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MRI| hodnoceni LK

e velikost a tvar LK, hmotnost myokardu LK (LVM)
* systolicka funkce

* diastolicka funkce

 charakteristika stén LK:

- diametr
- kinetika
- struktura (tkdnova charakteristika)



Objemy a systolicka funkce




Rovnice plocha — délka
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Simpson’s rule

EDV/EDVI
ESV/ESVI
EF LK

SV

LVM




MRI — ,,zlaty standard®

CMR is recommended for the assessment of myocardial structure and function (including right heart) in subjects with poor
acoustic window and patients with complex congenital heart diseases (taking account of cautions/contra-indications to CMR).

ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail. 2016;18(8):891-975.

* diskrepance mezi vysledky predchozich vysetreni/metod

* ACCF/ACR/SCCT/SCMR/ASNC/NASCI/SCAI/SIR 2006 appropriateness criteria for cardiac computed tomography and cardiac magnetic resonance imaging: a report of
the American College of Cardiology Foundation Quality Strategic Directions Committee Appropriateness Criteria Working Group, American College of Radiology,
Society of Cardiovascular Computed Tomography, Society for Cardiovascular Magnetic Resonance, American Society of Nuclear Cardiology, North American Society
for Cardiac Imaging, Society for Cardiovascular Angiography and Interventions, and Society of Interventional Radiology. J Am Coll Cardiol. 2006;48(7):1475-1497.

e pred implantaci ICD v ramci primarni prevence

* Korean guidelines for appropriate utilization of cardiovascular magnetic resonance imaging: a joint report of the Korean Society of Cardiology and the
Korean Society of Radiology. Korean J Radiol. 2014;15(6):659-688.




MRI hormy

Table 3 Left ventricular parameters, by age and gender [mean +5D (lower, upper limits®]]

Men Wormen

Parameter <fl years =60 years <B0 years =60 years

B fmil] 161 £.1 (1195, 203) 148+ 1 {106, 190) 132 £21 0, 174) 120+ 21 (78, 162)
BV /BSA [milfmi’] 8219 4, 100) M9 (58, 94) B+ 87 B1,95) &0 £ 87 (52, 865)
ESV mil] 35£11{(33 77) +11{24 70 44 +95 (25, A3) 38 +95 {19, /)
ESV/BSA [mil'my] 28+ 55 (17, 39) 25 55 (14, 35 X447 (17,35 2 +47 (13, 31)
S [inni] 106+ 14 {78 134) 100+ 14 (72, 128) = 14(60 118) &= 14 (54 110)
SUFESA il fime] 55+ 61 (43, &7) 52 £61 (40, &) 53+ 62 [0, &4) 75+ 6235 &0
B Fe] &6+ 45 (57, 75) S8 £45 (59 7] &F + 44 (58, 78 &0 £ 44 (50, 78]
Maszs [g] 147 £ 20 {107, 187) 145 + 20 (105, 185) 106 +£18 (70, 142) 110+ 18 (A4, 144)
Mass/BEA lg/mi’] 74+ 85 (57, <) A+ 85 (56 90 G+ 75 @77 &+ 75 (48, 78]

LV papillary muscle mass included o part of LY mas s Fromm sefenenae [5].
* = caloulated a5 mean =50 BV —end-disiodic walume; BSY = end-systolic valume: 5V =stodke wolume BF = sjaction fracton; BSA = baody surfsce anes

S0 =standarl deviation.

Kawel-Boehm N et al. Normal values for cardiovascular magnetic resonance in adults and children. Journal of Cardiovascular Magnetic Resonance. 2015;17:29.



Tvar LK




Hodnoceni diastolické dysfunkce LK

Metoda fazového kontrastu



Table 2
Types of TMF Patterns
Characteristics Normal Type 1 Type 2* Type 3
Pattern Mormal Impaired Pseudonormal Restrictive Restrictive
relaxation (paraally (foeed)
reversible)
E/A ratio 1-2 <] 1-2 =2 >2
MDT? (msec) 150-220  Incressed MNormal Decreased Decreased
Mechamsm Abnormal Combination of Abnormal IV Abnormal IV
relaxation abnormal relax- stiffness; stiffness; irre-
ation and stiffness partially versible despite
with opposite reversible medical treat-
effects; transiton with medical ment
between types 1 treatment
and 3
LV filling MNormal Normal or shightly  Mildly increased Moderately Greatly increased
Pressures increased increased
Main causes LV hypertrophy, Identical to those of  Sewere LV Severe LV
hypertension, types 1 and 3 dysfunction, dysfunction, re-
ischemic car- restrictive car-  strictive cardio-
diomyopathies, diomyopathy myopathy {eg,
diabetes mel- {eg, cardiac cardiac amyloi-
litus, aging amyloido- dosis), chromc
' _ sis), chronic COnstrictive
NORMAL TYFE1 TYPE 2 YPE 3 constrictive pericarditis
Imgpairad Paeuwdanormal Restrictive pericarditis
reaxation parhally *To differentiate between the type 2 and normal patterns, other criteria are important (LA size, pulmonary
rEVErshiE venous flow [PVE], tissue phase-contrast [TPC]).
i I TMDT = mitral deceleration time.

Caudron J et al. Evaluation of Left Ventricular Diastolic Function with Cardiac MR Imaging. RadioGraphics. 2011; 31:239-261



Velocity

Impaied relaxalion

freees =
:\-nn:"'n. ] -5.
E
|
I -
5
: ]
3 4 Time
irmes)
A
| |
Pulmonary D wave srplise |
decredeses

Emvation S0 ratis

Caudron J et al. Evaluation of Left Ventricular Diastolic Function with Cardiac MR Imaging. RadioGraphics. 2011; 31:239-261
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Velocity

Caudron J et al. Evaluation of Left Ventricular Diastolic Function with Cardiac MR Imaging. RadioGraphics. 2011; 31:239-261
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Panovsky R et al. Left atrium assessment: the evolving role of MRI. J Cardiovasc Med. 2014;15:000-000.



MRI hodnoceni diastolické funkce

Tabulka 3.1 - Definice srdeéniho selhani se zachovanou ejekéni frakci (HFpEF), s ejekéni frakd ve strednim pasmu (HFmrEF) a sniZzenou

ejekéni frakei (HFrEF)

Typ srdeéniho selhani | HFrEF HFmrEF HFpEF
KRITERIA 1 | Symptomy + Symptomy + znamky?® Symptomy + znamky?®
znamky®
2 | EFLK < 40 % EFLK 40-49 % EFLK =50 %
- Zvysené hodnoty natriuretickych peptidd® | Zvyiené hodnoty natriuretickych peptidd®
Alespon jedno dalsi kritérium: Alespon jedno dalsi kritérium:
* yyznamne strukturalni onemocnéni srdce | * vyznamné strukturalni onemocnéni srdce
(HLK a/nebo LAE) (HLK a/nebo LAE)
» diastolicka dysfunkce (detaily viz oddil » diastolicka dysfunkce (detaily viz oddil
4.3) 4.3)

Spinar J. et al. Summary of the 2016 ESC Guidelines on the diagnosis and treatment of acute and chronic heart failure. Prepared by the Czech Society of Cardiology. Cor et Vasa. 2016;58:e530—e568.



Diametr stén




Hypertrofie LK

* maximum hypertrofie a jeho lokalizace
* symetrickd/asymetrickd
 fokalni/difuzni

e kontinudlni/nekontinutalni

PHILIPS



MRI hormy

Table 28 Normal left ventricular myocardial thickness in mm measured on short axis images for men and women

Men Women
Lewel Segment Meany S0 Lowerfupper Nenits® FREafs S0, Lower/upper limits®
basal 1 al 11 ail-10.4 &t 14 4787
2 1.7 11 7418 79 14 5409
3 92 11 014 75 14 5505
4 a1 11 54-103 11 14 4586
5 73 11 5.1-95 1] 14 40-80
& 74 11 5.2-96 f.1 09 43-F9
rild-canity 7 a7 11 45-849 ) 14 3-r3
a 7 11 55-99 a4 14 44-B4
] al 11 ail-10.4 a9 14 4589
1 [i] 10 11 48-92 5 14 3479
11 6 11 4084 52 09 3470
12 &4 1.1 4.20-86 54 140 348-F4
apdcal 13 a7 11 45-829 a4 14 A4-B4
14 73 11 5.1-95 6.3 14 4383
15 G 1.1 4084 54 14 34-F4
16 63 11 4.1-85 59 14 34749

Pooled weighted mean values from references [25,30].

mieany = pooled weighted mean; S0p = pooled standard destationg * = calculated as meang & F*50g; Segmentss 1 = basal antemor, 2 = besal antercseptal, 3 = besal
inferoseptal, 4 = basal inferor, 5 = besal inferolateral, & = beasal anterolsteral, 7 = mid anterior, 8 = mid antercseptal, % = mid inferoseptal, 10 = mid infemsor, 11 = mid
inferodsteral, 12 = mid anterolateral, 13 = apical anterior, 14 = apical s=ptal, 15 = apécal inferior, 16 = apical Lateral.

Kawel-Boehm N et al. Normal values for cardiovascular magnetic resonance in adults and children. Journal of Cardiovascular Magnetic Resonance. 2015;17:29.



Kinetika stén LK




Hodnoceni

Left Ventricular Segmentation

Coronary Artery Territories
‘“‘ Vertical
I Q% Short Axis Long Axis
60@ Apical  Mid Basal Mid
!kqa‘V ,‘,,gzy’ ‘ :
.- @ . . 3 §

1. basal anterior 7. mid anterior 13. apical anterior D vt E
2. basal anteroseptal 8. mid anteroseptal 14. apical septal LAD RCA LCX
3. basal inferoseptal 9. mid inferoseptal 15. apical inferior

4, basal inferior 10. mid inferior 16. apical lateral

5. basal inferolateral 11. mid inferolateral 17. apex
6. basal anterolateral 12. mid anterolateral

Cerqueira, MD et al. Standardized Myocardial Segmentation and Nomenclature for Tomographic Imaging of the Heart. Circulation 2002;105:539-542.



Deformace myokardu

CMR Tagging CMR Feature Tracking Ei%?g;g;ﬁ:g;%
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van Everdingen WM et al. Comparison of strain imaging techniques in CRT candidates. International Journal Of Cardiovascular Imaging. 2018;34(3):443-456.
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Tkanova charakteristika myokardu LK

Standardni (,neparametrické”) sekvence

T1W T2W LGE



T1W obrazy — tuk v myokardu LK

* fyziologicky

e arytmogenni kardiomyopatie

* tukova metaplazie IM (starsi 6 mésicu)
* lipom, liposarkom

* tuberdzni sklerdza

* muskuloskeletarni dystrofie

e DCM, HCM (raritné)




Edem myokardu LK

* AIM
* akutni myokarditis (v€etné sarkoiddzy)
* stresova KMP

e kontuze myokardu
* RF ablace

P
PHILIPS



T2W obrazy — lokalni a globalni edéem

7 . 5c 19,0, Im, 1 -
Nemochnice Podlesi a.s. Hospital
Sc19.11 29-Mar-2016
L S.E.’fﬁSogram 1: 885.3 mm2 R 08:21:19

Td01.25s
: 885.3 mm2

Histogram 2: 126.;

» il 20m =
PHILIPS . L818 PHILIPS

Edema ratio (S| myokardu/Sl| kosterniho svalu) > 2,0



Pozdni syceni (LGE)

* MR kontrast (chelat gadolinia) ma rozdilnou kinetiku ve viabilnim
myokardu a v jizve

e zpomaleny wash-in a wash-out

e pozdni scany s ,vynulovanim® signalu
zdravého myokardu

* nespecificky jev (fibréza, nekréza, amyloid)

P
PEIBIPS




Ischemic Nonischemic

A\ Subendocardial Infarct A Mid-wall HE
* ldiopathic Dilated = Hypertrophic « Sarcowdosis
Cardiomyopathy Cardiomyopathy

Mvocarditi Righ i cul * Myocarditis

¢ Myocardiis = Right ventricular )
pressure overload (e.g. = Andcrson-Fabry
congenital heart discase., . ¢ hagas Discasc
pulmonary HTN)

B Epicardial HE

p =

» Sarcoidosis. Myocarditis. Anderson-Fabry, Chagas Discase

B Transmural Infarct

C Global Endocardial HE

Shah et al. In: Edelman RR, et al., eds. Clinical Magnetic = Amyloidosis, Systemic Sclerosis, Post cardiac transplantation
Resonance Imaging. 3rd ed. New York: Elsevier Press; 2005.



Nemocnice Podlesi a.s.




Hodnoceni LGE

* lokalizace a charakter (fokalni, difuzni atd.)
* ischemické x neischemické etiologie
 kvantifikace: pomoci ,,n“-SD (vizualni korekce)




LGE — Index transmurality (IT)

e Cutt-off hodnota IT=50 % Sy o vamavikiak s rakr
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Selvanayagam JB et al. Value of delayed-enhancement cardiovascular magnetic resonance imaging in predicting myocardial viability after surgical revascularization. Circulation. 2004;110:1535-1541.



Tkanova charakteristika myokardu LK

Parametrické sekvence

e T2%
* T1 mapping T4 color map

3000ms

* T2 mapping

968ms (Normal
myocardsal mun]9

200ms

Sado DM et al. Identification and Assessment of Anderson-Fabry Disease by Cardiovascular Magnetic Resonance Noncontrast Myocardial T1 Mapping. Circ Cardiovasc Imaging. 2013;6:392-398.



Hemochromatoza

e T2*~norma 33,3+ 7,8 ms
e T2*< 20ms — zvysené mnozstvi Fe v myokardu

Mormal myocardium

= = lron overload cardiomyopathy

Signal Intensity

TE (msec) 10 - 20 30

Bogaert J, Dymarkowski S, Taylor AM (Eds.) Clinical Cardiac MRI. Berlin: Springer-Verlag Berlin Heidelberg, 2005.



T1 mapping

Predkontrastné:

* presné stanoveni T1 relaxa¢niho ¢asu myokardu

* 950+ 21 ms (pro pfistroje o sile 1,5 Tesla)

* zvysSeni: edém myokardu, pritomnosti fibrozy i infiltrace amyloidem

* snizeni: Fabryho choroba, sideroza

Postkontrastné:
* ECV (extraceluldrni objem/frakce): podil extracelularniho objemu k celkovému objemu myokardu LK
* pritomnost fibrdzy (difuzni) ¢i amyloidu (nepouziva se pro detekci edému).

* pro vypocet je nutné mérit T1 relaxacni ¢as myokardu a krve pred a 15 minut po podani kontrastni latky
a také znat aktualni hodnotu hematokritu

* normalni hodnota ECV je 0,25 £ 0,04 (1,5 Tesla)



T1 mapping

FIGURE 2 MOLLIT! Mapping CENTRAL ILLUSTRATION Pre- and Post-Contrast Myocardial T1s
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Taylor AJ et al. T1 Mapping Basic Techniques and Clinical Applications. JACC: CARDIOVASCULAR IMAGING CME. 2016;9(1):67-81.




Identification and Assessment of Anderson-Fabry Disease
by Cardiovascular Magnetic Resonance Noncontrast
Myocardial T1 Mapping

Daniel M. Sado, MRCP; Steven K. White, MRCP; Stefan K. Piechnik, PhD;

Sanjay M. Banypersad, MRCP; Thomas Treibel, MRCP; Gabriella Captur, MRCP;
Marianna Fontana, MD; Viviana Maestrini, MD; Andrew S. Flett, MD; Matthew D. Robson, PhD;
Robin H. Lachmann, PhD, FRCP; Elaine Murphy, FRECPath; Atul Mehta, FRCP;
Demalynn Hughes, DPhil; Stefan Neubawer, MD; Perry M. Elliott, MD: James C. Moon, MD
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T1 mapping

Ferreira VM et al. Native T1-mapping detects the location, extent and patterns of acute myocarditis without the need for gadolinium contrast agents. Journal of Cardiovascular Magnetic Resonance. 2014;16:36.



T1 mapping

Table 2 Diagnostic performance of CMR tissue characterization methods in the detection of suspected acute myocarditis

Tissue criteria Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)
Individual

T1-mapping* 90 88 89 90 88
Dark-blood T2* 48 86 66 a1 58
LGE 72 97 81 98 67
Combination (with LGE)

Dark-blood T2 and LGE (2 out of 2)™ 45 97 64 % 51
Dark-blood T2 or LGE (Any 1 of 2) 75 86 79 90 67
T1-mapping and LGE (2 out of 2) 67 97 78 93 63
T1-mapping or LGE (Any 1 of 2) 95 g3 91 91 91
T1-mapping, dark-blood T2 or LGE (Any 1 of 3) 95 7 85 85 89
T1-mapping, dark-blood T2 or LGE (Any 2 of 3) 70 97 B0 98 65
T1-mapping and dark-blood T2 and LGE (3 out of 3) 45 97 &4 98 51
Combination (without LGE)

T1-mapping and dark-blood T2 (2 out of 2)* 48 98 Il 97 o1
T1-mapping or dark-blood T2 (Any 1 of 2) 90 76 B4 82 86

*statistically different (p < 0.05); "no statistical difference {p =ns). T1-mapping: myocardial injury is detected when T1 is =990 ms; Dark-blood T2-weighted
imaging: edema is diagnosed when the T2 Sl ratio (T2 S| pyocardium : skeletal muscte) 15 2 2:1; Late gadolinium enhancement (LGE) is detected when myocardial Sl is =
2 5D abaove mean Sl of remote myocardium. For each technique, only contiguous areas of myocardium 240 mm?® above the stated threshold were considered
relevant; involvement of =5% of any segment on a per-subject basis was the threshold used for comparison of methods. PPV = positive predictive value; NPV =
negative predictive value.

Ferreira VM et al. Native T1-mapping detects the location, extent and patterns of acute myocarditis without the need for gadolinium contrast agents. Journal of Cardiovascular Magnetic Resonance. 2014;16:36.



T2 mapping

e T2 relaxacni €as < 60 ms
 vyuziti stejné jako pro T2W obrazy

* presnéjsi v diagnostice zanétlivé KMP
e akutni rejekce
 kardiotoxicita chemoterapie

Lota AS et al. T2 mapping and T2* imaging in heart failure. Heart Fail Rev. 2017;22:431-440.



MRI hodnoceni LK

Standardni hodnoceni: Nadstandardni hodnoceni:
e velikost a systolicka funkce e strain rate (tagging, feature
e hypertrofie stén (charakter) tracking)
e regionalni poruchy kinetiky * parametricke metody
T e T2*
* signalové zmeény myokardu LK T _
e predkontrastni (edém...) mapp!ng
* T2 mapping

e postkontrastni (LGE)



Odborné stanovisko

Indikaéni kritéria MRI srdce a jejich ¢asovy harmonogram

Spole¢né odborné stanovisko Ceské kardiologické spolecnosti a Radiologické spoleénosti

Ceské lékarské spolecnosti Jana Evangelisty Purkyné

Martin Pleva]"z, Jifi Weicheﬁ, Tomas Paleﬁek4, Jan Baxaﬁ, Theodor Adlaﬁ,
Dana Kautznerova’, Sarka Bohat3®

']{mmlmi kardiowaskulami centrum, Memocnice Podlesi as., Thnec
*Vaskulimi centrum, Vitkovicki nemocnice, a.s., Osirava
IRadindiagnuaticl:i klinika Fakultni nemocnice Krilovské Vinohrady a 3. lékafské fakulty
Univerzity Karlovy v Praze, Praha
*11. intemi klinika- klinika kardiologic a angiologie Vieobecnd fakultni nemocnice a 1.
lékafskeé fakulty Univerzity Karlovy v Praze, Praha
*Klinika zobrazovacich metod Fakultni nemocnice Plzefi a Lékafskeé fakulty Univerzity
Karovy v Plani, Plzefi
*Klinika zobrazovacich metod Fakultni nemocnice Motol a 2. 1ékafské fakulty Univerzity
Karlovy v Praze, Praha
?Pracoviits radiodiagnostiky a intervenéni radiologie, Institut klinické a expenimentalni
mediciny, Praha
*Klinika radiologie a nuklearni mediciny, Fakulmi nemocnice Bmo a Lékafska fakulta
Masarykovy univerzity, Brno



Mezioborové sympozium nad srdecni tomografii
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Dekuji Vam za pozornost



