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Layers of the Heart



Pericarditis
• Pericardium surrounds the external surface of the heart and the roots of the great 

vessels.

• Two layers: outer tough fibrous pericardium; inner serous layer

• Serous pericardium has two layers: 

• The parietal layer lines the internal surface of the fibrous membrane. 

• It extends to the great vessels, where it then folds over on itself to form the 

inner visceral layer (epicardium).

• 10 to 50 mL of clear serous fluid lies between these layers and acts as a lubricant. 

• The pericardium helps restrain the heart and isolate it from infections in the 

surrounding structures.

• Pericarditis is inflammation of the pericardium. 
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Recurrences, emergency department admissions, hospital admissions before and after 

anakinra
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LA MIOCARDITE 

danno infiammatorio del miocardio secondario a 

diversi possibili agenti endogeni o esogeni



Epidemiologia

• Nel Global Burden of Disease report del 2019, il tasso di 
miocardite era 6.1 per 100,000 negli uomini e 4.4 per 100,000 
nelle donne tra 35 e 39 anni.

• La mortalità in questo braccio di età era riportata a 0.2 per 
100,000 negli uomini rispetto a 0.1 per 100,000 nelle donne.  
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ETEROGENEITA’ 2 - NOSOLOGICA

LA MIOCARDITE 

danno infiammatorio del miocardio secondario a 

diversi possibili agenti endogeni o esogeni

ACUTA CRONICA
CARDIOMIOPATIA 
INFIAMMATORIA 

CRONICA

INIZIO DEI SINTOMI <1 
MESE

PERSISTENTE 
INFIAMMAZIONE>1 

MESE
Istologia: fibrosi SENZA 

necrosi o anormalità dei 
miociti

INFIAMMAZIONE + CMD O 
CM IPOCINETICA NON 

DILATATA
Istologia: fibrosi CON 

necrosi o anormalità dei 
miociti

Management of Acute Myocarditis and Chronic Inflammatory Cardiomyopathy

An Expert Consensus Document

Enrico Ammirati, Maria Frigerio

ATTIVA

Istologia: INFILTRATO 
INFIAMMATORIO CON O 

SENZA FIBROSI



ETEROGENEITA’ DI  PRESENTAZIONE CLINICA
ETEROGENEITA’ NOSOLOGICA 2

ESORDIO 

COMPLICATO DA:

• DISFUNZIONE 

VENTRICOLARE 

SINISTRA

• ARITMIE 

VENTRICOLARI 

SOSTENUTE

• QUADRO 

FULMINANTE

ESORDIO NON 

COMPLICATO



Diagnosi

Definitiva si basa sui risultati della BEM 
(criteri istologici di Dallas, sens 10-35%), 
integrati con ricerca PCR genoma virale e 
analisi immunoistochimica. 

Inflammatory infiltrate of the 
myocardium with necrosis 
and/or degeneration of 
adjacent myocytes not typical 
of the ischemic damage 
associated with coronary 
artery disease



ETEROGENEITA’ 2 – NOSOLOGICA ANATOMO-PATOLOGICA

LA MIOCARDITE 

danno infiammatorio del miocardio secondario a 

diversi possibili agenti endogeni o esogeni

A CELLULE 
GIGANTI/SARCOIDOSI

EOSINOFILA

Istologia: 
granuloma/attivazione 

macrofagica

Istologia: infiltrato 
eosinofilo (eosinofilia 
periferica non sempre 

presente)

Management of Acute Myocarditis and Chronic Inflammatory Cardiomyopathy

An Expert Consensus Document

Enrico Ammirati, Maria Frigerio

LINFOCITARIA

Istologia: infiltrato 
infiammatorio con 

linfociti (da Virus o ICI)



Lake Louise criteria 2010 and updated 2018



LA MIOCARDITE ACUTA VIRALE

enterovirus PV B19 HHV6

Le attuali conoscenze sulla patogenesi della miocardite virale derivano
principalmente da modelli murini di miocardite da enterovirus (cocksakie B) e da
colture cellulari isolate, i cui principi sono stati poi generalizzati per altri tipi di
miocardite

ETEROGENEITA’ 1 – EZIO-PATOGENETICA
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19, Pages: 2615-2624, DOI: 
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Virus-mediated
myocarditis

Virus-triggered
myocarditis

(Es:Coronavirus)



PATOGENESI

Esistono ancora controversie per quanto riguarda i meccanismi che
determinano la transizione dal trigger iniziale alla infiammazione del 
miocardio e dal danno miocardico acuto alla disfunzione cronica.

Management of Acute Myocarditis and Chronic Inflammatory Cardiomyopathy

An Expert Consensus Document

Enrico Ammirati, Maria Frigerio

Anche se vi sono evidenze di questo meccanismo nel modello sperimentale 
murino, nell’uomo la dimostrazione di un danno diretto da coxsackievirus è 
estremamente limitata e non è dimostrato il danno diretto di altri virus

L’attuale esperienza clinica sembra indicare che i casi di miocardite da 
coxsackie nell’adulto siano molto rari



Desmoplakin Cardiomyopathy
& inflammation



DSP e Desmosoma… 
by-stander??

Plakoglobin, RED

Desmoplakin (DSP) is a structural protein that links the cardiac 
desmosome to intermediate filaments and is critical for normal 
force transmission in the myocardium



Desmoplakin (DSP) is a structural protein that links the 
cardiac desmosome to intermediate filaments and is critical 

for normal force transmission in the myocardium

Mutations in the DSP gene encoding desmoplakin were 
first identified in an autosomal recessive form of ARVC, 

with a high predisposition toward ventricular arrhythmias





The largest series of DSP mutation carriers reported to date

AIM OF THE STUDY: to determine the key clinical
phenotypes and diagnostic features that distinguish DSP
cardiomyopathy from typical DCM or ARVC

STUDY POPULATION: 
• 107 patients with pathogenic DSP mutations 

98% truncating
• 81 patients with pathogenic PKP2 

(Plakofilina) mutations as a comparison 
cohort
100% truncating

• 40% probands
• 60% genotype-positive family members

Clinical data including:
• ECG
• Echo
• CMR 
• 18FDG-PET
• Rhythm monitoring



Clinical Presentation of DSP Cardiomyopathy Is Distinct From PKP2 Cardiomyopathy

1

Norman et al. Circulation. 2020;141:1872–1884

Clinical 
features

ECG

LV/RV 
dysfunction

LGE 
pattern



2
Left Dominant Arrhythmogenic Cardiomyopathy With Fibrosis Is the Primary Manifestation of DSP Cardiomyopathy

Patients with predominant RV Cardiomyopathy usually show concomitant LV involvement

Norman et al. Circulation. 2020;141:1872–1884



3

Norman et al. Circulation. 2020;141:1872–1884

Recurrent LV inflammation and fibrosis as primary 
disease mechanisms in DSP Cardiomyopathy

Acute myocardial injury was observed in 15% of patients with 
DSP without a significant difference among the 3 clinically 
defined groups

CMR demonstrating LGE in the LV in 90% of them, also in 
patients with normal ventricular systolic function
In 1 of these cases LV LGE was extensive

4 of the patients with troponin elevation also underwent 
cardiac 18FDG PET with evidence of active inflammation in the 
myocardium.



Norman et al. Circulation. 2020;141:1872–1884

6
Risk Stratification for Severe Ventricular Arrhythmias Requires a Genotype-Specific Approach for DSP Cardiomyopathy

DSP PKP2 plakofilina

*Composite outcome of SVT, SCD or appropriate ICD intervention

Risk stratification on the basis of variables studied in DCM or ARVC are inadequate DSP cardiomyopathy.

• Many events occurred in an ejection fraction range of 35% to 55%.
• Criteria predictive of events in ARVC, including RV systolic dysfunction, T wave inversions, and male sex had no basis at all for either clinical 

recognition or risk stratification in DSP cardiomyopathy.



Conclusions

• DSP cardiomyopathy is a distinct form of cardiomyopathy, marked by a
high proclivity for LV dysfunction and fibrosis and arrhythmias, and
associated with intermittent myocardial inflammatory episodes that
appear clinically similar to myocarditis

• Diagnostic and risk stratification variables that perform well for PKP2-
associated ARVC exhibit poor accuracy for diagnosis and risk
assessment for DSP mutation carriers

• A genotype-specific management approach is essential for DSP
cardiomyopathy



Recurrent inflammatory myocarditis associated with desmoplakin
mutations. Left ventricle arrhythmogenic cardiomyopathy?  

The pathophysiology 

underlying inflammation in  

is not well understood. 

Sen-Chowdhry et 

al1 postulated that 

inflammatory myocarditis is 

part of the natural history 

of Arrhythmogenic 

Cardiomyopathy, where 

it has a genetic rather 

than an infective basis. 

Disease progression is 

purported to occur 

through episodes of 

myocarditis, involving 

cardiomyocyte loss 

followed by repair and 

replacement by fibrofatty 

1-Desmoplakin Variant-Associated Arrhythmogenic Cardiomyopathy Presenting as Acute 
Myocarditis. Kaitlyn Reichl et al. AHA-Circulation

https://www.ahajournals.org/reader/content/167c0c8ffb5/10.1161/CIRCGEN.118.002373/format/epub/EPUB/xhtml/index.xhtml#R1


• Giovane donna di 24 anni, Nega fattori di rischio Cardiovascolare. 
Storia di miocardite recidivante (I episodio 2010)

• Giunge in PS per dolore toracico ed elevazione dei markers di 
miocardionecrosi. Indici di flogosi nella norma 

• EO: 115/70 mmHg, FC 80 bpm

• ECG: Ritmo sinusale ad FC 80 bpm. Bassi voltaggi diffusi. 
Onde T negative in D3



2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

190

195

200

9 episodi miocarditici documentati, altri probabilmente
asintomatici, spesso in concomitanza con stress emotivi



Ecocardiogramma: Ventricolo  normali dimensioni. Cinesi 
globale e segmentaria conservate(FE 55%). Assenza di 
versamento pericardico. 





RMN cardiaca: Parziale riattivazione flogistica di aree estese di 
danno miocardico con pattern non ischemico, coinvolgenti in 
maniera diffusa il miocardio ventricolare sinistro. 



Sequenza T2 stir per edema in sezione LA iperintensità di segnale all’apice in toto



Sequenza Late gadolinium enancement per valutazione fibrosi: (ad anello epicardico del Vsx)



Sequenza Late gadolinium enancement per valutazione fibrosi





Negativa la ricerca su biopsia di virus miocarditici

Biopsia endomiocardica setto del ventricolo destro



Identification of a frameshift mutation in the tail C 
domain K2430Ifs*6



Mechanical failure 
hypothesis

J Am Heart Assoc. 2020;9:e015289


