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Diagnosis of chronic heart failure—Section 5

CMR is recommended for the assessment of | C Contrast-enhanced CMR is I C
myocardial structure and function in those recommended in patients with
with poor echocardiographic acoustic suspected cardiomyopathy, or

windows. where the underlying aetiology of
HF is uncertain if further

CMR is recommended for the | C characterization is likely to add

characterization of myocardial tissue in value to patient care.

suspected infiltrative disease, Fabry disease,
inflammatory disease (myocarditis), LV non-
compaction, amyloid, sarcoidosis, iron
overload/haemochromatosis.

CMR with LGE should be considered in DCM lla C
to distinguish between ischaemic and non-
ischaemic myocardial damage.
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Hlavni vyhody MR vysetreni

lauicka nemochice a.s.

nejlepsi kombinace Casove-prostoroveho
rozliseni

nejlepsi tkanove rozliseni

absence “akustického okna”, moznost volit
libovolnou rovinu zobrazeni

absence ionizujiciho zareni, vyborné
tolerovana kontrastni latka

zobrazeni parakardialnich struktur




Funkcni a morfologicke hodnoceni Tkanova charakteristika

Objemy komor,

Hmotnost myokardu T1lw, T2w obrazy

Hodnoceni globalni a Parametricke

regionalni funkce mapovani:
komor, LV strain T1, T2, T2*, ECV

Objem sini, funkce LS, Zatezove MRI
strain Viabilita

PC-
angiografie MRI, kvantifikace 4D flow
pratokd, RF, Qp:Qs




Hodnoceni objemu a funkce komor

Simpson’s rule

* MR “zlaty standard” hodnoceni globalni a
regionalni systolické funkce a objemu obou
komor i sini

* EF LK, PK, EDV/EDVI, ESV/ESVI, SV, LV
mMass

* nejlepsi kombinace casove-prostorového
rozliseni, vynikajici kontrast mezi krvi a
myokardem

* neni limitace akustickym oknem

* stanoveni objemu a funkce komor nevyzaduje
podani K.1.
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Review Article

Society for Cardiovascular Magnetic Resonance reference 7))
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values (“normal values”) in cardiovascular magnetic izt
resonance: 2025 update
Nadine Kawel-Boehm®, Scott J. Hetzel”, Bharath Ambale-Venkatesh®,
Gabriella Captur™®, Calvin W.L. Chin"#, Christopher J. Francois”,
Michael Jerosch-Herold', Judy M. Luu’, Zahra Raisi-Estabraghk, Jitka Starekova’,
Michael Taylor™, Max van Hout”, David A. Bluemke""
* Department of Radiology, Kantonsspital Graubuenden, Chur, Switzerland
® Department of Biostatistics and Medical Informatics, University of Wisconsin, Madison, Wisconsin, USA
* Department of Radioclogy, Johns Hopkins University, Baltimore, Maryland, USA
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Men Women
Parameter References n Mean * SD LL-UL n Mean * SD LL-UL Fig. 3. Measurements of left atrial area (A2C, A4C, A3C), longitudinal (L2C, L4C), and anteroposterior (APD) diameters on the two-, four-, and three-chamber view
— — = — — according to reference [38]
LVEDV (mL) 8,10,12,21] 4867 143 = 31 81-204 5213 113 = 23 68-158
. LVEDV/BSA [lnL;’Inz) [8,10,12,21] 4868 75 £ 14 49-102 5209 68 = 11 46-90
LVESV (mL) (8,10,12,21] 4857 52 = 18 17-88 5203 39 = 13 14-63
LVESV/BSA (mL/m?) [8,10,12,21] 4847 28 = 8 11-44 5200 23 £ 6 11-36
LVSV (mL) [8,10,12,21] 4867 91 = 19 53-128 5212 74 £ 15 45-103
LVSV/BSA (mL/m?) 8,10,21] 4805 47 = 9 30-64 5159 44 + § 29-60
LVEF (%) [8,10,12,21] 4854 64 = 7 51-77 5209 66 £ 6 54-79
LVM (g) 8,10,12,21] 4859 105 = 23 60-150 5203 74 £ 14 47-101
LVM/BSA (gfmz} [8,10,12,21] 4850 5 = 8 39-72 5205 45 £ 6 33-56
LVCO (L/min) [8,10,12,21] 4856 6.1 = 1.3 3.6-8.6 5199 49 = 1.1 29-7.0
LVCI (L/min/m?) [8,10] 404 3.2 £ 06 1.9-4.4 572 3.0 = 0.6 1.8-4.2
LVM/LVEDV (g/mL) [10] 340 09 = 0.2 0.5-1.3 512 0.8 = 0.1 0.6-1.0
Fig. 4. Measurements of maximal left and right atrial volume using the Simpson’s method, obtained on a short-axis cine stack of balanced steady-state free
precession images covering the atria, by contouring left (red) and right (blue) atrial borders at ventricular systole according to reference [11]
Men Women Men Women
Method P Refi M + SD LL-UL M + SD LL-UL
Parameter References n Mean = SD LL-UL n Mean *= SD LIL-UL e arameter crerenees . ean * . ean =
— — —  — _— Bi-p]_a_rle area-leneth Max [A vql]ump (mlL) [16.20.21.39-42] 13.969 68 + 22 Q.ﬁ_-lllﬂ w o0 - 17 C
RVEDV (mL) [8,9,11,12,19,21] 5097 152 = 40 74-231 5219 115 = 29 59-172 method; LA Max. LA volume/BSA (mL/m?) [16,20,21,39-42] 13,972 36 £ 10 16-56 15,557 36 £ 9 18-54
'RVEDV/BSA (mLfmz) [8,9,11,12,19,21] 5095 22 + 18 47-116 5221 71 + 14 44-99 appendage Min. LA volume (mL) [16,20,21,39,41,42] 13,800 28 = 14 2-55 15,359 24 + 11 3-45
.RVESV_(EII;L-} = [E.Tj_ll.lqull - 5103 = 65 =+ 20 _56-104 _5216 6 + 15 17.75 excluded Min. LA volume/BoA (mL/m") [10,20,21,39,41,42] 13,803 15 =7 2-28 15,335 14 =0 3-20
2 o N - LASV (mL) [20,41] 1219 40 + 14 13-68 2144 38 + 15 10-67
RVESV/BSA (mL/m~) [8,9,11,12,19,21] 5102 34 =9 16-52 5214 28 + 8 13-43 LASV/BSA (mL,/m32) [20] 1114 18 + 6 6-29 2067 18 + 6 7.30
RVSV (mL) [8,11,12,19,21] 5041 89 * 29 33-146 5166 71 = 20 32-109 o LA ejection fraction (%) [20,21,39.41,42] 13,703 59 + 13 35-84 15,175 61 + 11 -
RVSV/BSA (mL/m?) [8,11,19,21] 4984 48 = 14 21-76 5114 45 = 10 25-64 Simpson’s method; Max. LA volume (mL) [11,38,39] 322 75 + 18 40-111 367 65 + 14 38-93
RVEF (%) [8,9,11,12,19,21] 5095 58 = 7 44-72 5219 6l £ 7 47-75 LA appendage Max. LA volume/BSA (mL/m?) [11,38,39] 322 40 + 8 25-56 367 4l .8 25:-56
RVM (g) [9.21] 4366 96 + 9 18-54 4550 29 + 7 15-43 included Min. LA volume (mL) [11,39] 262 32 +9 15-50 307 26 + 8 11-41
8 5 . N N Min. LA volume/BSA (mL/m?) [11,39] 262 18 = 4 9-26 307 17 + 5 7-27
RVM/BSA (g/m”) 19,21] 4372 18 + 4 11-26 4550 16 = 4 9-24 LASV (mL) [11] 196 47 = 13 21-73 238 39 + 10 19-59
RVCO (L/min) . [8,19,21] 4779 5516 2.4-8.6 4852 46 = 1.2 2.2-7.1 LASV/BSA (mL/m?) [11] 196 24 + 6 12-36 238 24 + 5 14-34
RVCI (L/min/m?) [8] 64 29 + 0.9 1.1-4.7 60 2.7 = 0.7 1.3-4.1 LA ejection fraction (%) [11,39] 262 57 + 9 40-74 307 59 + 7 45.73




CMR Strain - Feature-tracking

* kvantitativni hodnoceni ventrikularni celkove a regionalni mechaniky na principu sledovani
deformace svalovych vlaken

* postprocessingove zpracovani rutinne pouzivanych sekvenci, neprodluzuje se cas vysetreni
* rychla semi-automaticka analyza dat

* dobra shoda mezi STE a CMR-FT




MR - LGE

* klicove pro detekci lokalizovane fibrozy

* poskytuje informace k etiologii srdecniho
selhani, rozliseni ischemicke a
neischemicke etiologie

* neischemicke fibréza nezavisla na
etiologii (geneticke priciny | ziskané)

* |imitace: LGE selhava v detekci
intersticialni (difusni fibrozy)

True DCM

True CAD

DCM with
bystander
infarct

DCM with
bystander
CAD

Ischemic HF
with
unobstructed
coronary
arteries

Ischemic HF
without
infarction



Stratifikace rizika NSS - Ischemicka vs neischemicka KMP

Table 5 Changes in recommendations since 2015
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Recommendation Table 24 — Recommendations for
risk stratification, sudden cardiac death prevention,
and treatment of ventricular arrhythmias in chronic

coronary artery disease

Recommendations

Risk stratification and primary prevention of SCD

In patients with syncope and previous STEMI, PES
is indicated when syncope remains unexplained

after non-invasive evaluation,'*¢%*

ICD therapy is recommended in patients

with CAD, symptomatic heart failure (NYHA
class Il-lll), and LVEF <35% despite >3 months
of OMT.HS#.BSG

|ICD therapy should be considered in patients with
CAD, NYHA class |, and LVEF <30% despite =3
months of OMT.**

ICD implantation should be considered in patients
with CAD, LVEF =40% despite =3 months of
OMT, and NSVT, if they are inducible for SMVT by
PES.*
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variants866’867'880
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Class®* Level®
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HILIPS DSP1 85,186 3_5%
Diagnosis of chronic heart failure—Section 5
869 o
Genetic testing is recommended in patients fulfilling diagnostic criteria for cardiomyopathy in cases | C RBM20 3-5%
lla B where it enables diagnosis, prognostication, therapeutic stratification, or reproductive management

of the patient, or where it enables cascade genetic evaluation of their relatives who would otherwise
be enrolled into long-term surveillance.
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Predictors of SCD

Estimated 5-year risk of
life-threatening arrhythmia
using LMNA risk score
(https:/Imna-risk-vta.fr)
LGE on CMR

LVEF < 45%

Male

Female and any of the
following: LVEF <45%,
NSVT, LGE on CMR, >200
VE on 24h Holter ECG

Estimated 5-year risk of
life-threatening arrhythmia
using PLN risk score
(https://plnriskcalculator.
shinyapps.io/final_shiny)
LVEF < 45%

LGE on CMR

NSVT

LGE on CMR
LVEF < 45%
LGE on CMR
LVEF < 45%
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Prediction of ventricular arrhythmias and sudden cardiac death by quantification and location
of late-gadolinium enhancement on cardiac magnetic resonance: A systematic review and meta-analysis

Reference
Reference
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Studies Meta-analysis 6 different LGE quantification methods
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Further quantifying LGE yields

cardiac magnetic resonance: a systematic SEREE
review and meta-analysis FEEESL T once LGE is already present

Widely different amounts of LGE identified

. 1 . 2 . . 1,3,4
Thomas Nia Jensen T, Sharif Omara T, Jens Cosedis Nielsen ,
Michelle Samuel ® >, Rob J. van der Geest © 7, Won Yong Kim ® 1, A
and Katja Zeppenfeld © "3 Weight  Weight
Study Hazard ratio HR 95%-Cl (common) (random)
Hammersley EHJHF 2024 —Ih— 3.58 (1.39, 9.23) 8.0% 12.2%
— Gil 2023 +i 1.24 (0.56, 2.75) 11.2% 14 8%
N=14658 pc s NICM, FU 3y SN B
] Purmah 2022 - 2.31 (1.28, 4.17) 20.5% 19 6%
) Nakamori 2020 N 7.14  (1.56,32.72) 3.1% 6.1%
Aims In non-ischaemic cardiomyopathy (NICM), late gadolinium enhancement (LGE) detected by cardiovascular magnetic reson- Halliday 2019 i 3.96 (2.41, 6.51) 28.9% 22.1%
ance is related to ventricular arrhythmia (VA) and sudden cardiac death (SCD) risk. The incremental prognostic value of Gulati 2013 . 3 4.61 (2.75, 7.73) 26.7% 21.5%
quantifying LGE volume or mass beyond its mere presence, however, remains unresolved. The aim was to evaluate whether I
LGE quantification improves the prediction of SCD. Common effect model ‘ 3.34 (2.56,4.37)  100.0% o
................................................................................................................................................... Random effects model <> 3.32 (2.18, 5.05) . 100.0%
Methods PubMed, Embase, and Web of Science were searched on 20 November 2024 for observational studies that related quan- Heterogeneity: 12 = 50%, 1% = 0.1437, P = 0.06
and results tified LGE burden to ventricular arrhythmia (VA)/SCD in NICM. Forty-one studies met prespecified criteria. Hazard ratios o 61 0'1 s 1'0 150
(HRs) were pooled with random-effects models, and quantification information was depicted in figures. Presence of any LGE ' ’
was associated with a three-fold increase in VA/SCD risk (pooled HR 3.31, 95% confidence interval: 2.58-4.24). Beyond this B
binary marker, every additional 1% (or 1 g) of LGE was associated with a 12% relative risk increase (range 10-20%), inde- Weight Weight
pendent of left ventricular ejection fraction and consistent across eight semi-automated thresholding techniques. This in- Study Hazard ratio HR 95%-Cl (common) (random) @~
cluded 2—-6 standard deviations above the reference myocardium and the full-width half-maximum method. Additionally, Hammersley EHJHF 2024 —:P— 3.58 (1.39, 9.23) 3.4% 4.4% Weight Weight
results were prone to substantial methodological heterogeneity (7* = 1.49) and small-study bias. Once the presence of Gil 2023 -— 1.24 (0.5, 2.75) 4.9% 5.6% Study Hazard ratio HR 95%-Cl (common) (random)
. . : o e ! DiMarco 2022 ; 13.40 (1.71, 104.80) 0.7% 1.2% :
........................ o o e e P e oo, Purmah 2022 - 231 (128,417)  89%  7.9% Infante 2021 —— 470 (105,21.02)  24%  34%
Conclusion Quantitative LGE assessment provides little incremental prognostic utility over dichotomous LGE detection. Consensus im- Infante 2021 ¢ 4.70  (1.05,21.02) 1.4% 2.1% Alba 2020 ‘ 1.82 (1.14, 2.91) 24.6% 17.0%
. dards and . lidati isite before LGE burd id , Dl bl di q Alba 2020 '.*:; 1.82 (1.14, 2.91) 14.0% 9.7% Barison 2020 —r—a— 6.79 (1.57, 29.43) 2.5% 3.5%
aging standards and prospective validation are requisite before urden can guide primary implantable cardioverter de- Barison 2020 ——— 6.79  (1.57,29.43) 1.4% 2.2% Behera 2020 = B 2.30 (1.34, 3.94) 18.7% 14.9%
fibrillator allocation in NICM. Behera 2020 3 230  (1.34,394)  10.6% 8.6%  Elming 2020 - 223 (1.12,445)  11.4% 11.2%
Elming 2020 —- 2.23 (1.12, 4.45) 6.5% 6.7% Muthalaly 2019 —-— 4.50 (1.29, 15.69) 3.5% 4.6%
Nakamori 2020 ——— 714  (1.56, 32.72) 1.3% 21% Park 2018 —— 1.20 (0.29, 4.98) 2 7% 3.7%
o, ] ] , L aal::?a:ylz% s: o E F <35% i i.gg : 1(22.31,1 g.g; ; 12-830 g-gz«» Chimura 2017 E F >35% + 2.41 (1.05, 5.55) 7.8% 8.7%
® P t m t LG E k m VA LRy g : 29, 15. 0% 9% Mikami 2016 —-— 449  (1.48,13.64) 4.4% 5.6%
rl O n OS J e a SO C I Ova n a S rl ZI e Park 2018 —— 1.20 (0.29, 4.98) 1.5% 2.3% Shin 2016 1 - 257 (0.78, 8.43) 3.9“;: 5_0n,§
Chumura 2017 _"_ 2.41 (1.05, 5.55) 4.4% 5.3% Piers 2015 _!h_. 271 {1 10, 668} 6.7% 7. 7%
gﬁl‘fam' 12g16 e ;gg (1((;381223; g-g"f g-?°;° Perazzolo Marra 2014 —— 3.80 (1.34,10.75) 5.0% 6.2%
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° M t d k t f k LGE CNa h t Hsé ‘ : “a 8 = i Neilan 2013 § —— 14.00  (4.34, 45.14) 4.0% 5.1%
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Perazzolo Marra 2014 —.— 3.80 (1.34,10.75) 2.9% 3.9% Leyva 2012 —-——— 16.10 (1.80, 144.00) 1.1% 1.7%
Gulati 2013 3 4.61 (2.75, 7.73) 11.5% 8.9% g ’
Neilan 2013 : —— 14.00 (434, 4514) 2.3% 3.2% common Eﬂect model ‘ 2_?0 (2_1 d, 3-.11} 1m_0§}$ .
- o b4 z z , Gao 2012 3.04 (0.37,24.84) 0.7% 1.2%
° K t f k LG E d m - =3y e i 2% Random effects model . 294  (2.20,3.94) . 100.0%
. Common effect model ‘ 2.96 (2.48,3.53) 100.0% . O_Im 0{1 1 1|0 160
roono Stl C ko U h 0] d N Otu Random effects model @ 311 (2.45,3.93) . 100.0%
p g Heterogeneity: /2 = 35%, t° = 0.0923, P =0.06
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Dalsi vyuziti informaci z MR - strategie arytmologicke leCby
Zkusenosti (praxe) naseho pracovisté

A. Resynchronizacni leCbha
Indikace k CSP (resp. LBBP)

* primarne LBBB bez pozdniho syceni. Jsou nejlepsimi respondery a pri
LBBP dokonce superrespondery

* ev. LBBB, kteri maji nerozsahlé pozdni syceni v bazalnim septu
(pravdepodobne i pricina LBBB)

Indikace k B1V resynchronizaci

* ischemici nebo neischemici s vetsim rozsahem jizev (dyssynchronie zde

pravdépodobné zpusobena pozdnim vedenim jizvami na bocCni sténu a ne
L BBB)

* ischemik s velkou jizvou na lat. stene- BiV nemusi fungovat
dobre, stimulace do jizvy navic muze byt proarytmogenni pro KT

B. Diferencialni dg. arytmii indukovane KMP

C. Patrani po arytmogennim substratu pred ablaci




MR parametricke mapovani

* Mapovaci techniky citlivejsi na difusni
zmeny, umoznuji primou kvantifikaci relax.Casu

* T2 mapovani specifictejsi pro detekci edemu

* nativni T1 citlivy na pritomnost edemu, fibrozy
akumulaci amyloidnich proteinu - samotny T1
nemusi byt schopen rozlisit akutni onemocneni od
chronickeho

* T1 mapovani nativnhe a postkontrastne umoznuje
kvantifikaci ECV (nutna znalost aktualniho Htk)

* Normalni hodnota ECV je 0,2520,04 (1,5 Tesla)

Review Article

Contents lists available at ScienceDirect

Journal of Cardiovascular Magnetic Resonance

journal homepage: www.sciencedirect.com/journal/jocmr

Society for Cardiovascular Magnetic Resonance reference
values (“normal values”) in cardiovascular magnetic
resonance: 2025 update

Nadine Kawel-Boehm®, Scott J. Hetze_lh, Bharath Ambale-Venkatesh®,
Gabriella Captur™®, Calvin W.L. Chin"#, Christopher J. Francois”,

Michael Jerosch-Herold', Judy M. Luu, Zahra Raisi-Estabraghl‘, Jitka Starekova',
Michael Taylor™, Max van Hout”, David A. Bluemke""

Table 89 JI"},,-"""'huh
Normal native myocardial T1-relaxation time (ms) in adults.” / :
r

Reference(s) FS Vendor Sequence n f;,r Mean + SD LL-UL
[18 1.5 GEP MOLLI 3b(35)3b(3s)5b 100 .I': 1027 + 36° 3 956-1098
[132] 1.5 Philips® MOLLI 3b(25)5b 51 974 = 45 \ 884-1064
[125] 1.5 P‘hili[:)s.‘j MOLLI 3b(35)3b(3s)5b 50 ( 967 = 28 911-1023
[116] 1.5 Siemens*® MOLLI 5b(4b)2b 40 996 = 32° 933-1059
[128] 1.5 Siemens® MOLLI 5s(3s)3s 94 1024 = 39 946-1102
[142] 1.5 Siemens® MOLLI 5b(3b)5b(3b)5b(3b) 50 928 + 25° 879-977
[118,122 1.5 Siemens*® MOLLI 3b(3s)3b(3s)5b 127 952 + 35 883-1020
[128,135] 1.5 Siemens® ShMOLLI 5b(1b)1b(1b)1b 4242 954 + 41 874-1034
[128] 1.5 Siemens*® SASHA 94 1144 + 45 1054-1234
[121] 3 P‘hih'ps‘j MOLLI 3b(3s)3b(3s)5b 46 1057 + 23 1011-1103
[144,146] 3 Siemens® MOLLI 5s(3s)3s 120 1214 = 39 1138-1289
[120] 3 Siemens® MOLLI 5b(3s)3b 41 1180 + 27 1126-1234
[139] 3 Siemens® MOLLI 5b(3b)3b 129 1182 (1162-1200)°
[123] 3 Siemens® ShMOLLI 5b(1b)1b(1b)1b 57 1125 + 45 1035-1215
[123] 3 Siemens® SASHA 57 11494 + 43 1408-1580

Extracellular volume fraction, calculated by

ECV =

l )
TimyopostGd ~ TImyopative

)

where myo = myocardium; blood = intracavitary blood pool; hematocrit = cellular

TibloodpysiGg  T1bl0odygripe

volume fraction of blood [%]

X (100 — hematocrit)

S



Pacient se srdecnim selhanim- fenotyp HCM

Hypertenzni srdce

Sarkome

'o'” ’

-
=
]

ckg HC

Fabryho choroba
nativni T1 939ms

septum 873ms

Amyloidoza
nativni T1 1145ms

ECV 58%

Acute ,
Fod S ——
fibrosis
ECV/ M ditis
% Diffuse fibrosis
Iron Fabry's Normal
Athlete
Low Fat
Low Native T1/ms High

Iron overload - T2* mapovani

2* GE Ma

o T ing ~~ CM _
zdroj: Krittayaphong R et al., InternatloﬁgllnﬂournalRof Cardiology 2017

Iron loading stratification Cardiac MRI 1.5T

Cardiac MRI 3T

T2* (msec) ‘ R2* (Hz) T2* (msec) ‘ R2* (Hz)
Normal >20 <50 >12 <83
Moderate 10-20 50-100 5.5-12 83-181
Severe <10 >100 <55 >181




MR srdce a zanet - pacient se srdecnim selhanim fenotyp DCM

diferencialni diagnostika zanetlive/ pozanetlive KMP

Klinicky scénéF A

T2 rel..£50ms T11028ms, ECV 32%
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Chronic 90
myocarditis §§
Article
Using Multiparametric Cardiac Magnetic Resonance to 2
Phenotype and Differentiate Biopsy-Proven Chronic from
L] L L L H | d
Healed Myocarditis and Dilated Cardiomyopathy  voo i/ | %0
Patrick Krumm 10, Jan M. Brendel L+ Karin Klingel 2(0, Karin A. L. Miiller 3, Jens Kiibler . Christoph Grani N -
Meinrad Gawaz 3, Konstantin Nikolaou ' and Simon Greulich 3 160
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Pacient se srdecnim selhanim - ischemicka KMP

Viabilita LGE - index transmurality (IT) Viabilita- kontraktilni rezerva

* Cutt-off hodnota IT 50% DSMRI (low dose)

All Dysfunctional Segments with Severe

Segments Hypokinesia, Akinesia, or
Dysk '
‘&o

&
— N
* )
2 $
>
-
= &
e ©
g &
c
o
(o]
g
o &
a 4
£

S
8
) % ] 9

Transmural Extent of Hyperenhancement (%)

Zdroj: Selvanayagam JB et al. Circulation. 2004;110:1535-1541.
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Role of Cardiovascular Magnetic
Resonance in Native Valvular
Regurgitation: A Comprehensive
Review of Protocols, Grading of
Severity, and Prediction of Valve
Surgery

Pacient se srdecnim selhanim - chlopenni vady

* kvantifikace RF primé/ neprimé metody
* kvantifikace objemu LV/RV
* pritomnost fibrozy LGE/ECV

RO = SV (SV LK/PK)- prutok v asc. aorté/plicnici

.‘.”-?'7‘ "... - :4'
M Aortic forward volume: 197 ml

Pulmonary forward volume = 31ml

Aortic backward volume= 82 ml

LVSV=96ml, Aortic forward volume = 46ml
MRvol = 96-46=50ml, RF= 50/96=52%

f -~
- 2
»

o

< o

s

Aortic regurgitant volume= 82 ml
Regurgitant fraction = 82/197=42% .

TABLE 4 | Indications, preferred methods and evidence level of CMR to determine severity of mitral, aortic, tricuspid and pulmonary regurgitation according to current
American and European guidelines (3, 4, 35, 36).

When CMR is
indicated

Preferred CMR
methods

Class of
recommendation/

C

Severe MR

Discrepancy between MR
severity on echo and
clinical findings
Inconclusive echo on MR
severity or indeterminate
MR (3, 4, 35, 36)

Indirect methods (35, 26)

l/BE-NR (3)

Severe AR

Discrepancy between AR severity
on echo and clinical findings
Inconclusive echo on AR severity or
indeterminate AR (3, 4, 35, 36)
Patients with bicuspid aortic valve
with unsatisfactory assessment of
aorta morphology (36)

Direct method (35, 36)

I/B-NR (3)

Severe TR

Discrepancy between TR
severity on echo and
clinical findings
Inconclusive echo on TR
severity or indeterminate
TR (3, 4, 35, 36)

RV assessment (35)

Indirect methods (35, 36)

I/B-NR (3)

Severe PR

Discrepancy between PR
severity on echo and
clinical findings
Inconclusive echo on PR
severity or indeterminate
PR (3, 35, 36)

RV assessment (35)
Direct method (35, 36)

D Aortic forward volume = 46ml




Pacient se srdecnim selhanim - vrozena srdecni vada

dlouhodobé sledovani pacientu po operacnich
korekcich v detstvi a rezidualnich nalezu

hodnoceni komplexni anatomie

volumetrie a funkce RV, LV

kvantifikace prutoku, RF, zkratu

absence ionizujiciho zareni a casto | nutnosti
podani Kk.|.

MR kliCova pro casovani a indikaci k reoperacim

* budouci perspektiva: 4D flow



Role MR- zavery

MR komplexni metoda pro diagnostiku, fenotypizaci a stratifikaci rizika u celé
skaly kardiovaskularnich onemocneni

Poskytuje data o morfologii, funkci, perfuzi, viabilite a charakterizaci tkane
Je referencnim standardem pro mereni objemu, hmotnosti a funkce komor
LGE e silnym nezavislym prediktorem nezadoucich udalosti

Diagnostika specifickych priCin srdecniho selhani je dulezita ve vztahu k cilenée
farmakoterapil nekterych onemocneni

Kombinované protokoly s vyuzitim parametrickeho mapovani zvysuji
diagnostickou presnost a zlepsuiji rizikovou stratifikacl
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Cardiac MRI Across ESC Guidance in the Last Decade

DEMAND

SUPPLY

Pulmonary
hypertension 2022 [21]

Infective endocarditis
2023 [22]
Myocarditis and
pericarditis 2025 [23]

B i T B

diagnostic echocardiography

RV function/prognosis in expert
centers

Adjunct in selected scenarios

Suspected myocarditis/
pericarditis

or insufficient o

May be considered for RV volumes/
EF, prognostication

Limited adjunctive use vs echo/
CT/PET

CMR-centric diagnostic pathway

(Lake Louise Criteria 2018 with
mannineg): structured follow-un

Ilb C

I C (context-specific)

CMR: Bridging Clinical Challenges to Guideline Solutions

Clinical Challenges CMR Solutions Guideline Impact

$.!',¢ (=
RSHL Y |
Systema.tic Review of Diagnostic Ur!c‘ertainty Gold Star}dard Increasing Class I/ 11a
ESC Guidelines ) (e.g. myocarditis, Volumetrics f Recommendations
=N MINOCA)
' Tissue o Central to Diagnosis &
‘V'! 13 Key Domains 4 Characterisation g Management Pathways

Discordant / Inaccurate

m Quantification

Covering a Decade (e.g. valvular, RV)

2015 - 2025

Viability Empowering Precision

oL _— Q in Cardiovascular
,y Flow Quantification Medicine

Myocarditis

* CMR-centric
diagnostic pathway

ACHD

*RV volumes
*Shunt quantification

Heart Failure

* Aetiology
*Viability if ischaemic

CCs

*Functional testing
(stress CMR)

Cardiomyopathy
*Baseline CMR
(function,
morphology)
*Risk

Valvular Heart
Disease
*Quantify regurgitant
valve disease if TTE
inconclusive

NSTE-ACS

*Define aetiology if

unobstructed
coronaries.

STEMI
*Infarct size
*MVO

* Thrombus

. Recommended

. Targeted problem solving

. Adjunctive

Dekuji za pozornost









. y g , yr » nativni T1/ MACE
Difusni fibr6za, T1 mapovani a ECV

Study or Subgroup Mean SD  Total Mean 5D Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2019 1,376 93 9 1,367 77 37 12.5% 9.00[-56.63, 74.63] =
Puntmann 2016 1,183 43 28 1,110 47 609 46.0% 73.00[56.64, 89.36) ——
Vita 2019 1,121 160 36 1,087 122 204 16.3% 34.00[-20.88, 88.88] =
Youn 2017 1,368 76 19 1,318 92 98 25.3% 50.00[11.28, 88.72] —_—
Total (95% CI) 92 948 100.0% 52.87 [26.59, 79.15] -4

LJC Heart & Vasculature 51 {2024) 101339 Heterﬂ-geneitv: Tau2 = 321.00; Chlz = 551, df =3 (P=0.14); Iz = 46% —].IOD —éO 0 51'0 160

Test fﬂ'r U‘u"era“ EffE'Ct: L= 394 [P < DC‘DDI] Lower Wlth fll'll,l MACE Lower mthout f,l'lu MACE

Y

s B A Contents lists available at ScienceDirect

ch{tuhn Fig. 4. Association of native T1 time with risk of MACE in NICM patients. Baseline native T1 time was statistically significantly higher in NICM patients who
VASCULATURE subsequently experienced MACE compared to NICM patients who did not experience MACE with a mean difference of 52.87 (95 % confidence interval 26.59, 79.15;
IJC Heart & Vasculature p < 0.01).
journal homepage: www.sciencedirect.com/journal/ijc-heart-and-vasculature MACE on F/u No MACE on F/u Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Chen 2019 37.6 0.9 9 29.9 3.1 37 22.7% 7.70 [6.54, 8.86] —
Puntmann 2016 31 4.5 28 26 4.5 609 21.2% 5.00 [3.30, 6.70] —
. Rubis 2021 30.3 4.2 41 27.9 5 58 20.9% 2.40[0.58, 4.22] —_—
+qs . . . . Check for Vita 2019 37.8 9.8 36 30.8 6 204 15.8% 7.00[3.69, 10.31] o
Utility of native T1 mapping and myocardial extracellular volume fraction = Your 5017 189 46 19 306 49 98 193% 830[6.02 10 58] L
in patients with nonischemic dilated cardiomyopathy: A systematic review Total (95% C) 133 1006 100.0%  6.03 [3.79, 8.26] P
. Ters 2 _ . i = = 12 = 1 i i t
and mEta-anaIYSIS Heterogeneity: Tau® = 5.37; Chi‘ = 28.57, df = 4 (P < 0.00001); I* = 86% 10 7 0 : 10

Test for overall effect: Z = 5.28 (P < 0.00001) Lower with f/u MACE Lower without f/u MACE

Michael Tao, Simrat Dhaliwal, Dhairyasheel Ghosalkar, Siyuan Sheng, Neda Dianati-Maleki,

] ] Fig. 5. Association of ECV with risk of MACE in NICM patients. ECV was statistically significantly higher in patients who experienced MACE during follow-u
Edlira Tam, Tahmid Rahman, Noelle Mann, Smadar Kort 8 P y o8 Yy 18 P P 8 P

compared to patients who did not experience MACE with a mean difference of 6.03 (95 % confidence interval 3.79, 8.26; p < 0.01).

T1/ LVRR

Department of Medicine, Division of Cardiology, Stony Brook University Hospital, Stony Brook, NY 11794, USA

No LVRR LVRR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2016 1,071 77 21 1,051 79 27 16.3% 20.00[-24.41, 64.41] .
Inui 2018 1,396 66 11 1,340 69 22 15.1% 56.00 [7.50, 104.50] -
Kinoshita 2022 1,090 50 53 1,047 37 60 25.7% 43.00 [26.60, 59.40] —
Kitagawa 2022 1,413 54 11 1,323 44 15 18.1% 90.00([51.09, 128.91] =
Xu 2021 1,309 81 109 1,303 44 48 24.7% 6.00[-13.65, 25.65] —
r v Y 4 " V4 " r
®* zvysene hod noty nativniho T1 a ECV asoclovany s Total (95% C) 205 172 100.0% 40.58 [12.90, 68.25] —~——
Heterogeneity: Tau? = 706.26: Chi? = 18.08, df = 4 (P = 0.001); I* = 78%

_ -100 -50 0 50 100
MA‘ E Test for overall effect: Z = 2.87 (P = 0.004) Lower in Non-Responders Lower in Responders

Fig. 7. Association of native T1 time with LVRR Patients who did not have LVRR had significantly higher native T1 time compared to patients who had LVRR on
follow-up with a mean difference of 40.58 (95 % confidence interval 12.90, 68.25; p < 0.01).

° AF Ache ri ' ECV/ LVRR
nonresponderl k Iere, kterl nezaznamenall No LVRR LVRR Mean Difference Mean Difference
P . v 1 . R v v v s Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
d I LK I f k t Chen 2016 34 6 21 30 6 27 9.2% 4.00[0.58, 7.42] .
reverzn I remo e aCI me I Slg nl I an ne VySSI Inu?n2018 35.6 1.5 11 32.2 36 22  35.4% 3.40[1.65, 5.15] ——
. ’ Kinoshita 2022 33 8 53 28 4 60 19.0% 5.00[2.62, 7.38] =
hOd nOty natlvn I ho T1 a ECV Xu 2021 304 6 109 283 4.6 48 36.4% 2.10[0.38, 3.82] —a—
Total (95% CI) 194 157 100.0% 3.29 [2.25, 4.33] ‘
Heterogeneity: Chi® = 4.00, df = 3 (P = 0.26); I = 25% —iﬂ _+5 5 _'3', 1=0

Test for overall effect: Z = 6.20 (P < 0.00001) Lower in Non-Responders Lower in Responders

Fig. 8. Association of ECV with LVRR Patients who did not have LVRR had significantly higher ECV compared to patients who had LVRR on follow-up with a mean
difference of 3.29 (95 % confidence interval 2.25, 4.33; p < 0.01).
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_ European Heart Journal - Cardiovascular Imaging (2023) 24, 512-521
European Society https:/doi.org/10.1093/ehjci/jeac142
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; p : p v T T ; X 1.0 1 Low-risk
Follow-up (years
Number at risk pi s |
—— ECV<30% 349 194 84 18 : _ri
e Ere s (0 - 3 ‘ - |.I Intermediate-risk
Aims To evaluate whether cardiac magnetic resonance (CMR)-based parametric mapping and strain analysis can improve the
risk-stratification for ventricular arrhythmias (VA) and sudden death (SD) in non-ischaemic cardiomyopathy (NICM). 0.8 -
Methods Secondary analysis of a prospective single-centre-registry (NCT02326324), including 703 consecutive NICM patients,
and results 618 with extracellular volume (ECV) available. The combined primary endpoint included appropriate implantable cardi-
overter defibrillator therapies, sustained ventricular tachycardia, resuscitated cardiac arrest and SD. During a median fol- 07 - Hioh. el
low-up of 21 months, 14 patients (2%) experienced the primary endpoint. Native T1 was not associated with the primary UL
endpoint. Left ventricular global longitudinal strain lost its significant association after adjustment for left ventricular ejec- High-risk vs low-risk, p<0.001
tion fraction (LVEF). Among patients with ECV available, 11 (2%) reached the primary endpoint. Mean ECV was signifi- High-risk vs intermediate-risk, p=0.05
cantly associated with the primary endpoint and the best cut-off was 30%. ECV > 30% was the strongest independent 06 Intermediate-risk vs low-risk, p=0.02
predictor of the primary endpoint (hazard ratio 14.1, P=0.01) after adjustment for late gadolinium enhancement (LGE) d i 2' é lll
and LVEF. ECV > 30% discriminated the arrhythmic risk among LGE+ cases and among those with LVEF < 35%. A simple Foll ( )
clinical risk-stratification model, based on LGE, LVEF <35% and ECV > 30%, achieved an excellent predictive ability Number at risk aawstRigy=ats
(Harrell's C 0.82) and reclassified the risk of 32% of the study population as compared to LVEF < 35% alone. ,
................................................................................................................................................ Low-risk ' 503 422 297 97 20
Conclusions Comprehensive CMR evaluation in NICM showed that ECV was the only parameter with an independent and strong In.term_edlate-nsk 50 43 26 13 3
predictive value for VA/SD, on top of LGE and LVEF. A risk-stratification model based on LGE, LVEF < 35% and ECV — High-nsk 56 48 20 7 0

> 30% achieved an excellent predictive ability for VA/SD.
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Clinical Trial UHSM CMR study (NCT02326324) https://clinicaltrials.gov/ct2/show/NCT02326324.
Registration



