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Arrhythmogenic cardiomyopathy (ACM), as it has 
been recently redefi ned1, is characterized by progres-
sive myocyte loss with fi brosis and fat infi ltration of 
the myocardium, which fi nally leads to a broad clinical 
spectrum ranging from heart failure symptoms to sud-
den cardiac death (SCD). The fi bro-fatty infi ltration 
begins from the epicardial layer and progresses to the 
endocardium2. From a historical point of view, the di-
sease was initially considered a dysplasia, secondary 
to a congenital defect in the formation of the right 
ventricular myocardium. Subsequently, it has been dis-
covered that the pathological substrate is represented 

by a genetic defect in the cardiac desmosmes3. SCD 
is the fi rst symptom of the disease in up to 20% of 
cases4 and ventricular arrhythmias can appear early in 
the disease5,6, all these making the immediate diagno-
sis crucial. The estimated prevalence of ACM ranges 
between 1:2000 and 1:5000 persons3.

 In the past decades, the development of new elec-
trocardiographic and imaging diagnostic criteria for 
ACM constituted an important area of research and 
resulted in the elaboration of the Padua criteria. The 
novelty of these criteria, when compared to the 2010 
International Task Force ones, mainly resides in the 
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addition of the left ventricular phenotype’s diagnostic 
features. The framework designed by Corrado et al. 
comprises morpho-functional ventricular abnormaliti-
es as assessed by echocardiography, cardiac magne-
tic resonance (CMR) imaging or angiography; tissue 
characterization fi ndings by CMR; repolarization, and 
depolarization abnormalities on the ECG; ventricular 
arrhythmias, and family history/ genetics1.

Echocardiography plays an important role in both 
the diagnosis and the identifi cation of patients at high 
risk. Echocardiographic features are involved in the di-
agnosis of ACM both as major and minor criteria. The 
Padua criteria now include only one major echocar-
diographic criterion for right ventricular involvement, 
which is represented by the association of right ven-
tricle (RV) akinesia, dyskinesia, or bulging with each 
of RV dilatation or dysfunction, disregarding their se-
verity (Figure 1). An additional new minor criterion is 
represented by regional RV wall motion abnormaliti-

es, without RV enlargement or systolic dysfunction. 
The use of reference values for cavity size and systolic 
function according to the currently acknowledged no-
mograms is recommended for better diagnostic accu-
racy. Reference values also play an important role in 
the differential diagnosis of physiologic versus patho-
logic RV enlargement in athletes1.

Different studies have discussed the optimal echo-
cardiographic views and techniques for best measuring 
RV dimensions (Figure 2). For example, in 38 patients 
with ACM and 10 healthy controls, the right ventri-
cular outfl ow tract (RVOT) diameter measured by 
the parasternal long axis M-mode of the left ventricle 
(LV) was best correlated with CMR data7. Furthermo-
re, 3D echocardiography is superior to standard 2D 
echocardiography in measuring RV volumes and the 
results are generally correlated with those measured 
by CMR. Moreover, 3D echocardiography is useful in 
the calculation of RV ejection fraction (EF)8. 

While in the beginning it was considered that ACM 
only affects the RV, more and more studies have 
shown that the LV is also involved1,9. In recent studies, 
left ventricular involvement was found in 47-60% of 
cases10-12. Reduced LV EF, reduced LV global longitu-
dinal strain independent of LV enlargement, as well as 
regional hypokinesia or akinesia with preserved LV EF, 
are minor diagnostic criteria for the „biventricular” or 
„dominant-left” disease variants1.

Several echocardiographic parameters also have 
prognostic value and help in identifying patients at high 
risk for adverse events. Right atrium (RA) area, left 
atrium (LA) area and volume index, RVOT, RV fractio-
nal area change, tricuspid annular plane systolic excur-
sion (TAPSE) and tricuspid annular plane peak systolic 
velocity were signifi cantly higher in patients with ACM 

Figure 1. Transthoracic echocardiography, apical 4-chamber view: RV bul-
ging with dilatation; Trabeculations of the LV apex.

Figure 2. Transthoracic echocardiography- examples of measuring the RV dimensions from different views in a 18y old patient with ACM: A- PLAX, proxi-
mal RVOT; B-PSAX, proximal RVOT; C- AP4C, RV basal, mid-cavity and longitudinal dimensions.
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patients with biventricular involvement had more 
frequently non-desmosomal mutations, higher levels 
of hs-cTnT and NT-pro-BNP and shared a history of 
competitive sports15.

Speckle tracking imaging is a useful tool for detec-
ting the presence of myocardial fi brofatty tissue which 
is a well-known marker of contractile dysfunction. In 
a study that included 34 patients with ACM (17 with 
previous sudden death or ventricular tachycardia), the 
right ventricular free wall global longitudinal strain 
(GLS) and strain rate had signifi cantly lower values in 
patients with symptoms, when compared with asymp-
tomatic patients. Moreover, a cut-off value of 17.3% 
for the RV GLS and 1.35 per second for the RV global 

and atrial arrhythmias compared to those without 
atrial arrhythmias (Figures 3 and 4). RA area, LA vo-
lume index, RVOT diameter and TAPSE were associ-
ated with increased odds of having atrial arrhythmias, 
even after adjusting for age13. In 48 patients with ACM 
followed for 6-18 months, e’ of the tricuspid valve an-
nulus, peak E velocity of the mitral valve, septal e’ at 
the mitral valve, RA area and volume, alongside with 
right ventricular myocardial performance index were 
strong predictors for major adverse cardiac events14. 
Moreover, among 64 patients with ACM defi ned by 
imaging criteria (echocardiography and CMR), as well 
as genetic testing, lower RV EF and LV EF values were 
predictive for biventricular involvement. Moreover, 

Figure 3. Transthoracic echocardiography- examples of evaluating the longitudinal function of the RV in 49y old patient with ACM: A. TAPSE=16 mm;
B. Tricuspid annular plane peak systolic velocity=8.6 cm/s.

Figure 4. Transthoracic echocardiography- example of RV fractional area change in a 18y old patient with ACM:  A. End-diastolic area tracing; B. end-
systolic area tracing; RV FAC 30.1%.
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other pathological conditions. CMR is the gold stan-
dard for the evaluation of RV volumes and function, 
due to its superior spatial resolution and tissue cha-
racterization. From 2481 CMR examinations, among 
which 124 were performed for suspected ACM, 4% of 
patients had ACM imaging criteria and 13% of the fi n-
dings were consistent with ACM mimics. Moreover, 
when compared with TTE, CMR was superior in the 
recognition of ACM mimics (13% versus 1%)20. Other 
CMR studies reported a prevalence of ACM mimics 
between 4.4% and 5%21,22. In a small study that included 
51 patients (20 with ACM, 11 athletes and 20 contro-
ls), echocardiographic criteria as established by both 
TFC and ASE, were not able to differentiate betwe-
en ACM patients and athletes23. Another study that 
compared 34 healthy athletes with 34 ACM patients 
and 8 trained athletes with ACM using CMR, aimed 
to assess the diagnostic effi ciency of RV end-diastolic 
volume (RVEDV) and RV EF and the additional value 
of strain analysis. RVEDV was not decisive for the po-
sitive diagnosis of ACM, as almost 95% of the athletes 
fulfi lled the criteria on RV dilatation. However, strain 
and strain rate values of the midventricular RV free 
wall were signifi cantly lower in the ACM group24. 

The LV phenotype in biventricular ACM can be 
easily confused with that of dilated cardiomyopathy 
(DCM) and CMR also proved useful in the differential 
diagnosis of these two entities. In a study that included 
87 patients with ACM and 153 patients with DCM, 
LV-LGE was present in all patients with ACM and LV 
systolic dysfunction and only in 45% of patients with 

longitudinal strain rate predicted sudden death/ ven-
tricular tachycardia with a sensitivity up to 88% and 
a specifi city of 77%16. Speckle-tracking imaging is also 
useful in the prognostic stratifi cation of fi rst-degree 
relatives of patients with ACM. Normal RV deformati-
on was correlated with no disease progression during 
follow-up, while abnormal RV deformation in early 
stages of ARVC was associated with disease progres-
sion17.

In spite of all the discussed advantages, two-dimen-
sional transthoracic echocardiography has a limited 
role in the diagnosis of ACM, because regional ano-
malies of the right ventricular free wall can be often 
missed. On this matter, intracardiac ultrasound and 
transesophageal echocardiography have similar dia-
gnostic value as CMR, as they can better identify loca-
lized aneurysms, bulges and saculations18.

In the attempt to overcome previous limitations, 
CMR has evolved into the main imaging tool for ACM 
diagnosis (Figure 5). Transmural RV late gadolinium 
enhancement (LGE) in two orthogonal planes and LV 
myocardial LGE in a „stria” pattern involving more 
than one segment are major criteria for the diagnosis 
of ACM1. In the early stages of the disease, the LV 
infero-lateral wall and the peritricuspid area can be 
the only regions involved. LGE can detect myocardial 
scars in the LV infero-lateral wall even in these stages, 
thus being an extremely important diagnostic tool19.

The positive diagnosis of ACM is often burdened by 
the presence of the so called „ACM mimics”, which 
can either be normal variants mimicking the disease or 

Figure 5. CMR of a 49y old patient with ACM: A. RV enlargement, RVOT= 43 mm; B. RV aneurysms; C. adipose infi ltration of the RV free wall.
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ment to an apparent clinical phenotype27. In another 
study that included 175 patients with ACM as defi ned 
by the International Task Force in 2010, an abnormal 
CMR was in all cases associated with the appearan-
ce of SCD, resuscitated cardiac arrest or appropriate 
implantable cardiac defi brillator fi ring. Moreover, LV 
involvement at CMR alongside non-sustained ventri-
cular tachycardia were independent risk factors for 
hard cardiac events28.

Finally, CMR could serve in the early detection of 
different genetic forms of ACM and in the individua-
lizing of the therapeutic approach. In a study that in-
cluded 44 patients with ACM who were evaluated by 
CMR and classifi ed according to their genetic conditi-
on (desmosomal mutation, non-desmosomal mutation 
or negative), LV-LGE pattern did not differ betwe-
en the three groups, with a dominant subepicardial 
enhancement. However, patients with non-desmoso-
mal mutations had signifi cantly greater rates of an an-
nular or circumferential subepicardial LV-LGE pattern. 
Moreover, patients with desmosomal mutations had 
higher RV-LGE, when compared to the two remaining 
groups29. 

Although not included in the current diagnostic 
criteria1, cardiac CT has the ability to detect RV di-
latation, wall motion abnormalities, an indented RV 
surface, trabecular enlargement, as well as the pre-
sence of adipose infi ltration. Moreover, regional wall 
motion abnormalities evaluated by multidetector CT 
were concordant to those assessed by MRI or echo-
cardiography. 4D-cine CT can accurately assess the 
complex anatomy of the RV, as well as the degree of 
fatty infi ltration of the RV wall. Thus multidetector CT 
could be a reasonable alternative in patients in which 
the MRI is less likely to be performed5. PET-CT can be 
useful in differentiating ACM from sarcoidosis30.

It is well known that the quantifi cation of adipose 
tissue could have a great prognostic value, as advanced 
stages of ACM were associated with more extensive 
epicardial fat. In a study that included 44 patients with 
ACM and 45 controls, cardiac CT was used in order 
to evaluate different distributions of adipose tissue: in-
tra-thoracic, mediastinal and total epicardial adipose 
tissue. The amount of adipose tissue inside the visceral 
pericardium was signifi cantly higher in patients with 
ACM. Moreover, there was more adipose tissue loca-
lised around LV and RV in patients with ACM, when 
compared to controls, with no differences regarding 
total intrathoracic adipose tissue or atrial adipose tis-
sue. Thus, LV epicardial fat could also help in the di-

DCM. In addition, the extent of LGE was signifi cantly 
greater in patients with ACM-LV phenotype and a LV-
LGE ≥20% had a 100% specifi city for ACM with LV in-
volvement. The distribution of LGE was also different 
in the two groups, affecting more often the subepicar-
dial layers in ACM and the midmural layers in DCM11.

Feature Tracking Cardiovascular Magnetic Reso-
nance (FT-CMR) allows the calculation of myocardial 
strain values and plays a central role in the evaluation 
of RV pathology. FT-CMR is superior to other strain 
analysis techniques through its shorter post-proces-
sing times and it is operator dependent to a smaller 
extent. All available software methods are capable to 
distinguish ACM patients from controls by global stra-
in. Moreover, subtricuspid region strain is abnormal in 
ACM patients for all software methods, thus emphasi-
zing the possible role of FT-CMR in the early diagnosis 
of ACM25. CMR-FT also proved useful in the detection 
of impaired LV global and regional peak systolic strain 
in patients with ACM and preserved LV EF, thus iden-
tifying the LV involvement more rapidly. In addition, 
LGE in LV myocardium is detected by CMR-FT even 
in patients with preserved LV EF and this can possibly 
imply the presence of fi bro-fatty infi ltration in the LV 
myocardium. RV altered mechanics could contribute 
to the appearance of LV dysfunction in patients with 
ACM. Among 68 ACM patients, RV global radial strain 
was signifi cantly associated with LV global and regional 
longitudinal peak strain10. Moreover, CMR strain is sig-
nifi cantly lower in the cicatricial myocardial segments 
and lower strain values are superior to LGE in the 
detection of the arrhythmogenic substrate, thus ser-
ving in the early identifi cation of patients with ACM at 
increased risk for ventricular arrhythmias26. 

 In addition, CMR can detect myocardial fat infi ltra-
tion and fi brosis, both of them with important pro-
gnostic value. Native T1 mapping is a hopeful imagistic 
tool for the detection of diffuse fi brosis. In a study that 
included 43 patients with ACM (13 genotype-positi-
ve patients with ACM according to 2010 Task Force 
Criteria, 17 genotype-positive at-risk relatives without 
fulfi lling Task Force Criteria and 13 control subjects), 
LV LGE was documented in 69% overt patients, 41% 
of the relatives and in no controls.  Both mean LV T1 
and T1 dispersion were signifi cantly higher in overt 
patients. In addition, when compared to control pati-
ents, T1 dispersion was signifi cantly greater in relati-
ves, mainly secondary to elevated times in LV inferior 
and posterolateral regions. In this manner, asympto-
matic patients could be identifi ed before the advance-
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agnosis of ACM with up to 71% specifi city and 91% 
sensitivity31.

Radionuclide angiography may be useful in the 
assessment of RV EF, RV volume, and the standard 
deviation of regional times of end systole. Abnormal 
myocardial sympathetic function evaluated by single-
photon emission computed tomography has been cor-
related with the recurrence of ventricular arrhythmi-
as8. 

The d iagnosis of ACM is challenging particularly 
because of its heterogeneity in presentation, which 
varies from focal RV involvement to biventricular or 
prominent LV phenotype. Additionally, eve n with the 
widespread availability of modern imaging techniques, 
there is still a lack of awareness in the health care 
community and this pathology persist in being under- 
or misdiagnosed. Given  the limited indication of en-
domyocardial biopsy for the diagnosis of ACM1, one 
can conclude that the progress that has been made 
in the last few years in the multimodality imaging fi eld 
is of utmost importance for the early detection and 
proper treatment of patients with ACM, providing va-
luable prognostic information.
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