Kardiologiai kepalkoto diagnosztikai eljarasok:
Sziv CT és MR
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WHO elorejelzese a vezetd halalokokrol

2016 2030
Ischaemias szivbetegségek Ischaemias szivbetegségek
Cerebrovascularis betegségek Cerebrovascularis betegségek

Alsé léguti infekcidk COPD

AT T Als6 légiti infekciok
Tiidérak
Kozlekedési baleset

Perinatalis rendellenességek
COPD

T rculosi i
uberculosis Tuberculosis

Gyomorrak
HIV
Ongyilkossag

Kanyaro
Kozlekedési baleset
Tudorak

WHO World health statistics 2016. ISBN9789241565264



Kardiovaszkularis betegsegek folyamatabraja
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Kardiovaszkularis MRI
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Kardiovaszkularis MRI

Elonyei: Fajdalom mentes (non-invasiv)
Pontos (felbontas)
Nélkulozhetetlen informaciok
Sugarzas mentesen

Hatranyai: Bezartsag, klausztrofobia
Draga, indikacio szukseges
Szakember igényes




Sziv MRI technikak

Morfologia

Funkci16

Szoveti tipizalas (T1, T2, ECV, LGE)
Perfi1z10 (stressz teszt, ischaemia)
Aramlasmérés (billentytik, vitiumok)

Angilographia (aortographia, coronarographia)






Esetismertetés 1.

0 71 éves obes nobeteg (BMI: 31,3 kg/m?2)
0 Panasz: retrosternalis panasz, fél eéve terhelesre fullad, tipusos mellkasi panaszok, palpitacio
erzes 2 honapja, labai nem duzzadnak, nycturia nincs,
0 Anamneézis: 15 eve 1smert hypertonia
8 ¢eve T2DM

3 eve hyperlipidémia

* (Csaladi anamnézis cardiovascularis
szempontbol negativ

* Gyogyszerei: amlodipin, nebivolol,
atorvavastatin, metformin

* Igen magas CV rizikostatus




Coronarographia
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Coronarographia - PCI




Szivinfarktus utani halalozas Mo-n

Nemzeti Szivinfarktus Regiszter (2024) ACS (STEMI, NSTEMI) 1 éves halalozasa 23 %!!!

Tomcsanyi J Orvosi Hetilap 2017:158(12):443-446
Janosi A Orvosi Hetilap 2024:165(24):944-950



Bal kamra csucsi falmozgaszavar
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Eletképesség, de nem mindegy
milyen mertekben
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Kim, R J et al. Heart 2004;90:137-140



Globalis bal €s jobb kamra szisztoles funkcio
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Regionalis bal kamra funkcio

Bull’'s eye diagram

Cerqueira et al., AHA Scientific Statement, Circulation 2002;105:539-542



Regionalis bal kamra funkcio




Keso1 kontraszt halmozas (LGE)

IN VIVO

* 10 - 20 min post Gd
DTPA

* Inversion recovery
FLASH or True-FISP

- “Bright is dead”

« Normal, stunned,
hibernating

myocardium is dark
EX VIVO
« TTC staining

Kim R et al, Circulation 1999



Perfuizios MRI és
késo1 kontraszt halmozas

Normal
myocardium Infarcted

MR Contrast
Inj.




Csucs1 aneurysma (pseudo)
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Jobb kamrai szivintarktus

.o

O CMR images from a patient with acute non-STEMI, evidenced by a rise in cardiac enzymes and nonspecific ST-segment
changes on an ECG. Invasive coronary angiography revealed 3-vessel CAD with an occluded proximal RV branch of the
right coronary artery.

A cine CMR image (A) in systole shows a subtle wall motion abnormality in the anterior RV free wall (arrow).
The T2-weighted image (B) shows high signal in this area with corresponding high signal on the
late gadolinium-enhanced image (C). There is no evidence of scar in the left ventricle, suggesting isolated RV infarction

Circulation. 2009;119:1671-1681
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Szivinfarktus szovodmeény

CMR 1mages in the 4-chamber orientationfrom a patient with previous anteroseptal MI.

A, The diastolic frame from a cine CMR study shows thinning of the interventricular septum with a
mass lesion at the endocardial surface (arrow).

B, Early gadolintum-enhanced images show that the lesion does not take up contrast.

C, Late gadoliniumenhanced images delineate the extent of MI (blackarrow) as hyperenhancement
and show that the lesion remains unenhanced (white arrow), suggesting an LV thrombus.

Circulation. 2009;119:1671-1681



Kardiovaszkularis betegsegek folyamatabraja
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Stress test

Table 12 Characteristics of tests commonly used to
diagnose the presence of coronary artery disease

Diagnosis of CAD
Sensitivity (%) | Specificity (%)

Exercise ECG **-# %

Exercise stress echocardiography®

Exercise stress SPECT®

Dobutamine stress echocardiography™

Dobutamine stress MR|®

Yasodilator stress echncar‘dic-gr‘aph}r?ﬁ

Vasodilator stress SPECT %

Vasodilator stress MR] 598 100-102

Coronary CTAS™™

Vasodilator stress PET™-%. 106




Adenozin stressz
CMR 2026 elott

Cine CMR rovid tengely
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Adenozin stressz CMR ‘

Eletképesség




2. beteg: cine CMR rovid tengely felvételek
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Adenozin stressz CMR — rovid tengely felvételek
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Adenozin stressz CMR - Myocardium blood flow map (MBF)
quantitativ meghatarozas

Flow {(mean)

1 BasAnt 1.90

2 BasAntSep 1.71
3 BasInfSep 0.67
4 Basinf 0.54

5 BasinfLat 1.68
6 BasAntLat 1.68
7 MidAnt 1.63
8 MidAntSep 1.46
9 MidinfSep 093
10 Midinf 0.68
11 MidinfLat 141
12 MidAntLat 1.48
13 ApAnt 1.88
14 ApSep 1.29
15 Apinf 132
16 AplLat 1.46
GLOBAL 1.40

MBF map (mml/min/qg)

No. - 1 I5 powered by Gadgetron

Size: 800 x 800



oronarographia
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LGE - kés01 kontraszt halmozas ¢s ECV meghatarozas— rovid tengely
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3. beteg: cine rovid tengely felvételek
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Adenozin stressz CMR — rovid tengely felvételek
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Adenozin stressz MRI - Myocardium blood flow map (MBF)

quantitativ meghatarozas
2026. 04. 16.

Flow (mean)
1 BasAnt 2.74
2 BasAntSep 2.24
3 BasInfSep 2.37
4 Basinf 1.95
5 BasinflLat 2.29
6 BasAntlLat 3.49
7 MidAnt 1.85
8 MidAntSep 1.91
9 MidinfSep 2.01
10 MidInf 2.36
11 MidinfLat 3.07
12 MidAntLat 1.89
13 ApAnt 2.72
14 ApSep 2.24
15 Apinf 2.94
16 AplLat 3.57
GLOBAL 2.46

MBF map (ml/min/qg)

No. - 1 I5 powered by Gadgetron

Size: 800 x 800



LGE késo1 kontraszt halmozas ¢s ECV meghatarozas— rovid tengely
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Adenozin stressz MRI - Myocardium blood flow map (MBF)

3. beteg

1 BasAnt

Flow (mean)

2.74

2 BasAntSep

2.24

MBF map (ml/min/g) 3 BasinfSep

2.37

4 Basinf

1.85

5 BasinflLat

2.29

6 BasAntlLat

3.49

7 MidAnt

1.85

8 MidAntSep

1.91

9 MidInfSep

2.01

10 Midinf

2.36

11 MidinfLat

3.07

12 MidAntLat

1.89

13 ApAnt

2.72

14 ApSep

2.24

15 Apinf

2.94

16 AplLat

3.57

GLOBAL

2.46

quantitativ meghatarozas
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Takotsubo szindroma




@ E S C European Heart Journal (2025) 00, 1-20 ESC GU I DELI N ES

European Society htipsy/doi.org/10.1093/eurheartj/ehaf192
of Cardiology

2025 ESC Guidelines for the management
of myocarditis and pericarditis

Risk profile and risk - adjusted assessment

Intermediate risk

Cardiovascular magnetic resonance
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Function Activity Myocardial Pericardial Histopathology
involvement involvement
Further assessment (if warranted)

Search for aetiology Multimodality imaging Electroanatomical mapping

Final diagnosis

Pericarditis Myopericarditis/Perimyocarditis Myocarditis

Therapy-dependent on final diagnosis
_and risk/complications
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CMR images from a 49-year-old woman presenting with chest pain and breathlessness. Cardiac serum biomarkers were
raised, and an ECG showed widespread T-wave inversion. Coronary angiography showed normal coronary arteries with no
evidence ofcoronary atheroma.

CMR shows a regional wall motion abnormality predominantly in the inferior segments (A, diastole; B, systole). Late
gadolinium enhancement images (C) show extensive epicardial hyperenhancement in the inferior and near-transmural
enhancement in the lateral segments. Based on all available results, a clinical diagnosis of myocarditis was made. The patient
declined cardiac biopsy.

Circulation. 2009;119:1671-1681



COVID-19 pandemia ¢€s
kardiovaszkularis szovodmenyei

* 2020 januar ota a vilagon
> 218 millio beteg P

> 4.5 milli6 halalozés 5'1; 3 W
Magyarorszagon . *47;:"-{% 3 = S
> 812.000 fert6zdtt CERY T

> 30.059 halalozas

* Mit tudunk a SARS-CoV 2-1461?
RNS virus, ACE2 receptorokon jut a gazdasejtbe
> 169.234 publikacio (PubMed)

iovascular Research (2020) 116, 1666—-1687



Miokardium serules mechanizmusai:
miokarditisz €s 1szkémia egyarant




Miokardium serules mechanizmusai:
miokarditisz €s 1szkémia egyarant




Myocardium karosodas kor¢lettana

Microvessels

Mlcrovascular

Perlcytes
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« ACS

* Myocarditis
(citokin vihar)

* Malignus kamrai
ritmuszavar (VT, VF)

AV blokk

* Akut szivelégtelenség

Cardiovascular Research (2020) 116, 1666—1687



No edema
Normal function
+ Focal fibrosis

No edema
Jr Function
Fibrosis

Myocyte injury 1 Fibroblasts

J Systolic function Improved function

Radiology: Cardiothoracic Imaging 2021; 3(6):€210252



Myocardltls ¢s gyulladasos cardiomyopathiak

1) MRI modalitasok: lokalis vagy diffuz eltérések, kvantitativ ertékeléssel

R N - T1 mapping, ECV T2 mapping

50pum

Radiology: Cardiothoracic Imaging 2021; 3(6):e210252



Myocarditis diagnozisa modositott Lake Louise
kritériumokkal

EKG:

Labor:

Echo:

MRI:

Biopsia

ST-T eltérések (ACS szerti)

hs Troponin, CRP, virus szerologia

tag bal kamra,

falmozgaszavar — globalis, szegm.
egyeb okok

pericardialis folyadék

oedema

hyperemia

necrosis, fibrosis (non-ischemias)
falmozgaszavar

TAEBLE 1 Diagnostic Tests and Potential Findings in Patients With Acute Myocarditis*

ECG, Holter, or stress test
AV block I-111, bundle branch block, sinus arrest
Extrasystoles
Supraventricular tachycardia, atrial fibrillation
Ventricular tachycardia, ventricular fibrillation, asystole
ST-segment and T-wave changes (ST-segment elevation, T-wave inversion)
Intraventricular conduction delay
New Q waves
Low voltage

Seromarkers for myocardial necrosis
Troponin elevation
Creatine kinase elevation

Cardiac imaging

Echocardiography/angiography

Regional or global systolic or diastolic dysfunction, with or without LV dilatation
Increased wall thickness
Pericardial effusion
Intracavitary thrombi
CMR
Edema
Hyperemia or capillary leak (early gadolinium enhancement)
Irreversible injury (necrosis, scar; late gadolinium enhancement)
Regional or global systolic or diastolic dysfunction, with or without LV dilatation
Increased wall thickness
Pericardial effusion

Intracavitary thrombi

Expert consensus JACC VOL.72,NO.24,2018



Per1- myocarditis MRI diagnozisa

Myocarditis:

* Funkcio - cine

e Oedema-T2

* Hyperemia - T1, ECV

* Necrosis-fibrosis - LGE, T1, ECV

Pericarditis:

» Pericardialis folyadék
 Megvastagodas 3 mm<

« Szignal intenzitas LGE, T1, T2
« Mozgas, kitapadas

T1 mapping T2 mapping

’
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! e 7,
LGE rovid tengely LGE hossz tengely

J Am Coll Cardiol Img 2020;13:2635-52



Adult Echo TISO.7 Mi14
S5-1
51Hz

Esetismertetes P

2D .
67% 3
C50
P Low | #
HGen b .

M3

0 37 éves nobeteg, Post-Covid/Long-Covid

szindroma
1 ®
Perzisztalo panaszok P AN R
Ismételt negativ ambuléns vizsgalatok e
0 Labor
0 Nyugalmi EKG
0 Holter EKG o
0 Echocardiographia o i
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s12p1
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Sziv MRI vizsgalat
Peri- myocarditis

0 Konvencionalis MR képeken: j6 funkcid, normal
volumenek, LGE nincs

0 A perikardium kitapadasa a bal kamra inferior
fala mentén

0 T1 mapping ¢s ECV: foltos szubepikardialis
elteresek

0 A latott kép lezajlott peri-myocarditisnek felel
meg
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Rovidtengely movie és LGE felvételek

Pre-kontraszt T1, post—kontraszt T1 és ECV felvételek



Pericardialis folyadék echo ¢s MRI diagnosztikaja

Echocardiographia CMR movie CMR LGE

J Am Coll Cardiol Img 2020;13:2635-52



31 éves férf1

Mellkasi panaszok

Nyugalmi EKG-n ST elevatio
Mérsekelt troponin emelkedes — negativ coronarographia &

CMR movie CMR LGE
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Myocarditis - Esetismertetes

41 éves no

Atipusos mellkasi panaszok

Nyugalmi EKG, Holter EKG negativ

Labor eredmény elterés nelkiil, perzisztalo panaszok
Nativ T1 1180 ms, ECV 35 %

CMR movie CMR LGE




Kardiomiopatiak

63 éves néd

ED: 95.18 ml, ES:
20.95 ml

SV: 74.22 ml, CO:
4304.96 ml

EF: 77.99 % PFR: 207 ml/sec

MASS: 92.51 g

s4p1




@ESC

of Cardiology

) European Heart Journal (2023) 00, 1-124
European Society https:/doi.org/10.1093/eurheartj/ehad 194

ESC GUIDELINES

2023 ESC Guidelines for the management
of cardiomyopathies

7

Cardiomyopathy
phenotype

Finding
Posterolateral LGE and concentric LVH

Low native T1

Diffuse subendocardial LGE,
high native T|

Patchy mid-wall in hypertrophied areas

Short T2*

Subepicardial LGE

Lateral wall epicardial LGE

Subepicardial and midwall LGE at basal
septum +/- extension into inferolateral
wall and RY insertion points

Apical transmural LGE

Cardiac CMR examples

N\

Specific diseases to be considered

Ring-like and/or subepicardial
LGE pattern

Septal mid-wall LGE

Fat and LGE (transmural RV plus
sub-epicardial-midmural LV free wall)

Partial LV or RV apical obliteration +
LGE at endocardial level

Recommendations Level®

Contrast-enhanced CMR is recommended in

patients with cardiomyopathy at initial
10,90,116,119-143

evaluation.



European Heart Journal (2022) 43, 3997-4126 ESC GUIDELINES

ociely htrpsi/doi.org/10.1093/eurheartjlehac262

2022 ESC Guidelines for the management of
patients with ventricular arrhythmias and the
prevention of sudden cardiac death

ARVC

In patients with suspected ARVC, CMR s recommended

In patients with 3 suspected or definite dagnosis of ARVC,
genetic courneling and testing are recommended

KD implantation should be considered in symptomatic”
patients with definte ARVC, moderate right or left ventricular
dysfunction, and ether NSVT or ducibity of SMVT at PES
I ARVC patierts with indication for ICDs, a device with the
capabilty of ATP programming for SMVT up to high rates
hould be consdered

Avoidance of high-ntensty” exercse may be considered in
carmers of ARVC.related pathogenic mutations and no
phenctype

SBeta-biocker therapy may be conmdered in al patierts with 2
definge dagnosis of ARVC

In patiertts with ARVC and symptoms highly suspicious for VA
PES may be consdered for risk stratfication

HCM

CMR with LGE is recommended in HOM patients for

SUENOAL work-up






HCM fenokopiak II.

W 1F
i . ,
2

'VS

W LV

S 7

e ' "

Am ] Cardiol 2008, 101:668-73. Circulation 2011, 124:40-7.



HCM fenokopia ¢s terapias algoritmus

Apical HCM

Sudden Death Risk = Low
Stroke Prophylaxis = Not Indicated

HCM with Apical Aneurysm
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Sudden Death Risk = Increased
Stroke Prophylaxis = Indicated

R IMAGING, VOL. 13, NO. 9, 2020
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Blue: Late gadolinium
enhancement (LGE) <15%
Green: LGE 215%

Generalized Wilcoxon Statistic 12,
p < 0.001
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Freedom from Primary Composite

MRI LGE prediktiv szerepe az SCD rizikora

Blue: LGE <15%

Green: LGE =15%

Generalized Wilcoxon Statistic 18,
p < 0.001
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Follow Up (Years)




Fabry beteg utankovetése

2007 2019
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2007: Left ventricular outflow tract cine and LGE image 2019:

Cardiologia Hungarica

2021; 51: 63-68.



Uj MRI modalitasok, korai célszerv karosodas kimutatasa

T1 mapping, ECV Feature tracking

0 Normal native T1 value due to the advanced, fibrotic stage of *  Global and segmental strain reduction at the late stage of the
the disease disease.
0 Locally increased ECV * Postprocessing the baseline CMR images at age of 50-years,
0 Normal global myocardial ECV segmental strain reduction
o=
. N T T e
495 9 ppeanls

S *GRS 91.23 % 1
= MyoGLS -18.58 %

y oo0fe
- #* MyoGCS -28.25 %
i < GRS 63.58 % '
o
SD-TS-Peak 24.5 % 1m0
. SD-Ls-Peak 9.4 %
-
, 3.
[t
- — 2
- \ Average 20.00.
- EDV 149.84 ml
NODY | ' 2 ESV 58.92 ml
- v EF 60.98 %
-3 ~ ) § % 7

: Native T1 (ms) ( > P = '; \ My;GGT: e s
Myocardium 1045 5 ' \ ‘ :S‘ ',.'", Myfﬁi ;Zz: : ’
Blood pool 1648 L \ (‘ll'*" «’ lﬁz::: 2;:: : :
Inferolateral basis 1136 # >
Anteroseptal basis 990 S B a— o i el > = & = =
Native T1 (A) and ECV images (B) at age 64 years Myocardial strain by feature tracking (QStrain 2.0) at baseline (A) and at age of 64 years

)

Cardiologia Hu



http://learn.escardio.org/image.axd?id=5a524946-dd46-4226-ae92-031d50d0e643&t=637510091399370000
http://learn.escardio.org/image.axd?id=5a524946-dd46-4226-ae92-031d50d0e643&t=637510091399370000
http://learn.escardio.org/image.axd?id=5a524946-dd46-4226-ae92-031d50d0e643&t=637510091399370000
http://learn.escardio.org/image.axd?id=35a013f0-3955-4bc5-8584-8d1f33bdc0b4&t=637510091809930000

AC patofiziologia

Fiatalkori hirtelen szivhalal! (~20 %)
Prevalencia 1/5000

Autoszomalis dominans
Dezmoszoma fehérje génmutacio
Progressziv, degenerativ (~ 40 ¢v)
Zsiros - kotOszovetes elfajulas

O O O O O o 0O

Veégeredmeny: myocard.
vesztes — szivelégtelenség +
kamrai ritmuszavar (BTSZB)




AC diagnozisa: Task Force 2010

0 EKG: Depolarizacio
Repolarizacio
0 Jobb kamrai falmozgaszavar
Tag jobb kamra, csokkent EF
0 Ritmuszavar (BTSZB VT, syncope)
0 Csaladi halmozodas, genetika
0 Szovettan (biopszia - ritka, autopszia)

0 Major ¢s minor kriteriumok alapjan



Vilagbajnok halala (3 major kritérium)




@ ESC Bl T T 8 ESC GUIDELINES

European Society doi:10.1093/eurheartj/ehaa605
of Cardiology

2020 ESC Guidelines on sports cardiology and
exercise in patients with cardiovascular disease

The Task Force on sports cardiology and exercise in patients with
cardiovascular disease of the European Society of Cardiology (ESC)

Participation in high-intensity recreational exercise/
sports or any competitive sports Is not recoms-

mended in individuals with ACM, including those
354,386

who are gene positive but phenotype negative.



%”‘“ Z ARVD helyett AC: Aritmogén kardiomiopatia
&

,i Subepicardialis,
- midmyocardialis

| — e ), / | formaja???
" 4 -
| B 4 AL .

Perazzolo et al. Herz 2015 - 40:600—6025



AC (ARVD)



%_”}-E'-? MRI: bal kamra funkci10, morfologia, aramlas meres
LVOT cine Aorta cine

Szegmentum atmero

LVOT perpendic cine Aorta flow - cine



Coronaria CT




Coronaria CT

* Non-invaziv
* Gyors (5-15 sec)

* Pontos (térbeli felbontas <0.4 mm)
Sugarzas (Rtg)



Nativ MSCT indikacio

Calcium scoring (AHA guideline)

Panaszos betegek (SBO)
— Mellkasi fajdalom differencial diagnozisa (,,triple rule out”)
— No Ca =no CAD (95% NPV)
— Alacsony — kozepes CV riziko (kontraszt MSCT)

Panaszmentes betegek
—magas CV r1ziko (coronarographia)
— Ca emelkedés = riziko faktor

Klinikar vizsgalatok
— Koleszterin csokkentd gyogyszerek



Nativ MSCT —Ca Score

Patient Tools ArterylLabel Report Image View Options Options System  Help
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im Nativ MSCT — Agatson Ca Score

Area =15 mm?
Peak CT =450
Score=15x4=60

Area = 8 mm? Peak density

Peak CT = 290 :

Senros i B B 1B (Hounsfield units),and
; -1 measurement of area

in each coronary

Total Score = S

Hn x-factor
(Agatston Scoring)

Calcium score = total
area and density in
each calcifiead lesion

130-199 1

200-299

300-399 Volume of Calcium 1is

>400 calculated




Nativ MSCT —Ca Score

Linear scale - 4 calcium score categories:

0 no
1-100 mild

100 - 400 moderate
>400 severe

There is a direct correlation between Calcium
score and coronary event and the probability of
obstructive CAD



Coronaria Arteria Calcium (CAC) Score — 0sszesitett haldlozas prediktora
(Risk-Unadjusted All-Cause Mortality)

<10
11-100
101-400

401-1000
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3 4
Follow up (
Shaw LJ, et al. Radiology. 2003;228:826-833.




CAC score — perfuzio ¢s MACE

Annualized Event Rates

Ischemic TPD >10%
Ischemic TPD 5 - <10%
Ischemic TPD 1 - <5%
Ischemic TPD < 1%

CACO CAC1-99 CAC 100 - 389 CAC 400 - 999 CAC >= 1000

2507 patients who underwent positron emission tomography myocardial perfusion imaging.
Median follow-up of 3.9 years for MACE (all-cause mortality, non-fatal Ml, unstable angina or late
revascularization)

European Heart Journal - Cardiovascular Imaging (2022) 23, 1423—-1433



Kontraszt MSCT
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Kontraszt MSCT

Maximum Intensity Projection







Kontraszt MSCT ¢€s coronarographia




0szOnOm a figyelmet!
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Journal of Cardiovascular Magnetic Resonance 2008, 10:18
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