-shot
bSSFP measurement with TR — 377.2 ms and TE —
1.3 ms, slice thick-ness 8 mm, flip angle — 35°, matrix
256/144 mm, asymmetric field of view 327/384 mm (85
% in phase encoding direction).

e T2 mapping — three parallel short-axis slices
(basal, mid and apical) of the left ventricle were acquired
in end-diastole using T2-based bSSFP sequences at
different echo signal acquisition times, 0 ms, 25 ms,
and 55 ms, respectively. TR — 214 ms and TE — 1.3 ms,
slice thickness 8 mm, flip angle — 70°, matrix 192/116
mm, asymmetric field of view 308/384 mm (80 % 85 %
in phase encoding direction).

Image analysis

Image analysis was performed by a radiologist
with 5 years of experience in the field of CMR and
further coordinated with a radiologist with over 20
years of experience in the field. In all studies, Sie-
mens ARGUS integrated software based on the
Simpson model was used to calculate the volumes
and function of both chambers. End systole and di-
astole were determined auto-matically and adjusted
manually if necessary. Semi-automatic delineation of
the endocardial and epicardial contours of the two
chambers was used, and if necessary, manually cor-
rected on each image. Both chambers are covered
along their entire length from the level of the valves
to the apex of the heart. The papillary muscles are
not delineated and are considered part of the blood
pool. The absolute and indexed (referred to the body
surface area — BSA) values of the volumes of the
two chambers were calculated. T1 and T2 relaxation
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nnow, — BSA) ctoiHocT Ha obemMuTe Ha OBETE KaMepu.
CronHocTuTe Ha T1 n T2 BpeMeHata 3a penakcauus ca
N3MepeHM B cpe3a Mo KbCa OC Ha CPeaHO HMBO YpeE3 PbY-
HO o4yepTaBaHe Ha obracTTa Ha MHTEepPeC, CbOTBETHO 3a
7,8,9, 10, 11 n 12 cermeHnTa. FnobanHoto T1 1 T2 Bpeme
3a penakcaumsi B CblUMsI CPE3 € U3MEPEHO CbLLO 4pe3
PbYHO o4YepTaBaHe. 3a BCEKM OT MauueHTUTe e uamepe-
Ha gebenuHata Ha M1MoKapaa B CPeaHUst CEMTYM.

CraTucTu4yeckm aHanus

HanpaBeHa e geckpunTvBHa CTaTMCTVKa Ha uacnen-
BaHWTE MOKasaTenu 1 ca U34UCNEHN CpeaHOoapUTMETUY-
HWTE CTOWHOCTW, CTaHAAPTHWUTE FPELUKN, CTaHOApTHUTE
OTKINoHeHust (SD) n koedmumeHTuTe Ha Bapuaums (CV)
006LL0 3a LsnaTta rpyna v NOOTAESNHO 3a MbXXETE U XKEHUTE.
C tecta Ha Konmoropos-CM1pHOB e HanpaBeHa npoBep-
Ka 3a HOpMarHoCT Ha pasnpegeneHneto. 3a JokasBaHe
Ha pasnuums No Nor, KakTo U Mexay Apyrv NOArpynu no
Bb3pPacT U CTOMHOCT Ha CbpPAEYHUS PUTBM € M3MNoN3BaH
t-Tecta Ha Student 3a He3aBucummn n3sagkn. C nomowiTa
Ha eaHO(aKTOPEH ANCTNEPCHOHEH aHanmn3 ¢ MOBTOPEHNS
(RMANOVA) ca cpaBHeHun T1 1 T2 BpemeHaTa Ha penak-
cauus 3a oTAenHuTe CermeHTu (MpedeH u JOMeH, aHTe-
po- 1 MHbepocenTanHu, aHTepo- 1 MHeponaTeparnHm).
MHOXeCTBEHOTO CpaBHEHWE MeXZy rpynuTe rno ABOWKK
cnegBa metoga Ha Student-Newman-Keuls. Bpb3kata
MEXOy BpemMeHaTa Ha penakcauus u Bb3pacTtTa, nebe-
nvHaTa Ha MyYoKapaa, CbpAeyHaTa YecToTta 1 ppakumsaTa
Ha u3TnacksaHe Ha nsiBata u AsicHaTa kamepa e oLeHe-
Ha C koebuUMeHTUTE Ha Kopernaums Ha [upceH (r), kato
AOCTOBEPHOCTTa UM € npoBepeHa. VIHTepnpetaumsTta Ha
KOpenaunoHHUTE KoedULMEHTM OTHOCHO cunata Ha nin-
HelrHaTa Bpb3ka € no Hinkle et al. [9]. HanpaseH e nu-
HEeeH perpecroHeH aHanma Ha rmobanHoto T1 n T2, kato
3aBMCMMU BENWYMHUW, U gebenvHata Ha Muokapga, KaTto
He3aBucuMma BenuumHa. [NpeacraBeHn ca perpecroHHU-
Te koedpmumeHTn (b) 1 cToHocTUTE Ha p. MIsuucneHneto
Ha pedepeHTHUTE rpaHuum Ha T1 n T2 BpemeHata Ha
penakcauusi 3a OT4eNHUTE CErMEHTU 1 robanHoTo e Ha
6a3ara Ha n3BagbYHWTE CpPeaHU + 2 CTaH4apTHM OTKIIOo-
HeHusd. [1preToTo HMBO Ha 3HAYMMOCT NPU BCUYKK CTa-
TUCTUYECKN aHanmau e a = 0,05.

PE3YNTATU

OnucaHue Ha u3crnenBaHarta rpyna

O6wo 50 3gpaBu [OOPOBOMUM, OTrOBapsILLM Ha
KpuTepumuTe 3a nogbop, ca BKIMOYEHN B U3CregBaHETO.
OT 1% 25 ca mbxe 1 25 — xeHn. OTYETEHU Ca OCHOBHMU
aemorpadCkm U KNMMHUYHU XapaKTePUCTUKN Ha rpynuTe
— Bb3pacT, CbpaeyHa YectoTa, AebenvHa Ha MUokap-
Aa, pakuns Ha m3TnackeaHe Ha NnsBaTa U AsicHaTa
kamepa (tabn. 1). PasnpeneneHneTo Ha 4ectotTute Ha
OTAEernHUTE nokasatenu € HopmarnHo. CpegHata Bb3pacT

times were measured in the mid-level short-axis slice
by manually delineating the region of interest for 7,
8, 9, 10, 11, and 12 segments, respectively. The
global T1 and T2 relaxation times in the same slice
were also measured by manual delineation taking
care to avoid papillary muscles and subendocardial
blood-tissue boundaries. Myocardial thickness of the
mid septum was measured for each patient.

Statistical analysis

Descriptive statistics were performed on the
studied parameters, and the means, standard er-
rors, standard deviations (SD), and coefficients of
variation (CV) were calculated for the entire group as
well as separately for men and women. The Kolmog-
orov-Smirnov test was used to check for normality of
the distribution. To determine differences by sex, as
well as between oth-er subgroups based on age and
heart rate, the Student's t-test for independent sam-
ples was used. A one-way repeated measures ANOVA
(RM ANOVA) was employed to compare T1 and T2
relaxation times for individual segments (anterior
and inferior, antero- and inferoseptal, antero- and
inferolateral). Multiple comparisons between groups
were performed using the Student-Newman-Keuls
method. The relationship between relaxation times
and age, myocardial thick-ness, heart rate, and the
ejection fraction of the left and right ventricles was
assessed using Pearson correlation coefficients (r),
and their significance was verified. The interpretation
of correlation coefficients regarding the strength of
the linear relationship follows Hinkle et al. (2003). A
linear regression analysis of global T1 and T2 as de-
pendent variables and myocardial thickness as an
independent variable was conducted. Regression
coefficients (b) and p-values were presented. The
reference ranges for T1 and T2 relaxation times for
individual segments and globally were calculated
based on sample means + 2 standard deviations.
The significance level for all statistical analyses was
set at a = 0.05.

RESULTS

Description of the Study Group

A total of 50 healthy volunteers meeting the se-
lection criteria were included in the study. Of these,
25 are men and 25 are women. Basic demographic
and clinical characteristics of the groups, including
age, heart rate, myocardial thickness, and ejection
fraction of the left and right ventricles, were recor-
ded (Table 1). The frequency distribution for all pa-
rameters is nor-mal. The mean age of the partici-
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Ha yyacTHuuuTte e 42,8 + 13,9 rognHun. He ce Habnoga-
Ba CTATUCTUYECKM 3Ha4YMMa pasnuka no Bb3pacT Mexay
mbxeTe (41,6 + 13,8 roguHn) n xenute (44 + 14,2 ro-
OvHn). 3a cbpgeyHaTa YecToTa ChLUO He Ce YCTaHoBMXa
pasnuuuns, CbOTBETHO Npu MbXeTe T € 74,5 + 14,2 yn./
min, a npwu xxeHute — 76,8 £ 14,1 ya./min. Hegoctosep-
HWM ca pasnuumsaTa 1 nNo dpakumsaTa Ha U3TrnackeaHe Ha
nsiBata kamepa (62,1 + 4,84% — mbxe; 62,9 + 4,94% —
XeHW) 1 (bpakumsaTa Ha n3TnackBaHe Ha gsicHaTa kamepa
(55,8 £ 7,48% — mbxe; 58,0 + 7,89% — xeHu). TecTbT Ha
CTIoOBHT fOKa3a MOoMoBM pasnuyns eQMHCTBEHO MO Ae-
©envHata Ha mmokapga (p < 0,001). CpegHaTta CTOMHOCT
npu MbXeTe ca no-emcoku (8,15 + 0,94 mm), B cpaBHe-
H¥e ¢ Taa3n npu xxeHuTe (6,08 + 0.64 mm).

T1 BpemeHa Ha penakcauus

HanpaBeHa e pgeckpuntvBHa cTtatuctuka Ha T1
BpemMeHaTa Ha penakcauus. Pesyntatute ca npeacra-
BEHM B Tabn. 2, KaTo ca BKIIOYEHU CpeaHUTe aputme-
TUYHU U CTaHAAPTHUTE OTKIOHEHMWS 3a BCUYKM CErMEH-
V. Bapmnauunsara e otHocuTenHo cnaba ¢ koedmumeHTu
Ha Bapuwaums (CV) mexay 2,5 n 4,8%. CtoniHocTUTE
Ha T1 Bpeme Ha penakcauus 3a npegHocenTanHus
CErMEHT Ca MO-BUCOKM OT Te3M Ha NpeaHusl, JOMHUSA U
CTPaHWYHUTE CErMEHTU, a MpU MBbXKETe M OONHOcen-
TanHWsi CErMEHT MMa NO-BMCOKN CTOMHOCTM OT OCTaHa-
nute. EaHodaktopHnat RM ANOVA gokasa pasnuung
camo npu mbxete (F = 2,57; p = 0,29), a nocneaBa-
LWOTO cpaBHeHMe no metoga Ha Student-Newman-
Keuls n3aBn cratuctmyeckn 3HauMma pasnuka mexagy
aHTepocenTanHus U npegHus cermeHT (dur. 2a). Ha-
npaBMxa Ce CPaBHEHUS MeXOY MBbXETe N XEeHUTe C
nomoLuTa Ha Tecta Ha CTIOOBbHT, KaTo NpeaBapuUTENHO
Ce npoBepuxa yCcrnoBusiTa 3a HOpPMarnHo pasnpegerne-
Hue v egHakBu amncnepcun. mobanHoTto T1 Bpeme Ha
penakcauus npu xenute (1027,7 £ 25.4 ms) e gocTo-
BEPHO MO-BMCOKO OT ToBa npu MbxeTe (992,9 + 24 4
ms), kato p < 0,001 (cur. 1a). CbLuaTa 3aBUCMMOCT Ce

pants is 42.8 £+ 13.9 years. There is no statistically
significant difference in age between men (41.6
13.8 years) and women (44 + 14.2 years). No dif-
ferences in heart rate were found either, with 74.5 +
14.2 bpm for men and 76.8 £ 14.1 bpm for women.
Differences in the ejection fraction of the left ventri-
cle (62.1 £ 4.84% — men; 62.9 + 4.94% — women)
and the ejection fraction of the right ventricle (55.8
7.48% — men; 58.0 £ 7.89% — women) were also not
significant. The Student's t-test revealed gender dif-
ferences only in myo-cardial thickness (p < 0.001).
The mean value is higher in men (8.15 £ 0.94 mm)
compared to women (6.08 £ 0.64 mm).

T1 Relaxation Times

Descriptive statistics of T1 relaxation times were
performed, and the means and standard devi-ations
for all segments are presented in Table 2. The variation
is relatively low, with coefficients of variation (CV) be-
tween 2.5% and 4.8%. The T1 relaxation time values
for the anteroseptal segment are higher than those for
the anterior, inferior, and lateral segments. In men, the
in-feroseptal segment also has higher values compared
to the others. One-way RM ANOVA showed differences
only in men (F = 2.57; p = 0.29), and subsequent com-
parison using the Student-Newman-Keuls method re-
vealed a statistically significant difference between the
anteroseptal and anterior segments (Fig. 2a). Compar-
isons between men and women were made using the
Student's t-test, after checking for normal distribution
and equal variances. The global T1 relaxation time in
women (1027.7 £ 25.4 ms) is significantly higher than
that in men (992.9 + 24.4 ms), with p < 0.001 (Fig. 1a).
This same trend is observed in individual segments,
and the gender differences are significant. The cor-

relation between T1 relaxation times and other pa-

Tabnuua 1. CpegHa cTOMHOCT * cTaHAAPTHO OTKNIOHEeHMe Ha Bb3pacTtra (Age), AebenuHaTta Ha muokappga (MT),
cbpaeyHarta yectota (HR), hpakumusaTa Ha nsTnacksaHe Ha naBaTta (LV EF) n gacHarta (RV EF) kamepa npu mbxeTte
M XXEHWUTEe U pe3ynTaTu oT TecTa Ha CTIOABLHT — pa3nuka Mexay cpefHuTe, CTOMHOCT Ha t-TecTa U CTOMHOCT Ha p

Table 1. Mean value * standard deviation of age (Age), myocardial thickness (MT), heart rate (HR), ejection fraction of
the left ventricle (LV EF) and right ventricle (RV EF) in men and women, and results of the Student's t-test — difference
between means, t-test value, and p-value

Male (n = 25) Female (n = 25) Mean difference Student t-test p value
Age (year) 416+13.8 44 +14.2 2.44 0.62 0.541
MT (mm) 8.15+0.94 6.08 + 0.64 2.07 9.1 <0.001
HR (bpm) 74.5+14.2 76.8 £ 14.1 2.28 0.57 0.572
LV EF (%) 62.1+4.84 62.9+£4.94 0.72 0.52 0.605
RV EF (%) 55.8£7.48 58.0 £7.89 2.18 1.00 0.320
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Habrogasa v Npy OTAENHUTE CErMEHTH, a pa3nnuudara
Mexay nornoBeTe e goctoBepHa. Npu mn3cnegBaHe Ha
KopenauuaTa mexagy T1 BpemeHaTta Ha penakcauus un
OoCTaHanuTe napameTpu Ce YCTaHOBU, Ye €OUHCTBEHO
JOKaszaHa HeraTuBHa fMHeNHa Bpb3ka Mma c aebe-
nvHata Ha mMuokapga (Tabn. 3). KoedwuumneHtute Ha
kopenauus (r) Bapupat mexay 0,312 n 0,511, kato B
noBeYveTo cnyyam Bpb3kaTa e cnaba n camo npu T1-12
e ymepeHa. CTonHocTTa Ha koedumumeHTa Ha MNMupcbH
3a rmobanHoto T1 Bpeme Ha penakcauus e r = -0,485,
a koedumuneHTa Ha perpecus nokassa CpegHO Hama-
ngaBaHe ¢ 11,2 ms npu yBenu4yeHne Ha gebenunHara Ha
Muokapga ¢ 1 mm (cur. 3a). Kopenauusta ¢ octaHa-
nvTe NokasaTtenu e He3HaunTenHa. 3abensiaBa ce TeH-
AeHLMS 3a yabIpkaBaHe Ha rmobanHoTto T1 Bpeme Ha
penakcauusi Npu No-Bb3pacTHUTe ydacTHuun. Ha noa-
rpynata o 40 roguHu e 1006,1 ms, a npu Te3n Hag 40
roanHun — 1014,2 ms, HO pasnukaTa € HedOCTOBepHa.
KoedumuneHTuTe Ha kopenaunsa mexay rnobanHoto T1
N CbPAEYHNS PUTBM He Ce pasnuyaBaT JOCTOBEPHO OT
Hyrna obLo 3a uanata rpyna, oT4enHoO Npyu MbXeTe 1
XeHuTe n B nogrpynu, pasgenenn ¢ HR go 70 yg./min
(1005,0 ms) n Hag 70 ya./min (1013,5 ms).

Ha 6asaTa Ha pesynTatuTe OT CTaTUCTUYECKNS aHa-
nn3 Ha 3gpaBuTe AoOpOoBONLUK, ca NpeacTaBeHn pede-
PEHTHUTE CTOMHOCTM Ha T1 BpemeHaTa Ha penakcaums
3a BCMYKM CEerMeHTU u rmobanHoTo T1, nootaenHo 3a
MBXKeETe U xeHuTe (Tabn. 4, ur. 4). lonHuTe 1 ropHnTe
rpaH1ua Ha MHTepBanuTe ca M34YUCIIEHN KaTo n3Baaby-
HUTE CpedHu * 2 cTaHOapTHU OTKMNOHeHus. PasmaxsT
npw XeHnTe e no-ronsMm, 3apagu no-eMcokaTta Bapua-
umsa B ctomHocTuTe. CpegHuAT pasMax npu XeHuTe e
161,4 ms, a npu mbxete — 133,8 ms. MMobanHoTo T1
e B rpaHununte ot 944,1 ms go 1041,6 ms 3a MbxeTe
(9,8% ot cpegHaTta) n ot 976,9 ms go 1078,5 ms 3a
xenute (9,9% ot cpegHara).

T2 BpemeHa Ha penakcauus

Ha Tabn. 2 ca npeagctaBeHu CTOMHOCTUTE Ha cpea-
HUTE apUTMETUYHM Ha T2 BpemeHaTa Ha penakcauusi
3a BCUMYKM CErMEHTU, TeXHUTE CTaHOApPTHU OTKIOHe-
HUS, PA3NUKUTE MEXOY CPeOHUTE Ha MBbXETE U XKEeHUTe
n pesyntatute ot t-tecta Ha CTiogeHT. BapnauusTa e
no-rongma B CpaBHeHWe ¢ Ta3un npu T1 BpemeHaTta Ha
penakcauus, kato CV e B rpaHuuute ot 5,1% 00 8,9%.
[lokasaHn ca OOCTOBEPHM pasnuuus mexgy MbXeTe
N XXEHWUTe 3a BCUYKM cermeHTn. CpegHnte CTOMHOCTU
Ha T2 BpemeHaTa npu MbXeTe ca MO-HUCKW, B CPaBHe-
HWe ¢ Te3un npu xeHute. [MobanHoto T2 Npu MbXeTe
e 44,6 £ 2,06 ms, a npu xeHnte — 48,6 £ 2.49 ms,
a HabniogaBaHaTa pasnuka oT 3,95 ms e cratuctu-
Yeckn 3Haudmma npu p < 0.001 (dur. 1b). Han-Bucokm
ca CTOMHOCTUTE Ha T2-8 BpeMeTo Ha penakcauus B
aHTepocenTanHusa cermeHT (44,7 + 3.16 ms — MbXe;
49,5 + 3,74 ms — xeHu), a Han-Huckn Ha T2-10 Ha go-

rameters showed a significant negative linear rela-
tionship only with myocardial thickness (Table 3).
Correlation coefficients (r) range between 0.312 and
0.511, with most cases showing a low correla-tion,
and only T1-12 having a moderate correlation. The
Pearson correlation coefficient for global T1 relax-
ation time is r =-0.485, and the regression coefficient
indicates an average de-crease of 11.2 ms for every
1 mm increase in myocardial thickness (Fig. 3a). The
correlation with other indicators is non-significant. It
is observed that the global T1 relaxation time incre-
as-es in older participants. For the subgroup under
40 years, itis 1006.1 ms, and for those over 40 years,
it is 1014.2 ms, but the difference is not significant.
The correlation coefficients between global T1 and
heart rate do not differ significantly from zero for the
entire group, separately for men and women, and in
subgroups divided by HR under 70 bpm (1005.0 ms)
and over 70 bpm (1013.5 ms).

Based on the results of the statistical analysis of
the healthy volunteers, the reference values for T1
relaxation times for all segments and global T1 are
presented separately for men and wom-en (Table 4,
Fig. 4). The lower and upper bounds of the intervals
are calculated as sample means * 2 standard devi-
ations. The range is greater in women due to higher
variability in the values. The average range in wom-
enis 161.4 ms, and in men, itis 133.8 ms. The global
T1 is within the range of 944.1 ms to 1041.6 ms for
men (9.8% of the mean) and 976.9 ms to 1078.5 ms
for women (9.9% of the mean).

T2 Relaxation Times

Table 2 presents the mean values of T2 re-
laxation times for all segments, their standard de-
via-tions, the differences between the means of men
and women, and the results of the Student's t-test.
The variation is greater compared to T1 relaxation
times, with CV ranging from 5.1% to 8.9%. Signif-
icant differences between men and women were
found for all segments. The mean values of T2 times
are lower in men compared to women. The global
T2 for men is 44.6 + 2.06 ms, and for women, it is
48.6 £ 2.49 ms, with the observed difference of 3.95
ms being statisti-cally significant at p < 0.001 (Fig.
1b). The highest values of T2-8 relaxation time are
in the anteroseptal segment (44.7 + 3.16 ms — men;
49.5+£3.74 ms — women), and the lowest values of
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Ta6bnuua 2. Pasnuuus no non Ha T1 u T2 BpemeHaTa Ha peniakcauusi — CpegHU CTOMHOCTU * CTaHAAPTHO OTKJIOHEHMe,
pasnuka Mexay cpegHuTe, CTOMHOCT Ha t-Tecta U CTOMHOCT Ha p

Table 2. Sex differences in T1 and T2 relaxation times — mean values * standard deviation, difference between means,
t-test value, and p-value

Relaxa(::Jsr; times (nM:?s) rner:glse) Mean difference Student t-test p value
T1 relaxation times
T1-7 972.4+37.8 1018.5 +£45.3 46.1 3.91 < 0.001
T1-8 993.1 £39.3 1026.7 £ 40.1 33.6 3.00 0.004
T1-9 990.6 + 31.3 1021.7 £ 28.3 31.2 3.69 0.001
T1-10 987.9+25.7 1024.4 +£43.8 36.4 3.58 0.001
T1-11 978 £ 30.9 1010.5+ 35 324 3.47 0.001
T1-12 981+ 35.7 1024.9 £49.5 43.9 3.59 0.001
T1-GL 9929 +24.4 1027.7 £ 25.4 348 4.94 <0.001
T2 relaxation times
T2-7 446 +2.07 46.4+3.13 1.85 247 0.017
T2-8 44.7 £3.16 49.5+3.74 4.82 4.92 < 0.001
T2-9 440242 48.0+2.88 4.03 5.35 < 0.001
T2-10 43.6 +£2.26 45.7 £3.00 2.09 2.78 0.008
T2-11 44.3+3.08 47.7 +3.59 3.44 3.64 0.001
T2-12 440+ 252 46.5+2.68 2.50 3.40 0.001
T2-GL 44.6 +£2.06 48.6 +2.49 3.95 6.11 < 0.001

Tabnuua 3. Kopenauus Ha T1 n T2 BpeMmeHaTa Ha penakcauus u Bb3pacTtra (Age), aebenuHata Ha muokapaa (MT),
cbpaeyHaTa yectota (HR), hpakumaTa Ha nstnacksaHe Ha nasaTta (LV EF) n pacHarta (RV EF) kamepa — koecdomumneHTn
Ha MupcHH (r) n cToWHOCTU Ha p

Table 3. Correlation of T1 and T2 relaxation times with age (Age), myocardial thickness (MT), heart rate (HR), ejection
fraction of the left ventricle (LV EF) and right ventricle (RV EF) — Pearson coefficients (r) and p-values

T1-7 T1-8 T1-9 T1-10 T1-11 T1-12 T1-GL

r |-0.035 0.023 0.013 0.166 0.034 -0.252 0.078
Age (year)

p | 0.808 0.873 0.927 0.249 0.815 0.077 0.591

r |-0.436 -0.312 -0.445 -0.329 -0.461 -0.511 -0.485
MT (mm)

p | 0.002 0.027 0.001 0.020 0.001 <0.001 <0.001

r |-0.064 0.171 -0.011 0.151 0.092 0.063 0.147
HR (bpm)

p |0.658 0.236 0.939 0.295 0.527 0.664 0.307

r |-0.218 0.012 -0.183 0.061 -0.119 -0.275 -0.051
LV EF (%)

p |0.129 0.936 0.203 0.671 0.411 0.053 0.726

r |-0.189 0.167 0.023 0.192 0.075 -0.067 0.084
RV EF (%)

p [0.188 0.247 0.873 0.182 0.602 0.645 0.562

T2-7 T2-8 T2-9 T2-10 T2-11 T2-12 T2-GL

r | 0.367 0.120 0.149 0.263 0.164 0.340 0.116
Age (year)

p | 0.009 0.405 0.300 0.065 0.256 0.016 0.423

r |-0.530 -0.684 -0.727 -0.345 -0.552 -0.565 -0.768
MT (mm)

p |<0.001 < 0.001 <0.001 0.014 <0.001 < 0.001 < 0.001

r |-0.369 -0.197 -0.232 -0.252 -0.338 -0.344 -0.251
HR (bpm)

p | 0.008 0.170 0.105 0.078 0.016 0.014 0.079

r |-0.096 -0.244 -0.209 -0.208 -0.346 -0.153 -0.232
LV EF (%)

p | 0.509 0.087 0.145 0.146 0.014 0.288 0.105

r |-0.003 -0.119 -0.054 -0.157 -0.291 -0.080 -0.029
RV EF (%)

p |0.984 0.409 0.709 0.276 0.040 0.580 0.841
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®ur. 1. [JocToBEPHN pasnnumnsi Mexay MbXKeTe U xeHuTe no rmobanHo T1 Bpeme 3a penakcauust (dur. 1a) n rmobanHo T2 Bpeme 3a penakcaumst

(dbur. 1b), ¢ nomoLuTa Ha t-Tecta Ha CTiogbHT

Fig.1. Significant differences between men and women in global T1 relaxation time (Fig. 1a) and global T2 relaxation time (Fig. 1b), using Student's t-test
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®ur. 2. CpaBHeHWe Mexay cermeHTUTe no T1 BpemMeHa Ha penakcauums npu mbxerte (cpur. 2a) n T2 BpeMeHa Ha penakcaums npu xeHute
(cbur. 2b) c egHobakTopeH RM ANOVA. Ha rpachmknTe ca npeactaBeHy cpegHuTe + ctangapTHuTe rpelkun. PasnuyHuTe Byksu ob6o3Havasat
[OCTOBEPHM pasnuuusi, JokasaHu no metoga Ha Student-Newman-Keuls

Fig. 2. Comparison between the segments of T1 relaxation times in men (Fig. 2a) and T2 re-laxation times in women (Fig. 2b) using one-
way RM ANOVA. The graphs show means + standard errors. Different letters indicate significant differences, as determined by the Student-

Newman-Keuls method
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®dwur. 3. Bpb3ka mexay rnobanHoTo BpeMe 3a penakcaums n gebenvHarta Ha muokapaa 3a rnobanHo T1 (cur. 3a) n rmobanHo T2 (cur. 3b). Ha
rpachukarta ca npeacTaBeHn NMHUTE Ha perpecus n 95% AoBepuUTeNHUTE MHTEPBaNW, perpecnonHnTe koeduumeHTn (b) n CToHoCTUTE Ha p

Fig. 3. Relationship between global relaxation time and myocardial thickness for global T1 (Fig. 3a) and global T2 (Fig. 3b). The graph shows
regression lines and 95% confidence intervals, regression coefficients (b), and p-values
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dur. 4. PedepeHTHU rpaHnum Ha T1 BpemeHa Ha penakcauns U CpeAHV CTOMHOCTM = 1 CTaHAapTHO OTKIOHeHWe Npu MbxeTe (dur. 4a) n
xeHuTte (cpur. 4b)

Fig. 4. Reference ranges of T1 relaxation times and mean values + 1 standard deviation in men (Fig. 4a) and women (Fig. 4b)

NHUs cerMeHT (43,6 £ 2,26 ms — mbxe; 45,7 + 3,00
ms — xeHu). C nomowwita Ha RM ANOVA ca cpaBHeHU
BpeMeHara Ha penakcaums no cermeHTu. [JoctoBepHu
pasnuuus ce gokasaxa B rpynata Ha xxeHute (F = 10,2;
p < 0,001). MHOXeCTBEHOTO CpaBHEHMe No ABOWKM MO
metoga Ha Student-Newman-Keuls n3sBu cratucrtu-
YeCKM 3HaYNMMU PasnuKn NPU HUBO Ha 3HAYUMMOCT O =
0,05 mexay aHTepocenTanHUs CErMeHT U BCUYKN OC-
TaHanu, Kakto n Mexagy uHdepocenTanHus n mHde-
ponaTteparnHusa CerMeHT U JONHUSA cerMmeHT (dur. 2b).
Bpb3kaTta mexay T2 BpemeHaTa Ha pernakcauus 1 Bb3-
pacTTa, CbpAeYHMs puTbM, AebenvHata Ha MMoKapaa
n dpakumaTa Ha nsTnackeaHe Ha nsiBata M gscHara
Kamepa e uscnefBaHa c KopernaunoHeH aHanma (Tabn.
3). MmobanHoTo T2 Bpeme 3a penakcauus uma MHOro
CWIHa oTpuuaTtenHa kopenauuoHHa Bpb3ka ¢ nebenu-
HaTa Ha muokapga (r = -0,769; p < 0,001). HaknoHnute
Ha perpecuoHHUTE MNNHUM NPU MBXETE U XEHUTE He
Ce pasnuyaBaT [OCTOBEPHO W 3aToBa uM3crnefBaHaTa
Bpb3Kka € npeacTtaBeHa obLWo 3a uganarta rpyna (dur.
3b). JINHENHNAT perpecuoHeH MOZern rnokasa cpegHo
HamansiBaHe oT 1,76 ms npu yBenuyeHe Ha M1okapa-
HaTa gebenuHa ¢ 1 mm. Peructpupanu ca 4 criyyas Ha
yMepeHa KoperauuoHHa Bpb3ka, €4UH Ha MHOMO CuIi-
Ha (3a T2-9) n egHa cnaba (3a T2-10). KoeduumeHTtnte
Ha Kopenauus Ha T2 BpemeHaTta Ha penakcaums C Bb3-
pacTTa ce okasaxa MONOXWUTENHM N OOCTOBEPHM MpU
T2-7 1 T2-12. Tmo6anHoTo T2 npu Bb3pacToBaTa rpyna
0o 40 r. (45,9 ms) e manko nNo-kpaTko, B CpaBHEHWE C
rpynata Hag 40 1. (47,2 ms), HO pasnukaTa He ce JoKa-
3a. YcTtaHoBMxa ce Tpu criyyast Ha cnaba otpuuartenHa
KopenauuoHHa Bpb3ka mexay T2 BpemeHata U Cbp-
aeyHus putbm — npu T2-7, T2-11 n T2-12 (p < 0,05).
mobanHoto T2 Ha nogrpynarta cbC CbpAeYeH PUTHLM
po 70 ya./min e 47,6 ms, gokato npwv Ta3u Hag 70 ya./

T2-10 are in the inferior segment (43.6 + 2.26 ms —
men; 45.7 + 3.00 ms —women). RM ANOVA was used
to compare relaxation times across segments. Signif-
icant differences were found in the group of women
(F =10.2; p < 0.001). Multiple pairwise comparisons
using the Student-Newman-Keuls method revealed
statistically significant differences at a significance
level of a = 0.05 between the anteroseptal segment
and all others, as well as between the inferoseptal and
inferolateral segments and the inferior segment (Fig.
2b). The relationship between T2 relaxation times and
age, heart rate, myocardial thickness, and the ejec-
tion fraction of the left and right ventricles was exam-
ined using correlation analysis (Table 3). Global T2
relaxation time has a very high negative correlation
with myocardial thickness (r = -0.769; p < 0.001). The
slopes of the regression lines for men and women do
not differ significantly, so the examined relationship is
presented for the entire group (Fig. 3b). The linear re-
gression model showed an average decrease of 1.76
ms for every 1 mm increase in myocardial thickness.
Four cases of moderate cor-relation were registered,
one very high (for T2-9), and one low (for T2-10). Cor-
relation coeffi-cients of T2 relaxation times with age
were found to be positive and significant for T2-7 and
T2-12. Global T2 for the age group under 40 years
(45.9 ms) is slightly shorter compared to the group
over 40 years (47.2 ms), but the difference was not
proven. Three cases of low negative correlation be-
tween T2 times and heart rate were found — for T2-7,
T2-11, and T2-12 (p < 0.05). Global T2 for the sub-
group with a heart rate up to 70 bpm is 47.6 ms, while
for those over 70 bpm it is slightly shorter — 45.9 ms,
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Tabnuua 4. PecbepeHTHM cToHocTU Ha T1 1 T2 BpemeHa Ha penakcauus — gornHa rpaHuua (LB) v ropHa rpaHuua (UB)

npyu MbXeTe U XXKeHUuTe

Table 4. Reference values of T1 and T2 relaxation times — lower bound (LB) and upper bound (UB) in men and women

Relaxation times (ms) Males Females
Reference ranges Reference ranges
LB uB LB | uB
T1 relaxation times
T1-7 896.8 1048.0 927.9 1109.1
T1-8 914.5 1071.6 946.5 1106.9
T1-9 928.0 1053.1 965.1 1078.3
T1-10 936.4 1039.4 936.7 1112.0
T1-11 916.2 1039.8 940.4 1080.6
T1-12 909.7 1052.3 925.8 1123.9
T1-GL 944 1 1041.6 976.9 1078.5
T2 relaxation times
T2-7 40.4 48.7 40.2 52.7
T2-8 38.4 51.0 42.0 57.0
T2-9 39.1 48.8 42.2 53.7
T2-10 39.1 48.1 39.7 51.7
T2-11 38.1 50.5 40.6 54.9
T2-12 39.0 49.1 41.2 51.9
T2-GL 40.5 48.7 43.6 53.5
60 60
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®dur. 5. PedbepeHTHM rpaHnum Ha T2 BpemeHa Ha pernakcauus u cpegHn CTOMHOCTY £ CTaH4apTHO OTKIIOHEHWe nNpu MmbxeTe (dur. 5a)

1 xeHuTe (cur. 5b).

Fig. 5. Reference ranges of T2 relaxation times and mean values + 1 standard deviation in men (Fig. 5a) and women (Fig. 5b)

min e Manko no-kpatko — 45.9 ms, kaTo pasnukaTa
CbLUO HE € OOCTOBepHA. ToBa BEPOSATHO € CBbP3aHo
C No-BMcoOKaTa CpefHa Bb3pacT Ha MbpBaTa nogrpyna
(47,2 rognHn) B cpaBHeHue ¢ BTopaTta (40,1 roguHm).

Ha 1abn. 4 n dur. 5 ca npeacraBeHn pedepeHT-
HUTE CTOMHOCTU MPU MBXETE U XeHuTe Ha T2 Bpeme-
HaTa Ha penakcauus 3a BCUMYKU cermeHTu. CpegHusaT
pasmax npw xeHute (12,7 ms) e no-ronsm ot TO3u Npu
mbxeTe (10,3 ms). MmobanHoTo T2 e B rpaHuumTe ot
40,5 ms 0o 48,7 ms 3a mbxete (18,5% oT cpeaHaTa) u
o1 43,6 ms go 53,5 ms (20.5% ot cpegHara).

but the difference is also not significant. This is likely
related to the higher average age of the first subgroup
(47.2 years) compared to the second (40.1 years).

Table 4 and Figure 5 present the reference val-
ues for T2 relaxation times in men and women for all
segments. The average range in women (12.7 ms) is
greater than in men (10.3 ms). The global T2 ranges
from 40.5 ms to 48.7 ms for men (18.5% of the mean)
and from 43.6 ms to 53.5 ms for women (20.5% of the
mean).
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OBCBXAOAHE

[MpoBeaeHOTO MpoyyBaHe YCTAHOBWU HOPManHuTe
cTtonHocTn 3a T1 1 T2 BpemeHaTa 3a penak-cauus B
MUoKapga npv anapart Siemens € HanperHaTtocT Ha
MarHuTHoTo none 1,5 T. T1 n T2 BpemeHaTa 3a penak-
caumsi ca OCHOBHa MarHWTHa XapakTepucTuKa Ha Tb-
KaHWUTE 1 3aBUCAT KakTO OT TbKaHHUSA CbCTaB, Taka U
OT cunata Ha noneto. In vivo nsamepsaHusaTa 3aBuUcATt
OO-MbITHUTENHO M OT BUAA Ha MpuioXxeHara MMnyrc-
HaTa CeKBeHUMs, TEXHUYECKMTE NapameTpu Ha anapa-
Ta 1 n3cnegsaHarta nonynauus.

B TekyLl0TO npoyyBaHe roremMmHarta Ha CTOMHOCT-
Ta Ha rmobanHoTto T1 Bpeme 3a penakcaumsi, ocpeaHe-
Ha 3a MbxeTe e 992,9 + 24,4 ms, a 3a xeHute 1027.7
+ 25,4 ms. T2 BpeMeTO CbOTBET-HO 3a MbXe € 44,6
+ 2,06 ms, a 3a xeHu 48,6 + 2,49 ms. lNMony4yeHute
pesyntatu ce gobnwxka-BaT 0O OOKNaaBaHWTE CTOW-
HOCTUTE B ApYyrK npoyysaHu4 [6, 7, 8].

AHanu3bT Ha pesynTaTuTe nokasa M3BecTHa uup-
KyMdoepeHTHa BapnabunHOCT B CTOMHOCTUTE Ha T1 1
T2 BpemeTO, C NO-BMCOKMN CTOMHOCTM 3a T1 B cenTarn-
HWUTE CerMeHTM B CpaBHEHUE CbC cBOOOAHATa CTeHa.

CTaTUCTUYECKUST aHanu3 He nokassa HanNMYMEeTo Ha
JocroBepHa kopenauusa mexay T1 Bpe-MeTo 3a penakca-
LUMs 1 Bb3pacTTa Ha yvyacTHUUMUTE, HO ce 3abensi3a TeH-
OEeHLUMA KbM MOBULLIA-BaHE Ha CTOMHOCTUTE C yBeNnnyaea-
He Ha Bb3pacTTa. [loknagsaHuTe B nMTepartyparta AaHHU
no OTHOLLUEHWNE Ha Bpb3kata Mexay T1 n T2 BpemeHata
3a penakcaums u Bb3apacTta ca npotuBo-peunsu. Clotilde
Roy u cbaBT. ycTaHoBsABaT HapacTBaHe Ha CTOMHOCTUTE
Ha T1 n ECV c Bb3-pacTTa npu MbXxe, HO HE U NPW XeHU
[10]. MoTeHumanHo obsicHeHne Gu MoOrMo da ce Aage ¢
yBeENM4yaBaHe C Bb3pacTTa Ha MHTepcTUUManHara mu-
okapaHa chupbo3a Npu MbXe, HO HE Y MPY XXEeHW, [oKa3a-
Ha XMCTOMNAaTONOrM4HO B HaKou npoy4dsaHud [11]. Dabir n
cbaBT. [12] cbob-LaBaT camo 3a TEHAEHUMS Ha NOMNoXu-
TernHa Bpb3ka mexay T1 BpemeTo 1 Bb3pactTa npu 1,5
T npy MbXe, B NpOTMBOpPEYME Ha TOBA B MpPOy4BaHe Ha
Rosmini [5] ce goknaaBa 3a HamansiBaHe Ha CTOMHOCTU-
Te Ha T1 BpeMEeTO C Bb3pacTTa, KOETO MOXE A Ce ObIDKU
Ha HaTpynBaHETO Ha NMUMOMYCLMH NN XEMOCVUAEPVH B
MuoKapga ¢ Bb3pacTTa.

Habntogasa ce CTaTMCTUYECKM 3Ha4YMMa Bpb3Kka MexX-
[y CTovHoCcTUTE Ha T1 BPEMETO M Nofa CbC 3HA4YUTENHO
MO-BUCOKN CTOMHOCTU MPW XEHW, KOETO MOTBbpXaaBa
pesynTatuTe OT ronsm 6pon apyrvu nyGrnmKyBaHn npoyy-
BaHWs No Temarta [6, 7, 8, 13]. NpuumHaTa 3a No-BUCOKK-
Te CTOMHOCTU MPW XKEHWUTE BEPOSTHO Ce ObihKaT Aa pas-
nnyHn cpaktopu. OT egHa cTpaHa, NO-ThHKUAT MUOKap4
MOXe JOoBefe [0 YacTUYHO oBeMeH eddekT C NpUMNoKpu-
BaHe Ha Muokapaa ¢ kpbBHUA nyn [14]. OT gpyra cTpa-
Ha, NO-HUCKNTE CTOMHOCTW Ha XEMATOKpUTA MNP XXeHUTe,
KaKTO M XOPMOHAIMHUST UM CTaTyC CbLLo Brxa Mornmu ga
fposedar 4o HabnogasaHuTe pasnuuuns [15].

DiscussIiON

Our study established the normal values for T1 and
T2 relaxation times in the myocardium in a Siemens
apparatus with a magnetic field strength of 1.5 T. The

T1 and T2 relaxation times are a fundamental mag-
netic characteristic of tissues and depend on both
tissue composition and field strength. In vivo mea-
surements additionally depend on the type of pulse
sequence applied, the technical parameters of the
device and the population studied.

In the current study, the global T1 relaxation time
value averaged for men are 992.9 + 24.4 ms and
for women are 1027.7 + 25.4 ms. Global T2 time
averaged for men is 44.6 £ 2.06 ms and for women
48.6 £ 2.49 ms. The obtained results are close to the
values reported in other studies [6, 7, 8].

The study detected some circumferential vari-
ability in the T1 and T2 values with higher values for
the septum compared to the free wall.

Statistical analysis didn’t show a strong correla-
tion between T1 relaxation time values and the age
of the participants but still there was a trend towards
higher values with increasing age. The data reported
in the literature regarding the relationship between
T1 and T2 relaxation times and age are inconsistent.
Clotilde Roy et al. found an increase in T1 and ECV
values with age in men, but not in women [10]. A po-
tential explanation could be provided by an increase
with age of interstitial myocardial fibrosis in men, but
not in women, demonstrated histopathologically in
some studies [11]. Dabir et al. [12] reported only a
trend of a positive relationship between T1 time and
age at 1.5 T in men, and controversly Rosmini et al.
[5] demonstrated myocardial T1 was slightly lower
with increasing age which may be attributed to the
accumulation of myocardial lipofuscin or hemosider-
in with age.

There was a statistically significant relationship
between T1 time values and gender with signi-
fi-cantly higher values in women, which confirms the
results of a large number of other published studies
on the subject [6, 7, 8, 13]. The reason for the higher
values in women is probably due to various factors.
On the one hand, the thinner myocardium may lead
to a partial volume effect with overlap of the myo-
cardium with the blood pool [14]. On the other hand,
lower hematocrit values in women as well as their
hormonal status could also account for the observed
differ-ences [15].
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HawweTto npoyyBaHe yCcTaHOBMW, Y€ CTOMHOCTUTE Ha
T2 BpeMeTO 3a penakcaums CbLo 3aBUCAT OT Nona, HO
He ce JoKasa CTaTUCTUYECKM 3Ha4YMMa Kopernauusi C Bb3-
pactTa. Teau pe3ynTaTti ca B U3BBECTHO HECLOTBETCTBME
c goknaasaHute ot Bonner n cvasT. npu 1,5 T marHnteH
pe30-HaHC, KOUTO CbLLIO AEMOHCTPUPAT NO-BUCOKM CTON-
HOCTW MpU XEHWU, HO OCBEH TOBA U CBbP3aHO C Bb3pac-
TTa HapacTBaHe Ha T2 BpemeTo [16]. Opyro npoyysaHe
ot Knobelsdorff n cbaBT. He OTkpyBa CTaTUCTUYECKU
3Ha4MMa kopernaums ¢ Bb3pacTta v nomna [17].

He ce pokasa goctoBepHa kopenaums mexay T1 u
T2 BpemeHaTa 3a penakcauunsa u cbpaedHa-tTa yecTora.
Tesun pesyntatu cbBnagar ¢ goknagsaHuTe ot Clotilde
Roy [10], aokaTto B npoy4Ba-He Ha Meloni [7] ookassaTt
YyBCTBUTENHOCTTA Ha T1 BpemeTo 3a pernakcaumsi ot
CcbpAeHaTa YecToTa KakTo 3a rnobanHoTo, Taka 1 3a
CerMeHTHUTe cTonHocTW. Cropen aBTopuTe Tasu 3a-
BU-CUMOCT Ce AbIDKM Ha cneunduyHuTe XapakTepuc-
Tvkn Ha MOLLI cekBeHUmMATa 1 BAUSHWMETO Ha nyrnca-
TOPHU apTedakTy Npu No-B1UCOKa CbpaeyHa YecToTa.

AHanusbT Ha pesynTaTtuTe nokasa 3HauutenHa ob-
patHa Kopenauusi Mexgy CerMeHTHUTe U rnobanHuTe
CTOMHOCTM Ha T2 BpemeTo n gebenvHarta Ha Muokapaa,
aokato 3a T1 BpemeTo Ta3n Bpb3ka € cnaba, a camo npu
OTAENHN CErMEHTHM e ymepeHa. [10-BUCOKMTE CTONHOCTU
Han-BEPOSATHO Ce AbIKAaT Ha YacTUYHO 06eMHUsT edpeKT
1 nonajaHe B 30HaTa Ha MHTEPEC, OCBEH Ha MM1OKapa, 1
Ha YacT OT KPpbBHUSA Myn. AHANOMMYHW pe3ynTaTu Ce Cb-
obLaBar 1 B npo-yyBaHe Ha Meloni [7].

OrPAHUYEHUSA

lMpoy4BaHeTO e eQHOLEHTPOBO, KaTo Ce aHanuaupar
CaMO e[VH BUA CEKBEHLUM 32 MUOKapA-HO KapTupaHe Ha
T1 n T2 BpemeHaTa Ha penakcaums 1 ce nsrnonsea cre-
umncpryeH, OCTbMNEH B ThproBckata Mpexa codTyep 3a
o6paboTtka Ha aaHHWTE. Bbnpekun Ye nacnegsaHara rpy-
na e JocTaTbyHa 3a npuraraHe Ha MoflyYyeHuTe pesyn-
TaTu B pyTVHHATA NPakThKa, pa3MepbT N € OTHOCUTENHO
MasbK 3a HOpMUPaHe Ha CTOMHOCTUTE U 3a iBaTa nona.

n3soau

Pesyntatute OT Mpoy4BaHETO MoKasBaT, Ye HaTuB-
HWUTe cToMHOCTM Ha T1 1 T2 BpemeHaTta 3a penakcaums
3aBWCAT OT Nona, pasnuyaeart ce HUCKOCTEMEHHO Mexay
OTAENHUTE CEerMeHTU U Kopenupart oTpuuartenHo ¢ aebe-
nvHaTa Ha M1oKapaa, KaTo NocneaHoTo € No-3Ha4YMMOo 3a
T2 BpemeTo 3a penakcauus. lNpenopbyBa ce M3nornasa-
HETO Ha NonoBo onpeaeneHn peepeHTHN CTOMHOCTU 3a
pasrpaHnyaBaHe Ha 30paBuns OT NaToNorMyHO 3acerHaTus
muokapg. C noBuLLEHO BHMMaHWe TpsibBa Aa ce ThbrikyBaT
CTOMHOCTUTE Ha T2 BPEeMETO 3a pernakcauusi npy no-mar-
ka nebenvHa Ha M1uokapaa, 3a Aa ce u3berHe noTeHuman-
Ha Bb3MOXHOCT 3a rpeLuka.

He e OeknapupaH KOHGbrukm Ha uHmepecu

We also found that T2 relaxation time values are
also sex depended but not age dependent. These
results are in some disagreement with those re-
ported by Bonner et al at 1.5 T magnetic resonance
imaging, which also demonstrated higher values in
women, but in addition an age-related increase in T2
time [16]. Another study by Knobelsdorff et al. found
no statistically sig-nificant correlation with age and
sex [17].

Our study didn’t prove a correlation between the
relaxation times and heart rate. These results are
consistent with those reported by Clotilde Roy et al.
[10] while a research from Meloni [7] proves that T1
values are sensitive to higher heart rates. According
to the authors the heart rate dependency is due to
the specific architecture of the MOLLI sequence and
the influence of car-diac motion artifacts in higher
heart rates.

Significant inverse correlation was detected be-
tween segmental and global T2 values and the wall
thickness, while for T1 time this relationship was
generally weak to moderate. Higher val-ues in thin-
ner myocardium are most likely due to the partial vol-
ume effect and outlining into the area of interest not
only the myocardium but part of the blood pool as
well. These results are similar to those reported from
Meloni [7].

LIMITATIONS

The study was single-center, analyzing only one
type of myocardial sequence for mapping T1 and T2 re-
laxation times and using specific, commercially available
software to process the data. Although the study group
is sufficient to apply the results obtained in routine prac-
tice, its size is relatively small to normalize the values for
both sexes.

CONCLUSION

The results of this study showed that native T1
and T2 relaxation times differ for men and wom-en,
diverge little between segments and inversely cor-
relate with myocardial thickness, the latter being
more significant for T2. The use of sex-specific ref-
erence values to distinguish healthy from pathologi-
cally affected myocardium is recommended. Caution
should be taken when in-terpreting T2 relaxation
time values at thinner myocardium in order to avoid
the potential for errors.
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