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Myokarditida / zanetliva KMP

= Myokarditida je akutni Ci chronicky zanet myokardu
s radou infekCnich a neinfekcnich pricin

= Zaneétliva kardiomyopatie (ZKMP) = myokarditida
spojena s poruchou funkce myokardu

!

N Ny

MYOKARDITIDA JE NEJCASTEJSI PRICINOU

VZNIKU DKMP !
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Dilata¢ni kardiomyopatie (DKMP)

Geneticky podminéné formy
30%

Ziskané formy
70%

—

Sarcomeric protein mutations (see

HCM)

Z-band
Muscle LIM protein
TCAP

Cytoskeletal genes
Dystrophin
Desmin
Metavinculin
Sarcoglycan complex
CRYAB
Epicardin

Nuclear membrane
Lamin A/C
Emerin

Mildly dilated CM

Intercalated disc protein mutations

(see ARVC)
Mitochondrial cytopathy

Myocarditis_(infective/toxic/immune)

Kawasaki disease

Eosinophilic (Churg Strauss
syndrome)

Viral persistence

Drugs

Pregnancy

Endocrine

Nutritional — thiamine,
carnitine, selenium,
hypophosphataemia,
hypocalcaemia

Alcohol

Tachycardiomyo pathy

|:>| Myocarditis {infectiveftoxidimmune)l

Eur Heart J 2008;29(2):270-276
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Adult Heart Transplants Diagnosis
CAD
35%

Congenital
3%

— Myopathy
56%

1/2009 - 6/2014

DKMP JE NEJCASTEJSI DG. VEDOUCI

K SRDECNI TRANSPLANTACI !

ISHLT registry report 2016
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e Etiologie myokarditid

STATE-OF-THE-ART PAPER

Update on Myocarditis

Ingrid Kindermann, MD,* Christine Barth,” Felix Mahfoud, MD,* Christian Ukena, MD,*
Matthias Lenski, MD,* Ali Yilmaz, MD,t Karin Klingel, MD,# Reinhard Kandolf, MD,#
Udo Sechtem, MD,} Leslie T. Cooper, MD,§ Michael B6hm, MD*

Etiology Subgroups Examples

Infectious Bacterial: Chlamydia, Corynebacterium diphtheria, Legionella, Mycobacterium tuberculosis, Mycoplasma, Staphylacoccus,
Streptococcus A, Streptoccocus pneumoniae

Fungal: Actinomyces, Aspergillus, Candida, Cryptococcus

Helminthic: Echinococcus granulosus, Trichinella spiralis

Protozoal: Toxoplasma gondii, Trypanosoma cruzi
<".r'iral: Adenoviruses, Echoviruses, Enteroviruses (e.g., Coxsackieviruses), Herpes Viruses (Human Cytomegalovirus, Epstein—B@
Human Herpesvirus 6), Hepatitis C Virus, Human Immunodeficiency Virus (HIV), Influenza A virus, Parvovirus B19

Rickettsial: Coxiella burnetti, Rickettsia typhi

Spirochetal: Borrelia burgdorferi, Leptospira, Treponema pallidum

Autoimmune diseases Celiac disease, Churg-Strauss syndrome, Crohn's disease, dermatomyositis, giant cell myocarditis, hypereosinophilic syndrome,
Kawasaki disease, lupus erythematodes, lymphofollicular myocarditis, rheumatoid arthritis, sarcoidosis, scleroderma, ulcerative colitis

Hypersensitivity reactions to drugs Penicillin, ampicillin, cephalosporins, tetracyclines, sulfonamids, antiphlogistics, benzodiazepines, clozapine, loop and thiazide diuretics,
methyldopa, smallpox vaccine, tetanus toxoid, tricyclic antidepressants

Toxic reactions to drugs Amphetamines, anthracyclines, catecholamines, cocaine, cyclophoshamide, Sfluorouracil, phenytoin, trastuzumab

Toxic Ethanol

Others Arsenic, copper, iron, radiotherapy, thyreotoxicosis

J Am Coll Cardiol 2012;59:779-792.
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Mt Virovy shift"

Impact of inflammatory infiltration and viral genome
presence in myocardium on the changes of
echocardiographic parameters

Jan Krejéi®*, Hana Poloczkovd®, Petr Hude®, Tomds Freiberger’, Eva Némcova®?,
Vita Zampachova®, Alzbéta Sirotkovd®, Radka Stépdnova’, Lenka Spinarova®,
Petr Némec™?, JiFi Vitovec®

Zamena enteroviru a adenovirt

PVB19 a HHV6

Acute viral infection

l l

Fulminant Asymptomatic Chronic
Death Recovery (complete or DCM

incomplete)

PVBI19 + CMV

CMV EBV HSV1

PVB19 + EBYV

PVB19 + HSV1

PVB19 + HHV6

Bl HSV1

M negative @ PVB19+ EBV
B PVBI19 OPVBI19+CMV
O PVB19 + HHV6 O CMV
COPVBI19 + HSV1 B EBV

Cor et Vasa 2013,;55:e333-e340.
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Jdou vSechny myokarditidy U ANY A
stejnou patofyziologickou cestou?

The management of myocarditis

Leukocyte

recruitment Viral
infection

EC infection

-

Heinz-Peter Schultheiss 2%, Uwe Kiihl"2, and Leslie T. Cooper !2

EC activation
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Patogeneza enterovirove
myokarditidy
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Myocarditis
Leslie T. Cooper, Jr., M.D.
N Engl ) Med 2009;360:1526-38.

1. FAZE
primé poskozeni myocyti virovou

replikaci a nespec. imunitni reakci

2. FAZE
poskozeni myokardu specifickou

(auto)imunitni reakci

3. FAZE
Zhojeni a restituce funkce
Vyvoj dilatacni kardiomyopatie

a4 -
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Myocgtes ’{ 2 1
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Patogeneza PVB19
myokarditidy

U SV. ANNY

Relevance of cardiac parvovirus B19 in
myocarditis and dilated cardiomyopathy:
review of the literature

Job Verdonschot*', Mark Hazebroek', Jort Merken, Yannick Debing,
Robert Dennert, Hans-Peter Brunner-La Rocca, and Stephane Heymans

1. FAZE
Vstup PVB19 do endotelialnich bb,
4 pro-inflam. cytokind, indukce

apoptozy a endotelidlni dysfce

2. FAZE

Celularni infiltrace endotelii,

4 VCAM-1, nekréza myocytd zpiiso-
bena endotelialni dysfunkci

3. FAZE

Virova perzistence vede k chron.
zanétu, zkrizena reakce (molekul.
mimikry) s postizenim myocytl

Phase 1

- B19V binds to blood group
enters the endathelial cell

- NS1 promotes transcription of
pro=inflammatory cytokines

- NS1-induced apoptosis of
endothelial cells

- VP1 induces endothelial

dysfunction through PLA-activity
and Ca2+ entrance

Phase 2

tory cells

- Uptake of lgG-complexed virus
ticles by macrophages

- CD8+ response to NS1 protein
- Upregulation of VCAM-1 and

E-selectin on endothelial cells

leads to myocyte necrosis

Phase 3

a) Virus persistence

- B19V persistence is associated
with chronic inflammation

b) Molecular mimicry

- Virus elimination, ongeing infla
tion due to molecular mimicry: a
cross-reaction with cardiac epito|

antigen P and its coreceptors and

- Intravascular accumulation, adhe-
sion and penetration of inflamma-

- Continuous endothelial dysfunction

- Lack of B19V specific T cells leads
to an inadequate elimination of virus

Lumen Endothelial cell

NS1

o

VP1

e Leukotrienes
PLA activity | prostaglandins

Ca2+

&

Endothelial cell

L
E-Selectin| 9
” . 2 I@
= ﬁ Endothelial
_— n
- . i\ dysfunction
NS1

VCAM-1

b) Molecular Mimicry

Lumen

a) Virus Persistence

Endothelial cell
L-6,9]
| .
%‘ =

Lumen

mmad

pes

Neopterin
sIL-2R

Y
Eur J Heart Fail. 2016 Dec;18(12):1430-1441

Cardiomyocyte




KULTNI

NEMOCNICE
NEMOCNICE

M aoLTn - I é?}\f»?rNNY
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= Klinicka diagnoza - za zaklade klinického vysetreni - zanét v
myokardu neni znamy

= Vyuziti neinvazivnich dg metod - vyuziti MRI
- podezreni na pritomnost zanetu bez urceni jeho typu
= nelze urcit virovou pritomnost v myokardu

= Na zakladé bioptického nalezu - priikaz a specifikace zanétu,
detekce a urceni inf. agens

= Histologicky podle Dallaskych kriteérii
« Imunohistochemicky
= PCR diagnostika
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Neinvazivni diagnostika

Myokarditidy a zanétlivé kardiomyopatie

J. Krejéi
I. internf kardioangiologickd klinika LF MU a FN u sv. Anny v Brné
Mezindrodni centrum klinického vyzkumu, FN u sv. Anny v Brné

111 d

Tab. 1. Diagnosticka kritéria pro klinickou diagnostiku myokarditidy.
Diagnéza myokarditidy je pravdépodobna v pfitomnosti jednoho z klinickych pfiznakl a ale-

spon jednoho diagnostického kritéria; minimalné dvou diagnostickych kritérii u asymptoma-
tického jedince.

Klinické ptiznaky
bolesti na hrudi
pfiznaky srdecniho selhani (akutniho ¢i chronického)
arytmické pfiznaky (palpitace, synkopy, nahla srde¢nf smrt)
Diagnosticka kritéria
l. EKG nalezy

(atrioventrikularni blokady, raménkové blokady, ST/T zmény, supraventrikularnf ¢i ko-
morové arytmie, snizena voltaz QRS komplexd, pfitomnost Q kmit()

Il. Znamky nekrézy myokardu
(elevace troponint ¢i CK-MB)

lll. Funk¢ni a strukturalni abnormality pfi echokardiografickém ¢i MRI vysetieni
(porucha funkce levé ¢i pravé komory, s/bez pfitomné dilatace levé/pravé komory, hy-
pertrofie stén, perikardialniho vypotku, nitrosrde¢nich tromb)

IV. Tkdnova charakteristika pfi MRI vySetieni
(naplnéna alespon dvé Lake Louise kritéria — edém tkané, ¢asné a pozdni syceni myo-
kardu gadoliniem)

Kardiol Rev Int Med 2015, 17(4): 288-294
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Klinicka diagnoza

Klinické pFiznaky
bolesti na hrudi
pfiznaky srdecniho selhani (akutniho ¢i chronického)
arytmické priznaky (palpitace, synkopy, nahla srdeéni smrt)

Diagnosticka kritéria

l. EKG nalezy

(atrioventrikularni blokady, raménkové blokady, ST/T zmény, supraventrikularni & ko-
moroveé arytmie, snizena voltaz QRS komplexd, pfitomnost Q kmitd)

ll. Znamky nekrézy myokardu
(elevace troponina ¢i CK-MB)

lll. Funk¢ni a strukturalni abnormality pri echokardiografickém ¢i MRI vysetieni
(porucha funkce levé ¢i pravé komory, s/bez pfitomné dilatace levé/pravé komory, hy-
pertrofie stén, perikardialniho vypotku, nitrosrdecnich tromb)

IV. Tkanova charakteristika pfi MRI vysetieni
(naplnéna alespon dvé Lake Louise kritéria — edém tkané, casné a pozdni syceni myo-
kardu gadoliniem)

Kardiol Rev Int Med 2015, 17(4): 288-294
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Klinicka diagnoza

Klinické pFiznaky
bolesti na hrudi
pfiznaky srdecniho selhani (akutniho ¢i chronického)
arytmické priznaky (palpitace, synkopy, nahla srdeéni smrt)

Diagnosticka kritéria

l. EKG nalezy

(atrioventrikularni blokady, raménkové blokady, ST/T zmény, supraventrikularni & ko-
moroveé arytmie, snizena voltaz QRS komplexd, pfitomnost Q kmitd)

ll. Znamky nekrézy myokardu
(elevace troponina ¢i CK-MB)

lll. Funk¢ni a strukturalni abnormality pri echokardiografickém ¢i MRI vysetieni
(porucha funkce levé ¢i pravé komory, s/bez pfitomné dilatace levé/pravé komory, hy-
pertrofie stén, perikardialniho vypotku, nitrosrdecnich tromb)

IV. Tkanova charakteristika pfi MRI vysetieni
(naplnéna alespon dvé Lake Louise kritéria — edém tkané, casné a pozdni syceni myo-
kardu gadoliniem)

Kardiol Rev Int Med 2015, 17(4): 288-294
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M AT Neinvazivni diagnostika
- EKG

jednoduché a dostupné vysetreni

Nespecificky obraz - pritomnost arytmii, zmeény PQ a ST-T
useku, prodlouzeni PQ intervalu ¢i QRS komplexu, pritomnost Q
kmitd...

pritomnost poruch rytmu svédci pro urcité typy postizeni — u nemocnych
mladSich 55 let s nejasnou etiologii atrioventrikularni blokady vyssiho
stupne, byla v 25% zjiSténa obrovskobunécna myokarditida i srdecni

sarkoidoza

denivelace ST Usekl jsou difizni a nesleduji povodi koron. tepen —
soucasna pritomnost perikarditidy

...ale nalez mtize byt normaini...

Caforio, Eur Heart J 2013;34(33):2636-48.
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Klinicka diagnoza

Klinické pFiznaky
bolesti na hrudi
pfiznaky srdecniho selhani (akutniho ¢i chronického)
arytmické priznaky (palpitace, synkopy, nahla srdeéni smrt)

Diagnosticka kritéria

l. EKG nalezy

(atrioventrikularni blokady, raménkové blokady, ST/T zmény, supraventrikularni & ko-
moroveé arytmie, snizena voltaz QRS komplexd, pfitomnost Q kmitd)

ll. Znamky nekrézy myokardu
(elevace troponinu ¢i CK-MB)

lll. Funk¢ni a strukturalni abnormality pri echokardiografickém ¢i MRI vysetieni
(porucha funkce levé ¢i pravé komory, s/bez pfitomné dilatace levé/pravé komory, hy-
pertrofie stén, perikardialniho vypotku, nitrosrdecnich tromb)

IV. Tkanova charakteristika pfi MRI vysetieni
(naplnéna alespon dvé Lake Louise kritéria — edém tkané, casné a pozdni syceni myo-
kardu gadoliniem)

Kardiol Rev Int Med 2015, 17(4): 288-294
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Klinicka diagnoza

Klinické pFiznaky
bolesti na hrudi
pfiznaky srdecniho selhani (akutniho ¢i chronického)
arytmické priznaky (palpitace, synkopy, néhla srde¢ni smrt)

Diagnosticka kritéria

l. EKG nalezy

(atrioventrikularni blokady, raménkové blokady, ST/T zmény, supraventrikularni & ko-
moroveé arytmie, snizena voltaz QRS komplexU, pfitomnost Q kmitd)

ll. Znamky nekrézy myokardu
(elevace troponinu ¢i CK-MB)

...ale porad netusime viibec nic

o pritomnosti zanetu v myokardu!

Kardiol Rev Int Med 2015, 17(4): 288-294
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- ma smysl odebirat serologii?

Virus serology in patients with suspected
myocarditis: utility or futility?

Felix Mahfoud '*, Barbara Girtner?, Michael Kindermann!, Christian Ukenal,
Katharina Gadomski?, Karin Klingel3, Reinhard Kandolf3, Michael Bohm?, and
Ingrid Kindermann'

Nebyla prokazana korelace bioptickych
nalezii (Cervené sloupce)
s laboratornimi vysledky (modré)

Patients (n)

EV ADV PVB-19 CMV  HHV-6 EBV

Conclusions For patients with suspected myocarditis, virus serology has no relevance for the diagnosis of myocardial infection.
Endomyocardial biopsy remains the gold standard in the diagnostic of viral myocarditis.

European Heart Journal (2011) 32, 897-903
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Klinicka diagnodza s vyuzitim

neinvazivnich metod

Klinické pFiznaky
bolesti na hrudi
pfiznaky srdecniho selhani (akutniho ¢i chronického)
arytmické pfiznaky (palpitace, synkopy, nahla srdecni smrt)

Diagnosticka kritéria

l. EKG nalezy

(atrioventrikularni blokady, raménkové blokady, ST/T zmény, supraventrikularni & ko-
moroveé arytmie, snizena voltaz QRS komplexd, pfitomnost Q kmitd)

ll. Znamky nekrézy myokardu
(elevace troponina ¢i CK-MB)

lll. Funk¢ni a strukturalni abnormality pri echokardiografickém ¢i MRI vysetieni
(porucha funkce levé ¢i pravé komory, s/bez pfitomné dilatace levé/pravé komory, hy-
pertrofie stén, perikardialniho vypotku, nitrosrdecnich tromb)

IV. Tkanova charakteristika pfi MRI vysetieni
(naplnéna alespon dvé Lake Louise kritéria — edém tkané, casné a pozdni syceni myo-
kardu gadoliniem)

Kardiol Rev Int Med 2015, 17(4): 288

EiGD
E

-294
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— ECHO srdce

jednoduché a dostupne vysetreni

snizeni systolickeé funkce LK (EF) —
vetsinou difuzni porucha kinetiky, ale
muize byt i regionalni...

ztlusténi stén s malou dutinou LK a
diastol. poruchou v prvnim stadiu,

pozdéji dilatace srdecnich oddilli s

obrazem DKMP

perikardialni vypotek

...ale nalez mulizZe byt zcela normalni...
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ween | Klinicka diagnéza s vyuzitim
neinvazivnich metod

Cardiovascular Magnetic Resonance

in Myocarditis: A JACC White Paper
- - - n
Matthias G. Friedrich, MD,* Udo Sechtem, MD,i Jeanette Schulz-Menger, MD,§ ” La ke Lou Ise C rlte rl a
Godtfred Holmvang, MD)|| Pauline Alakija, MD;} Leslie T. Cooper, MD,¥ James A. White, MD # ” , v

Hassan Abdel-Aty, MD,§ Matthias Gutberlet, MD,* Sanjay Prasad, MD,f+ d tk

Anthony Aletras, PHD,#% Jean-Pierre Laissy, MD,§§ Ian Paterson, MD,||| e em a ne

Neil G. Filipchuk, MD,* Andreas Kumar, MD,* Matthias Pauschinger, MD,49 -4 4 4

Peter Liu, MD,## for the International Consensus Group on Cardiovascular Magnetic Resonance u casne Sycen I

in Myocarditis d y re

Cardiovascular magnetic resonance (CMR) has become the primary tool for noninvasive
assessment of myocardial inflammation in patients with suspected myocarditis. The International

Consensus Group on CMR Diagnosis of Myocarditis was founded in 2006 to achieve consensus

N 'm - - - N 4 A 4 - 1 4 [V 4
among CMR experts and develop recommendations on the current state-of-the-art use of CMR Prl pOZItIVIte a Ies pon 2 krlte rl I

for myocarditis. The recommendations include indications for CMR in patients with suspected

- - -
myocarditis, CMR protocol standards, terminology for reporting CMR findings, and diagnostic ] S t t 670/
CMR criteria for myocarditis (i.e., “Lake Louise Criteria”). enz' IVI a o
- - -
= Specificita 91%

(A) (B)

Pritomnost dysfunkce LK ci
perikardialniho vypotku zvysuje
pravdepodobnost dg.

J Am Coll Cardiol 2009;53(17):1475-87
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FAKULTA o s
sacerykann wnivercitn and Extent of Cell Necrosis in

Biopsy-Proven Acute Myocarditis

Marco Francone, MD, PHD," Cristina Chimenti, MD, PHD, i Nicola Galea, MD,*
Fernanda Scopelliti, PHD,; Romina Verardo, PHD,{ Roberto Galea, MD,|
Tacopo Carbone, MD," Carlo Catalano, MD," Francesco Fedele, MD, | Andrea Frustaci, MD/

RS e e Yo o EDEMA
" -——'/ -‘4/ Nj/ L , |
Ipg Y " WY " N S o W j
" Y Y VO .y ,«px\ﬂq/\“gv\ AJ\M__J'/ ] EER
VR
L o~
LGE
EDEMA + EER B iniarct-like
| M oM
T Arrhythmic
EDEMA + LGE
EER + LGE
Any 2 of 3
All 3
| |
I T 1 ] ] T T 1
0 0.1 0.2 0.3 0.4 0.5 06 07 0.8 0.8

Sensitivity

senzitivita MRI je nejvyssi pro akutni MC

manifestujici se bolestmi na hrudi
nejnizsi pro arytmicky se manifestujici MC

JACC Cardiovasc Imaging 2014,;7:254-63.
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Long-Term Follow-Up

of Biopsy-Proven Viral Myocarditis

Predictors of Mortality and Incomplete Recovery

Stefan Griin, MD,* Julia Schumm, MD,* Simon Greulich, MD,* Anja Wagner, MD,}
Steffen Schneider, PHD,# Oliver Bruder, MD,# Eva-Maria Kispert, RN,* Stephan Hill, MD,*

Peter Ong, MD,* Karin Klingel, MD,§ Reinhardt Kandolf, MD,§ Udo Sechtem, MD,*
Heiko Mahrholdt, MD*

LGE = 0% LV mass

Results

Cumulative survival Cumulative survival

Cumulative survival
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A Kaplan-Meier Survival Curves: All Cause Death
L
p-log-rank <0.001
~—LGE present —NoLGE
0 365 730 1095 1460 1825 2190 2555 29200
B Kaplan-Meier Survival Curves: Cardiac Death

———

_‘_‘_‘_I_

p-log-rank <0.001

“—LGE present —NoLGE

0 365 730 1095 1460 1825 2190 2555 2920
C Kaplan-Meier Survival Curves: Sudden Cardiac Death
pelogsrank < 0.001
= LGE present — NoLGE
0 365 730 1095 1460 1825 2190 2555 2920

Days after CMR

We found a relevant long-term mortality in myocarditis patients (19.2% all cause, 15% cardiac, and 9.9% sud-

den cardiac death [SCD]). The presence of late gadolinium enhancement (LGE) yvields a hazard ratio of 8.4 for

all-cause mortality and 12.8 for cardiac mortality, independent of clinical symptoms. This is superior to parame-

J Am Coll Cardiol 2012; 59:1604-1615.
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CMR in Patients With Severe Myocarditis

Diagnostic Value of Quantitative Tissue Markers
Including Extracellular Volume Imaging

Ulf K. Radunski, MD,* Gunnar K. Lund, MD,; Christian Stehning, PxD,: Bernhard Schnackenburg, PuD,§
Sebastian Bohnen, MD,* Gerhard Adam, MD,; Stefan Blankenberg, MD,* Kai Muellerleile, MD*
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U SV. ANNY

J Am Coll Cardiol 2014;7:667-75

CONCLUSIONS In patients with clinical evidence for subacute, severe myocarditis, ECV quantification with LGE
imaging significantly improved the diagnostic accuracy of CMR compared with standard Lake-Louise criteria.
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i | Nové moznosti MRI diagnostiky \

Native T1-mapping detects the location, extent
and patterns of acute myocarditis without the
need for gadolinium contrast agents

Vanessa M Ferrewrd", Stefan K Piechnik‘, Erica Dal\‘ArrneIIma', Theodoros D Karamitsos', Jane M Framia‘,
Ntobeko Ntusi', Cameron Holloway', Robin P Choudhury', Attila Kardos?, Matthew D Robson’,
Matthias G Friedrich®* and Stefan Neubauer

= Pri hodnote T1 > 990ms byla
senzitivita 90% a specificita EEsSSEE
880/0 4 o

B Dark-blood T2W

= Pozitivni u 30% nalezii, kde
byla LGE Ci T2w negativni

Journal of Cardiovascular Magnetic Resonance 2014, 16:36
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Klinicka diagnoéza s vyuzitim

Masaryeva unhverzita

neinvazivnich metod

Klinické pFiznaky

- bolesti na hrudi

- pfiznaky srde¢niho selhani (akutniho &i chronického)

- arytmické pfiznaky (palpitace, synkopy, ndhla srde¢ni smrt)

...ale porad jde jen o podezreni na

pritomnost zanetu v myokardu!

Ill. Funk¢ni a strukturalni abnormality pri echokardiografickém ¢i MRI vysetreni
(porucha funkce levé ¢i pravé komory, s/bez pfitomné dilatace levé/pravé komory, hy-
pertrofie stén, perikardialniho vypotku, nitrosrdecnich tromb)

IV. Tkanova charakteristika pfi MRI vysetieni

(naplnéna alespon dvé Lake Louise kritéria — edém tkané, casné a pozdni syceni myo-
kardu gadoliniem)

Kardiol Rev Int Med 2015, 17(4): 288-294
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Current state of knowledge on aetiology, diagnosis,
management, and therapy of myocarditis:
a position statement of the European Society

= definitivni dg. vyzaduje histologicky i
resp. imunohistochemicky prtlikaz .
Clinically suspected

zanétu srdecniho svalu myocarditis
(see Table 4)

= za zlaty standard v diagnostice
myokarditid je pokladana EMB

Hospital admission
for observation

Recommendation
10. All patients with clinically suspected myocarditis should be

exclude coronary
considered for selective coronary angiography and EMB. artery disease

11. Tissue obtained from EMB should be analysed using hist-

ology, immunohistochemistry, and viral PCR (on heart
tissue and a blood sample).

Eur Heart J 2013;34(33):2636-48.
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Histologicka kritéria

Myocarditis

A histopathologic definition and classification

H. Thomas Aretz, M.Dn., Department of Pathology,

Lahey Clinic Medical Center, Burlington, Massa-

chusetts, and Harvard Medical School, Boston,
Massachusetts

Margaret E. Billingham, M.p., Department of Pa-
thology, Stanford University Medical Center, Palo
Alto, California

William D. Edwards, M.p., Department of Pathology,
Mayo Clinic, Rochester, Minnesota

Stephen M. Factor, m.p., Department of Pathology,
Albert Einstein College of Medicine, Bronx, New
York

John T. Fallon, M.p., PH.D., Department of Pathology,
Massachusetts General Hospital, and Harvard Med-
ical School, Boston, Massachusetts

John J. Fenoglio, Jr., M.p., Department of Pathology,
College of Physicians and Surgeons, Columbia Uni-
versity, New York, New York

Eckhardt G. J. Olsen, M.D., Department of Histo-
pathology, National Heart Hospital, and Cardio-
thoracic Institute, London, England

Frederick J. Schoen, m.p., PH.D,, Department of Pa-
thology, Brigham and Women's Hospital, and Har-
vard Medical School, Boston, Massachusetts

Am J Cardiovasc Pathol. 1987 Jan;1(1):3-14

Zanétlivy infiltrat s nekrozou myocytti - myokarditida

Zanétlivy infiltrat bez poskozeni myocyti - hranicni myokarditida
Nepritomnost zanétlive infiltrace - nejde o myokarditidu

Kontrolni EMB: perzistujici, hojici se, vyhojena (s / bez fibrozy)

nizka senzitivita (jen 10% nemocnych v MTT potvrzeno jako myokarditida)
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Heart 1996;75:295-300

Immunohistological evidence for a chronic
intramyocardial inflammatory process in dilated
cardiomyopathy

U Kiihl, M Noutsias, B Seeberg, H-P Schultheiss
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CLINICAL RESEARCH
Heart failure/cardiomyopathy

@ European Heart Journal (2009) 30, 1995-2002

uuuuuuuuuuu doi:10.1093/eurheartj/ehp249

SOCIETY OF

Randomized study on the efficacy of
immunosuppressive therapy in patients with
virus-negative inflammatory cardiomyopathy: the
TIMIC study

Andrea Frustaci*2*, Matteo A. Russo?4, and Cristina Chimenti!24

U SV. ANNY A

>7 CD3+ /mm?2
a/nebo

>5 CD68+ /mm2
a/nebo
zvysena exprese HLA

> 14 LCA+/mm2

a/nebo
>7 CD3+/mm2
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Current state of knowledge on aetiology, diagnosis,
management, and therapy of myocarditis:

a position statement of the European Society

of Cardiology Working Group on Myocardial

and Pericardial Diseases

Alida L. P. Caforio'*, Sabine Pankuweit?!, Eloisa Arbustini3, Cristina Basso?,

Juan Gimeno-Blanes®, Stephan B. Felixé, Michael Fu’, Tiina Heli8, Stephane Heymans?,
Roland Jahns'?, Karin Klingel'!, Ales Linhart'2, Bernhard Maisch?, William McKenna'3,
Jens Mogensen', Yigal M. Pinto'5, Arsen Ristic'é, Heinz-Peter Schultheiss'?,

Hubert Seggewiss'®, Luigi Tavazzi'?, Gaetano Thiene?, Ali Yilmaz2?,

Philippe Charron?!, and Perry M. Elliott'?

>7 CD3+ /mm2
a soucasne

vnitinl krénl
— Zila

> 14 LCA+/mm2
a soucasne
<4 CD68+ /mm2

pravé komora

Jklezticky”
bioptomu
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zalozene na vysledku EMB?
Virus -
/ . M \
/ \ acute MC chronic MC/DCM | | Coxsackievirus + Parvovirus+
Adenovirus + '
haracterisati
LVEF>55% LVEF<55% 1 Cquantification 1 ¥ -
- genetic lopsy
1 1 gene profile | immunohistology | | predisposition analysis
/ 11\ | | .
Serum IFN level viral load
Healed MC DCM TLR-mutation mMRNA+
. . . 2 CCRS5 genotype miRNA profile
1 9;2::" B:ﬁiT:- 5:;:;:' i n?;‘ﬁ;e R cg-ﬁj::. [;‘f‘:’s'}'n':mz miRNA profile inflammation CD3>10/mm?
MC MC MC Perforin+>2.9/mm? v
genetic l gene profile
testing W—/ 1 ¥
+ ) - anti-viral therapy
1 immunosuppressive )
specific therapy 1
symptomatic CHF immunosuppressive - Corticosteroids Telbivudine?
therapy therapy therapy - Azathioprine Interferon-b new drugs?
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=== 1Jaké jsou terapeutické moznosti,
loZzené ysledk ?
zalozene na vysledku EMB?
2016 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)
7 Developed with the special contribution of the Heart Failure
Inflammation — Association (HFA) of the ESC
Virus - -
Patient with symptomatic* HFFEF® Class |
‘ Class lla
/ \ Therapy with ACE-I* and beta-blocker
{Up-titrate to maximum tolerated evidence-based doses)
LVEF>55% LVEF<55%
Still symptomatic No R
and LVEF <35% "
Yes l
‘E Add MR antagonist**
Healed MC DCM E 8 (up-titrate to maximum tolerated evidence-based dose)
Bo -—
s| 2
= o
1 : - E Still symptomatic .
N B and LVEF <35%
. = O
genetic 2 | 28 Yes |
testing = |53 l ! l
El=%
-4 ?ﬁ g Able to tolerate Sinus rhythm, Sinus rhythm,"
£ M B ACEI (or ARB)'s QRS duration =130 msec HR =70 bpm
S v
A @ w E
: 1EN } } !
symptomatic CHF s 12 ;
therapy therapy o s ARN';EE"I""“ ‘je" 5 Ivabradine
Rl w - R
3 =
il ¢
:E- © These above treatments may be combined if indicated
[a]
1

®
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zalozené na vysledku EMB?

f acute MC chronic MC/DCM
1 cterisation
qupntification
gene profile | immunohistology
giant eosino- | sarcoi- auto- CD3>10/mm?
cell phile dosis immune j * CD45R0>45/mm?
mc mc Mc Perforin+>2.9/mm?
— __
_"v'_ 1
M immunosuppressive
specific therapy
immunosuppressive Corticosteroids
therapy Azathioprine
y A
4

064 ¢

P=0.004
0.4

Proportion surviving

0.24

0.0

Jake jsou terapeutické moznosti

Histological type

A Others

O Active lymphocytic

O Borderline myocarditis
0  Giant cell myocarditis

0 1.0D 2100 360
Follow-up (months)

Eur Heart J 2007;28:1326-1333.

1.0 1

0.8

Event-free survival

0.2

0.0~

Circ Heart Fail. 2013;6:15-22.

0.6 +

0.4

Survival

Survival free
of transplant

T T T T T T
0 20 40 60 80 100

Time (months)
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Currentstate ofknowledge on aetiology, diagnosis,
management, and therapy of myocarditis:

a position statement of the European Society

of Cardiology Working Group on Myocardial

and Pericardial Diseases

Alida L. P. Caforio'™, Sabine Pankuweit?!, Eloisa Arbustini3, Cristina Basso?,

Juan Gimeno-Blanes®, Stephan B. Felix?, Michael Fu’, Tiina Heli6®?, Stephane Heymans?,
Roland Jahns'?, Karin Klingel'!, Ales Linhart'2, Bernhard Maisch?, William McKenna'3,
Jens Mogensen'?, Yigal M. Pinto'%, Arsen Ristic'é, Heinz-Peter Schultheiss'’,

Hubert Seggewiss'®, Luigi Tavazzi'’, Gaetano Thiene?, Ali Yilmaz?,

Philippe Charron?!, and Perry M. Elliott'?

Recommendations

21.

Immunosuppression should be started only after ruling out

active infection on EMB by PCR.

22.Based on experience with non-cardiac autoimmune

23.

24.

disease, the task group recommends consideration of im-
munosuppression in proven autoimmune (e.g. infection-
negative) forms of myocarditis, with no contraindications
to immunosuppression, including giant cell myocarditis,

cardiac sarcoidosis, and myocarditis associated with

known extra-cardiac autoimmune disease. >~

Steroid therapy is indicated in cardiac sarcoidosis in the
presence of ventricular dysfunction and/or arrhythmia
and in some forms_of infection-negative eosinophilic or

toxic myocarditis with heart failure and/or arrhythmia.

Immunosuppression may be considered, on an individual
basis, in infection-negative lymphocytic myocarditis refrac-
tory to standard therapy in patients with no contraindica-
tions to immunosuppression.

FAKULTNI
NEMOCNICE
U SV. ANNY
V BRNE

Eur Heart J 2013;34.:2636-2648.
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quantification
gene profile I immunohistology
giant § eosino- | sarcoi- autq- CD3>10/mm?
cell phile dosis immune |=+{ CD45R0>45/mm?
McC McC Mg Perforin+>2.9/mm?
— __
—~ }
\d immunosuppressive
specific therapy
immunosuppressive - Corticosteroids
therapy - Azathioprine
) |

\
\ - 7




LEKARSKA
FAKLULTA

Masaryeva unhverzita

Current state of knowledge on aetiology, diagnosis,
management, and therapy of myocarditis:

a position statement of the European Society

of Cardiology Working Group on Myocardial

and Pericardial Diseases

Alida L. P. Caforio'™, Sabine Pankuweit?!, Eloisa Arbustini3, Cristina Basso?,

Juan Gimeno-Blanes®, Stephan B. Felix?, Michael Fu’, Tiina Heli6®?, Stephane Heymans?,
Roland Jahns'?, Karin Klingel'!, Ales Linhart'?, Bernhard Maisch?, William McKenna'3,
Jens Mogensen'?, Yigal M. Pinto'%, Arsen Ristic'é, Heinz-Peter Schultheiss'’,

Hubert Seggewiss'®, Luigi Tavazzi'’, Gaetano Thiene?, Ali Yilmaz?,

Philippe Charron?!, and Perry M. Elliott'?

Recommendations

21.

Immunosuppression should be started only after ruling out

active infection on EMB by PCR.

22.Based on experience with non-cardiac autoimmune

23.

24.

disease, the task group recommends consideration of im-
munosuppression in proven autoimmune (e.g. infection-
negative) forms of myocarditis, with no contraindications
to immunosuppression, including giant cell myocarditis,
cardiac sarcoidosis, and myocarditis associated with
known extra-cardiac autoimmune disease.'*”?

Steroid therapy is indicated in cardiac sarcoidosis in the
presence of ventricular dysfunction and/or arrhythmia
and in some forms of infection-negative eosinophilic or
toxic myocarditis with heart failure and/or arrhythmia.
Immunosuppression may be considered, on an individual
basis, in infection-negative lymphocytic myocarditis refrac-
tory to standard therapy in patients with no contraindica-
tions to Immunosuppression.

V BRNE

Eur Heart J 2013;34.:2636-2648.
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Immunosuppressive treatment for myocarditis: a meta-
analysis of randomized controlled trials
Cong Lu®, Fang Qin?, Yafei Yan? Tong Liu?, Jing Li® and Hang Chen?

= 9 studii (celkem 342 nemocnych lécenych IS a 267 lécenych HF-th)

Vyvoj LVEF

Immunosuppressive Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Parrillo JE (1989) -0.01 0.096 27  0.03 0.077 32 16.8% —0.04 [-0.08,0.00] 1989 —
Camargo PR (1995) 0.23 0.11 41 0.02 0.07 9 165%  0.21[0.15,0.27] 1995 —=—
Mason JW (1995) 01 0.1 54 0.07 0.15 35 16.5%  0.03[-0.03,0.09] 1995 e
Wojnicz R (2001) 0.2 0.07 28 0.06 0.09 30 16.9%  0.14[0.10,0.18] 2001 —-—
McNamara DM (2001) 0.16 0.12 33 015 0.6 29 16.1%  0.01[-0.06,0.08] 2001 T
Frustaci A (2009) 0.19 0.071 43 -0.06 0.044 42 17.2% 0.25[0.22,0.28] 2009 o
Total (95% CI) 226 177 100.0% 0.10[-0.00,0.21] e

Heterogeneity: Tau? = 0.02; Chi® = 166.36, df = 5 (P < 0.00001); /* = 97%

Test for overall effect: Z = 1.89 (P = 0.06) -02-0.1 0 0.1 0.2

Favours control Favours experimental

Immunosuppressive treatment versus conventional treatment on the outcome of long-term left ventricular ejection fraction (LVEF).

Journal of Cardiovascular Medicine 2016;17:631-637



Immunosuppressive treatment for myocarditis: a meta- fgﬂ;gp{'}m
. . . NEMOCNICE
IEEKAR?:A analysis of randomized controlled trials U SV. ANNY
AKLILTA . . . . . RI p
Niaserylan, srivesitn Cong Lu?, Fang Qin? Yafei Yan® Tong Liu?, Jing Li® and Hang Chen? V BRNE
Vyvoj LVEDD
Immunosuppressive Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI| Year IV, Fixed, 95% ClI
Parrillo JE (1989) 13 59 2 -1 5 20 20.0% 2.30 [-0.76,5.36] 1989 -
Camargo PR (1995) -14.26 5.6 41 -4 3.64 9  20.0% -10.26[-13.19,-7.33] 1995
Mason JW (1995) 0 8.22 49 -5 6.87 35 19.9% 5.00[1.76,8.24] 1995 -
Wojnicz R (2001) -127 579 28 -6.1 6.79 30 19.9%  —6.60[-9.84,-3.36] 2001
Frustaci A (2009) -14 438 43 52 49 42 20.2% -19.20[-21.18,-17.22] 2009
Total (95% CI) 183 145 100.0%  -5.79[-15.30, 3.72]
Heterogeneity: Tau® = 115.55; Chi® = 229.14, df = 4 (P < 0.00001); /> = 98% ‘ ‘ ' ‘ ‘
Test for overall effect: Z=1.19 (P =0.23) =50 =25 0 25 50

Favours experimental Favours control

Immunosuppressive treatment versus conventional treatment on the outcome of long-term left ventricular end-diastolic diameter (LVEDD).

Prognoza

Immunosuppressive Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Parrillo JE (1989) 9 49 5 52 11.1% 2.12[0.66,6.83] 1989 e
Latham RD (1989) 11 23 11 29 14.2% 1.50[0.49, 4.55] 1989 —t—
Camargo PR (1995) 4 4 0 9 2.0% 2.28[0.11, 46.13] 1995 —
Mason JW (1995) 15 64 15 47 37.1% 0.65[0.28,1.52] 1995 —-
Miri¢ M (1996) P) 26 3 8 11.9% 0.14[0.02, 1.06] 1996 —
McNamara DM (2001) 6 33 3 29 7.3% 1.93[0.44, 8.52] 2001 B
Wojnicz R (2001) 8 35 8 39 16.4% 1.15[0.38,3.48] 2001 T
Total (95% CI) 271 213 100.0% 1.08 [0.69, 1.71]
Total events 55 45
Heterogeneity: ChiZ=7.71, df = 6 (P = 0.26): /2 = 22% : ’ ’ ’
Test for overall effect: Z=0.34 (P =0.74) 0.001 0.1 1 10 1000

Immunosuppressive Control

Immunosuppressive treatment versus conventional treatment on the outcome of rate of death or transplantation. Size of squares corresponds to th:
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Immunosuppressive treatment for myocarditis: a meta-
analysis of randomized controlled trials
Cong Lu?, Fang Qin? Yafei Yan® Tong Liu®, Jing Li® and Hang Chen?

Zavery prace:

* imunosupresivni lécba nema vliv na mortalitu Ci
nutnost srdecni transplantace

= naopak ma priznivy efekt na zlepseni systolické
funkce a geometrii LK

= muZe byt zvaZzovana jako doplinék konvencni lécby,
pokud tato neni efektivni

Journal of Cardiovascular Medicine 2016,17:631-637



FAKULTNI ®
LEKARSKA NEMOCNICE
FAKULTA \L;l g}\»?/'[\f‘EN NY

Jakeé jsou terapeutické moznosti

Masaryeva unhverzita

zalozené na vysledku EMB?

h‘ﬂ
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genetic biopsy
predisposition analysis
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Serum IFN level viral load
TLR-mutation mRNA+
CCRS5 genotype miRNA profile
miRNA profile inflammation CD3>10/mm?
v
l gene profile
anti-viral therapy
1 Telbivudine?
Interferon-b new drugs?
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Interferon-Beta Improves Survival in
Enterovirus-Associated Cardiomyopathy

1.0 spontaneous_EV clearance
(n=47)
09- A1 oq4 e
' p=0,191 EV + IFN-f (n=28)
virus negative (n=568) oo 5 7T é .{’-t.:i;:;ance(nﬂ}]“
o 08-
% @ 0.8
£ 07 ::
3 EV persistence (n=21) w© 0.7
W § EV persistence (n=21) L
06 p< 0,001 s
! ! o 0.6
0,5- 0.5-
04 T T T T T T T T T T T 0.4 . i . . . ' .
0 10 20 30 40 S0 &0 70 30 S0 100 110 120 0 20 40 60 80 100 120
Months

Kihl U et al. Interferon-beta improves survival in enterovirus-associated cardiomyopathy. J Am Coll Cardiol 2012;60:1295-1296.
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Betaferon in chronic viral cardiomyopathy (BICC) trial: Effects

of interferon-f treatment in patients with chronic viral
cardiomyopathy

Heinz-Peter Schultheiss' + Cornelia Piper” + Olaf Sowade® + Finn Waagstein® *
Joachim-Friedrich Kapp“ + Karl Wegsc]1&ider6 * Georg Groetzbach* -

Matthias Pauschinger]‘? - Felicitas Escher'? « Eloisa Arbustini® - Harald Sieclentop4 -
Uwe Kuehl'?
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Response variable Treatment effect
Odds ratio IFN-B-1b vs. Placebo (adjusted for strata) p (two-sided)
Overall response (virus elimination, primary) 2.33 0.0487
NYHA improvement
Week 0-12 3.19 0.013
Week 0-24 2.08 0.073

= IFN-B-1b vede ke snizeni virové naloze

= Ma pozitivni efekt na kvalitu zivota a NYHA klasifikaci

= Nema vliv na vyvoj LVEF

Clin Res Cardiol. 2016 Sep;105(9):763-73
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Recommendations Currentstate of knowledge on aetiology, diagnosis,
management, and therapy of myocarditis:

o _ _ N _ a position statement of the European Society
to specialized units with capability for haemodynamic mon- of Cardiology Working Group on Myocardial

itoring, cardiac catheterization, and expertise in EMB. and Pericardial Diseases
15. In patients with haemodynamic instability, a mechanical
cardio-pulmonary assist device may be needed as a

14. Patients with a life-threatening presentation should be sent

bridge to recovery or to heart transplantation.
16. Cardiac transplantation should be deferred in the acute

phase, because recovery may occur, but can be considered

for haemodynamically unstable myocarditis patients, in-
cluding those with giant cell myocarditis, if optimal pharma-
cological support and mechanical assistance cannot
stabilize the patient.

17. Management of ventricular dysfunction should be in line
with current ESC guidelines on heart failure.

18.1CD implantation should be deferred until resolution of the

acute episode.

19. Arrhythmia management outside the acute phase should

be in line with current ESC guidelines on arrhythmia and
Eur Heart J 2013,;34.:2636-2648. device implantation.
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2015 ESC Guidelines for the management
of patients with ventricular arrhythmias
and the prevention of sudden cardiac death

The Task Force for the Management of Patients with Ventricular
Arrhythmias and the Prevention of Sudden Cardiac Death of the
European Society of Cardiology (ESC)

ICD implantation may be considered
earlier in patients with giant cell
myocarditis or sarcoidosis who had
haemodynamically compromising
sustained VA or aborted cardiac arrest,
due to adverse prognosis of these
conditions, if survival =1 year with
good functional status can be
expected.

Anti-arrhythmic therapy should be
considered in patients with
symptomatic non-sustained or
sustained VT during the acute phase of
myocarditis.

The implant of an ICD or pacemaker
in patients with inflammatory

heart diseases should be

considered after resolution of the
acute episode.

Pristrojova léCba arytmii by
mela byt indikovana az po
odeznéni akutni faze
myokarditidy

A wearable defibrillator should be
considered for bridging until full
recovery or ICD implantation in
patients after inflammatory heart
diseases with residual severe LV
dysfunction and/or ventricular electrical
instability.

European Heart Journal (2015) 36, 2793-2867
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Mo e for Specific Dilated Cardiomyopathies vene

A Scientific Statement From the American Heart Association

Key Diagnostic and Management Strategies for
Myocarditis

Recommendations With Strong Level of Consensus for

Myocarditis Treatment of Myocarditis

EMB should be performed in those patients with Myocarditis that presents as DCM should be treated per

clinically suspected unexplained acute myocarditis current guidelines for systolic HF.1® Individual trials and a
w_ho require Inotropic support or IVICS_and those meta-analysis suggest that Immunosuppression is gener-
with Mobitz type 2 second-degree or higher heart ally not indicated for the management of acute lympho-
block, sustained or symptomatic ventricular tachy- cyfic myocarditis in adults. In cases of giant cell myocar-
cardia, or failure to respond to guideline-based ditis, cardiac sarcoidosis, or eosinophilic myocarditis,
medical management within 1 to 2 weeks (Level treatments directed at modifying the immune response
of Evidence C). should be considered 21258

Recommendations With Uncertainty for Myocarditis
1. EMB may be considered in those patients with clini-
cally suspected myocarditis who meet the criteria
listed in Table 32*8 (Level of Evidence C).

Circulation. 2016;134:e579—-e646.
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Diagnostika myokarditid/zanétlivych kardiomyopatii
neni ani dnes jednoducha a vyzaduje komplexni
armamentarium diagnostickych metod

Existuje jen velmi malo dat z klinickych studii v této
oblasti, takze Iécba vychazi z konsensu (Ci neékdy
spise z ,nekonsensu") experti

Nicméné stanoveni spravneé dg je podstatné pro
rezimova opatreni a také pro nacasovani dalsich
lécebnych krokti
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U nékterych podtypti myokarditid je relativné
slusna evidence o vyznamu specifické lecby (GCM,
srd. sarkoidoza, EoM, AiM)

Existuje rada teoretickych konceptii, podle kterych
by specificka terapie mohla byt uzitecna i u jinych

a4 N mNsy

rozporuplna Ci chybi
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Dékuji za pozornost!




