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Arrhythmogenic RV 
Cardiomyopathy

Basso C, Lancet 2009



Arrhythmogenic RV 
Cardiomyopathy

I. Global or regional dysfunction & 

structural alterations
II. Tissue characterization of wall 

III. Repolarization abnormalities 
IV. Depolarization/conduction 

abnormalities 

V. Arrhythmias 

VI. Family history  

Definite/Borderline/Possible Diagnosis
RV goals-oriented!!!



     

Corrado D. Circulation Research. 2017 (784–802) 

From RV to LV

«Triangle of dysplasia» «Quadrangle of ARVC»
which also includes the LV 

infero-lateral wall



o Familial history of ARVC and/or sudden   death
o ECG depolarization/conduction/repolarization 

abnormalities
o Arrhythmias of right ventricular origin
o Global and/or regional dysfunction and structural    

alterations of the right ventricle
o Fibro-fatty replacement of the right ventricular 

myocardium
McKenna et al, Br Heart J 1994

L’imaging nei TF 1994



L’imaging nei Revised TF 2010



Global or regional dysfunction and structural alterations
 Major



Global or regional dysfunction and structural alterations
 Minor



Tips & Tricks

CMR pocket guide EACVI 



Tips & Tricks

Modulo trans-assiale Modulo asse corto

Schulz-Menger et al. Journal of Cardiovascular Magnetic 
Resonance 2013, 15:35 

CMR pocket guide EACVI 



European Heart Journal - Cardiovascular Imaging (2019) 20, 1321–1331 

Right ventricle ranges for adults aged 20–80 years

Using the statistical method:
Ø normal range is defined as ±2 SD from the mean, 
Ø mildly abnormal from this cut-off to 3 SD, 
Ø moderately abnormal from the mild cut-off to 4 SD
Ø severe being more than 4 SD from the population mean. 

Ø The term ‘Opposite’ refers to values that are outside the normal range but in the opposite direction of typical 
thought of as pathology, e.g. smaller LV end-diastolic volumes or supra-normal LVEF. 

Documenti di consenso
Visione dei cut-off
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European Heart Journal - Cardiovascular Imaging (2019) 20, 1321–1331 

Documenti di consenso
Limitazioni e pregi

Limiti
ØRange molto ampio di età (20-80 aa);
ØEsclusi i teenagers à problema ARVC;
ØNon differenze in base all’etnia;
ØNon presenti valori diversi per la popolazione degli atleti.

Pregi 
ØPiù semplice il confronto con i valori di riferimento;
ØUniformità e semplificazione del post-processing;
ØIl «grading» offre maggiore vicinanza alla pratica clinica.



Imaging: dall’Eco alla RM

FA ≤ 33% (major)
FA  33-40 mm (minor)

Esempio: 
FA 26% Echo Limitations 

• Acoustic window;
• Complexity of right 

ventricular 
geometry;

• Correct 
volumes/function 
evaluation;

• No information on 
tissue 
characterization



Imaging: dall’Eco alla RM

CMR Advantages
• Evaluation of RV volumes/function

• Evaluation of RV wall and wall motion 
abnormalities

• Evaluation of Fatty Infiltration;

• Evaluation of Fibrosis



Protocollo RM



Imaging: dall’Eco alla RM

CMR Advantages
• Evaluation of RV volumes/function

• Evaluation of RV wall and wall motion 
abnormalities

• Evaluation of Fatty Infiltration;

• Evaluation of Fibrosis



Full-coverage



Imaging: dall’Eco alla RM

CMR Advantages
• Evaluation of RV volumes/function

• Evaluation of RV wall and wall motion 
abnormalities

• Evaluation of Fatty Infiltration;

• Evaluation of Fibrosis



Akinesia



Abnormal systolic motion (opposite to normal myocardium) 

Diskinesia



An akinetic segment with abnormal profile an motion both during systole & 
diastole. 

Diskinesia



Tips & Tricks
CINE IMAGES

Guardare alla sede!!!

Rastegar N. et al. RadioGraphics 2014; 34:1553–1570 
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Tips & Tricks
CINE IMAGES

Guardare alla sede!!!

Rastegar N. et al. RadioGraphics 2014; 34:1553–1570 



RV Free Wall Tether 

Tips & Tricks
CINE IMAGES

Rastegar N. et al. RadioGraphics 2014; 34:1553–1570 



RV Free Wall Tether 

Tips & Tricks
CINE IMAGES

Nelle cine, la porzione 
«tethered» del VDX 
(parete libera) rimane 
nella stessa posizione, 
immobile, rispetto al 
resto del miocardio. 

Si riesce a vedere la 
cosiddetta «Triangular-
shaped RV» il cui 
aspetto rimane 
invariato in sistole.  

Rastegar N. et al. RadioGraphics 2014; 34:1553–1570 



Tips & Tricks
CINE IMAGES

Pectus Excavatum

“banana-
shaped RV” 



Tips & Tricks
CINE IMAGES

Apicolateral Bulge

Rastegar N. et al. RadioGraphics 2014; 34:1553–1570 



Tips & Tricks
CINE IMAGES

Apicolateral Bulge

At the insertion 
site of the 
moderator 
band in the 
apicolateral 

wall 

Rastegar N. et al. RadioGraphics 2014; 34:1553–1570 



Tips & Tricks
CINE IMAGES

Apical Aneurysm
NORMAL «BUTTERFLY APEX»

Rastegar N. et al. RadioGraphics 2014; 34:1553–1570 



Tips & Tricks
CINE IMAGES

Pulmonary Valve SinusesNORMAL



Tips & Tricks
CINE IMAGES

Pulmonary Valve SinusesARVC



Imaging: dall’Eco alla RM

CMR Advantages
• Evaluation of RV volumes/function

• Evaluation of RV wall and wall motion 
abnormalities

• Evaluation of Fatty Infiltration;

• Evaluation of Fibrosis



The history of tissue characterization by 
cardiac magnetic resonance imaging

Ø CMR originally attracted interest in ARVC owing to the 
ability of fast spin-echo images to differentiate between 
normal myocardium and fat. 

Ø Initial results were impressive, with reports that T1-
weighted spin echo images correctly identified myocardial 
fat, both in formalin-fixed hearts and in vivo



Cardiology 2003;99:153–162

Fat infiltration of the RV had a sensitivity of 84% and specificity of 79% with a 
positive predictive value of 80%. Regional wall motion abnormality of the RV had 
a sensitivity of 75% and specificity of 97% with a positive predictive value of 90%.

The history of tissue characterization by 
cardiac magnetic resonance imaging



Myocardial FAT in ARVC



Myocardial FAT in other conditions

CICATRICE POST-INFARTUALE



Myocardial FAT in other conditions

ADIPOSITAS CORDIS



Tips & Tricks
CINE IMAGES

1.Evaluation of fibrofatty infiltration only as a 
secondary assessment after the evaluation 
of the more reliable functional and structural 
assessment of the RV;

2.Compare with cine images



Just a matter of fat?

“ARVC is predominantly a genetically determined 
heart muscle disorder that is characterized 

pathologically by fibrofatty replacement of the right 
ventricular myocardium”

Basso C Cardiovasc  Pathology 2005;14:37-41

Marcus et al. EHJ 2010;31, 806–814

Is there a chance for fibrosis 
detection by CMR?



Tissue characterization of wall
modified Task Force 2010

Major 
• Residual myocytes 60% by morphometric analysis (or 

50% if estimated), with fibrous replacement of the RV 
free wall myocardium in > 1 sample, with or without fatty 
replacement of tissue on endomyocardial biopsy

Minor
• Residual myocytes 60% to 75% by morphometric 

analysis (or 50% to 65% if estimated), with fibrous 
replacement of the RV free wall myocardium in > 1 
sample, with or without fatty replacement of tissue on 
endomyocardial biopsy



Imaging: dall’Eco alla RM

CMR Advantages
• Evaluation of RV volumes/function

• Evaluation of RV wall and wall motion 
abnormalities

• Evaluation of Fatty Infiltration;

• Evaluation of Fibrosis



Tandri H et al J Am Coll Cardiol 2005;45:98 –103

Eight (67%) of the 12 ARVC patients demonstrated LGE in the 
RV compared with none (0%) of the 18 patients without ARVC 

(p < 0.001). 



ØLGE correlated better than abnormal signal-averaged ECG 
(5 of 6) or RV dysfunction (4 of 6) in predicting VT on EP 
testing. 

ØNone of the ARVD/C patients without delayed enhancement 
was inducible.

Tandri H et al J Am Coll Cardiol 2005;45:98 –103



ØThe extent of fibrosis showed an inverse correlation 
with global RV function  and a direct correlation with 
increased RV end-diastolic volume

Tandri H et al J Am Coll Cardiol 2005;45:98 –103



LGE in ARVC: 
Controversies and Caveats

• Selection bias-patient population studied 
(probands vs family members, different genotype, 
etc);

• Histological correlations;
• Look at LV;
• Differential diagnosis;
• Comparison with kinetics;
• A role in the Task Force Criteria: Padua Criteria



Tandri H et al J Am Coll Cardiol 2005;45:98 –103

Ø Endomyocardial biopsy was performed in 9 of the 
12 patients who had the final diagnosis of ARVD/C.
Ø 4 (44%) fibro-fatty ARVD/C -> all LGE
Ø 1 (11%) myocarditis -> LGE
Ø 4 (44%) had normal biopsies -> only 1 had LGE

However a definitive histologic-proven basis of RV 
LGE in ARVC remains to be established

Tandri H et al J Am Coll Cardiol 2005;45:98 –103



CARATTERIZZAZIONE 
TISSUTALE & RM

Circulation. 1995;92:1117-1125



CARATTERIZZAZIONE TISSUTALE & RM:

CASO 1
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CARATTERIZZAZIONE TISSUTALE & RM:

CASO 2



CARATTERIZZAZIONE TISSUTALE & RM:

CASO 2



CARATTERIZZAZIONE TISSUTALE & RM:

CASO 2
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CASO 2



CARATTERIZZAZIONE TISSUTALE & RM:

CASO 3



CARATTERIZZAZIONE TISSUTALE & RM:

CASO 3



CARATTERIZZAZIONE TISSUTALE & RM:

CASO 3



CARATTERIZZAZIONE TISSUTALE & RM:

CASO 3



CMP a fenotipo «non 
dilatativo e non ipertrofico» 

Chowdhry et al. JACC 2008

burden of premature ventricular complexes (PVCs) of
RBBB morphology, and 1 also had T-wave inversion in V4
to V6, enabling inclusion in the original study population.
CMR subsequently revealed regional disease (RV WMA in
2, LV WMA and RV aneurysms in the other) and LV LGE
consistent with arrhythmogenic cardiomyopathy, allowing
entry into the LDAC cohort. However, the combination of
left-sided features (arrhythmia of LV origin, extensive LV
LGE, ! lateral T-wave inversion) with RV dilation was
recognized to be more in keeping with the “biventricular”
subtype of arrhythmogenic cardiomyopathy than LDAC.
Excluding these 3 individuals, the mean RV/LV volume
ratio was "1 (0.97 ! 0.15).
Clinical correlations. The LVEDV, expressed as a per-
centage of predicted, correlated with arrhythmia score (r #
0.42, p # 0.0058), but a weaker positive correlation with the
LV lesion score (r # 0.29) did not reach statistical signifi-
cance. There was a weak inverse correlation between LVEF
and arrhythmia score (r # $0.36, p # 0.0191). Neverthe-
less, 7 patients (17%; 95% CI: 8% to 32%) had arrhythmia
scores !3 with LVEDV "120% of predicted and LVEF
!50%. The LV lesion score showed inverse correlation with

LVEF (r # $0.35, p # 0.0258) and stronger positive
correlation with arrhythmia score (r # 0.48, p # 0.0018).
Short- and medium-term follow-up. Follow-up data were
available in 41 of 42 patients, with duration ranging from 1
to 60 months (mean 42 months). Three events were
recorded (Table 4). Nine LDAC patients underwent pro-
phylactic implantable cardioverter-defibrillator placement
for syncope (n # 2) and pre-syncope associated with
nonsustained VT (n # 6) or multiple instances of SCD in
the family (n # 1). Endomyocardial biopsies were obtained at
the time of device implantation in 2 patients, 1 of whom had
previously been diagnosed with viral myocarditis. Samples
from the interventricular septum in both revealed loss of
myocytes with fibroadipose replacement. The histological find-
ings were in keeping with the presence of septal LGE on CMR.
Genetic profile of LDAC cohort. Results of molecular
genetic analysis in the LDAC cohort are shown in Table 3
(7,16,20,21). Disease-causing mutations were identified in 8
of 24 families (15 of 33 individuals), equivalent to a pick-up
rate of 33% (95% CI: 16% to 55%). Successfully genotyped
individuals included the 4 who had originally presented with
acute chest pain and presumed viral myocarditis.

Figure 1 Patterns of Late Enhancement in LDAC

Magnetic resonance images from 2 patients in the left-dominant arrhythmogenic cardiomyopathy (LDAC) cohort, both of whom presented in the fifth decade of life with
syncope and were found to have nonsustained ventricular tachycardia of left ventricular (LV) origin. Both had unobstructed coronary arteries. The first had late gadolinium
enhancement (LGE) in a midwall distribution (arrows), patchy in basal cuts (upper left) but becoming more confluent at mid-level (upper right). The second had near-
circumferential LGE (lower left) and marked LV dilation with preserved right ventricular volumes (lower right), far exceeding the LV enlargement observed in the remain-
der of the cohort. Neither had symptoms of heart failure.

2180 Sen-Chowdhry et al. JACC Vol. 52, No. 25, 2008
Left-Dominant Arrhythmogenic Cardiomyopathy December 16/23, 2008:2175–87

CARDIOMIOPATIA 
ARITMOGENA 

«LEFT DOMINANT»



CMP a fenotipo «non 
dilatativo e non ipertrofico» 

Il VS era coinvolto in più del 50% dei casi. 



Nuovo approccio alla Cardiomiopatia 
Aritmogena

Once upon a time……

199
4

201
0



Once upon a time……

1994 2010

Corrado D. Circulation Research. 2017 (784–802) 

2023

CMR & 
LGE

Nuovo approccio alla Cardiomiopatia 
Aritmogena



ARVC= echo AC= CMR

Nuovo approccio alla Cardiomiopatia 
Aritmogena



CASO 2 

Asse corto post-
contrasto.

Cine asse 
corto.

CONCORDANZA CINE-LGE

SI PER VDX NO PER VSN

Nuovo approccio alla Cardiomiopatia 
Aritmogena



Corrado D et al. J Am 
Heart Assoc. 2021 

Diagnostic flow-chart for ACM phenotypic 
variants

Nuovo approccio alla Cardiomiopatia 
Aritmogena





…nella cardiomiopatia aritmogena



Ma allora se è LGE, che sia vero!!!



Tips & Tricks
CINE IMAGES

ØInterpretazione di LGE “giunzionale”



Giunzione di un soggetto 
normale

Giunzione di un paziente con 
DCM

Tips & Tricks
CINE IMAGES



De Lazzari M et al JACC: CARDIOVASCULAR 
IMAGING 2019



Tips & Tricks
LGE

Nakamura et al. Journal of Cardiovascular Magnetic 
Resonance (2020) 22:66 

ØLGE settale



Tips & Tricks
LGE

Nakamura et al. Journal of Cardiovascular Magnetic Resonance (2020) 22:66 

ØLGE settale



Dalla teoria alla pratica…

ØLa diagnosi differenziale della forma ARVC
ØLa diagnosi differenziale della forma ALVC
ØLa diagnosi differenziale nelle forme dilatative

Corrado D et al, International Journal of Cardiology 319 (2020) 106–114 



Dalla teoria alla pratica…

ØLa diagnosi differenziale della forma ARVC
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ØLa diagnosi differenziale nelle forme dilatative



     

RV Phenocopies

Clinical Key Points
• Phenocopies ->mimicking RV-dominant



Dalla teoria alla pratica…

ØLa diagnosi differenziale della forma ARVC
ØLa diagnosi differenziale della forma ALVC
ØLa diagnosi differenziale nelle forme dilatative



De Lazzari et al. J Am Heart Assoc. 2018 



CMP a fenotipo «non 
dilatativo e non ipertrofico» 



CMP a fenotipo «non 
dilatativo e non ipertrofico» 

SARCOIDOSI

Blocco atrio-
ventricolare 
avanzato, FA e TVNS 
sono comuni nella 
sarcoidosi.



CMP a fenotipo «non 
dilatativo e non ipertrofico» 

SARCOIDOSI

• fisiologia restrittiva del VS 
• granulomi miocardici nelle immagini post- contrasto: 

intramurali, a chiazze, prevalentemente laterale basale. 
Rispondono alla terapia immunosoppressiva

• LGE non secondo territorio di distribuzione coronarica 



CMP a fenotipo «non 
dilatativo e non ipertrofico» 

SARCOIDOSI



Myocardial Tissue Characterization in Arrhythmogenic 
Cardiomyopathy. Comparison Between Endomyocardial 
Biopsy and Cardiac Magnetic Resonance 

Martina Perazzolo Marra, JACC Img 2021
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Corrado D et al. J Am Heart Assoc. 2021 



Kuo L. et al. JACC: CARDIOVASCULAR IMAGING, VOL. 12, NO. 12, 2019 

Basal Inferoseptal Triangular Late Gadolinium Enhancement 

Tips & Tricks
LGE



     

Phenocopies
Neuromuscolar diseases

Clinical Key Points
• Phenocopies ->mimicking LV-dominant



Dalla teoria alla pratica…

ØLa diagnosi differenziale della forma ARVC
ØLa diagnosi differenziale della forma ALVC
ØLa diagnosi differenziale nelle forme dilatative



Cipriani J Am Heart 
Assoc. 2020 



Come distinguo una DCM da una cardiomiopatia 
aritmogena LV-dominant?



Protocollo di esecuzione

ØCARDIOMIOPATIE PRIMARIE
ØARVC 

J Cardiovasc Med 2017 



In conclusione…

Patel and Kramer 2017 JACC: Cardiovascular Imaging 



GRAZIE DELL’ATTENZIONE


