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ABSTRACT: Criteria for diagnosis of arrhythmogenic cardiomyopathy (ACM) were first proposed in 1994 and revised in 2010 
by a Task Force. Although the Task Force criteria demonstrated a good accuracy for diagnosis of the original right ventricular 
phenotype (arrhythmogenic right ventricular cardiomyopathy), they lacked sensitivity for identification of the expanding pheno-
typic spectrum of ACM, which includes left-sided variants and did not incorporate late-gadolinium enhancement findings by 
cardiac magnetic resonance. The 2020 International criteria (“Padua criteria”) have been developed by International experts 
with the aim to improve the diagnosis of ACM by providing new criteria for the diagnosis of left ventricular phenotypic features. 
The key upgrade was the incorporation of tissue characterization findings by cardiac magnetic resonance for noninvasive 
detection of late-gadolinium enhancement/myocardial fibrosis that are determinants for characterization of arrhythmogenic 
biventricular and left ventricular cardiomyopathy. The 2020 International criteria are heavily dependent on cardiac magnetic 
resonance, which has become mandatory to characterize the ACM phenotype and to exclude other diagnoses. New criteria 
regarding left ventricular depolarization and repolarization ECG abnormalities and ventricular arrhythmias of left ventricular 
origin were also provided. This article reviews the evolving approach to diagnosis of ACM, going back to the 1994 and 2010 
International Task Force criteria and then grapple with the modern 2020 International criteria.
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In 1982 Marcus et al published their pioneering clin-
ical and electrophysiologic observations on a previ-
ously overlooked heart muscle disease specifically 

affecting the right ventricle (RV) and manifesting with 
right ventricular tachycardia (VT).1 The disease was 
originally designated as “arrhythmogenic right ventric-
ular dysplasia” because it was thought to be a congen-
ital defect in the development of the right ventricular 
(RV) myocardium. In 1988, Thiene et al reported a 
series of effort-related sudden cardiac death in young 
people, and the clinical and pathologic features of 
these deaths were suggestive of arrhythmogenic right 
ventricular dysplasia.2 The ECG recordings before 
deaths showed in all of these patients the presence 
of negative T-waves in the right precordial leads and 

ventricular arrhythmias with a left-bundle branch block 
(LBBB) morphology. On postmortem examination of 
the heart there was histopathologic evidence of pro-
gressive loss of the RV myocardium, with foci of in-
flammation, degeneration, and necrosis, a pathologic 
scenario more consistent with a heart muscle disease 
developing after birth. This led to the adoption in the 
article of the more appropriate disease designation 
of arrhythmogenic right ventricular “cardiomyopathy” 
(ARVC) instead of “dysplasia.” For the first time, ARVC 
was recognized as a leading cause of sudden cardiac 
death in young people and athletes.

Since the original reports by Marcus and Thiene, 
there have been substantial advances in our under-
standing of the pathogenesis, clinical manifestations, 
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and long-term outcome of the disorder.3 The discovery 
that the disease is caused by a genetic defect in the 
cardiac desmosomes has led to its definitive recogni-
tion as a cardiomyopathy and its inclusion in the clas-
sification of cardiomyopathies by the American Heart 
Association. The phenotypic spectrum of the disease 
has become broader than initially thought because of 
the inclusion of biventricular and left-dominant disease 
variants, which has led to the use of the more compre-
hensive designation of “arrhythmogenic cardiomyopa-
thy (ACM).”4

The clinical diagnosis of ACM is complex because 
of the lack of the “Holy Grail” (ie, a sensitive and spe-
cific diagnostic test) and the several problems with the 
specificity of the ECG abnormalities, different potential 
causes of ventricular arrhythmias, evaluation of cardiac 
imaging findings, and characterization of the myocar-
dial tissue structure. In addition, the interpretation of 
molecular testing for gene defects associated with 
ACM may be problematic because of the limitations of 
current understanding of the genetic background and 
the large “genetic noise” that translates into the risk of 
disease misdiagnosis.5

Because of these difficulties in the clinical diagno-
sis, a number of diagnostic criteria sets have been pro-
posed over the last 35 years. This article reviews the 
evolving approach to diagnosis of ACM, from the Task 
Force (TF) criteria first introduced in 19946 and subse-
quently revised in the 20107 to the most recent 2020 
International criteria.8

THE 1994 ORIGINAL TF CRITERIA 
FOR ARVC
In 1994, a TF of experienced clinicians in the field of 
cardiomyopathy was convened under the auspices of 
the European Society of Cardiology (Working Group 
on Myocardial and Pericardial Diseases) and the 
International Society and Federation of Cardiology 

(Scientific Council) to establish formal criteria aimed at 
facilitating and standardizing the clinical diagnosis of 
the original phenotype of the disease characterized by 
typical involvement of the RV.6 Because single clinical 
features and instrumental tests had low diagnostic ac-
curacy, the TF strategy consisted of reaching a clinical 
diagnosis by combining multiple aspects of diagnostic 
information such as family history, ECG, arrhythmic, 
structural, functional, and histopathological findings. 
The TF criteria were set up on the basis of their speci-
ficity for the right-dominant variant of ARVC in order 
to avoid misdiagnosis because of conditions with an 
overlapping phenotype such as biventricular dilated 
cardiomyopathy (DCM) or idiopathic right ventricular 
outflow tract (RVOT) VT. The TF diagnostic criteria were 
grouped into 6 different categories encompassing the 
spectrum of clinical manifestations of ARVC. The crite-
ria were classified in “major” and “minor” according to 
their specificity for ARVC and the diagnosis fulfilled in 
the presence of 2 major criteria or 1 major plus 2 minor 
or 4 minor criteria from different categories.

In general, the major limitations of the 1994 TF diag-
nostic criteria concerned the qualitative and subjective 
assessment of the clinical features of the disease. With 
regard to the category of “morpho-functional abnor-
malities,” the TF criteria lacked quantitative values for 
grading of RV dilation/dysfunction. The measurement 
of volumes, dimensions, and systolic function of the 
RV by echocardiography or angiography was difficult 
because the distinct geometry of the RV made unsuit-
able the mathematical models used for evaluation of 
the left ventricle (LV).9 The global dilatation of the RV 
by echocardiography or angiography was defined as 
“mild” or “severe” based on 2 to 3 SD and >3 SD from 
normal, respectively; “moderate” dilatation was not de-
fined. Moreover, the identification of either global sys-
tolic function and regional wall motion abnormalities 
of the RV relied on subjective judgment. To increase 
the diagnostic specificity and to prevent misdiagnosis 
of ARVC in patients affected by DCM with RV involve-
ment, a prerequisite was that diagnostic criteria of 
morphofunctional RV abnormalities were fulfilled in the 
presence of no (or only mild) LV impairment. Although 
ventricular arrhythmogenesis was a recognized car-
dinal manifestation of the disease, either recording 
>1000 premature ventricular beats (PVBs) during a 24-
hour Holter monitoring or documentation of sustained 
or nonsustained VT with a LBBB morphology by stan-
dard ECG, Holter monitoring or exercise testing were 
listed as minor diagnostic criteria. The explanation is 
that the finding of frequent PVBs or VT with a LBBB 
morphology can occur in conditions other than ARVC, 
particularly the RVOT arrhythmia/VT, which is the most 
common “idiopathic” ventricular arrhythmia, caused 
by focal enhanced automaticity/triggered activity from 
the RVOT in the absence of structural heart disease 

Nonstandard Abbreviations and Acronyms

ACM	 arrhythmogenic cardiomyopathy
ALVC	 arrhythmogenic left ventricular 

cardiomyopathy
ARVC	 arrhythmogenic right ventricular 

cardiomyopathy
DCM	 dilated cardiomyopathy
EMB	 endomyocardial biopsy
HRS	 Heart Rhythm Society
LGE	 late gadolinium enhancement
PVBs	 premature ventricular beats
TF	 Task Force
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and, thus, characterized by a benign prognosis.10 The 
classification of ventricular arrhythmia as a minor crite-
rion mostly aimed to limit misdiagnosis of common and 
benign RVOT ventricular arrhythmias as ARVC-related 
ventricular arrhythmias at risk of sudden cardiac death.

Since the 1994 TF, fibrofatty replacement of myo-
cardium on endomyocardial biopsy (EMB) has been 
classified as a major criterion for diagnosis of ARVC 
because it was deemed as highly specific and strongly 
supporting any other clinical findings from other cat-
egories. Of note, in the original TF criteria the histo-
pathologic definition of “fibrofatty replacement” was 
not provided. The EMB findings lack sensitivity for 
diagnosis of ARVC because of sampling error: fibro-
fatty myocardial replacement may be spotty and myo-
cardial samples may be obtained from unaffected RV 
regions.5,11

Another important limitation of the 1994 TF criteria 
was the absence of a definition of the “epsilon waves,” 
which was a major diagnostic criterion in the category 
of ECG depolarization findings.12

In summary, the 1994 original TF criteria were de-
signed to guarantee an adequate specificity for ARVC 
diagnosis among index cases with overt clinical mani-
festations. However, the criteria were largely qualitative 
(rather than quantitative) and revealed flaws in practi-
cal application. Moreover, the criteria lacked sensitivity 
for identification of early/minor phenotypes, which is 
a major challenge, particularly in the setting of familial 
ARVC.13

THE 2010 REVISED TF CRITERIA FOR 
ARVC
In the 2010 Revised Criteria, the TF panel reconvened 
to revise the original criteria with the goal of improving 
diagnostic sensitivity but with the important requisite 
of maintaining diagnostic specificity.7 The approach 
of the original 1994 TF criteria to classify structural, 
histopathological, ECG, arrhythmic, and genetic fea-
tures of the disease as major and minor criteria was 
maintained by the revised 2010 TF criteria (Table 1). 
According to the revised criteria, a definite diagnosis 
of ARVC was fulfilled by 2 major or 1 major and 2 
minor criteria or 4 minor criteria from different catego-
ries; a borderline diagnosis by 1 major and 1 minor or 
3 minor criteria from different categories; and a pos-
sible diagnosis by 1 major or 2 minor criteria from dif-
ferent categories.

The 2010 revised TF criteria provided quantitative 
imaging (echocardiography, ventricular angiography, 
and cardiac magnetic resonance [CMR]) reference 
values based on sex-specific volumetric measure-
ments indexed to body surface area (BSA) to define 
normal RV and to categorize the various degrees of 

structural and functional RV abnormalities. To optimize 
the diagnostic specificity of morpho-functional criteria, 
the 2010 TF criteria required the association of global 
RV dilatation or RV systolic dysfunction with regional 
wall motion abnormalities (ie, akinesia, dyskinesia, an-
eurysm, or bulging). These criteria were classified as 
“major” or “minor” based on the severity of RV dilata-
tion and/or systolic impairment.

In addition, the 2010 TF criteria provided a defini-
tion and quantitative histomorphometry for proper 
grading of fibrofatty replacement of the myocardium 
on EMB. Noninvasive tissue characterization by CMR 
for demonstration of fibrofatty myocardial replacement 
was not included among the 2010 TF criteria because 
it was not considered a reliable technique because 
of limited experience, difficult interpretation, and low 
specificity at the time the criteria were developed.

With regard to the ECG and arrhythmic features, 
in the 2010 TF criteria, T-wave inversion in V1–V3 as 
well as VT with a LBBB morphology with superior/
indeterminate QRS axis, either sustained or nonsus-
tained, became major criteria. The following findings 
were included among the minor criteria: (1) T-wave 
inversion in V1 and V2 in the absence of right bundle 
branch block (RBBB) and from V1 to V4 in the pres-
ence of complete RBBB14; (2) prolongation of right 
precordial QRS duration with delayed S-wave up-
stroke (terminal activation delay >55 ms)15; (3) positiv-
ity of any 1 of the 3 signal-averaged ECG parameters 
for late potentials; and (4) PVBs >500 per 24 hours on 
Holter monitoring.

Finally, the TF diagnostic criteria were modified to 
include (newly available) molecular genetic informa-
tion in the category of “family history” criteria.16–18 The 
identification of a pathogenetic gene mutation in a first-
degree relative was listed as a major criterion for diag-
nosis of ARVC.

The clinical experience with the use of 2010 TF 
criteria over the last decade has highlighted inherent 
diagnostic limitations and called for the need of an 
upgrading.5

THE PARADIGM SHIFT IN THE 
DIAGNOSIS OF ACM
Since 2010, there have been significant insights into 
our understanding of the phenotypic expression of the 
disease, and the original concept of a heart muscle 
disease exclusively affecting the RV has evolved to the 
current perspective of a cardiomyopathy of both ven-
tricles, with LV involvement that may parallel (“biven-
tricular”) or exceed (“left-dominant” or arrhythmogenic 
left ventricular cardiomyopathy [“ALVC”]) the severity 
of RV involvement.19–29 Thus, the original term “ARVC” 
was progressively replaced by the new designation of 
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Table 1.  Comparison of 2010 TF Criteria and 2020 International Criteria for Diagnosis of ARVC

Category 2010 TF criteria 2020 International criteria

I. Global 
or regional 
dysfunction 
and structural 
alteration

Major   
By 2D echocardiogram:
•	 Regional RV akinesia, dyskinesia, or aneurysm and one of the following 

(end diastole)
- PLAX RVOT ≥32 mm (corrected for body size [PLAX/BSA] ≥19 mm/m2)
- PSAX RVOT ≥36 mm (corrected for body size [PSAX/BSA] ≥21 mm/m2)
- Fractional area change ≤33%

By MRI:
•	 Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
and one of the following:

- �Ratio of RV end-diastolic volume to BSA: ≥110 mL/m2 (male) or ≥100 mL/m2 
  (female)
- or RV ejection fraction ≤40%

By RV angiography:
•	 Regional RV akinesia, dyskinesia, or aneurysm
Minor  
By 2D echocardiogram:
•	 Regional RV akinesia or dyskinesia and one of the following (end diastole):

- PLAX RVOT ≥29–<32 mm; (corrected for body size [PLAX/BSA] 
  ≥16–<19 mm/m2)
- PSAX RVOT ≥32–<36 mm; (corrected for body size [PSAX/BSA] 
  ≥18–<21 mm/m2)
- or fractional area change >33%–≤40%

By MRI:
•	 Regional RV akinesia or dyskinesia or dyssynchronous RV contraction and 

one of the following:
- Ratio of RV end-diastolic volume to BSA ≥100 to <110 mL/m2 (male) or 

≥90 to 
  <100 mL/m2 (female)
- or RV ejection fraction >40% to ≤45%

Major  
By 2D echocardiogram, CMR, or angiography:
•	 Regional RV akinesia, dyskinesia, or bulging
plus 1 of the following:
•	 Global RV dilatation (increase of RV EDV 

according to the imaging test specific 
nomograms for age, sex, and BSA)

or
•	 Global RV systolic dysfunction (reduction of 

RV EF according to the imaging test specific 
nomograms for age and sex)

Minor  
By 2D echocardiogram, CMR, or angiography:
•	 Regional RV akinesia, dyskinesia or aneurysm 

of RV free wall

II. Tissue 
characterization

Major  
By EMB
•	 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  
By EMB
•	 Residual myocytes 60% to 75% by morphometric analysis (or 50–65% 

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

Major  
By CE-CMR:
•	 Transmural LGE (stria pattern) of ≥1 RV 

region(s) (inlet, outlet, and apex in 2 orthogonal 
views)

Major  
By EMB (limited indications):
•	 Fibrous replacement of the myocardium in ≥1 

sample, with or without fatty tissue

III. 
Repolarization 
abnormalities

Major
•	 Inverted T waves in right precordial leads (V1, V2, and V3) or beyond in 

individuals >14 y of age (in the absence of complete RBBB QRS ≥120 ms)
Minor
•	 Inverted T waves in leads V1 and V2 in individuals >14 y of age (in the 

absence of complete RBBB) or in V4, V5, or V6
•	 Inverted T waves in V1, V2, V3, and V4 in individuals >14 y of age in the 

presence of complete RBBB

Major
•	 Inverted T waves in right precordial leads (V1,V2, 

and V3) or beyond in individuals with complete 
pubertal development (in the absence of 
complete RBBB)

Minor
•	 Inverted T waves in leads V1 and V2 

in individuals with completed pubertal 
development (in the absence of complete 
RBBB)

•	 Inverted T waves in V1, V2, V3 and V4 
in individuals with completed pubertal 
development in the presence of complete 
RBBB

IV. 
Depolarization 
and conduction 
abnormalities

Major
•	 Epsilon wave (reproducible low-amplitude signals between end of QRS 

complex to onset of the T wave) in the right precordial leads (V1 to V3)
Minor
•	 Late potentials by SAECG in ≥1 of 3 parameters in the absence of a QRS 

duration of ≥110 ms on the standard ECG
- Filtered QRS duration (fQRS) ≥114 ms
- Duration of terminal QRS <40 μV (low-amplitude signal duration) ≥38 ms
- Root-mean-square voltage of terminal 40 ms ≤20 μV

•	 Terminal activation duration of QRS ≥55 ms measured from the nadir of the 
S wave to the end of the QRS, including R’, in V1, V2, or V3, in the absence 
of complete right bundle-branch block

Minor
•	 Epsilon wave (reproducible low-amplitude 

signals between end of QRS complex to onset 
of the T wave) in the right precordial leads (V1 
to V3)

•	 Terminal activation duration of QRS ≥55 ms 
measured from the nadir of the S wave to the 
end of the QRS, including R’, in V1, V2, or V3 
(in the absence of complete RBBB)

 (Continued)
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“ACM” that better describes the entire spectrum of the 
phenotypic variants.4

A 2019 International Expert report provided an ex-
tensive critical appraisal of the clinical performance 
of the 2010 TF criteria, identifying critical diagnos-
tic flaw backs and potential areas of improvement.5 
Major evidences of the inadequacy of the 2010 TF 
diagnostic criteria were in regard to the absence of 
specific criteria for diagnosis of the broader phe-
notypic spectrum of the disease, which includes 
left-sided variants, and the lack of tissue charac-
terization findings by CMR, which has progressively 
emerged as the most accurate imaging modality for 
characterization of structural myocardial abnormali-
ties and plays a key role for appropriate diagnosis of 
left-sided variants of ACM.

In the same year, a group of experts in the field, under 
the auspices of the Heart Rhythm Society (HRS), pub-
lished a consensus statement that intended to provide 
the clinician with guidance on evaluation and manage-
ment of ACM and included clinically relevant informa-
tion on genetics and disease mechanisms.30 The HRS 
definition of ACM included, but was not limited to, ar-
rhythmogenic RV and LV cardiomyopathy. According to 
the HRS consensus statement, ACM was defined as an 
“arrhythmogenic heart muscle disorder not explained 
by ischemic, hypertensive, or valvular disease, which 
incorporates, besides desmosomal gene related–ACM, 
a broad spectrum of systemic (ie, sarcoidosis, amy-
loidosis), inflammatory (ie, myocarditis), infectious (ie, 
Chagas disease), or genetic (ie, lamin A/C, filamin-C, 
phospholamban cardiomyopathies) disorders and ion 

channel diseases.”21 Hence, in the perspective of the 
HRS document, the term ACM covered a wide group of 
heterogeneous heart muscle diseases whose common 
denominator is the “clinical presentation with symptoms 
or documentation of atrial fibrillation, conduction dis-
ease, and/or RV and/or LV arrhythmia.” This broad HRS 
definition of ACM, based on “arrhythmic clinical presen-
tation” shared by many heart diseases, differs from the 
definition more specific and commonly in use in both 
experimental and clinical settings, which designates a 
nosographically distinct condition characterized by typ-
ical cardiomyopathic features.4

Both the International Expert report and the HRS 
consensus statement agreed that the TF criteria, ex-
clusively targeting the original RV phenotype, over-
shadowed recognition of the sizeable proportion of 
patients with ACM with LV involvement.5,30 In recent 
years, the increasing use of more sensitive imaging 
modalities, such as gadolinium-enhanced CMR, has 
led to the recognition of an increasing number of in-
dividuals and families with predominantly biventricular 
or left-dominant phenotypes. Both documents de-
nounced the limited availability of genetic, diagnostic, 
and prognostic data for left-sided ACM, and high-
lighted the importance of defining diagnostic criteria 
for guiding experimental and clinical studies aimed at 
characterizing the cause/pathogenesis and the clinical 
outcome of these disease variants. Hence, the doc-
uments called for the development of internationally 
recognized clinical criteria analogous to those estab-
lished for ARVC, for diagnosis of left-sided ACM in a 
proband or family member with ECG abnormalities 

Category 2010 TF criteria 2020 International criteria

V. Arrhythmias Major
•	 Nonsustained or sustained ventricular tachycardia of left bundle-branch 

block morphology with superior axis (negative or indeterminate QRS in 
leads II, III, and aVF and positive in lead aVL)

Minor
•	 Nonsustained or sustained ventricular tachycardia of RV outflow 

configuration, left bundle-branch block morphology with inferior axis (positive 
QRS in leads II, III, and aVF and negative in lead aVL) or of unknown axis

•	 >500 ventricular extrasystoles per 24 h (Holter)

Major
•	 Frequent ventricular extrasystoles (>500 per 

24 h), non-sustained or sustained ventricular 
tachycardia of LBBB morphology*

Minor
•	 Frequent ventricular extrasystoles (>500 per 

24 h), non-sustained or sustained ventricular 
tachycardia of LBBB morphology with inferior 
axis (“RVOT pattern”)

VI. Family 
history/genetics

Major
•	 ACM confirmed in a first-degree relative who meets diagnostic criteria
•	 ACM confirmed pathologically at autopsy or surgery in a first-degree relative
•	 Identification of a pathogenic or likely pathogenetic ACM mutation in the patient under evaluation
Minor
•	 History of ACM in a first-degree relative in whom it is not possible or practical to determine whether the family member meets 

diagnostic criteria
•	 Premature sudden death (<35 y of age) due to suspected ACM in a first-degree relative
•	 ACM confirmed pathologically or by diagnostic criteria in second-degree relative

Cut-off values of EDV and EF of the 2020 International criteria for RV dilatation and systolic dysfunction, respectively, are reported in Table 3. ACM indicates 
arrhythmogenic cardiomyopathy; BSA, body surface area; CMR, cardiac magnetic resonance; EDV, end diastolic volume; EF, ejection fraction; EMB, 
endomyocardial biopsy; ITF, International Task Force; LBBB, left bundle-branch block; LGE, late gadolinium enhancement; LV, left ventricle; MRI, magnetic 
resonance imaging; PLAX, parasternal long axis; PSAX, parasternal short axis; RBBB, right bundle-branch block; SAECG, signal-averaged ECG; RV, right 
ventricle; and RVOT, right ventricular outflow tract.

*The morphology of “Major” ventricular arrhythmias is LBBB with a QRS axis other than inferior (ie, intermediate or superior).
Adapted from Corrado et al8 with permission, ©2020, Elsevier.

Table 1.  Continued
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and ventricular arrhythmia of LV origin associated with 
an underlying LV cardiomyopathy.

THE 2020 INTERNATIONAL CRITERIA 
FOR ACM
In the 2020 criteria, an International expert consen-
sus document provided upgraded diagnostic criteria 
for ACM (the “Padua Criteria”).8 The proposed criteria 
were derived from the diagnostic approach to ACM, 
which has been developed over 30 years by the mul-
tidisciplinary team of basic researchers and clinical 
cardiologists of the Medical School of the University 
of Padua.31 These criteria were reviewed and shared 
by several international experts, resulting in an 
International consensus document.

According to the 2020 International document, ACM 
is defined as a heart muscle disease that affects the 
RV, the LV, or both, whose hallmark pathologic feature 
is the fibrofatty myocardial replacement that underlies 
the impairment of systolic ventricular function and pre-
disposes to potentially lethal ventricular arrhythmias, 
regardless of the severity of pump failure.

The 2020 classification of ACM includes the follow-
ing phenotypic variants (Figures 1 through 4): (1) the 
“dominant-right” variant (ie, the classic ARVC pheno-
type characterized by the predominant RV involve-
ment, with no LV abnormalities); (2) the “biventricular 
disease” variant, characterized by the involvement of 
both RV and LV; and (3) the “dominant-left” variant 
(also referred to as ALVC) characterized by LV involve-
ment, with no RV abnormalities.

At variance with the 1994 and 2010 TF criteria, the 
2020 International document addressed the entire 
spectrum of ACM variants, also providing diagnos-
tic criteria for the LV phenotype. The multiparamet-
ric diagnostic approach was maintained with criteria 
grouped in 6 categories encompassing functional and 
structural ventricular abnormalities, tissue characteri-
zation findings, depolarization and repolarization elec-
trocardiographic alterations, ventricular arrhythmias, 
and familial/genetic factors.

The main innovation of the 2020 International cri-
teria was the introduction of tissue characterization 
findings by late gadolinium enhancement (LGE) for 
detection of fibro(-fatty) myocardial replacement of 

both ventricles. The available data indicate that tissue 
characterization by CMR shows a high concordance 
with EMB for identification of myocardial fibrosis and 
provides added value for identification of the different 
phenotypic variants of ACM by virtue of the distribution 
of LGE in the RV, LV, or both.21,32

2020 INTERNATIONAL CRITERIA 
VERSUS 2010 TF CRITERIA FOR RV 
PHENOTYPE
A comparison of the 2020 International criteria with the 
2010 TF criteria by different categories for the diagno-
sis of the RV phenotype is reported in Tables 1 through 
3.

I. Morpho-Functional Ventricular 
Abnormalities (ie, Global and Regional 
Ventricular Dilatation and Systolic 
Dysfunction)
In recent years, CMR has become the criterion stand-
ard tool for assessing volumes, systolic function, and 
regional wall motion, as well as characterizing myo-
cardial tissue composition.29,35–38 Because of the 
high spatial resolution and unlimited imaging planes, 
CMR offers the potential to optimally evaluate dilata-
tion/dysfunction, regional dyssynergies, and struc-
tural changes of the RV. To optimize the diagnostic 
accuracy of morpho-functional criteria, the 2010 TF 
guidelines required that global RV dilatation (based on 
sex-specific volumetric measurements and indexed 
to BSA or RV systolic dysfunction) had to be associ-
ated with major regional wall motion abnormalities (ie, 
akinesia, dyskinesia, aneurysm, or bulging). Morpho-
functional abnormalities were listed as major or minor 
criteria based on the severity of RV dilatation or systolic 
dysfunction associated with the RV wall motion abnor-
malities. However, the distinction appears more useful 
for prognostic than for diagnostic purposes; accord-
ingly, in the 2020 International document, the morpho-
functional criterion, if fulfilled, is considered major 
regardless of the severity of RV dilatation/dysfunction.

On the other hand, a sizeable proportion of patients do 
not show increase of RV volume and/or decrease of sys-
tolic function.29,36–38 This finding reflects the segmental 

Figure 1.  Clinical features of arrhythmogenic right ventricular cardiomyopathy.
Right precordial negative T waves in leads V1 to V3 and prolongation of QRS complex because of delayed S-wave upstroke leading to a 
significant terminal activation delay (A), epsilon waves (arrow) (B), late potentials on signal-averaged ECG (arrow) (C), low QRS voltages 
(<0.5 mV) in the limb leads (D), and ventricular tachycardia with a left bundle branch block (E). Two-dimensional echocardiogram 
(parasternal short-axis view), showing dilatation of the RVOT (parasternal long axis-RVOT=37 mm) (F). Cardiac magnetic resonance 
imaging scan (systolic frame of right ventricular 2-chamber long-axis view on cine sequences) evidencing an aneurysm (with dyskinesia, 
not shown) of the RVOT (solid arrows) and multiple sacculations of the inferior and apical regions (open arrows) (G). Angiography showing 
RV dilatation with a bulging of the RVOT (arrows) (H). Endomyocardial biopsy revealing myocyte loss with fibrofatty replacement (I). AO 
indicates aorta; RA, right atrium; RV, right ventricle; and RVOT, right ventricular outflow tract. Adapted from Corrado et al.4



J Am Heart Assoc. 2021;10:e021987. DOI: 10.1161/JAHA.121.021987� 7

Corrado et al� Diagnosis of Arrhythmogenic Cardiomyopathy

nature of fibrofatty myocardial replacement areas that 
may not compromise the global hemodynamics of the 
RV. For this reason, a “new” minor morpho-functional 
criterion has been introduced in the 2020 International 

document, i.e. isolated regional RV wall motion abnor-
malities in the absence of global RV dilation/dysfunction.

The available data demonstrate that RV wall motion 
abnormalities (regional akinesia or dyskinesia) have a 
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high degree of diagnostic specificity.32–44 However, it 
should be recognized that the diagnostic accuracy 
may be limited by the potential misinterpretation (either 
over- or underdiagnosis) because of inherently imperfect 
subjective evaluation of cine-CMR images and the po-
tential pitfall of nonpathologic RV wall motion alterations 

such as (1) the “tethered” appearance of RV wall be-
cause of a band of pericardial connective tissue that 
joins the anterior free wall of the RV to the posterior as-
pect of the sternum; (2), the “apicolateral bulge” at the 
insertion site of the moderator band in the apico-lateral 
wall; and (3) a “butterfly apex” with unusual prominence 

Figure 2.  Clinical and histopathologic features of arrhythmogenic left ventricular cardiomyopathy.
ECG, and CMR findings of a patient with ALVC related to a DSP gene defect. Basal ECG showing low 
voltages in limb leads and flattened T-waves in the inferolateral leads (A). Postcontrast CMR images 
in long-axis (B) and short-axis (C) views showing normal LV cavity size and subepicardial LGE (white 
arrows) involving the whole LV free wall and the anterior septum (“ring-like” pattern), from basal to apical 
regions. Histology of the LV inferolateral region showing fibrofatty myocardial replacement affecting the 
subepicardial layer (Heidenhain trichrome stain) (D); close-up detailing residual myocytes embedded 
within fibrous and fatty tissue (hematoxylin and eosin stain) (E). ALVC indicates arrhythmogenic left 
ventricular cardiomyopathy; CMR, cardiac magnetic resonance; DSP, desmoplakin gene; LGE, late 
gadolinium enhancement; and LV, left ventricle. Adapted from Cipriani et al.29
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(misinterpreted as an apical aneurysm) of the RV apex.38 
For these reasons, the new criterion of regional RV wall 
motion abnormalities in isolation was classified as minor.

In the 2010 TF criteria, reference values of normal 
RV end-diastolic volumes (up to 110 mL/m2 in men and 
100 mL/m2 in women) were derived from 462 healthy 
controls of the MESA (multiethnic study of atheroscle-
rosis), in which quantification of ventricular volumes 
was obtained using the older fast gradient echo CMR 
cine technique that underestimates volumes because 
of an incomplete and lower endocardial border defini-
tion.39 Cardiac chamber volumes are more accurately 

measured by the modern CMR cine technique with 
steady-state free procession images, which provide 
superior contrast between blood and endocardium 
at the endocardial border with less blood flow depen-
dence. In order to increase the diagnostic accuracy of 
CMR imaging findings, the revised criteria recommend 
using reference values for RV cavity size and systolic 
function normalized for age, sex, and BSA, according 
to current nomograms provided by international soci-
eties of cardiovascular imaging (Table 3).33

The normal reference value of 100  mL/m2 (men) 
and 90  mL/m2 (women) of RV end-diastolic volume/

Figure 3.  Clinical features of biventricular arrhythmogenic cardiomyopathy.
ECG and CMR findings in a 40-year-old patient with biventricular ACM caused by a pathogenic DSG-2 
gene mutation. Basal ECG showing low QRS voltages (<0.5 mV, peak to peak) in the limb leads, in the 
absence of other repolarization and depolarization ECG abnormalities. Premature ventricular beats on 
Holter monitoring <500/24 hours; no sustained or nonsustained ventricular tachycardia (not shown) (A). 
Postcontrast cardiovascular magnetic resonance images—end-diastolic frame on long-axis view (B) and 
short-axis view (C)—showing normal cavity size of both RV and LV and LGE of the myocardium of the 
basal anterolateral right ventricular wall and anterior and inferior LV wall (arrows). On cine sequences 
(not shown) the RV shows regional akinesia with a mild reduction of the ejection fraction (ie, 50%) and 
the LV an inferolateral ipokinesia with a preserved systolic function. While this phenotypic variant of 
ACM does not fulfill the 2010 TF criteria, it is diagnosed according to the 2020 International criteria as 
definite biventricular ACM based on the low QRS voltages, the regional akinesia of the RV, the regional 
hypokinesia of the LV, and the biventricular LGE other than the pathogenic gene mutation. ACM indicates 
arrhythmogenic cardiomyopathy; CMR, cardiac magnetic resonance; DSG-2, desmoglein-2 gene; LGE, 
late gadolinium enhancement; LV, left ventricle; RV, right ventricle; and TF, task force.
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BSA proposed by the 2010 International TF crite-
ria may lack specificity for ACM, especially because 
of the overlap with physiologic adaptive changes of 
the athlete’s heart, which can produce an increase of 
both LV and RV volumes that is well beyond the upper 
limit of normality reported in the general population.40 
In this regard, proper reference values for RV volume 
in the athlete’s heart are currently available and rec-
ommended by the 2020 International criteria for dif-
ferential diagnosis of physiologic versus pathologic 
RV dilatation, especially if engaged in sports such as 
rowing or canoeing associated with the greatest RV 
dimensional remodeling (Table 3).34

II. Structural Myocardial Abnormalities 
(ie, Fibrous or Fibro-Fatty Myocardial 
Replacement)
Transvenous EMB has been part of the diagnostic 
work-up of ACM since 1994.6 The technique offers the 
potential for an “in vivo” histologic tissue characteriza-
tion with demonstration of the hallmark lesion of ACM, 

ie, the loss of RV myocytes with fibro-fatty replace-
ment, which has been longer considered the criterion 
standard for clinical diagnosis of ACM (major diagnos-
tic criterion). Because of the invasive nature with the 
inherent risk of complications, in the 2020 International 
document the indication for EMB is reserved for se-
lected cases, namely, probands with a sporadic form 
of the disease and negative genotyping, in whom 
the diagnosis of ACM depends on histologic study 
of the myocardium to exclude phenocopies (mostly 
cardiac sarcoidosis).5,32 Histologic demonstration of 
replacement-type fibrosis, with or without fatty tissue, 
on EMB samples remains a major structural criterion 
for diagnosis, while the distinction of EMB findings in 
major and minor is no longer proposed.

Noninvasive tissue characterization findings 
by CMR were excluded from the 2010 TF criteria. 
According to the 2020 International criteria, demon-
stration by CMR myocardial tissue characterization 
of transmural LGE/fibrosis affecting ≥1 RV region(s) 
in 2 orthogonal views, with or without fatty tissue re-
placement on dedicated sequences, is classified as 
a major structural myocardial criterion. The available 

Figure 4.  Diagnostic flow-chart for ACM phenotypic variants.
According to the 2020 International criteria, any diagnosis of ACM requires that at least 1 criterion either 
major or minor from category I (ie, morpho-functional abnormalities) or II (ie, structural abnormalities) 
be fulfilled. For diagnosis of possible, borderline, or definite biventricular ACM, besides the need for ≥1 
morpho-functional and/or structural criteria from both the RV and LV, the remaining criteria are from either 
the RV or the LV (see text for details). ACM indicates arrhythmogenic left ventricular cardiomyopathy; ALVC, 
arrhythmogenic left ventricular cardiomyopathy; ARVC, arrhythmogenic right ventricular cardiomyopathy; 
LV, left ventricle; and RV, right ventricle.
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data indicate a high degree of diagnostic specificity of 
RV LGE, but a limited sensitivity.32,41–44 Low sensitivity 
has been ascribed to the poor quality spectral reso-
lution and the suboptimal contrast/noise ratio of cur-
rent CMR technology to accurately quantify the thin 
RV wall.5,35 The best diagnostic accuracy by CMR is 
achieved by combining myocardial tissue characteri-
zation with regional RV wall motion assessment.44–46 
Detection of an underlying fibro-fatty myocardial scar 
on CMR increases the diagnostic specificity of RV wall 
motion abnormalities.

III/IV. ECG Abnormalities
The presence of epsilon waves in right precordial leads 
was classified as a major ECG criterion in both the 
1994 and the 2010 TF criteria. However, the diagnostic 

value of the epsilon wave has been questioned in the 
last decade because its identification and interpreta-
tion are largely influenced by ECG filtering and sam-
pling rate, giving rise to large interobserver variability.12 
Hence, in the 2020 International diagnostic criteria this 
ECG marker has been downgraded to a minor ECG 
depolarization criterion.

The presence of late potentials on signal-averaged 
ECG, which was a minor criterion in the 2010 TF crite-
ria, is no longer included among the 2020 International 
criteria, since the use of the signal-averaged ECG tech-
nique for diagnosis of ACM has been abandoned by the 
majority of Cardiological Centers worldwide because 
of its limited diagnostic accuracy.5 According to a 2020 
anonymous survey among a panel of International 
experts from Europe and the United States, the de-
gree of consensus to eliminate signal-averaged ECG 

Table 2.  Summary of Changes in the 2020 International Criteria for Diagnosis of ARVC*

Categories Criteria Changes

I. Global or regional 
dysfunction and 
structural alteration

•	 RV WMA plus dilatation/dysfunction

•	 RV WMA in isolation

•	 Modified in major criterion only; reference values of 
EDV and EF modified according to the imaging test 
specific monograms for age, sex, and BSA

•	 New minor criterion

II. Tissue characterization •	 Fibrofatty myocardial replacement on EMB
•	 RV LGE on CMR

•	 Modified in major criterion only
•	 New major criterion

III. Repolarization 
abnormalities

•	 Inverted T waves in right precordial leads •	 Unchanged

IV. Depolarization and 
conduction abnormalities

•	 Epsilon waves
•	 Late potentials by SAECG
•	 QRS terminal activation delay in right precordial leads

•	 Downgraded to minor criterion
•	 Not included
•	 Unchanged

V. Arrhythmias •	 Nonsustained and sustained VT with LBBB morphology
•	 Frequent ventricular extrasystoles (>500 per 24 h)

•	 Unchanged
•	 Modified in major or minor criterion according to 

the morphology of the ectopic QRS

VI. Family history/genetics •	 Clinical or pathological diagnosis in a first-degree relative
•	 Identification of a pathogenic or likely pathogenetic mutation
•	 History of either suspected ARVC or premature SCD caused 

by suspected ARVC in a first-degree relative
•	 Clinical or pathological diagnosis in a second-degree relative

•	 Unchanged (major)
•	 Unchanged (major)
•	 Unchanged (minor)

•	 Unchanged (minor)

ARVC indicates arrhythmogenic right ventricular cardiomyopathy; BSA, body surface area; CMR, cardiac magnetic resonance; EDV, end diastolic volume; 
EF, ejection fraction; EMB, endomyocardial biopsy; LBBB, left bundle-branch block; LGE, late gadolinium enhancement; LV, left ventricle; RV, right ventricle; 
SAECG, signal averaged ECG; SCD, sudden cardiac death; TF, Task Force; VT, ventricular tachycardia; and WMA, wall motion abnormalities (ie, regional RV 
akinesia, dyskinesia, or bulging).

*The 2020 International criteria for diagnosis of arrhythmogenic left ventricular cardiomyopathy were not included in the 2010 TF criteria (see text for details).

Table 3.  Ventricular Dilatation and Systolic Dysfunction by CMR: 2010 TFC Versus 2020 IC

Women Men Athletes

2010 TFC 2020 IC 2010 TFC 2020 IC 2010 TFC 2020 IC

Right ventricular dilatation and systolic dysfunction

EDV/BSA, mL/m2 ≥90 >112 ≥100 >121 … >130

EF (%) ≤45 <51 ≤45 <52 … <52

Left ventricular dilatation and systolic dysfunction

EDV/BSA, mL/m2 … >96 … >105 … >122

EF (%) … <57 … <57 … <58

Cardiac magnetic resonance (CMR) cutoff values of EDV and EF for nonathletes (±2 SD from the mean, respectively) derived from Petersen et al33 and for 
athletes (99% CI) from D’Ascenzi et al.34 BSA indicates body surface area; EDV, end-diastolic volume; EF, ejection fraction; IC, International Criteria; and TFC, 
Task Force Criteria
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findings from the diagnostic criteria for ACM was 
>80% (Domenico Corrado, MD, PhD, unpublished 
data, 2020).

V. Ventricular Arrhythmias
According to the 2020 International diagnostic criteria, 
PVBs need to be evaluated not only in terms of absolute 
number (>500/24 hours as recommended by the 2010 
TF criteria), but also of morphology of ectopic QRS. By 
analogy with nonsustained and sustained VT, demon-
stration of PVBs with a LBBB and superior axis pattern 
(indicating their origin from the infero-apical RV wall) 
has a greater disease specificity (major ventricular ar-
rhythmia criterion) than PVBs showing a LBBB/inferior 
axis morphology more consistent with idiopathic RVOT 
arrhythmia (minor ventricular arrhythmia criterion).47–49 
As a corollary, it is clinically relevant to record the ven-
tricular arrhythmia morphology on 12-ECG leads by 
exercise testing or 12-lead 24-hour Holter monitoring.

THE 2020 INTERNATIONAL CRITERIA 
FOR LV PHENOTYPE
The 2020 International criteria by different catego-
ries for diagnosis of the LV phenotype are reported in 

Tables 3 and 4. In the 2010 TF guidelines, criteria for 
diagnosis of biventricular ACM or ALVC were lacking.

I. Morpho-Functional Ventricular 
Abnormalities (ie, Global and Regional 
Ventricular Dilatation and Systolic 
Dysfunction)
Global LV systolic dysfunction and regional LV wall 
motion abnormalities, with or without LV dilatation, are 
classified as minor morpho-functional criteria because 
of the low disease specificity for diagnosing left-sided 
ACM variants, given that these morpho-functional LV 
abnormalities can be seen in other common conditions 
such as ischemic or nonischemic DCM. It is notewor-
thy that even the sensitivity of global LV dilatation/dys-
function for ACM is low because most patients show 
regional LV involvement without an increase of the cav-
ity size and/or reduction of the global systolic function 
(Figures 2 and 3).29,37,44 This is explained by the limited 
extent and the nontransmural (subepi-midmyocardial) 
arrangement of fibro-fatty myocardial scars that may 
not alter the global hemodynamics of the LV. The ensu-
ing pattern of LV remodeling on CMR is usually charac-
terized by a hypokinetic (or normokinetic) LV, with no or 
mild cavity dilatation.23–29 LV systolic dysfunction may 

Table 4.  The 2020 International Criteria for Diagnosis of ALVC

Category Diagnostic criteria

I. Morpho-functional ventricular 
abnormalities

Minor
•	 Global LV systolic dysfunction* (depression of LV EF or reduction of echocardiographic global longitudinal 

strain), with or without LV dilatation (increase of LV EDV according to the imaging test specific nomograms for 
age, sex, and BSA)

Minor
•	 Regional LV hypokinesia or akinesia of LV free wall, septum, or both

II. Structural myocardial abnormalities Major
•	 LV LGE (stria pattern) of ≥1 Bull’s Eye segment(s) (in 2 orthogonal views) of the free wall (subepicardial or 

midmyocardial), septum, or both (excluding septal junctional LGE)

III. Repolarization abnormalities Minor
•	 Inverted T waves in left precordial leads (V4–V6) (in the absence of complete LBBB)

IV. Depolarization abnormalities Minor
•	 Low QRS voltages (<0.5 mV peak to peak ) in limb leads (in the absence of obesity, emphysema, or 

pericardial effusion)

V. Ventricular arrhythmias Minor
•	 Frequent ventricular extrasystoles (>500 per 24 h), nonsustained or sustained ventricular tachycardia with a 

RBBB morphology (excluding the “fascicular pattern”)

VI. Family  
history/genetics

Major
•	 ACM confirmed in a first-degree relative who meets diagnostic criteria
•	 ACM confirmed pathologically at autopsy or surgery in a first-degree relative
•	 Identification of a pathogenic or likely pathogenetic ACM mutation in the patient under evaluation
Minor
•	 History of ACM in a first-degree relative in whom it is not possible or practical to determine whether the family 

member meets diagnostic criteria
•	 Premature sudden death (<35 y of age) because of suspected ACM in a first-degree relative
•	 ACM confirmed pathologically or by diagnostic criteria in second-degree relative

ACM indicates arrhythmogenic cardiomyopathy; ALVC, arrhythmogenic left ventricular cardiomyopathy; BSA, body surface area; CMR, cardiac magnetic 
resonance; EDV, end diastolic volume; EF, ejection fraction; LBBB, left bundle-branch block; LGE, late gadolinium enhancement; LV, left ventricle; and RBBB, 
right bundle-branch block.

*Global LV systolic dysfunction defined as EF <55% on echocardiography and <57% (nonathletes) or <58% (athletes) on cine CMR (see Table 3).
Adapted from Corrado et al8 with permission, ©2020, Elsevier.
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become more severe in the advanced stages because 
of the increasing extent of regional and transmural my-
ocardial fibrosis.

To increase the diagnostic accuracy of morpho-
functional criteria, it is recommended to use reference 
values for LV cavity size and systolic function nor-
malized for age, sex, and BSA, according to current 
nomograms provided by international societies of car-
diovascular imaging (Table 3).

II. Structural Myocardial Abnormalities 
(ie, Fibrous or Fibro-Fatty Myocardial 
Replacement)
The rationale for the introduction of tissue characteri-
zation by CMR in the 2020 International criteria is the 
unique ability of this technique to identify myocardial 
fibrosis of the LV myocardium. Structural LV abnormali-
ties are characterized by nonischemic LGE/fibrosis that 
affects the subepicardial (less often the midmyocardial) 
layers of the LV free wall, mostly the inferolateral region, 
with or without septal involvement (Figures 2 and 3).23–

29,37 The circumferential involvement by subepicardial 
LGE of the LV free wall and septum in short axis view 
(“ring pattern”) has been consistently reported as highly 
specific for ALVC (Figure 2).5,24 The coexistence of fatty 
myocardial infiltration is often observed on dedicated 
sequences in the same regions of LGE or in remote 
LV areas.

Although all patients with LV involvement have LGE, 
wall motion abnormality or global LV systolic dysfunc-
tion may be absent. Accordingly, demonstration of LV 
myocardial LGE/fibrosis in the form of a stria (or band) 
pattern affecting ≥1 segment (on the traditional “Bull’s 
Eye” system) is classified as a major and needed struc-
tural criterion for diagnosis of left-sided ACM.24,29,37,50,51 
As a corollary, LV involvement in ACM cannot be ruled 
out based solely on the lack of overt LV functional 
abnormalities on echocardiography, cine-CMR, or 
angiography.

The relationship between the amount of LV LGE 
and LVEF is of key importance for differential diagnosis 
of ALVC with DCM. While in patients with ALVC there 
is a linear correlation between reduction of LVEF and 
extent of LV LGE expressed as percentage of LV mass, 
in patients with DCM the LV systolic dysfunction and 
LGE are unrelated.29 Although speculative, the sever-
ity of LV systolic dysfunction in ALVC appears to be 
directly related to the amount of LV LGE/myocardial 
fibrosis because it is the cause of the reduction of the 
contractile myocardial mass; by contrast, in DCM the 
systolic dysfunction results from a primary impairment 
of the myocyte force generation and LGE occurs as an 
epiphenomenon of the LV remodeling.

Focal or patchy LV LGE is considered nondiagnos-
tic in the absence of other abnormal findings. Of note, 

the pattern of “junctional” LGE, which is characterized 
by focal/patchy involvement of the posterior (or less 
frequently anterior) ventricular septum at the site of RV 
attachment, is excluded from the diagnosis of ACM 
because of its nonpathologic nature.51

III/IV. Depolarization and Repolarization 
ECG Abnormalities
LV involvement can be predicted on standard ECG by 
(1) low QRS voltages in the limb leads (“peak-to-peak” 
QRS amplitude <0.5 mV limb in all leads); (2) T-wave in-
version in the leads exploring the lateral or inferolateral 
leads. Both ECG abnormalities have been classified as 
minor criteria, because of the low estimated disease 
specificity compared with other diseases and normal 
controls.24,29,51

The ECG pattern of low QRS voltages in limb leads 
has been reported as highly specific for LV involve-
ment in the context of ACM. The mechanism involved 
in the reduction of QRS voltages reasonably consists 
of the decrease of LV myocardial mass, which mostly 
accounts for the generation of the electrical activity 
causing the depolarization current responsible for the 
QRS complex. Why it mainly affects the limb leads re-
mains to be elucidated. The low sensitivity of low QRS 
voltages (<30%) may be explained by a dose–effect 
relationship between myocardial replacement by fibro-
fatty scar and reduction in QRS amplitudes in limb 
leads. This is in keeping with the significantly higher 
number of LV segments affected by LGE in patients 
with low QRS voltages in limb leads than in those with-
out this ECG abnormality.29

While T-wave inversion limited to the lateral precor-
dial leads (V5–V6) is an ECG marker of LV involvement, 
anterolateral T-wave inversion extending from leads V2 
to V6 may be the result of severe RV dilation. In fact, a 
severely dilated RV is displaced toward the axilla and a 
greater proportion of the ventricle is positioned under 
the ECG leads placed more laterally. Hence, the tradi-
tional LV leads (V4–V6) explore the electrical activity of 
the dilated and displaced RV rather than that of the LV.29

V. Ventricular Arrhythmias
The RBBB morphology of ventricular arrhythmias (net 
positive QRS complex in V1) may suggest their origin 
from the LV and has been proposed as a criterion for 
LV involvement. However, this is classified as a minor 
diagnostic criterion because of its low specificity not 
only for the underlying disease but also for the cham-
ber of origin of the arrhythmia.

An available mapping and catheter ablation study 
demonstrated that a RBBB VT morphology on stan-
dard ECG may be inadequate for identifying the LV or-
igin and, thus, diagnosing a LV disease involvement.52 
Two thirds of RBBB VT in this series of patients with 
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ACM originated from the apical/inferior septal regions 
of a dilated RV and showed an early transition to a neg-
ative QRS by V3. Only 17% of RBBB VT actually arose 
from the LV and characteristically exhibited a broad 
positive QRS in V1, lack of precordial QRS transition, 
and rightward QRS axis.

VI. Family History/Molecular Genetics
As reported in Tables 1, 2, and 4, the 2020 International 
criteria for the family history and molecular genetic cat-
egory remained unchanged when compared with the 
2010 TF criteria. However, more restricted indications 
for genotyping are proposed in the light of the increased 
awareness of the risk of misdiagnosis. Misinterpretation 
of molecular genetic results is the consequence of our 
limited current understanding of the genetic basis of 
ACM and the high genetic noise, because of frequent 
disease-associated genetic variants both in the normal 
population and other cardiomyopathies.53,54

Accordingly, genotyping: (1) is recommended to 
identify a pathogenic or likely pathogenic mutation in 
a proband who already fulfills the diagnosis of right-
dominant or biventricular ACM, with the aim to apply 
mutation-specific cascade genetic testing for detec-
tion of gene carriers at a preclinical phase among 
family members55; (2) may be considered to achieve 
a diagnosis in selected patients with borderline phe-
notypic manifestations, provided that the results are 
interpreted by experts on the molecular genetics of 
ACM5; and (3) is mandatory for diagnosis in patients 
with an ALVC phenotype and no clinically detectable 
RV involvement, because demonstration of a patho-
genic mutation in ACM-related genes is the most spe-
cific finding linking the LV phenotypic features to ACM.5

DIAGNOSIS OF PHENOTYPIC 
VARIANTS OF ACM
Figure 4 illustrates the flow chart of diagnosis of major 
phenotypic variants of ACM according to the 2020 
International criteria.

Unlike genetically determined cardiac ion channel 
disorders, pathogenic mutations, ECG abnormalities, 
or arrhythmias are not sufficient for diagnosis of ACM, 
which is a structural heart muscle disease. According 
to the 2020 International criteria, any diagnosis of ACM 
requires that at least 1 criterion, either major or minor, 
from category I (ie, morpho-functional RV abnormal-
ities) or II (ie, structural RV abnormalities) be fulfilled.

“Definite” ARVC (ie, the original “RV dominant” vari-
ant) is diagnosed in patients fulfilling 2 major, 1 major 
and 2 minor, or 4 minor RV diagnostic criteria from dif-
ferent categories. Patients with 1 major and 1 minor, or 
3 minor RV diagnostic criteria from different categories 
are diagnosed with “borderline” ARVC and patients 

with 1 major or 2 minor RV diagnostic criteria with 
“possible” ARVC. Although “possible” and “borderline” 
diagnoses may be justified for everyday clinical activity, 
particularly in case of limited access to CMR, their use 
should be discouraged for research studies.

In patients with biventricular ACM, the disease spec-
ificity of the LV phenotypic criteria is ensured by the 
concomitant fulfilment of the criteria for the RV pheno-
type. In these patients, the diagnosis of “biventricular” 
ACM can reasonably rely on morpho-functional and/
or structural abnormalities of both ventricles and clas-
sified as definite, borderline, or possible depending on 
the total number of fulfilled criteria for either the RV or 
LV phenotypes.

In patients with no RV abnormalities, the diagnosis 
of ALVC cannot be achieved on the basis of the LV 
phenotypic criteria only. In fact, morpho-functional and 
structural LV abnormalities of ACM do not provide suf-
ficient disease specificity because of the overlap with 
the phenotypic features of other heart muscle diseases 
such as DCM, myocarditis, or cardiac sarcoidosis. 
Hence, the diagnosis of ALVC requires, in addition to 
consistent LV phenotypic features, the demonstration 
of a positive genotyping for pathogenic or likely patho-
genic ACM-causing gene mutations.

Clinical Impact
To estimate the clinical impact of the 2020 International 
criteria, we applied the new scoring system “post hoc” 
to 112 patients diagnosed with ACM over the period 
2015 to 2019 at the University of Padua; results for 
these patients were previously published by our group 
in the Journal of the American Heart Association.29 All 
patients fulfilled the 2010 International Task Force cri-
teria for definite (n=87), borderline (n=15), and possible 
(n=9) ARVC.

Of the 87 patients previously diagnosed with defi-
nite ARVC, 51 also fulfilled the new LV criteria, either 
morpho-functional or structural, and were reclassi-
fied as biventricular ACM. Of 15 patients previously 
diagnosed with borderline ARVC, 5 were reclassified 
as definite ARVC because they met the RV LGE crite-
rion and 6 as biventricular ACM because of evidence 
of LV LGE (Figure 3). Of 9 patients previously diag-
nosed with possible ARVC based on the detection 
of a pathogenic desmosomal-gene mutation (ie, 4 
Desmoplakin, 3 Filamin C, and 2 Desmoglein gene 
mutations) in the absence of RV morpho-functional 
and/or structural abnormalities, 7 were reclassified as 
ALVC because they met the LV major structural (LV 
LGE) criterion.

Hence, the clinical impact of the use of the 2020 
International criteria was the increase of diagnostic ac-
curacy for ACM and a better characterization of the 
disease phenotype.



J Am Heart Assoc. 2021;10:e021987. DOI: 10.1161/JAHA.121.021987� 15

Corrado et al� Diagnosis of Arrhythmogenic Cardiomyopathy

CONCLUSIONS
The lack of specific diagnostic criteria for left-sided var-
iants of ACM has resulted in clinical under-recognition 
of patients with phenotypes other than the original 
ARVC over the 4 decades since the disease discov-
ery. The development of the 2020 International criteria 
based on the evolving clinical experience with the ex-
panding spectrum of ACM phenotypes was needed 
to fill the diagnostic gap of the previous 1994 and 
2010 TF guidelines and to provide a codification for 
future translational and clinical research. The 2020 
International criteria aimed to improve the diagnosis of 
ACM by providing new criteria for diagnosis of biven-
tricular and ALVC phenotypes, particularly by means 
of the incorporation of CMR tissue characterization 
findings as well as LV depolarization and repolarization 
ECG abnormalities and ventricular arrhythmias.

The 2020 International criteria are heavily depen-
dent on CMR, which has become mandatory to char-
acterize the ACM phenotype and to exclude other 
diagnoses. Preliminary data confirm that the clinical 
use of the 2020 International criteria substantially im-
pacts the diagnostic accuracy and permits a compre-
hensive identification of the phenotypic variety of ACM, 
mostly by virtue of demonstration of RV and LV LGE/
myocardial fibrosis by CMR.

The validity of this new diagnostic approach 
needs to be assessed by future studies on large pa-
tient populations. The routine application of the 2020 
International criteria in real-world clinical practice will 
be crucial for future refinement and correlation with 
therapeutic outcomes.
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