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Myokarditidy - uvod

Myokarditida je akutni i chronicky zanét myokardu s radou infek¢nich a
neinfekcnich pricin.




Myokarditidy a zanétlivé kardiomyopatie - etiologie

Inflammatory Cardiomyopathic Syndromes

Barry H. Trachtenberg, Joshua M. Hare

SLE, RA, Scleroderma,
Polymyositis/dermatomyositis

Connective Tissue
Disease
\

Autoimmune

Antibiotics: Penicilin, Cephalosporin,
Sulfonamides, Isoniazid

[Other: Smallpox vaccine, Dobutamine,

GCM, Sarcoidosis, Kawasaki, Celiac, 18D
Clozapine/Olanzapine, Diuretics,
hyld in, Tetanus

yldopa,
toxoid, Phenytoin, Carbamazepine

Eosinophilic

—| Toxic l—

Inflammatory

Cardiomyopathy i

L Endomyocardial
Fibrosis _l Idiopathic |

Cyclophosphamide

— Infectious

*Infiltrates may be monocytic or
sometimes eosinophilic

Arsenic _l Hypereosinophilic I__l Reactive: Parastic, Churg-Strauss |
Cocaine Syndrome Familial
Checkpoint inhibitors
*Spider/scorpion/wasp —| Neoplastic |
bites
Protozoa Chagas, Toxoplasmosis, Malaria, Babesia I

I

Aspergillosis, Actinomycosis, Candidiasis, Coccidiomycosis,
Cryptococcus, Histoplasmosis, Nocardia, Mucormycosis
Fungal

Staphylococeus, Streptococcus , Borrelia burgdorferi (Lyme),
Clostridia, Mycoplasma tuberculosis, Tularemia, Syphilis,
Gonococcus, Mycobacterium sp., Haemophilus, Salmonella, Rickettsia
(including Coxiellaburnetti, typhus)

Bacterial

irus, Enteroviruses (esp. Coxsackie B), Parvovirus B19, Hep C/8,

Viral HIV, CMV, Influenza, EBV, HHV6, Arboviruses (e.g. Dengue, Yellow
fever), Varicella, Variola, Mumps, Polio, Rubella, RSV, Saffold
cardiovirus

Parasital = .
SEAL Schistosomiasis, Cysticercus, Echinococcus, Trichinosis

Cire Res. 2017:121:803-818.




Myokarditidy — déleni dle délky symptomu

Akutni myokarditida — doba od zacatku symptomu do 1 mésice
- fulminantni myokarditida je akutni myokarditida s tézkym srd. selhanim
az kardiogennim sokem vyzadujici terapii inotropy ¢i MCS

Subakutni myokarditida — doba od zac¢atku symptomu 1-3 mésice

Chronickd myokarditida — doba od zac¢atku symptomd vice nez 3 mésice

U

Zasadni pro agresivitu diagnostickych i terapeutickych pristupt

Clin Med 2021 Sep; 21(5): e505—e510.



GCM - epidemiologie

vvvvvv

Incidence GCM z autoptickych sérii se pohybuje mezi 0.007% a 0.051%
(Vaideeswar 2013)

,Detection rate” 0.13 pFipadt na 100,000 osob (Heymans 2016)
Tvofi cca 1% ze vsech pripadl myokarditid
Postihuje nejcastéji osoby mezi 40-60 lety, pod 20 let véku spiSe vyjimecné

Castéji jedince s jinou autoimunitou, muze i Zeny stejné ¢asto



GCM - klinicky obraz

= Akutni rychle progredujici srdecni selhani, casto ustici béhem 24-48 hod do
obrazu kardiogenniho Soku.

= Pritomnost refrakternich komorovych dysrytmii ¢i AV bloku vyssiho stupné,
které mohou byt inicidlnim projevem predchazejicim rozvoj tézké systolické
dysfunkce LK.

= Pred zavedenim imunosupresivni léCby se jednalo o prakticky vzdy smrtelné
onemocnéni!



GCM - patofyziologie

Patofyziologie GCM neni zcela objasnéna

T-lymfocyty zprostiredkovana autoimunitni myokarditida

U lidi i v animalnich modelech je patrna infiltrace myokardu dominantné T-
lymfocyty a makrofagy.

U experimentalni GCM produkuji CD4+ T lymfocyty interferon-y, ktery stimuluje
produkci NO a TNFa- v makrofazich. To vede k upregulaci syntézy NO a
produkci volnych radikalu, které maji negativné inotropni efekt.



Klinicky obraz a indikace EMB

Heart Failure Association of the ESC, Heart
Failure Society of America and Japanese Heart
Failure Society Position statement

on endomyocardial biopsy

Table 3 Indications for endomyocardial biopsy

Dilated cardiomyopathy with recent onset HF, moderate-to-severe LV
dysfunction, refractory to standard treatment (following exclusion of specific
aetiologies).

Suspected ICl-mediated cardiotoxicity: acute HF with/without haemodynamic

instability early after drug initiation (~ first 4 cycles)

Clinical presentation

E} e Suspected fulminant myocarditis or acute myocarditis with acute HF, LV
dysfunction and/or rhythm disorders.
e Suspected myocarditis in haemodynamically stable patients.

High-degree atrioventricular block, syncope and/or unexplained ventricular
arrhythmias (ventricular fibrillation, ventricular tachycardia, frequent multifocal
premature ventricular complexes), refractory to treatment, without obvious

cardiac disease or with minimal structural abnormalities.

Autoimmune disorders with progressive HF unresponsive to treatment
with/without sustained ventricular arrhythmias and/or conduction
abnormalities.

MINOCA/takotsubo syndrome with progressive LV dysfunction and HF

with/without ventricular arrhythmias or conduction abnormalities.

European Journal of Heart Failure (2021) 23, 854-871




Diagnostika myokarditid vs GCM

= Klinicka diagndza - za zakladé symptomu a jednoduchych klinickych vysetieni -
zanét v myokardu neni znamy

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



Diagnostika myokarditid vs GCM

inicka diagnoza - za zakladé symptomu a jednoduchych klinickych vys
zanetvmyakardu neni znamy

= Vyuziti neinvazivnich dg metod - wZtHME
= podezreni nap#itomnost zanétu bez urceni jeho typu
elze urcit virovou pritomnost v myokardu



Invazivni dg u susp. myokarditid v HF Guidelines 2021

2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Table 27 Dilated cardiomyopathy or hypokinetic non-dilated cardiomyopathy: specific aspects of diagnosis and

treatment

Endomyocardial biopsy’” 7?17 =71?
Indication. In suspected phenotypes requiring specific treatments (Kg. giant cell myocarditis,_2osinophilic myocarditis, sarcoidosis, vasculitis, SLE, other

systemic, auto-immune inflammatory conditions, or storage diseases).

Table 32 Endomyocardial biopsy in patients with suspected myocarditis

Indication (see also Section 4.3).
Progressive or persistent severe cardiac dysfunction and/or life-threatening ventricular arrhythmias and/or Mobitz type 2 second-degree or higher AV block

with lack of short-term (<1-2 weeks) expected response to usual medical treatment.
The aim is to identify aetiology and to indicate specific treatment (€.g. giant cell myocarditis, ®osinophilic myocarditis, cardiac sarcoidosis, systemic inflamma-

: 97.98,917,918,958
tory disorders).” "7 7

Eur Heart J. 2021;42(36):3599-3726.



Indikace EMB u nemocnych s podezrenim na myokarditidu

Management of Acute Myocarditis and Chronic
Inflammatory Cardiomyopathy

An Expert Consensus Document

ACUTE CLINICAL PRESENTATION

INITIAL MANAGEMENT

\
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Circ Heart Fail. 2020 Nov;13(11):e007405.



Kdy u myokarditidy diagnostikovat invazivné a kdy neinvazivné?

State-of-the-Art of Endomyocardial Biopsy on Acute Myocarditis
and Chronic Inflammatory Cardiomyopathy [ CLINICALLY SUSPECTED MYOCARDITIS ]
— B

|

CMR first-line

Enrico Ammirati'® - Andrea Buono? - Francesco Moroni? - Lorenzo Gigli' - John R. Power* - Michele Ciabatti® - 1
Andrea Garascia' - Eric D. Adler® - Maurizio Pieroni®

+  More-than-mild LV dysfunction
+  Significant arrhythmia during
observation

+  Peripheral eosinophilia

*  High burden of inflammation
(septum)

+  Immune checkpoint inhibitors
treatment

Non-diagnostic findings

Worsening of clinical status

Current Cardiology Reports
https://doi.org/10.1007/511886-022-01680-x



Biopticka dg je pro prikaz GCM nezbytna

= Na zakladé histologického/bioptického nalezu - priikaz a specifikace typu zanétu,
ev. detekce a urceni inf. agens
= Histologicky podle Dallaskych kritérii
= Imunohistochemicky
= PCR diagnostika

= Jen na zdkladé (imuno)histologického nalezu

Ize stanovit definitivni dg!




Mame pacienta s fulminantni myokarditidou...co délat?




IS/IM terapie u fulminantni myokarditidy

Immunomodulating Therapies in
Acute Myocarditis and
Recurrent/Acute Pericarditis

FIRST-LINE

ADDITIONAL

SECOND-LINE

LYMPHOCYTIC

- If associated systemic

autoimmune disorders (eg.

SLE and APS): add
apggressive treatment of
associated conditions

IVIG (2 g/kg), single
continuous infusion in 24~
48 h or divided in 4d or
plasmapheresis, 3-5
sessions in 5-10 d

SUSPECTED FULMINANT OR COMPLICATED ACUTE MYOCARDITIS

4

i.v. pulse methylprednisolone 7-14 mg/kg/day for 3 d, then 1 mg/ke/day

ICLASSOCIATED

Hold ICl therapy
Confirm 1C-myocarditis
via definitive imaging
and/or endomyocardial
biopsy

iv. abatacept (a CTLA- 4
agonist) or ATG, 1 mg/kg,
usually single dose or iv.
alemtuzumab (anti-CD52
antibody), 30 mg, single
dose

Front Med (Lausanne). 2022 Mar
7;9:838564.

(s )

GIANT CELL

- If hemodynamically
unstable pts: ATG, from 1
me/kg, usually single-dose to
300 mg in 3 days or
(alternative} iv.
alemtuzumab (anti-CD52
antibody) single dose of 30
mg plus oral CyA, BID, target
through levels 150-250
ng/mL

- If hemodynamically stable
pts: only oral CyA, BID, target
trough levels 150--250 ng/mL

i.v. rituximab 375 mgxm?
(BSA) mg (once a wk for 4 wk
and then every 4 mo as
maintenance therapy) for 1yr

—_

EOSINOPHILIC

- If EGPA: consider iv.
cyclophosphamide (especially
in ANCA-positive pts), 600
mg*me at days 1, 15, and 30

- If clonal {myeloproliferative )
HES: imatinib 100-400 mg 00
- If helminthic infection:
albendazole 400 mg BID for
24wk

- If hypersensitivity reaction:
withdraw suspected drug

- If DRESS, EGPA or
idiopathic HES: anti-ILS
agents (e.g., benralizumab
30 mg s.c./4-8wk or
mepolizumab 100-300
mg/awk)

SARCOIDOSIS

s.c. methotrexate 15-20
mg/wk or iv. infliximab 5
mg/ke (up to 500 mg) at
time 0 and after 2 and 4
wk and then every 68 wi
or s.c. adalimumab 40
me/2wk




Progndza fulminantni vs nefulminantni myokarditidy

Fulminant Versus Acute Nonfulminant
Myocarditis in Patients With
Left Ventricular Systolic Dysfunction

B N =220
Log-rank p < 0.0001
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Ammirati, E. et al. J Am Coll Cardiol. 2019;74(3):299-311.



Myocarditis

Cristina Basso, M.D., Ph.D.

N Engl ) Med 2022;387:1488-500.

Presentation

Symptoms

Left ventricular
ejection fraction

Arrhythmias

VAWM

Immediate management

Referral to expert '
center =TT \\ A
.‘ \clmi/

Mechanical circulatory
support |

Temporary ~
pacing |
\

Immunosuppression \
=

Diagnostic workup

Cardiac MRI

Coronary angiography
to rule out CAD

Endomyocardial
biopsy

) 30-40% (low)

( High-risk profile '\

Symptoms of acute HF

<30% (severely low) or

VT, VF, or AVB
absent or present

Consider

@

After stabilization

If needed

Intermediate-risk profile

Symptoms or mild
symptoms of acute HF

30-40% (low) or
41-49% (moderately low)

VT, VF, or AVB
absent or present

Consider

No

Consider

Consider

Yes

If needed

Consider

Low-risk profile

No symptoms of acute HF

=50% (mildly low or normal)

VT, VF, and
AVB absent

No

No

No

Yes

If needed

No




Imunosuprese u GCM - jednoznacné ANO!!

EMB

/\
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Progndza GCM ve srovnan

v d

1S

4

jinymi typy myokarditid

A prospective study of biopsy-proven myocarditis:
prognostic relevance of clinical and aetiopathogenetic
features at diagnosis

Nelécena GCM prakticky

vzdy konci fatalné!

Proportion surviving

0.6+

0.4+

0.2+

P=0.004

0.0

.

Histological type

A Others

O Active lymphocytic
(O Borderline myocarditis
0 Giant cell myocarditis

1100 2!)0
Follow-up (months)

European Heart Journal (2007) 28, 1326-1333

1
300
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Efekt vcasné diagnostiky a IS lécby u GCM

Diagnosis, Treatment, and Outcome of Giant-Cell
Myocarditis in the Era of Combined Immunosuppression 1.0 A ‘
Riina Kandolin, MD; Jukka Lehtonen, MD; Kaisa Salmenkivi, MD; Anne Riisinen-Sokolowski, MD; SHs
Jyri Lommi, MD; Markku Kupari, MD 08 _
= Survival free of transplant
=
S 0.6 -
Table 1. Immunosuppressive Treatment of the 26 Patients With Biopsy-Diagnosed GCM 7
Corticosteroid + Azathioprine + Cyclosporine 17 (65%) g
Corticosteroid + Azathioprine 4 (15%) :é 0.4
Corticosteroid + Azathioprine + Muromonab + Gammaglobulin 1 (4%) g
Corticosteroid + Azathioprine + Myocophenolate mofetil 1 (4%) w 0.2
Corticosteroid + Cyclosporine+ Myocophenolate mofetil 2 (8%)
Corticosteroid + Cyclosporine + Azathioprine/Methotrexate* 1 (4%)
0.0 +
| I 1 I I |
0 20 40 60 80 100

Conclusions—Repeat endomyocardial biopsies are frequently needed to diagnose giant-cell myocarditis. On contemporary
immunosuppession, two thirds of patients reach a partial clinical remission characterized by freedom from severe heart failure
and need of transplantation but continuing proneness to ventricular tachyarrhythmias. (Circ Heart Fail. 2013;6:15-22.)



Prakticky pristup k terapii u GCM

GIANT CELL
[ [ Y 4 A4 ° . "h d i “
Inicidlné Solumedrol - 1gi.v. /den po 3 dny el
oy s . ° me/ke, usually single-dose to
U stabilnich pacientu - CyA nebo Tac + MMF + Pre Nl g A s of
(alternative) iv.

alemtuzumab (anti-CD52
antibody) single dose of 30

U nestabilnich pacientt et T
" ATG 1mg/ kg 1.V. po 3 dny 11Ig%lllrli:u‘:-tnu:m::l',nlnarnid:alnll'gul stable
= alemtuzumab (anti-CD52) + CyA / Tac e e e
= rituximab (anti-CD20) i.v. 1x tydné 375mg/m2 P

(BSA) me (once a wk for 4 wk
and then every 4 mo as
maintenance therapy) for 1yr

Dostupnost MCS a dosetreni k transplantaci

Front Med (Lausanne). 2022 Mar
7;9:838564.



Diferencialni dg GCM a CS

Idiopathic giant cell myocarditis or cardiac sarcoidosis?
A retrospective audit of a nationwide case series

Aims Cardiac sarcoidosis (CS) and giant cell myocarditis (GCM) are inflammatory cardiomyopathies sharing histopathological
and clinical features. Their differentiation is difficult and susceptible of confusion and apparent mistakes. The possibility that
they represent different phenotypes of a single disease has been debated.

Methods and results We made a retrospective audit of 73 cases of GCM diagnosed in Finland since the late 1980s. All avail-
able histological material was reanalyzed as were other examinations pertinent to the distinction between GCM and CS. Find-
ing granulomas in or outside the heart was considered diagnostic of CS and exclusive of GCM. Altogether 45 of the 73 cases of
GCM (62%) were reclassified as CS. In all except one case, this was based on finding sarcoid granulomas that either had been
originally missed (n = 29) or misinterpreted (n = 11) or were found in additional posttransplant myocardial specimens (n = 3) or
samples of extracardiac tissue (n = 1) accrued over the disease course. Supporting the reclassification, patients relocated to the
CS group had less heart failure at presentation (prevalence 20% vs. 46%, P = 0.017) and better 1 year transplant-free survival
(82% vs. 45%, P = 0.011) than patients considered to represent true GCM.

Conclusions Recognizing granulomas in or outside the heart remains a challenge for the pathologist. Given that CS and GCM
are considered distinct diseases and granulomas exclusive of GCM, many cases of GCM, if thoroughly scrutinized, may need
reclassification as CS. However, whether CS and GCM are truly different entities or parts of a one-disease continuum has
not yet been conclusively settled.

ESC Heart Failure 2020; 7: 1362-1370

Logrank P=0.011

Transplant-free survival

GCM

T T
6 8 10
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Histologie u srdecni sarkoidozy

Idiopathic giant cell myocarditis or cardiac sarcoidosis?
A retrospective audit of a nationwide case series

= Myokardialni granulomy bez nekrézy ale s
fibrozou jsou typickymi histologickymi znaky
srdecni sarkoidézy.

= V dif. dg. muze pomoci detekce
extrakardialniho postizeni.

18F-FDG




Histologie u GCM

Management of Patients With
Giant Cell Myocarditis
JACC Review Topic of the Week

Pritomnost multinuklearnich obrovskych
bunék spolu s vyraznou smisenou celularni
inflamatorni infiltraci véetné eozinofilu a také
pritomnost rozsahlé nekrézy myocytt jsou
typické pro GCM.

J Am Coll Cardiol 2021;77:1122-34

FIGURE 3 Histopathology of Giant Cell Myocarditis
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Courtesy of Dr. Juan Vilaro, University of Florida Medical Center.
This is a high-power magnification of eosin and hematoxylin
staining of cardiac myocytes affected by giant cell myocarditis.
Multifocal inflammatory infiltrates consisting of lymphocytes
with multinucleated giant cells and eosinophils are seen.



Shrnuti dg a th u GCM - ,,take-home messages”

is and

CENTRAL ILLUSTRATION Proposed Algorithm for Giant Cell My

Management of Patients With

associated with
Ventricular tachycardia | High-grade AV block | Hemodynamic instability

Giant Cell Myocarditis
JACC Review Topic of the Week

ECG, cTnl, NT pro-BNP, Echo Exclude common etiologies, such
i tCl\'IIR o PET/CT' as ischemia with coronary

Clinical concern for
inflammatory cardiomyopathy
(myocarditis, sarcoi

Endomyocardial biopsy
(typically from IVS from RV)

Alternative diagnosis
establ!shed? ) Histology
* Lymphocytic myocar definitive
« Eosinophilic myocarditis for GCM?
« Cardiac sarcoidosis

Ongoing clinical « Multidrug immunosuppression
suspicion for GCM? . > .
a. High-dose corticosteroid
b. Cyclosporine OR tacrolimus
c. Possibly add azathioprine OR MMF
Repeat endomyocardial biopsy d. ATG or aler_ntuzumab for refractory
or severe disease
(RV and/or LV) « Cardiogenic shock: Inotropes and MCS as
Consider imaging and/or needed
EamonsedbicSY) « Urgent evaluation for heart transplantation,
even if stable
Histology consistent
i ?
CBiEdE « GDMT for heart failure and arrhythmia
No « Consider ICD for primary/secondary
¥ prevention

Continue to look for
other etiologies

Bang, V. et al. J Am Coll Cardiol. 2021;77(8):1122-34.

Bang et al. JACC. 2021 Mar, 77 (8) 1122-1134.



Diagnostika GCM

New onset rapidly progressive heart failure or dilated cardiomyopathy
associated with
Ventricular tachycardia | High-grade AV block | Hemodynamic instability

ECG, cTnl, NT pro-BNP, Echo
+CMR or PET/CT

Clinical concern for
inflammatory cardiomyopathy
(myocarditis, sarcoidosis, etc.)

Endomyocardial biopsy
(typically from IVS from RV)

Alternative diagnosis
established? Histology

» Lymphocytic myocarditis definitive

Exclude common etiologies, such
as ischemia with coronary
angiography

» Eosinophilic myocarditis for GCM?
« Cardiac sarcoidosis

Yes
1 Bang et al. JACC. 2021 Mar, 77 (8) 1122—-1134.



Diagnostika GCM

Alternative diagnosis

establ!shed? - Histology
» Lymphocytic myocarditis No definitive
* Eosinophilic myocarditis for GCM?
» Cardiac sarcoidosis

No
v
Ongoing clinical
suspicion for GCM?
No Yes

v

Repeat endomyocarclatbiopsy Senzitivita EMB v d iagnostice
(RV and/or LV)
Consider imaging and/or
EAM guided biopsy

GCM se pohybuje mezi 70-80%.

Histology consistent

with GCM? Yes

No

v

Continue to look for
al  other etiologies

Bang et al. JACC. 2021 Mar, 77 (8) 1122-1134.



Je-li dg GCM potvrzena, zacni okamzité s lécbou!

FIGURE 4 C ination and ion of essive Therapy in Giant Cell Myocarditis

Histology

definitive Yes
for GCM?

Alemtuzumab 15 mg x2 days or 30 mg once

(for refractory GCM)

Alemtuzumab
15 mg x2 days or 30 mg once

ATG 100 mg daily

 Multidrug immunosuppression Cyclosporine (12th hour trough: 150-375 ng/ml)
a. High-dose corticosteroid

b. Cyclosporine OR tacrolimus

c. Possibly add azathioprine OR MMF

d. ATG or alemtuzumab for refractory
or severe disease

Azathioprine 1.5-2 mg/kg/day

Mycophenolate mofetil

« Cardiogenic shock: Inotropes and MCS as

needed Cyclosporine (12th hour trough: 150-375 ng/ml)

« Urgent evaluation for heart transplantation,
even if stable

Tacrolimus (12th hour trough: 10-15 ng/ml in first & months, 5-10 ng/ml thereafter)

Combination immunosuppression

Yes
» GDMT for heart failure and arrhythmia

» Consider ICD for primary/secondary

Methylprednisolone

- IV 1g/day "
prevention 1mg/kg Slow taper— 5 mg daily Prednisone tapered
off if LVEF normalizes
i 1 =
77 77 f >

Bang et al. JACC. 2021 Mar, 77 (8) 1122-1134. Sers i =



Zaver

Obrovskobunécna myokarditida je vzacnym, ale velmi zavaznym
onemochénim.

Diagnostika GCM vyzaduje vysoky stupen podezreni a rychlost vzhledem k
akutnimu a potencialné smrtelnému priabéhu.

EMB je zakladnim kamenem diagnostiky, v pripadé nediagnostické prvni
EMB je doporuceno jeji opakovani.

Imunosuprese spolu s komplexni lécbou zasadné zlepsuji prognézu pacientu
s GCM.

MCS a transplantace srdce hraji dulezitou roli ve zvladnuti akutniho i
strednédobého priibéhu onemocnéni.
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