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Fulminantni myokarditida v ACC consensusu 2024

FIGURE 5 Proposed Stages of Myocarditis

2024 ACC Expert Consensus Decision
Pathway on Strategies and Criteria for
the Diagnosis and Management
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Fulminantni myokarditida v ESC Guidelines 20525

2025 ESC Guidelines for the management ( Umbrella: IMPS - The spectrum of the inflammatory myopericardial syndrome
of myocarditis and pericarditis Myopericarditis/Perimyocarditis

Developed by the task force for the management of myocarditis and

pericarditis of the European Society of Cardiology (ESC) @ % @
Pericarditis % % Myocarditis

Endorsed by the Association for European Paediatric and
Congenital Cardiology (AEPC) and the European Association
for Cardio-Thoracic Surgery (EACTS)

Clinical classification

Acute Subacute Chronic Recurrent Remission with/without residuals
—  » <Imonth —— P >3months » » H-o
Common aetiologies

Infectious Non-infectious
Viruses Bacteria Parasites Au:\%\;\nf_lranrr':.'r:.;?ry cgnec“gtcli%s Cancer-related Drugs

Clinical presentation
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Myokarditididy — klinicky obraz

FIGURE 2 Three Classic Presentations of Myocarditis

2024 ACC Expert Consensus Decision
Pathway on Strategies and Criteria for
the Diagnosis and Management

of Myocarditis

¢ Palpitations

* Presyncope or syncope
e ECG evidence of tachy-

or bradyarrhythmia
e Sudden death

¢ Can mimic acute
coronary syndrome with

ST elevation and/or

elevated hs-troponin

¢ Fever possible

* May have elevated CRP

¢ With superimposed
pericarditis:

° Positional or pleuritic
component to chest
pain

> Associated ECG
changes possible

New onset or worsening of

chronic heart failure

Dyspnea and/or fatigue (can

be vague/nondescript)

¢ Right- or left-sided heart
failure symptoms

¢ Hemodynamic abnormalitites
may mainfest as Gl symptoms

e Variable severity of heart
failure but can present as
severe shock

Heart failure/
Cardiogenic
shock
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Fulminantni myokarditida — klinicky obraz

2025 ESC Guidelines for the management
of myocarditis and pericarditis

Developed by the task force for the management of myocarditis and
pericarditis of the European Society of Cardiology (ESC)

Endorsed by the Association for European Paediatric and
Congenital Cardiology (AEPC) and the European Association
for Cardio-Thoracic Surgery (EACTS)

4.2.2. Fulminant myocarditis

Fulminant myocarditis (occurring in 3%—9%) is characterized by cardio-
genic shock at presentation for which haemodynamic support is
needed.?® Isolated right ventricle (RV) dysfunction is uncommon; how-
ever, biventricular failure occurs frequently in FM. Sustained ventricular
arrhythmias (VA) may also occur in these patients (46.9%) and some
present with sudden cardiac death (SCD) (25.8%).28°6>7

)

Fymptomatic

Clinical presentation

Chestpain  Avhythmias  oiiiilye  Fulminant | NACSUSCORNSCON)
ﬁ. e
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European Heart Journal (2025) 00, 1-90
https://doi.org/10.1093/eurheartj/ehaf192
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Diagnosticky algoritmus — akutni HF se susp. akutni MC

Table 6 Red flags for the clinical diagnosis of myocarditis

Myocarditis

Recent or concomitant flu-like syndrome or gastroenteritis
Infarct-like chest pain

Palpitations

HF symptoms

ECG changes®

Ventricular arrhythmias (isolated, complex)

Syncope

Haemodynamic instability

Elevated markers of myocardial lesion (hs-Tn, CK-MB elevation)
Elevated markers of HF (NT-proBNP)

Abnormal wall motion, increased wall thickness and/or impaired systolic function
on imaging

CMR imaging with myocardial oedema and/or LGE

-
Patient with signs and symptoms of acute heart failure
Cardiogenic shock and/or respiratory failure —— ¥ ——  Admission to ICU
S 5
\ |
Clinical history and vital signs, 12-lead ECG, laboratory testing?, transthoracic echocardiography
(Class 1)
Simultaneously use CHAMPIT approach and whether congestion/apparent HF
acute Coronary syndrome 47\&%: Congestion/apparent HF
Hypertensive emergency ?
Arrhythmia Y
¥ —— Mechanical +
Pulmonary embolism
Infections HF treatment
4—0
Tamponade (Class )
)
Furth =
rtl
W‘:)I’k—f]’;:) «@®— Redflags for_myocarditisb
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Diagnosticky algoritmus — klicova role EMB

Further

work-up «®)— Red flags for myocan:lltlsb

V
k2
Suspected fulminant myocarditis Y
b
x

\;J

Risk stratification< L

Before

resonancee "
(Class ) discharge

FAKULTNI ®
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2 biopsy
(Class )
q

Risk
Table 7 Clinical risk stratification to guidg

Myocarditis  + Acute HF/cardiogenic shock
« Dyspnoea NYHA IIIHV refractory
to medical therapy
« Cardiac arrest/syncope®

« Ventricular fibrillation/sustained

ventricular tachycardia®
* High-level AV block®
Imaging criteria:
» Newly reduced LVEF (<40%)*
« Extensive LGE on CMR*

Acute HF/cardiogenic shock
Dyspnoea NYHA IlI-V refractory
to medical therapy
Cardiac arrest/syncope®
Ventricular fibrillation/sustained
ventricular tachycardia®
High-level AV block®

Imaging criteria:
Newly reduced LVEF (<40%)*
Extensive LGE on CMR?

==
me




Kdy indikovat EMB u nemocnych s podezrenim na myokarditidu?

Management of Acute Myocarditis and Chronic
Inflammatory Cardiomyopathy

An Expert Consensus Document

U SV. ANNY A

ACUTE CLINICAL PRESENTATION

(BP & AHF LVEF VT/VF or )

SYMPTOMS REDUCTION AVB

g8

| = )
-
Q Cardlogemc Severe PRESENT/
O | shock (FM) || (<30%) ABSENT
A7 . AHF Low PRESENT ]
| symptoms (30 40% ) SEN
J
AHF Low ABSENT
symptoms | | (30-40%)
Mild AHF Moderate PRESENT

symptoms (41-49%)

@ [ Absent ][M“?’?&Tﬂ[ ABSENT ]

—

HIGH-RISK

—> | ¥ |

LOW-RISK

—

INITIAL MANAGEMENT

N
REFER t-Mcs | EmB [| CMRI [sTEROIDS
TO HUB *
CENTERS t 4
ol F Q¢
a+ )
\
BEFORE
v v/ J jischarge | CONSIDER
|¢ BEFORE | coNSIDER
discharge
2 v
Rarely In
CONSIDER | L ceded |CONSIDER Jl specific
| cases

NOT NOT
NEEDED | NEEDED

O

v

S

Circ Heart Fail. 2020 Nov;13(11):e007405.
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EKG a rizikova stratifikace u akutni myokarditidy

2024 ACC Expert Consensus Decision
Pathway on Strategies and Criteria for 4.2.1. Electrocardiogram

the Diagnosis and Management

of Myocarditis

Electrocardiogram (ECG) is widely used as an initial
screening tool for diagnosis of myocarditis, despite its low
sensitivity of 47%.° ECGs of patients with myocarditis

Risk

Myocarditis

Table 7 Clinical risk stratification to guide work-up in inflhammatory myoper

-

Acute HF/cardiogenic shock » New/progressive dyspnoea
Dyspnoea NYHA llI-IV refractory » Non-sustained ventricular arrhythmias «
to medical therapy * Persistent release or relapsing troponin
Cardiac arrest/syncope’

Ventricular fibrillation/sustained

High-level AV block®

ventricular tachycardia® '

U SV. ANNY A

of the conduction system also raises the suspicion for
sarcoidosis, GCM, or Lyme disease. Ongoing research,
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Echokardiografie v akutni fazi myokarditidy
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Fulminantni myokarditida je jasna indikace k casné EMB!

Recommendations

genome for treatment.>*4373.131

Recommendation Table 6 — Recommendations for endomyocardial biopsy (see Evidence Table 6)

EMB® is recommended in patients with high-risk myocarditis?, and/or haemodynamic instability, and/or in patients with intermediate-risk

myocarditis not responding to conventional therapy in order to detect a specific histologic subtype and to assess the presence of viral C

Class® Level®

© ESC 2025

Table 7 Clinical risk stratification to guide work-up in inflammatory myopericardial syndrome

Risk Intermediate risk

Myocarditis | * Acute HF/cardiogenic shock
Dyspnoea NYHA -V refractory
to medical therapy

Cardiac arrest/syncope®

Ventricular fibrillation/sustained
ventricular tachycardia®
High-level AV block®

Imaging criteria:
Newly reduced LVEF (<40%)*
+ Extensive LGE on CMR?®

New/progressive dyspnoea

Non-sustained ventricular arrhythmias

Persistent release or relapsing troponin

Imaging criteria:

Newly mildly reduced LVEF (41%—49%)

and/or WMA
Preserved LVEF (=50%) and
LGE >2 segments on CMR

j

U SV. ANNY

Stable symptoms or oligosymptomatic

Imaging criteria:
* Preserved LVEF (>50%) without LGE or limited
LGE (<2 segments) on CMR
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Invazivni a neinvazivni dg nestoji proti sobé, ale doplnuji se!

State-of-the-Art of Endomyocardial Biopsy on Acute Myocarditis
and Chronic Inflammatory Cardiomyopathy

[ CLINICALLY SUSPECTED MYOCARDITIS ]

.

EMB first-line

*  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

— B

|

CMR first-line

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

CMR + clinical

2013

Proven
. Confirmed
Suspected

2021/2023

@ Definite
Possible
. Unlikely/rejected

EMB and CMR
with uncertain results

@ESCc—
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Fulminantni myokarditidida — neinvazivni diagnostika — MRI

FIGURE 3 CMR Criteria for Nonischemic Myocardial Inflammation, as Seen in Myocarditis, Based on the Updated Lake Louise Criteria (2018)**

CMR Detection of Non-ischemic Inflammation
The Updated Lake Louise Criteria (2018)

MRI je zcela klicovym vysetrenim pri neinvazivni diagnostice MC.

Criteria

Damiamal av mlabhal liwncvanca 10 TD clmnal

Role MRI u fulminanni myokarditidy je ale vedlejsi
— hlavni roli ma mit ¢asna EMB!

U SV. ANNY A
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IS/IM terapie u susp. fulminantni myokarditidy

Immunomodulating Therapies in
Acute Myocarditis and

Recurrent/Acute Pericarditis BITPAMIE

...doporuceni zahajit pulsni

lécbu kortikoidy i pred
provedenim EMB!

SECOND-LINE

LYMPHOCYTIC

- If associated systemic

autoimmune disorders (eg.

SLE and APS): add
aggressive treatment of
associated conditions

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

SUSPECTED FULMINANT OR COMPLICATED ACUTE MYOCARDITIS

4

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

ICFASSOCIATED

Hold ICI therapy
Confirm |C-myocarditis
via definitive imaging
and/or endomyocardial
biopsy

i.v. abatacept (a CTIA- 4
agonist) or ATG, 1 mg/kg,
usually single dose or iwv.
alemtuzumab (anti-CD52
antibody), 30 mg, single
dose

Front Med (Lausanne). 2022 Mar

U SV. ANNY

7,9:838564.

GIANT CELL

- If hemodynamically
unstable pts: ATG, from 1
mg/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 150250 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*m? at days 1, 15, and 30

- If clonal (myeloproliferative )
HES: imatinib 100-400 mg OD

- If helminthic infection:
albendazole 400 mg BID for
2-4 wk

- 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/4wk)

SARCOIDOSIS

s.c. methotrexate 15-20
mg/wk or iv. infliximab 5
mg/kg (up to 500 mg) at
time 0 and after 2 and 4
wk and then every 6-8 wk
or s.c. adalimumab 40
mg/2wk
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Fulminantni myokarditida - IS lécba

JOURMNAL ARTICLE

Rationale and study design of the international
randomized control trial MYocarditis THerapy with
Steroids: the MYTHS trial @

E Ammirati, N Conti, S Frea, A Uribarri, A Grosu, F Loffredo, D Corsi, D Tomasoni, F Cappelli,
M Marini, A Garascia, C M Van De Heyning, M Crespo-Leiro, E D Adler, L Potena MYTHS trial
investigators

Author Notes

European Heart Journal, Volume 45, Issue Supplement_1, October 2024, ehae666.1239,
https://doi.org/10.1093/eurheartj/ehae666.1239

U SV. ANNY

Single-blind randomized controlled trial to assess the safety and efficacy of high-dose pulse intravenous
corticosteroid therapy to treat patients with complicated/fulminant acute myocarditis

MYTHS TRIAL

MYocarditis THerapy with Steroids

Suspected ACUTE MYOCARDITIS
Acute HF/cardiogenic shock
(ECHO: LVEF<41% & LV-EDD <56 mm)

Increased troponin (>x3 URL) /NTproBNP 2 1600

pg/mL OR BNP 2 400 pg/mL)

Coronary angiography or CT to exclude CAD (246 y)

/m%\

Control arm Intervention arm
(Placebo - Saline only): n=144 (IV Methylprednisolone 1gx 3 d): n=144

Sensitivity analysis:

Only patients with
confirmed myocarditis on
histology or CMRI +
exclusion of giant cell
myocarditis

<

Primary efficacy ENDPOINT:

At 6 months: to demonstrate a reduction in the rate
of all-cause death, HTx, LVAD implant, need for
upgrading t-MCS, VA treated with DC shock,
hospitalization due to HF, VT/VF, advanced AV block

\ [,
-~ %’—
- \ -~
d: X

:

Study duration:
7 years

Study Start:
October 2021
Follow up:

6 months

Interim analysis: 144
patients with
completed follow up
(50% of the planned
population)
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Lécba fulminantni MC v Guidelines 2025

2025 ESC Guidelines for the management
of myocarditis and pericarditis

Developed by the task force for the management of myocarditis and
pericarditis of the European Society of Cardiology (ESC)

Endorsed by the Association for European Paediatric and
Congenital Cardiology (AEPC) and the European Association
for Cardio-Thoracic Surgery (EACTS)

U SV. ANNY A

Immunosuppressive therapy

/Corticosteroids should be considered in patients
with fulminant, non-infectious forms of myocarditis
to stabilize the patients.

Corticosteroids may be considered in patients with

acute myocarditis with impaired LVEF if refractory to

Qtandard HF therapy to stabilize patients.

Routine use of immunosuppressive therapy is not
recommended in acute myocarditis with preserved
LV function because no outcome benefit has been

shown.

lla

11+]
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Jen EMB s (imuno)histologii urc¢i podtyp myokarditidy...

Acute
lymphocytic
myocarditis

Chronic
lymphocytic
myocarditis

...u specifickych forem myokarditidy je treba individualizace a
doplnéni kortikoterapie dalSimi skupinami imunomodulacnich léku

Giant cell
myocarditis

Cardiac
sarcoidosis

100 um
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IS/IM terapie u fulminantni myokarditidy

SUSPECTED FULMINANT OR COMPLICATED ACUTE MYOCARDITIS

Immunomodulating Therapies in .
Acute Myocardltls and iy FIRST-LINE iv. pulse methylprednisolone 7-14 mg/kg/day for 3 d, then 1 mg/kg/day
Recurrent/Acute Pericarditis
LYMPHOCYTIC ICFASSOCIATED GIANT CELL EOSINOPHILIC SARCOIDOSIS
- If associated systemic Hold IC1 therapy - If hemodynamically - IfEGPA: consider iv.
autoimmune disorders (eg. Confirm IC-myocarditis unstable pts: ATG, from 1 FV""’P"WP'\_G_'"N“G (especially
ADDITIONAL SLE and APS): add via definitive imaging me/kg, usually single-dose to | 1N ﬁNCZA'DOS“'Ve pts), 600
aggressive treatment of and/or endomyocardial 300 mg in 3 days or mg*m? at days 1, 15.‘3"d %0
associated conditions biopsy (alternative) i.v. - If clonal (myeloproliferative )
alemtuzumab (anti-CD52 HES: imatinib 100-400 mg OD
antibody) single dose of 30 - If helminthic infection:

d v e E IVI B t -t I ’ l mg plus oral CyA, BID, target albendazole 400 mg BID for
through levels 150-250 2-4 wk

"'z e uz Je nezas upl e na ® ng/mL - If hypersensitivity reaction:

- If hemodynamically stable withdraw suspected drug

pts: only oral CyA, BID, target

trough levels 150250 ng/mL

IVIG (2 g/kg), single i.v. abatacept (a CTLA- 4 i.v. rituximab 375 mgxm? - If DRESS, EGPA or s.c. methotrexate 15-20
continuous infusion in 24— agonist) or ATG, 1 mg/kg, (8SA) mg (once a wk for 4 wk idiopathic HES: anti-ILS mg/wk or iv. infliximab 5
SECOND-LINE 48 hor divided in 4 d or usually single dose or iv. and then every 4 mo as agents (e.g, benralizumab mg/kg (up to 500 mg) at
plasmapheresis, 3-5 alemtuzumab (anti-CD52 maintenance therapy) for1yr | 30 mg s.c./4-8wk or time 0 and after 2 and 4
sessions in 5-10d antibody), 30 mg, single mepolizumab 100-300 wk and then every 6-8 wk
dose mg/4wk) or s.c. adalimumab 40 }
mg/2wk

Front Med (Lausanne). 2022 Mar
7;9:838564.
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Casna invazivni strategie a IS/IM th je lepsi

@ E S C European Heart Journal (2023) 44, 5110-5124

European Society  https://doi.org/10.1093/eurheartjehad707
of Cardiology

CLINICAL RESEARCH

Acute cardiovascular care

Fulminant myocarditis proven by early biopsy
and outcomes

Background and While endomyocardial biopsy (EMB) is recommended in adult patients with fulminant myocarditis, the clinical impact of its

Aims timing is still unclear.

Data were collected from 419 adult patients with clinically suspected fulminant myocarditis admitted to intensive care units across
36 tertiary centres in 15 countries worldwide. The diagnosis of myocarditis was histologically proven in 210 (50%) patients, either
by EMB (n= 183, 44%) or by autopsy/explanted heart examination (n = 27, 6%), and clinically suspected cardiac magnetic reson-
ance imaging confirmed in 96 (23%) patients. The primary outcome of survival free of heart transplantation (HTx) or left ventricu-
lar assist device (LVAD) at 1 year was specifically compared between patients with early EMB (within 2 days after intensive care unit
admission, n = 103) and delayed EMB (n= 80). A propensity score-weighted analysis was done to control for confounders.

Huang et al, EHJ 2023
U SV. ANNY

| of EMB-proven = N

patients
with FM

myocarditis

(23%) required
inotropes only

(77%) required
t-MCS

Early EMB
(n=103)

Delayed EMB
(n=80)

No EMB
(n=236)

Overall survival free of heart transplantation or
LVAD at one year after ICU admission: 65%

N
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Histologicka charakteristika

Table 1 Baseline characteristics, clinical, echocardiography, and biological findings at intensive care unit admission

according to endomyocardial biopsy timing after intensive care unit admission

Available| All patients \EmB <2 days EMB > 2 days No EMB P-value
data, N (N=419) (n=103) (n=80) (n=1236)
Age, years 419 40 (29-52) 44 (31-55) 41 (28-52) 38 (28-49) 0N
Woman, n (%) 419 220 (53) 58 (56) 33 (41) 129 (55) 078
EMB finding consistent with 183 183 (44)
myocarditis®
Lymphocytic infiltrate 125 (68) 71(69) 54 (68) - .836
Giant cell infiltrate 20 (11) 11 (11) 9 (11) - 902
Eosinophilic infiltrate 20 (11) 11(11) 9(11) - 902
Other infiltrate® 18 (10) 10 (10) 8 (10) - 948
Histologic demonstration of 419 27 (6) 0(0) 0(0) 27 (11) <.001
myocarditis on autopsy/explanted
heart/myocardial specimen after LVAD
Myocarditis proven by CMRI 419 158 (38) 36 (35) 22 (28) 100 (42) 048

Huang et al, EHJ 2023

U SV. ANNY
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Casna invazivni strategie a €asna IS/IM th zlep3uje prognézu!

@ ESC European Heart Journal (2023) 44, 5110-5124 CLINICAL RESEARCH Table 5 Immunomodulatory therapy and one-year outcome in the group of endomyocardial biopsy-proven
qurccan;?a;]ovuetv https:i/doi.orgl10.1093/eurheartjlehad707 Acute cardiovascular care myocarditis (n = 183) according to main histologic subtypes
One-year outcome P-value
) L ] Alive without HTx or LVAD  Death, HTx or LVAD
Fulminant myocarditis proven by early biopsy P
and outcomes Any MT 5469 2% (55) 17
One-year outcome P-value
Alive without HTx or LVAD Death, HTx or LVAD
Lymphocytic myocarditis (n = 125) n=78 n=47
Any IMT 54 (69) 26 (55) 17
Early use of IMT* 50 (64) 16 (34) 001
Corticosteroids 54 (69) 23 (49) 024
Pulse therapy 50 (64) 18 (38) 005
Other IMT® 10 (13) 6 (13) 993
Intravenous immunoglobulins 9(12) 6(13) 838
Multiple IMT 15 (19) 8 (17) 757

Intravenous immunaoglobuling 2 (40) 4 (27) 573
Huang et a/, EHJ 2023 Multiple IMT 4 (80) 11(73) 766
U SV. ANNY
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Casna invazivni strategie a €asna IS/IM th zlep3uje prognézu!

@ E SC European Heart Journal (2023) 44, 5110-5124 CLINICAL RESEARCH

European Society hetps:i/doi.org/10.1093/eurheartjlehad707

of Cardiology Acute cardiovascular care A B
1.0 1.0
Fulminant myocarditis proven by early biopsy g g 08
3 3
and outcomes 5506 350
£E 3
$Goa b
13 £3 0.4
1.0 St 3
| i o E—
0.0 P value = 0.023 = :Lﬁ::;;::v! Eosinophilic infiltrate
(=) 0-8 Y L " oo " " - - o 60 120 180 240 300 360
- g m.ﬂ—rm n s 51 "me::’ays) s 51 51 Hosatvielt Time (days)
° 5 = " - 2 o 2 n . 10 10 10 10 10 10
o -y s s 5 s s
E E 0.6 (o] D S
52 T
2 2 10 e
g E 0.4 ]'I 08 &_\_‘ N
wv fd -
f —| Key Finding
02| -1 Among patients with EMB-proven fulminant myocarditis (n=183), early EMB was independently associated with a better survival free of
- 1 heart transplantation or left ventricular assist device, when compared to delayed EMB (63% vs 40%, p=0.021).
0.0
0
No. at risk Take Home Message
s | EMB should be used promptly in patients admitted to an intensive care unit for clinically suspected fulminant myocarditis.
Huang et al, EHJ 2023
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GCM - nejnebezpecnéjsi forma myokarditidy!

FIGURE 3 Histopathology of Giant Cell Myocarditis

Management of Patients With
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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.
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Diagnostika GCM

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

Exclude common etiologies, such
as ischemia with coronary
angiography

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

Clinical concern for
inflammatory cardiomyopathy

. . . (myocarditis, sarcoidosis, etc.)
Senzitivita EMB v diagnostice :

GCM se pohybuje mezi 70-80%.

Endomyocardial biopsy

(typically from IVS from RV)

Alternative diagnosis

establl_shed? 0 Histology
FAKULTNi ® . Lyn'_lphocytllc myocarc!lps definitive Yes
ﬁESI\c/OACNNI\IlgE » Eosinophilic myocarditis for GCM?
V BRNE * Cardiac sarcoidosis 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 %2 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, Tacrolimus (12th hour trough: 10-15 ng/ml in first 6 months, 5-10 ng/ml thereafter)

even if stable

Combination immunosuppression

Yes

» GDMT for heart failure and arrhythmia

» Consider ICD for primary/secondary Methylprednisolone
- IV 1 g/day "
prevention 1mg/kg Slow taper— 5 mg dally Prednisone tapered
off if LVEF normalizes
// | -
77 77 1 =

Bang et al. JACC. 2021 Mar, 77 (8) 1122-1134. 3days 10 days 1year
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Progndza GCM ve srovnani s jinymi typy myokarditid

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

Histological type
A Others

o O Active lymphocytic
c
'S (O Borderline myocarditis
E 067 ¢ 0 Giant cell myocarditis «
=
7]
- P=0.004
O o4
5
Nelééena GCM prakticky g S «
vzdy konci fatalné! o oz
0.0 I I |
0 100 200 300

Follow-up (months)

ey A European Heart Journal (2007) 28, 1326-1333 MUNT
U SV. ANNY MED
V BRNE



Efekt véasné diagnostiky a IS lécby u GCM

Diagnosis, Treatment, and Outcome of Giant-Cell
Myocarditis in the Era of Combined Immunosuppression 1.0 .
urvival
Riina Kandolin, MD; Jukka Lehtonen, MD; Kaisa Salmenkivi, MD; Anne Riiisiinen-Sokolowski, MD;
Jyri Lommi, MD; Markku Kupari, MD
0.8
= Survival free of transplant
=
2 0.6 -
Table 1. Immunosuppressive Treatment of the 26 Patients With Biopsy-Diagnosed GCM a
[
Corticosteroid + Azathioprine + Cyclosporine 17 (65%) @
- —
Corticosteroid + Azathioprine 4 (15%) é 0.4
Corticosteroid + Azathioprine + Muromonab + Gammaglobulin 1 (4%) 2
Corticosteroid + Azathioprine + Myocophenolate mofetil 1 (4%) L 0.2
Corticosteroid + Cyclosporine+ Myocophenolate mofetil 2 (8%) ’
Corticosteroid + Cyclosporine + Azathioprine/Methotrexate* 1 (4%)
0.0 —
| I I 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.)
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Prakticky pristup k terapii u GCM

GIANT CELL

Inicialné Solumedrol - 1g i.v. /den po 3 dny - If hemodyramicall

unstable pts: ATG, from 1
o . o me/kg, l.llsuall'.r single-dose to
U stabilnich pacientu - CyA nebo Tac + MMF + Pre ﬁeﬁéﬁ}ﬁw
alemtuzumab (anti-CD52
antibody) single dose of 30

U nestabilnich pacienti mg plus oral CyA, BID, target

through levels 150-250

= ATG 1mg/kgi.v. po 3 dny ng/mi

- If hemodynamically stable

= alemtuzumab (anti-CD52) + CyA / Tac g e e
= rituximab (anti-CD20) i.v. 1x tydné 375mg/m?2

i.v. rituximab 375 mgxm?
{B3A) mg (once a wk for 4 wk
and then every 4 mo as

Dostupnost MCS a dosetreni k transplantaci TR ARSI S e o A

Front Med (Lausanne). 2022 Mar

NEMOCNIC 7;9:838564. M U N I
| l k MED



Pristrojova lécba fulminantni myokarditidy

Recommendations

A timely and dedicated Shock Team discussion is
recommended in patients with myocarditis in the
presence of haemodynamic compromise, to decide
on the need for escalation to MCS and to determine
a long-term management plan.

Temporary MCS® should be considered in patients
with myocarditis and cardiogenic shock or acute
decompensation in chronic myocarditis to stabilize
the patients.

U SV. ANNY A

Class®

lla

© ESC 2025

6.3. Interventional techniques including

circulatory support

6.3.1. Myocarditis

6.3.1.1. Short-term mechanical circulatory support

Myocarditis patients who present with rapid deterioration in haemo-
dynamic status and rapidly progressive myocardial dysfunction are
amongst those who respond best to temporary MCS.?”* Among tem-
porary MCS, veno-arterial extracorporeal membrane oxygenation
(VA-ECMO) represents the most frequently applied or recommended
approach, ranging from 75% to 85% of AM cases.”>?7%-2% Despite the
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Pristrojova lécba fulminantni myokarditidy

Diagnosis and management of patients with

fulminant myocarditis

Nicoletta D’Ettore ® '*, Kaveh Eghbalzadeh?, Mehmet Oezkur @ 3,

Letizia F. Bertoldi*, Matthias Bossard®, and Federico Pappalardo

U SV. ANNY A

6

Ventricular unloading via MCS devices can play a crucial
role in mitigating the adverse effects of viral injury and
autoimmune responses in myocarditis. The benefits of
ventricular unloading include the following:

(1) Decreased workload of the heart: Ventricular

unloading reduces myocardial stress and oxygen
demand, which can limit further myocyte damage
caused by the inflammatory response and preserve
myocardial function.

(2) Improved coronary perfusion: Devices like microaxial

flow pumps enhance coronary blood flow, ensuring
better oxygen and nutrient delivery to the
myocardium, which aids in the repair of damaged
myocardial tissue, and reduces the extent of injury.

European Heart Journal Supplements (2025) 27 (Supplement 4), iv23-iv30

(3) Modulation of the immune response: Reducing

myocardial stress and improving perfusion can
indirectly modulate the immune response by
decreasing the levels of stress-related inflammatory
cytokines, mitigating the autoimmune component of
myocarditis, and preventing further myocardial damage.

(4) Enhanced recovery environment: Ventricular

unloading creates a more favourable environment for
myocardial recovery by minimizing further injury and
providing the heart with a chance to heal. This can
be particularly beneficial in the context of viral
myocarditis, where ongoing viral replication and
immune-mediated injury are common.
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Pristrojova lécba fulminantni myokarditidy — kterou st-MCS pouzit?

Diagnosis and management of patients with
fulminant myocarditis

Nicoletta D’Ettore ® '*, Kaveh Eghbalzadeh?, Mehmet Oezkur @ 3,

Letizia F. Bertoldi*, Matthias Bossard®, and Federico Pappalardo ® ¢

Cardiogenic Shock with suspicion of Myocarditis

e S
B W
e ™~

S

SCAIE  SCAI C-DJ

e CONSIDER | seaico |
: - ENDOMYOCARDIAL BIOPSY f
[ [ > Especially if coronary angiography <
ECLS + LVMU ' is performed (:v ECLS
[ R Impella + RVAD
CONSIDER STEROIDS :
before EMB results Blpeua

U SV. ANNY A

experience. The most frequently used short-term MCS in FM
patients is VA-ECMO. However, during VA-ECMO support, LV
distention and increased afterload may cause pulmonary
oedema and hinder myocardial recovery. An early and
effective unloading strategy should be associated. The
combined ECMELLA (VA-ECMO +Impella) provides potent
haemodynamic support, oxygenation, and ventricular
unloading and is associated with lower mortality
compared to VA-ECMO alone, despite higher complication
rates. The combination in ECMELLA or BIPELLA should be
considered when the right ventricular function is
compromised.®'"3?
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Progndza fulminantni vs nefulminantni myokarditidy

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

-~ Fulminant Myocarditis

N =220
Log-rank p = 0.0001

>
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Log-rank p < 0.0001
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Ammirati, E. et al. J Am Coll Cardiol. 2019;74(3):299-311.
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Progndza fulminantni vs nefulminantni lymfocytarni myokarditidy

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

-~ Fulminant Myocarditis

-o- Nonfulminant Myocarditis

N = 146 (Adults with lymphocytic myocarditis)
Log-rank p = 0.005
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Rizikova stratifikace myokarditidid — CMR markery vs klinicky stav

Long-term prognostic performance of cardiac magnetic resonance imaging
markers versus complicated clinical presentation after an acute myocarditis

PROGNOSTIC PERFORMANCE OF COMPLICATED CLINICAL PRESENTATION, SEPTAL LGE, LVEF<50% on BASELINE CMRI
.. . IN 248 PATIENTS WITH ACUTE MYOCARDITIS
Ammirati et al. Int J Cardiol 2024 ‘

COMPLICATED CLINICAL PRESENTATION — CCP

o PATIENTS WITH INCIDENCE RATE HR
=] N -w— CARDIAC EVENTS || x 100 pt/y (95%Cl) (95% Cl)
[o:: ¥
— —AA-AA—
! — | 65(26.2%) |—> 12 3.8 35.8
LVEF<50% on VENTRICULAR (18.5%) (2.0;6.7) (4.6-274.4)
FIRST ECHO ARRHYTHMIAS FULMINANT PRESENTATION 20,001
SEPTAL LGE % 9.2
INVOLVEMENT 71 (28.6% 3.2 -'
@ — R2B6%] > | (12.1%) (1.5;5.9) (2’;':’0303'13’
12.4
LVEF<50% on 8 6.5
FAKULTNI ® @ BASELINE CMRI —> | 31(125%) | —> (25.8%) (2.8;12.7) (4.1-38.1)
NEMOCNICE p<0.001
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Rizikova stratifikace myokarditidid — CMR markery vs klinicky stav

( A 100%  99% s \ 100-B-._ 99%  98% e . C 99% 9% 98%
—_ == NOCCP AM || — «h LVEF250% —_ =k | NO SEPTAL LGE
£ 90— 3 § 90 89% o,
= 86% 84% € M 86% B86%
g 7% g g
w w w
E 80— E £ 80— =i | SEPTAL LGE
£ == CCP AM = E
§ - H $ 70+ |
[ N=248 i N=248 - LVEF<50% o N=248
B Log-rank p<0,0001 3 Log-rank p<0.001 3 Log-rank p<0,0001
e 0o ) | ) I
@ 404 @ 40 217 205 188 183 125 103 82 63 ‘a 40 |
ZU:EZ H O T % % Z 0% 241 24 20 17 15 128 7 2013"1!7 W s i s a5 e s
0 3;5 7;0 1UI55 14‘50 18‘25 21‘90 25'55 . Il) J&S 730 10'55 14‘50 18’25 21’90 25‘55 ‘; 1;5 T;‘, 10'95 14'50 18‘25 21"0 25'55
\ FOLLOW-UP (Days) ) FOLLOW-UP (Days) FOLLOWP (Dayel
\ /
Subgroup Incidence rate X 100 person-years (95% CI)
Ammirati et al. Int J Cardiol 2024 Overall - 1.01[0.54, 1.73]
CCP = 3.83[1.98, 6.69)
No CCP [ 3 0.10 [0.00, 0.58]
LVEF<50% on CMRI = 6.45[2.78, 12.71]
LVEF = 50% on CMRI L 0.43[0.14, 1.01]
Septal LGE on CMRI o 3.22 [1.54, 5.91]
No septal LGE on CMRI - 0.31[0.06, 0.90]
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Zavery

*  Fulminantni myokarditida je onemocnéni s vysokou kratko- i dlouhodobou
mortalitou a morbiditou.

= Invazivni diagnosticky pristup a komplexni farmakologicka i nefarmakologicka
Iécba muize pomoci preklenout akutni fazi onemocnéni.

=V post-akutni fazi je tfreba kardiologicky follow-up zaméreny na stratifikaci rizika
SCD a v€asné detekce progrese onemocnéni vyZzadujici LVAD / HTx.

= Nezbytna je koncentrace zavazinych forem MC do tercidlnich center s dostupnosti
komplexni diagnostiky a pFistrojové lIécby, ale také se zkuSenostis IS / IM lécbou.
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FAKULTNI ®
NEMOCNICE

U SV. ANNY
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I. INTERNI
KARDICANGIOLOGICKA
KLINIKA FNUSA A LF MU

Dékuji za pozornost!
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