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Arrhythmogenic RV Cardiomyopathy
(a non-arrhythmologic perspective)

Agenda:
• Diagnostic pitfalls, mimics and 

phenocopies
• Role of molecular genetic
• Role of MRI
• ARVC as a cause of HF
• From right-side  to left-side
• Commendation of the standard ECG 



Basso C et al, Lancet 2009



Mechanical and electrical uncoupling at 
desmosomial level :

Cell death
Fibrosis
Monomorphic arrythmias
Sodium channel dysfunction
Activation delay

Deleterious effect of exercise
Progression by acute bursts



Male, 26 ys

Cardiac history:  unremarkable
Family history negative for cardiomyopathy or SD

Pre-partecipation sport screening:  RV dilatation 

and dysfunction  CMR in a peripheral centre

with preliminary  diagnosis of ARVC



24 h Holter:  55 VPBs (LBBB)
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Border 
line/possible 

ARVC.; 55; 35%

Definite ARVC; 45; 
28%

Normal variant; 
25; 16%

RVAP; 4; 3% ASD ostium II; 
1; 1%

Severe TR; 8; 5%
Pectus 

excavatum; 2; 
1%

Systemic sclerosis, 
7, 4%

Sarcoidosis; 2; 1%

Emery-Dreifuss 
Syndrome; 1; 

1%
Laminopathy; 1; 

1%

CMPD + NC; 2; 
1%

Myocarditis; 2; 1%

Haemochromatosis
; 1; 1%

Sarcomeric ; 1; 
1%Pulmonary artery 

hypertension; 1; 
1%

Ischemic; 
1; 1%

N = 159
Mimics of  ARVC

Graziosi M. et al , submitted



Definitive diagnosis AC 6 pt
Border line diagnosis of AC 7pt

Diagnosis of AC according to Task Force criteria
in mimcs group

Possible diagnosis of AC 7 pt
Not enough elements for dg of AC 3 pt



‘‘Pathogenesis’’ of the cognitive error

• Deficit of observation/interpretation

• Operational superficiality 
• Ideological superficiality (tipically an uncritical 

reliance on pathognomonic signs and biomarkers)
• Cultural deficit

• Excess of recent culture (fashion effect)

• Hypersemiotic thought process:

• Use of generic diagnostic categories 

(«hypercontainers»)

• Focus on ‘‘hypersignificant’’ (‘‘blinding’’) elements

• Absence of method





C Calore et al
European Heart Journal (2016) 37, 2515–2527



The long and winding road to ARVC

• Mimics/pitfalls

• Phenocopies

• Genocopies



ARVC PHENOTYPE

Genetic diseases interfering
with desmosomal integrity

Acquired conditions with
‘‘desmosomal stress’’



sclerodermia





BELELLI – sarcoidosi



Becker Distrophy

*



Laminopathy



Genes associated with ARVC

Desmosomal
Desmocollin-2 (DSC2)
Desmoglein-2 (DSG2)
Desmoplakin (DSP) 
Junctional Plakoglobin (JUP)
Plakophilin-2 (PKP2)

Non-Desmosomal
Desmin (DES)
Lamin A/C (LMNA)
Phospholamban (PLN)
Ryanodine Receptor (RYR2)
Transmembrane Protein 43 (TMEM43)
Titin (TTN)
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Molecular Biology of CMPs
Paradigm shifts

1.One gene one disease

2.Many genes one disease

3.One gene many diseases



Molecular genetics in diagnosis and 
prognosis of ARVC

> 11

40 %

6

> 50 %

> 2

identified genes 

of cases with definite ARVC and negative genetic 
analysis

times higher, is the risk of developing a disease 
in carriers, but....

of carriers do not develop the disease

desmosomal mutations in the same patient 
probably = worse prognosis
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MYOCARDIAL SUBSTRATE 
CHARACTERIZATION BY MR

• Fat
• Water (oedema)
• Iron
• Extra Cellular Volume 

(fibrosis/inflammatoty
cells/ amyloidosis)

• T1 fs
• T2
• T2*
• LGE; Eq-CMR; 

T1 map



La ricerca dell’infiltrazione miocardica 
adiposa mediante  RM

Limiti tecnici

Pitfalls

Varianti normali

Scarsa riproducibilità  

Aufferman W et al   AJR 1999
Tandri H et al   J Cardiovasc Electrophysiol 2003
Bluemke DA et al   Cardiology 2003 
Tandri H et al  JACC 2006
Tandri H et al   AHJ  2008



MRI in ARVC

• From search of fat infiltration to 
morpho-functional definition of the 
RV

• From fat to fibrosis

• From right to left

Change of focus





Any CMR criteria:
22.7%  2.6%



MRI in ARVC

• From search of fat infiltration to 
morpho-functional definition of the 
RV

• From fat to fibrosis

• From right to left

Change of focus



Right 
ventricle

Left 
ventricle

Left 
ventricle

ARVC with LV involvment



Late gad

Pt 3



ARVC with associated segmental 
involvement of the LV

BIVENTRICULAR AC

Isolated ALVC (left dominant)

ARVC and LV involvement



36 explanted hearts
Wall

transillumination

Transmural fibro-fatty infiltration of RV Fibro-fatty infiltration of LV
(prevalent fibrosis) 

RV LV

Damage of myocytes 
(hypertrophy, dysmetry,  

sarcoplasmic 
vacuolization)

Biventricular 
flogistic

infiltration



Right ventricle

Left ventricle

Septum

Different degrees of fibro-fatty infiltration of ventricles
(medioventricular transversal section)

Legend
Normal myocardium  
Subepicardial infiltration
Mediomural infiltration
Transmural infiltration

N patients

N patients

N patients



Transmural fibro-fatty 
infiltration

Fibro-fatty infiltration 
with prevalent fibrosis

Pathophysiology of severe HF in ARVC
LV involvement

End stage 
HF

Severe global RV 
dysfunction

Extreme inflow
dilation leading to 

massive TR



Peculiar ECG in pt who underwent heart transplantation: RBBB like



Peculiar ECG in pt who underwent heart transplantation: LBBB like



ARVC with associated segmental 
involvement of the LV

BIVENTRICULAR AC

Isolated ALVC (left dominant)

ARVC and LV involvement



…Imaging abnormalities were found in 32 (100%) and 21 (66%) patients on the 
RV and LV, respectively, intramyocardial fat on multidetector computed 
tomography being the most sensitive feature….



• Mutation screening of 5 genes implicated in ARVC 
(plakoglobin, desmoplakinm plakophillin-2, desmoglein-2, 
desmocollin-2) in 100 consecutive unrelated pt with 
idiopathic dilated cardiomyopathy

• 5 pt were found to carry pathogenic mutation
• 13 pt had sequence variants of uncertain significance
• None of 5 carriers of desmosomal mutation fulfilled current 

diagnostic criteria for ARVC, but 1 ah fibrofatty infiltration at 
autopsy

• Pt with desmosomal mutation had a phenotype 
indistinguischable  from the other

Circ  Cariovasc Genet 2010 



• Genetic screening of 5 desmosamal genes 
(PKP2, DSP, DSC2, DSG2 and JUP) in 89 
unrelated pt transplanted for end-stage DCM

• Pathogenic mutations identified in 12 pt (13%). 
Five additional pt (6%) had genetic variant of 
unknown significance 

Heart 2011 



Pt 3Pt 2

Pt 1



Late gad

Pt 1



Late gad

Pt 2



Late gad

Pt 3



• Molecolar screening: 

Desmoplakin + 3 pt
Titin 1 pt
Negative 1 pt
Ongoing 7pt



Pt 1

Pt 2

Pt 3



Sen-Chowdhry S et al  Annu Rev Med 2010;61:233Sen-Chowdhry S et al Annu Rev Med 2010;61:233



• Phenotypic and genotypic spectrum wider than 
expected

• Risk of under- but also of over-diagnosis (cognitive 
error from excess of recent culture)

• Genetics clinically usefull only for cascade family 
screening; limited role in identifing probands

• MRI useful mainly for morpho-functional definition 
and evaluation of myocardial LGE

• ALVC            true ‘‘challenge’’ for clinicians

• Don’t forget standard ECG

ARVC
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