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Cardiac MR Findings and Potential 
Diagnostic Pitfalls in Patients Eval-
uated for Arrhythmogenic Right 
Ventricular Cardiomyopathy1

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a 
familial cardiomyopathy characterized by fibrofatty replacement of 
the myocardium, ventricular tachycardia, and ventricular dysfunc-
tion that affects primarily the right ventricle (RV). This disease is 
not common but can be seen more frequently in young adults, and 
clinical manifestations range from no symptoms to lethal arrhyth-
mia and sudden death. The diagnosis of ARVC is challenging and 
is based on the recently revised international task force criteria. 
Given the strengths of cardiac magnetic resonance (MR) imaging 
for depicting the RV, this modality plays an important role in the 
diagnosis of ARVC. Functional and structural abnormalities of the 
RV depicted with cardiac MR imaging constitute major and minor 
criteria in the revised task force criteria. Since the ARVC program 
was established at our center in 1998, there has been an increased 
awareness of a number of normal variants that are commonly mis-
interpreted as showing evidence for ARVC. On the basis of our 
clinical experience, the overdiagnosis of ARVC appears to reflect 
two fundamental problems: (a) a lack of awareness of diagnostic 
criteria that identify major and minor variables to be used for the 
diagnosis of ARVC, and (b) a lack of familiarity with the normal 
variants and mimics that may be misinterpreted as showing evi-
dence of ARVC. The purpose of this article is to review the typical 
patterns of ventricular involvement in ARVC at cardiac MR imag-
ing and to compare those with the patterns of normal variants and 
other diseases that can mimic ARVC. Online supplemental material is 
available for this article.
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Introduction
Arrhythmogenic right ventricular cardiomyopathy (ARVC) is an inher-
ited disease characterized by fibrofatty replacement of the myocardium, 
life-threatening ventricular arrhythmias, and cardiac dysfunction, pre-
dominantly of the right ventricle (RV). Inheritance of one or more des-
mosomal mutations leads to the disease, and the inheritance follows  

After completing this journal-based SA-CME activity, participants will be able to:
 ■ Identify the task force criteria for ARVC.

 ■ List potential mimics of ARVC and the pitfalls in its identification, in the order of their 
frequency.

 ■ Discuss how to differentiate ARVC from its mimics.

See www.rsna.org/education/search/RG.
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The purpose of this article is to review the typi-
cal patterns of ventricular involvement in ARVC at 
cardiac MR imaging and compare those with the 
patterns of normal variants and other diseases that 
can mimic ARVC, to help radiologists and other 
imagers avoid misdiagnosis. First, the diagnostic 
criteria for ARVC are reviewed. Then our imag-
ing protocol, the task force criteria for ARVC, and 
other ARVC findings are detailed. Various normal 
variants that can be mischaracterized as findings of 
ARVC are covered. Finally, the pathologic condi-
tions that mimic findings of ARVC are discussed.

Diagnostic Criteria for ARVC
Diagnostic criteria for ARVC were initially de-
scribed by the international task force of cardio-
myopathies in 1994; these criteria are known as 
the task force criteria (5,10,11). Structural and 
functional ventricular abnormalities at echocar-
diography or cardiac MR imaging, electrocar-
diographic abnormalities, a personal history of 

an autosomal dominant pattern with variable 
penetrance. The prevalence of ARVC ranges from 
0.05% to 0.1%; and in North America, ARVC is 
equally common in male and female subjects (1,2). 
In spite of the low prevalence, evaluation for ARVC 
accounts for a disproportionately high percentage 
of referrals to cardiac magnetic resonance (MR) 
imaging centers (3). This observation is likely due 
to the fact that ARVC may first manifest with fatal 
arrhythmias in a relatively young individual (4,5). 
Patients typically present between the 2nd and 
4th decades of life. However, cases of ARVC have 
been reported with patient ages ranging from 8 to 
80 years (mean age, 33 years) (6). ARVC is one 
of the most common causes of sudden death in 
those aged 35 years and younger, especially in 
athletes; and ARVC causes as many as 10% of the 
deaths from undiagnosed cardiac disease in subjects 
younger than 65 years old (7,8). Unfortunately, in 
20%–50% of cases, sudden cardiac death is the first 
manifestation of ARVC (2,9). 

Table 1: Original and Revised Imaging Task Force Criteria for the Diagnosis of ARVC

1994 Task Force Criteria* 2010 Task Force Criteria

Major criteria
Severe RV dilatation and reduction of RV 

ejection fraction with or without (or with 
only mild) LV impairment

Localized RV aneurysms (akinetic or  
dyskinetic areas with diastolic bulging)

Severe segmental dilatation of the RV

Two-dimensional echocardiographic criteria
 Regional RV akinesia, dyskinesia, or aneurysm
 Plus one of the following (end-diastolic): (a) PLAX RVOT  

 ≥ 32 mm or PSAX RVOT ≥ 36 mm, or (b) fractional area  
 change ≤ 33%†

MR imaging criteria
 Regional RV akinesia, dyskinesia, or dyssynchrony‡

 Plus one of the following: (a) ratio of RV end-diastolic volume  
 to body surface area ≥ 110 mL/m2 (male) or ≥ 100 mL/m2  
 (female), or (b) RV ejection fraction ≤ 40%

RV angiographic criteria
 Regional RV akinesia, dyskinesia, or aneurysm

Minor criteria
Mild global RV dilatation and/or ejection 

fraction reduction with normal LV
Mild segmental dilatation of the RV
Regional RV hypokinesia

Two-dimensional echocardiographic criteria
 Regional RV akinesia, dyskinesia, or aneurysm
 Plus one of the following (end-diastolic): (a) PLAX RVOT  

 ≥ 29 to < 32 mm or PSAX RVOT ≥ 32 to < 36 mm, or  
 (b) fractional area change of 33%–40%†

MR imaging criteria
 Regional RV akinesia, dyskinesia, or dyssynchrony‡

 Plus one of the following: (a) ratio of RV end-diastolic volume  
 to body surface area ≥ 100 to < 110 mL/m2 (male) or ≥ 90 to 
 < 100 mL/m2 (female), or (b) RV ejection fraction > 40% to  
 ≤ 45%

RV angiographic criteria
 Regional RV akinesia, dyskinesia, or aneurysm

Sources.—References 5 and 11. 
Note.—LV = left ventricle, PLAX = parasternal long axis, PSAX = parasternal short axis, RVOT = RV out-
flow tract. 
*Global or regional dysfunction and structural alterations. 
†RVOT values corrected for body size. 
‡Dyssynchronous RV contraction.
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Despite the strengths of cardiac MR imaging 
in the diagnosis of ARVC, a high potential for 
misdiagnosis remains because of the inherent 
difficulties in quantitative and qualitative as-
sessment of the RV (13). Although cardiac MR 
imaging is considered the standard of reference 
for determining the structure and function of 
the RV and the LV, the use of cardiac MR imag-
ing alone is not the standard of reference for the 
diagnosis of ARVC. Instead, the task force cri-
teria emphasize the use of multiple diagnostic 
tests (4,5). Additionally, normal variants as well 
as other disorders of the RV mimic the find-
ings of ARVC at cardiac MR imaging. Incorrect 
interpretation of cardiac MR imaging findings 
can have serious consequences for the patient, 
resulting in patient anxiety, inappropriate in-
vasive therapy, including implantable cardiac 
defibrillator placement, and, not infrequently, 
unnecessary workup and treatment of the pa-
tient’s relatives. For this reason, physicians, 
especially radiologists and cardiologists, should 
become familiar with how to diagnose this 
disease and should be aware of the pathologic 
and physiologic conditions that have similar 
manifestations.

Cardiac MR Imaging:  
Protocol, Diagnostic Cri-  

teria, and Other Findings

MR Imaging Protocol
The cardiac MR imaging studies were performed 
on a 1.5-T imager (Avanto; Siemens, Erlangen, 
Germany). Our cardiac MR imaging protocol for 
ARVC evaluation is shown in Table 2.

arrhythmia, a family history of sudden death or 
known ARVC, and histopathologic changes at bi-
opsy were the categories of findings that made up 
the original task force criteria (5). These criteria 
had the advantage of high specificity (high true-
negative rate for subjects without ARVC) but were 
limited by low sensitivity (low true-positive rate for 
subjects with ARVC), especially in the diagnosis of 
familial and early disease (5,9). The major or mi-
nor imaging criteria of the original 1994 task force 
criteria included the presence of global or regional 
RV dilatation (evaluated subjectively), RV micro-
aneurysm, or regional hypokinesia (3).

In 2010, these task force criteria were revised, 
with the objective of improving the sensitivity 
and specificity, and therefore the accuracy, for the 
diagnosis of ARVC (3,12). The revised criteria 
included quantitative and qualitative parameters 
for cardiac MR imaging, Holter monitoring, 
electrocardiography, and signal-averaged elec-
trocardiography, as well as genetic test results. 
Microaneurysms of the RV (dyskinesia in systole 
with persistent diastolic bulging) and segmental 
RV dilatation were removed from the imaging 
criteria because these two criteria were subjective 
and difficult to interpret (3–5,10,11) (Table 1). 
In this revised version of the task force criteria, 
the combination of (a) regional RV wall motion 
abnormality, such as akinesia, dyskinesia, or dys-
synchrony, and (b) reduced global RV function or 
increased RV end-diastolic volume index (quan-
titative assessment) is necessary to meet major or 
minor criteria at cardiac MR imaging (4,5). The 
addition of genetic test results to the task force 
criteria increases the sensitivity for diagnosis in 
subjects with familial disease (5,9).

Table 2: Cardiac MR Imaging Protocol

Parameter

Imaging Sequence

“T1” Dark Blood Bright-Blood Cine Delayed Enhancement

Mode Two-dimensional Two-dimensional Two-dimensional
Plane of imaging Axial, short axis Short axis, horizontal  

long axis, RVOT, axial
Short axis, axial

Type Fast spin-echo with or 
without fat suppression

  SSFP Segmented gradient echo

TR (msec)/TE (msec) 1–2 RR/28 2.6/1.3 7.2/3.2
Flip angle (degrees) 180 40–80 25
Section thickness (mm) 5 8 8–10
Section gap (mm) … 2 2
Field of view (cm) 24–36 30–40 30–36
Matrix (frequency phase) 144–256 × 192–256 192–256 × 160–192 130–256 × 176–192
Inversion time (msec) … … 150–250
Temporal resolution (msec) … 30–40 …

Note.—RR = R wave–to–R wave interval, SSFP = steady-state free precession, TE = echo time, TR = repetition time.
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Figure 1. Common locations of RV wall motion abnormalities in ARVC: cardiac MR images of 
a 23-year-old man with ARVC. (a) Bright-blood SSFP MR image obtained in the RVOT plane 
shows a microaneurysm in the RV free wall (arrow). (b) Short-axis bright-blood SSFP MR image 
shows the common locations (arrows) of RV wall motion abnormalities in patients with ARVC.

Task Force Criteria for ARVC
To meet diagnostic cardiac MR imaging criteria 
according to the revised task force criteria, any RV 
wall motion abnormality must be accompanied 
by quantitative RV dilatation or reduced function. 
Regional wall motion abnormalities are defined as 
akinesia (complete loss of movement), dyskinesia 
(movement of a myocardial segment outward in 
systole), or dyssynchrony (movement of a myo-
cardial segment outward in systole and inward in 
diastole). Sex-specific cutoffs for normalized RV 
volumes and RV ejection fraction are used (Table 
1). The severity of RV dilatation (quantitatively) or 
RV dysfunction determines whether cardiac MR 
imaging findings meet major or minor criteria. 
The most common task force criteria finding in 
patients with ARVC is a regional RV wall motion 
abnormality, which is frequently seen in the basal 
and mid free wall, the inferior wall, including the 
acute angle of the RV, and the RVOT (12,14) 
(Movies 1, 2 [online]) (Fig 1). In our experience, 
axial cine images are best for evaluation of the RV 
free wall, short-axis cine images for the inferior 
wall and angle of the RV, and RVOT views for the 
inferior wall. Regional wall motion abnormalities 
should be confirmed on images obtained in more 
than one imaging plane.

Other Non–Task Force  
Criteria Findings of ARVC
In addition to the task force criteria findings, 
several other findings may be encountered in pa-
tients with ARVC. Some of these findings are cat-

egories of wall motion abnormalities that are not 
part of the task force criteria. Microaneurysms of 
the RV, a severe form of wall motion abnormality, 
are small focal bulges in the wall of the RV that 
persist in systole and diastole (Fig 1) (15). An-
other type of focal wall motion abnormality is the 
“accordion sign,” which is a focal crinkling of the 
RVOT or the subtricuspid region of the RV free 
wall that becomes more prominent during systole 
(16). In prior studies, investigators showed that 
the presence of the accordion sign helps in diag-
nosing ARVC in family members who eventually 
meet diagnostic criteria. In addition, there is an 
association between this sign and the severity of 
the disease (16).

Another finding in subjects with ARVC is infil-
tration of fat. On the basis of the pathogenesis and 
the nature of myocardial tissue replacement, two 
morphologic features can be seen: (a) fatty tis-
sue (fatty or lipomatous pattern), and (b) fibrous 
and fatty tissue (fibrofatty or fibrolipomatous pat-
tern) (17–19). The fatty pattern is associated with 
preserved myocardial thickness, whereas in the 
fibrofatty pattern, there is marked thinning of the 
myocardium (7,17,20,21) (Fig 2). Intramyocar-
dial fat is more commonly seen in the basal and 
mid free wall, the RVOT, and the lateral apex 
and occasionally is seen in the inferoseptal por-
tion of the RV, the RV trabeculae, and the mod-
erator band (12,15,22,23). Fibrosis is usually 
seen in the same place as fat and may result in 
delayed enhancement after contrast material ad-
ministration. A strong association exists between 
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Figure 3. Fat deposition from a healed myocardial infarction in a 65-year-old man with a history of 
myocardial infarction. Axial bright-blood SSFP (a) and T1-weighted fast spin-echo non–fat-suppressed 
(b) MR images show increased signal intensity in the subendocardial region of the LV apex (arrowheads) 
secondary to fat deposition in the setting of a chronic myocardial infarction. Etching artifact (arrows in a), 
a cardiac MR imaging finding that results from the loss of signal in voxels that contain both fat and 
water protons, surrounds the apical fat on bright-blood MR images.

Figure 2. Infiltration of fat in the RV of two patients with a history of ARVC. Axial T1-weighted fast 
spin-echo non–fat-suppressed MR images of a 52-year-old man (a) and a 37-year-old man (b) show 
fingerlike projections of fat, which has high signal intensity, in the RV wall. Note that the pattern of infil-
tration of fat resulted in myocardial thinning in a, but myocardial thickness is preserved in b. The dotted 
line indicates the expected location of the myocardial wall.

the extent of delayed enhancement and RV dys-
function (23). However, to date, the pattern of 
fatty deposition and fibrosis and also the effect 
of the amount of epicardial fat on the diagnosis 
of ARVC are unknown.

Normal Variants Mischar-  
acterized as Findings of ARVC

Myocardial Fat
Although myocardial fat and wall thinning can 
be found in patients with ARVC at cardiac MR 
imaging (14,22,24,25), these findings are not 

diagnostic for ARVC. The presence of myocardial 
fatty or fibrofatty infiltration is not included in 
either the revised or the original task force crite-
ria because of (a) artifactual fat resulting from 
limited imaging techniques (22) and (b) the  
presence of fatty infiltration in physiologic (20–
24) and other pathologic states, such as healed 
myocardial infarction (18,24–30) (Fig 3), cardiac 
lipoma (31,32), lipomatous hypertrophy of the 
interatrial septum (33), tuberous sclerosis com-
plex (34), and dilated cardiomyopathy. Isolated 
and marked lipomatous infiltration of the RV 
appears to be a separate condition from ARVC 
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Figure 5. Incidental finding of RV fat in a 66-year-old woman with no history of ARVC. Axial T1-
weighted fast spin-echo non–fat-saturated (a) and T2-weighted fat-saturated (b) MR images show 
prominent mediastinal fat (* in a), pericardial fat (arrows), and epicardial fat (arrowheads). Note that 
the epicardial fat extends into the RV free wall. Fat can be seen as areas of high signal intensity on T1-
weighted images (a) and as areas of low signal intensity on fat-saturated images (b). Note that the sub-
endocardium is spared, and the RV size is normal.

Figure 4. Infiltration of fat in the LV of a 30-year-old man with a history of biventricular ARVC. Axial 
T1-weighted fast spin-echo non–fat suppressed (a) and T2-weighted fat-saturated (b) MR images show 
the typical infiltration of fat (arrow) in the lateral wall of the LV.

(35). Given that fibrofatty change is the histo-
pathologic hallmark of ARVC, many imagers are 
inclined to look for it to help support the diagno-
sis. However, the presence of RV myocardial fat 
at cardiac MR imaging should not be interpreted 
independently. We recommend the evaluation of 
fibrofatty infiltration only as a secondary assess-
ment after the evaluation of the more reliable 
functional and structural assessment of the RV as 
defined by the task force criteria (13,36).

Infiltration of Fat in ARVC.—In ARVC, fat can 
be deposited in both the RV (Fig 2) and the LV 
(Fig 4) (12). High-resolution two-dimensional 
fast spin-echo T1-weighted black-blood MR im-
ages with and without fat saturation can be used 
to identify fatty infiltration of the myocardium. Fat 
is recognized as a high-signal-intensity structure 
within the adjacent low-signal-intensity myocar-
dium, with a characteristic loss of signal with the 
use of fat-saturated pulse sequences (30). How-
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Figure 6. RV free wall tether in a 50-year-old man with no history of ARVC. Axial end-diastolic (a) and 
end-systolic (b) bright-blood SSFP MR images show tethering (arrow) of the pericardium along the RV 
free wall to the posterior sternum, which may be misinterpreted as dyskinetic RV wall motion. LA = left 
atrium, RA = right atrium.

ever, blurring of the fat-myocardial interfaces with 
the use of fast spin-echo sequences is a limitation 
of this approach, and relatively large amounts of 
fat are required for recognition at cardiac MR im-
aging (30). Fat deposition on cardiac MR images 
tends to have an infiltrative pattern with fingerlike 
projections disrupting the normal smooth contour 
of the RV (Fig 2). In ARVC, the most common 
locations of infiltration of fat are the epicardial RV 
and LV free walls and, occasionally, the inferosep-
tal portion of the RV, the RV trabeculae, and the 
moderator band (22,23).

Non-ARVC Fatty Infiltration of the RV.—Tansey 
et al (37) reported that the incidence of physi-
ologic myocardial fat deposition at autopsy of 
subjects who died of noncardiac causes was as 
high as 85%. Physiologic fat usually spares the 
subendocardium and characteristically increases 
the total thickness of the involved myocardium 
(Fig 5).This is in contrast to ARVC, in which 
fat replaces normal myocardium, resulting in an 
unchanged or thinner wall thickness (22). Physi-
ologic fat is seen more commonly in the RV 
than in the LV, and the incidence of physiologic 
fat is higher in obese, older, and female indi-
viduals (22,37). In the RV, the most common 
locations of physiologic fat are in the free wall 
and the RVOT, resulting in considerable overlap 
with the locations of fat in ARVC (18,22). An 
important limitation of the current literature is 
the lack of correlation between autopsy findings 
and cardiac MR imaging findings. To date, the 
sensitivity and accuracy of cardiac MR imaging 

in the depiction of the physiologic fat commonly 
seen at autopsy are unknown. Subjects with 
non–ARVC-related fat (without underlying car-
diac disease) have normal RV size and function, 
findings that can help distinguish such subjects 
from those with ARVC (35).

RV Free Wall Tether
The appearance of a band of pericardial connec-
tive tissue that joins the anterior free wall of the 
RV to the posterior aspect of the sternum may 
be seen in some normal subjects, a finding that 
results in a tethered appearance of the RV (Fig 6). 
At cine imaging, the tethered portion of the RV 
free wall remains static in location, whereas the ad-
jacent RV myocardium contracts normally (Movie 
3 [online]). In our experience, this finding may be 
misinterpreted as dyskinetic motion of the RV free 
wall related to ARVC. Because this abnormality 
is not related to intrinsic myocardial dysfunction 
but rather is an anatomic variant, it should not be 
misinterpreted as an RV wall motion abnormality. 
These patients have a triangular-shaped RV free 
wall, with the apex of the triangle directed toward 
the posterior portion of the sternum. Not infre-
quently, a localized area of pericardial thickening 
can be identified. This triangular region persists on 
systolic images.

Pectus Excavatum
In pectus excavatum, the distance between the 
sternum and the thoracic spine is decreased, 
thereby shifting the mediastinum to the left and 
causing a distorted appearance of the otherwise 
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Figure 7. Banana-shaped RV in a 40-year-old man 
with pectus excavatum. Axial bright-blood SSFP MR 
image obtained to rule out ARVC shows a banana-
shaped appearance of the RV. No findings were sugges-
tive of ARVC.

normal RV, which can potentially be mistaken 
for ARVC. Because patients being evaluated 
for ARVC are frequently young and otherwise 
healthy, some will have undiagnosed pectus 
excavatum at the time of cardiac MR imaging. 
Pectus excavatum deformity of the chest wall, 
which is reported to account for 90% of cases 
of congenital chest wall deformity, results in re-
stricted motion of the basolateral and inferolat-
eral walls of the RV (38). Pectus excavatum also 
causes narrowing of the RV base and relative en-
largement of the RV apex and the RVOT, poten-
tially leading to a misdiagnosis of ARVC (Movie 
4 [online]). The RV takes an elongated shape, 
which we refer to as the “banana-shaped RV” 
(Fig 7). In addition, distortion of the RV base 
on the short-axis images may result in incorrect 
quantitative functional analysis. Careful evalua-
tion of the RV base is recommended in patients 
with pectus excavatum, and apparent hypokine-
sia at this location should be discounted if mo-
tion is obviously restricted by the sternum (Fig 
8). Quantitative analysis of the short-axis images 
must be performed by using reference sections 
from the horizontal long-axis and RV inflow-
outflow planes to ensure that sections from the 
right atrium are not included in the RV volume.

Apicolateral Bulge
Subjective assessment of RV wall motion is 
challenging because of the variability of the RV 
shape. Regional RV wall motion abnormality is a 
necessary component for the diagnosis of ARVC 
in the revised task force criteria. Frequent sites 
for regional RV wall motion abnormality in 
ARVC include the basal and mid segments of 
the free wall, the inferior wall, including the 
acute angle of the RV, and the RVOT (12) (Fig 
1) (Movies 1, 2 [online]). However, the findings 
from studies performed by Sievers et al (39) 
and Fritz et al (40) showed a high prevalence of 
subjective regional RV wall motion abnormality 
at cardiac MR imaging in healthy volunteers. 
The most frequent site of apparent abnormality, 
which was seen in 79% of the healthy volun-
teers, was at the insertion site of the moderator 
band in the apicolateral wall (Fig 9) (Movie 5 
[online]). We describe this finding as the “api-
colateral bulge.” In our experience, wall motion 

abnormality in the apicolateral wall of the RV 
does not occur as an isolated finding of ARVC. 
However, because of the high incidence of api-
colateral bulge, it may be seen in some ARVC 
patients who would also have additional areas 
of regional wall motion abnormalities. The pres-
ence of an apicolateral bulge in isolation should 
therefore be considered a normal variant and, 
in the absence of other regional RV wall motion 
abnormalities, should not be used to meet major 
or minor revised task force criteria.

Apical Aneurysm
Normally, the cardiac apex is formed by the LV 
alone. A common anatomic variation is for both 
the RV and LV to form separate apices, a vari-
ant that has been called a “butterfly apex” (29). 
Sometimes, unusual prominence of the RV apex 
can be inadvertently called dyskinetic or aneu-
rysmal. In our experience, the RV apex and api-
colateral segments are not typically involved in 
isolation in ARVC, an observation that helps to 
avoid misdiagnosis in this situation. In addition, 
the butterfly apex can be distinguished from a 

Figure 8. Pectus excavatum compared with ARVC: (a–c) MR images of a 40-year-old man with pectus excavatum, 
and (d–f) MR images of a 54-year-old man with a history of ARVC. The axial end-diastolic (a, d) and short-axis 
bright-blood SSFP (b, c, e, f) MR images show that both patients have an elongated appearance of the RV, which may 
result in a false-positive diagnosis of ARVC in patients with pectus excavatum. Prominence of the RVOT (black arrow 
in a, white arrow in b) and the RV apex (arrowhead in c) can be seen because of the extrinsic compression of the base 
of the RV by the pectus abnormality (white arrow in a). These features can be distinguished from those in ARVC (d–f), 
in which there is dilatation of the entire RV, involving the base through the apex.
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Figure 10. Butterfly apex compared with normal cardiac apex. (a) Horizontal long-axis bright-blood 
SSFP MR image of a 41-year-old man with no history of ARVC shows a normal cardiac apex (arrow) that 
is formed by the LV only. (b) Horizontal long-axis bright-blood MR image of a 15-year-old female adoles-
cent who received a misdiagnosis of ARVC because of what was thought to be an RV apical aneurysm (ar-
row). However, this structure is a normal-variant butterfly apex, and the patient had no evidence of ARVC.

Figure 9. Apicolateral bulge in a 17-year-old female adolescent with no history of ARVC. Axial end-
diastolic (a) and end-systolic (b) bright-blood SSFP MR images were obtained because of the patient’s 
episodes of syncope. An apicolateral bulge (arrow in b) is depicted adjacent to the insertion of the mod-
erator band on the RV free wall, a finding that can be seen in normal subjects.

dyskinetic or aneurysmal segment because it will 
have normal wall motion during systole with the 
same systolic thickening and diastolic thinning as 
seen in adjacent normal RV segments (Fig 10).

Pulmonary Valve Sinuses
Abnormalities of the RVOT are common in pa-
tients with ARVC (41,42). Dilatation and dyski-
nesia of the RVOT are frequently seen (Fig 11). 
When imaged in the short-axis or RV inflow-
outflow planes, the pulmonary valve sinuses can 
give the appearance of dyskinetic systolic wall 
motion in the region of the RVOT. These sinuses 

fill with blood during systole, which results in 
a normal systolic bulge. Pulmonary valve leaf-
lets are frequently not well seen on cine SSFP 
(bright-blood) images, which makes interpreta-
tion of the findings in this region challenging. 
Misinterpretation is best avoided by closely 
evaluating the exact site of dyskinesia with 
the RV inflow-outflow plane of imaging. If the 
bulging segment is located above the annulus 
of the pulmonary valve, superior to the RVOT, 
then it represents normal outpouching of the 
pulmonary valve sinuses, whereas wall motion 
abnormalities in ARVC occur below this level 
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Figure 11. RVOT wall motion abnormality in a 36-year-old woman with a history of ARVC. RVOT (a, 
b) and short-axis (c, d) bright-blood cine SSFP MR images were obtained in diastole (a, c) and in systole 
(b, d). RVOT dyskinesia (arrows in c, d) can be seen at end systole and end diastole. The dotted line (a, 
b) indicates the level of the pulmonary valve annulus. Normal outpouching of the sinuses (arrow in a) oc-
curs above the level of the annulus, whereas wall motion abnormalities in ARVC (arrow in b) occur below 
this level. (See Fig 12 for comparison with normal pulmonary valve sinuses.)

(Fig 12) (Movie 6 [online]). Normal motion of 
the RVOT should be confirmed on the axial im-
ages. In our experience, regional dysfunction in 
the RVOT is rarely an isolated finding in ARVC, 
and other morphologic and functional abnor-
malities should be sought to confirm or exclude 
the diagnosis of ARVC.

Variants in RV Shape  
That Simulate RV Dilatation
Dilatation of the RV is an essential component 
of the diagnosis of ARVC at cardiac MR imaging 
and is included in the task force criteria. The se-
verity of the RV dilatation will determine if it ful-

fills major or minor criteria (5). Because RV end-
diastolic volume is a function of body size, this 
parameter is indexed to body surface area. This 
indexing is applicable to both cardiac MR imag-
ing and echocardiographic measurements. The 
index was selected on the basis of 108 probands 
with newly diagnosed ARVC (5). To meet the re-
vised task force criteria with cardiac MR imaging, 
the combination of (a) regional wall motion ab-
normality and (b) either RV dilatation or reduced 
global RV function is required (Table 1).

Normal variations of RV shape can simu-
late RV dilatation. Fritz et al (40) evaluated 30 
healthy volunteers with cardiac MR imaging and 
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Figure 12. Normal pulmonary valve sinuses in a 58-year-old woman. RVOT (a, b) and short-
axis (c, d) bright-blood cine SSFP MR images show normal pulmonary valve sinuses at end di-
astole (a, c) and end systole (b, d). On the short-axis images, the pulmonary valve sinus (arrows 
in c, d) can give the appearance of dyskinetic systolic wall motion. To avoid misdiagnosis, it is 
important to identify the level of the pulmonary valve annulus (dotted line in a, b). Normal out-
pouching of the sinuses (arrow in a, b) occurs above the level of the annulus, whereas wall motion 
abnormalities in ARVC occur below this level.

described three categories of normal RV shape. 
These categories include wedge-shaped RV, box-
shaped RV, and round RV. A wedge-shaped RV 
has a straight anterior free wall without any bulg-
ing or irregularity. This RV shape is what most 
imagers would consider the “typical” appearance 
of a normal RV. A box-shaped RV has bulging 
of the middle to apical free wall, which creates a 
squared-off appearance. This variety can be con-
fused with a dilated RV that is due to ARVC. A 
round RV has a smooth convex curve of the an-
terior free wall without straight segments or focal 
outpouching. Figure 13 shows the similarities be-
tween the box-shaped RV and the typical appear-
ance of the RV in a patient with ARVC.

Pathologic Conditions  
That Mimic Findings in ARVC

Sarcoidosis
Cardiac sarcoidosis can mimic ARVC in a variety 
of ways (43). Similar to those with ARVC, patients 
with cardiac sarcoidosis are at risk for arrhythmias, 
specifically conduction abnormalities and critical 
ventricular arrhythmias. Common sites of myocar-
dial involvement are the LV lateral wall and papil-
lary muscles, the basal aspect of the interventricu-
lar septum, the RV free wall, and the atrial walls 
(44). Sarcoidosis can sometimes involve the RV, 
with considerable overlap in appearance with that 
of the RV in ARVC. Clinical features and electro-
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Figure 13. Box-shaped RV compared with the typical appearance of the RV in ARVC. (a, b) Axial 
end-diastolic (a) and end-systolic (b) bright-blood SSFP MR images of a 71-year-old man with no his-
tory of ARVC were obtained because of a history of palpitations. (c, d) Axial end-diastolic (c) and end-
systolic (d) bright-blood MR images were obtained in a 24-year-old man with ARVC. Note the similari-
ties between the normal-variant box-shaped free wall of the RV (arrows in a) and the typical appearance 
of the bulging RV free wall in ARVC (arrows in d).

cardiographic findings are also similar to those in 
ARVC. Vasaiwala et al (45) showed that 15% of a 
group of 20 patients who were initially diagnosed 
with ARVC had sarcoidosis at endomyocardial 
biopsy. None of these patients had radiographic 
evidence of sarcoidosis. Two patients with ARVC 
and one with sarcoidosis had mediastinal lymph-
adenopathy at cardiac MR imaging. Imaging fea-
tures of RV sarcoidosis include global hypokinesia, 
microaneurysms, dilatation, and late myocardial 
enhancement (Fig 14). Differences in the overall 
pattern of the distribution of late myocardial en-
hancement may help distinguish between the two 
entities. Late myocardial enhancement in cardiac 
sarcoidosis is patchy and/or linear and subepicar-
dial and/or midmyocardial and typically involves 
the LV, especially the basal interventricular septum 

(46). In ARVC, delayed enhancement is typically 
absent. If it is found in ARVC, late myocardial en-
hancement may occur in the subtricuspid region, 
extending anteriorly into the RVOT (23) (Fig 15).

Myocarditis
Myocarditis is an inflammatory disorder of the 
myocardium and is a cause of sudden death in 
young adults (47). Myocardial inflammation 
can lead to cell death and replacement fibrosis, 
resulting in ventricular functional and structural 
changes (47–49). The range of symptoms extends 
from no symptoms to severe heart failure or criti-
cal arrhythmia (50). In patients with myocarditis, 
the overlap of the patient demographics, clinical 
symptoms, electrocardiographic changes, biopsy 
results, and imaging findings with those of ARVC 
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Figure 15. Delayed enhancement in a 44-year-old man with a history of ARVC. Short-axis (a) and 
axial (b) contrast-enhanced inversion-recovery gradient-echo MR images show delayed enhance-
ment in the angle of the RV (arrows in a) and in the RV free wall (arrows in b).

Figure 14. Delayed enhancement in a 33-year-old man with biopsy-confirmed cardiac sarcoid-
osis and heart failure. Horizontal long-axis (a) and short-axis (b) contrast-enhanced phase-sensi-
tive inversion-recovery MR images show patchy delayed enhancement in a nonischemic distribu-
tion. The RV is dilated, and there is extensive delayed enhancement of the RV free and inferior 
walls (black arrows), the subepicardial LV (white arrows), and the trabeculae (arrowhead).

can lead to a misdiagnosis of ARVC. Late myo-
cardial enhancement is found in the mid wall 
and/or the subepicardium, most often the lateral 
and inferior walls of the LV (49) (Fig 16). Myo-
carditis affecting the RV will result in reduced 
function and RV dilatation.

In 2009, Pieroni et al (48) compared cardiac 
MR imaging findings in patients with ARVC with 
those in patients with myocarditis. Clinical fea-
tures (with use of the Dallas criteria and the 1994 
ARVC task force criteria), the presence and sever-
ity of structural and functional RV abnormalities, 
and the distribution of late myocardial enhance-

ment were similar between the two groups. For 
example, in the RV, the most common findings in 
both diseases were regional wall motion abnor-
malities in the RVOT and anterior free wall. One 
important distinguishing characteristic of ARVC 
at cardiac MR imaging was intramyocardial fat 
deposition, a finding infrequently seen with myo-
carditis. Unfortunately, as discussed previously, the 
interpretation of intramyocardial fat depicted on 
cardiac MR images, especially in the RV, is a com-
mon source of diagnostic error. Pieroni et al (48) 
did note that all patients with myocarditis were 
asymptomatic and free from arrhythmic events at 
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Figure 16. Delayed enhancement in a 14-year-old male adolescent with acute myocarditis. 
Short-axis (a) and horizontal long-axis (b) contrast-enhanced inversion-recovery gradient-echo 
MR images show extensive circumferential subepicardial delayed enhancement extending to the 
subendocardial RV side of the interventricular septum (arrow).

follow-up, whereas nearly 50% of patients with 
ARVC experienced a recurrence of symptom-
atic ventricular arrhythmias. Therefore, clinical 
follow-up of patients with ambiguous cardiac MR 
imaging findings may be helpful in distinguishing 
between the two entities.

Pretricuspid Left-to-Right Shunts
Several diseases can cause RV dilatation and 
critical arrhythmia, but these diseases can be 
distinguished on the basis of the patient’s history 
and other findings from cardiac MR imaging or 
other modalities. Partial anomalous pulmonary 
venous return is one of these diseases that can be 
misdiagnosed as ARVC.

Shunts commonly result in RV dilatation and, 
if they are chronic, may result in RV systolic 
dysfunction. In the vast majority of patients, a 
left-to-right shunt will be easily diagnosed with 
echocardiography. However, some types of shunts 
may be difficult to identify at routine transthoracic 
echocardiography, such as those associated with 
partial anomalous pulmonary venous return, an 
unroofed coronary sinus, or sinus venosus atrial 
septal defects. The finding of RV dilatation in the 
absence of an identifiable shunt at echocardiogra-
phy may lead to referral for a cardiac MR imaging 
examination to rule out ARVC. Adding to the dif-
ficulty is the fact that both groups of patients can 
present with enlargement of the right atrium and 
RV and can have atrial and ventricular arrhythmias 
(51). Standard cardiac MR imaging sequences 
used in the evaluation for ARVC may not cover 
the entire thorax and therefore may not allow the 
depiction of partial anomalous pulmonary venous 

return (Fig 17). For this reason, we include a set 
of rapid bright-blood axial MR images through the 
entire thorax in our ARVC MR imaging protocol 
to evaluate pulmonary venous connections. In 
patients with clinical features that overlap between 
the two diagnoses, it may necessary to perform an 
echocardiographic bubble study, MR angiography, 
or computed tomographic angiography to exclude 
a left-to-right shunt.

Conclusions
The diagnosis of ARVC with cardiac MR imaging 
is difficult and, like the diagnosis of other rare con-
ditions, requires imaging experience with the dis-
ease. Diagnostic confidence is improved by using 
objective criteria from the revised task force criteria 
and using multiple diagnostic criteria, rather than 
relying on the findings at cardiac MR imaging. 
When appropriate, second opinions should be 
sought for difficult cases. Despite the strengths of 
cardiac MR imaging, the inherent difficulties in the 
quantitative and qualitative assessment of the RV 
can lead to a misdiagnosis of ARVC. Several com-
mon pitfalls frequently occur in the interpretation 
of cardiac MR imaging examinations for ARVC. 
The most common pitfalls, in our experience, are 
(a) erroneous diagnosis of either physiologic or 
artifactual fat infiltration and (b) misinterpretations 
of normal variants of RV wall motion. Knowledge 
of the characteristic locations and patterns of fatty 
infiltration, late myocardial enhancement, myo-
cardial thickness, regional and global wall motion, 
and morphology in ARVC and its common mimics 
will help avoid a misdiagnosis. Also, it is necessary 
to realize that although cardiac MR imaging is a 
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Figure 17. Partial anomalous pulmonary venous 
return compared with ARVC. (a, b) Horizontal 
long-axis bright-blood SSFP (a) and axial bright-
blood (b) MR images of a 16-year-old male adoles-
cent with a history of partial anomalous pulmonary 
venous return show RV dilatation, with an increase 
in the transverse chamber diameter. Connection of 
the pulmonary veins to the superior vena cava (arrow 
in b), instead of the left atrium, is depicted. (c) Hori-
zontal long-axis MR image of a 36-year-old woman 
with a history of ARVC shows that the RV size is 
similar in patients with ARVC and those with partial 
anomalous pulmonary venous return.

valuable modality in the diagnosis of ARVC, it is 
not the reference standard for diagnosis but in-
stead should be used in the context of all available 
clinical and imaging data. Fat alone should not be 
considered diagnostic for ARVC, and wall motion 
abnormalities in the absence of RV dilatation or 
reduced ejection fraction are not criteria for a diag-
nosis of ARVC. An understanding of the 2010 task 
force criteria is critically important for radiologists 
performing cardiac MR imaging in patients who 
are suspected of having ARVC.
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Page 1558
We recommend the evaluation of fibrofatty infiltration only as a secondary assessment after the evalu-
ation of the more reliable functional and structural assessment of the RV as defined by the task force 
criteria.

Page 1559
Physiologic fat usually spares the subendocardium and characteristically increases the total thickness 
of the involved myocardium.This is in contrast to ARVC, in which fat replaces normal myocardium, 
resulting in an unchanged or thinner wall thickness.

Page 1559
At cine imaging, the tethered portion of the RV free wall remains static in location, whereas the adjacent 
RV myocardium contracts normally.

Page 1560
Pectus excavatum deformity of the chest wall, which is reported to account for 90% of cases of con-
genital chest wall deformity, results in restricted motion of the basolateral and inferolateral walls of the 
RV. Pectus excavatum also causes narrowing of the RV base and relative enlargement of the RV apex 
and the RVOT, potentially leading to a misdiagnosis of ARVC.

Page 1565
Late myocardial enhancement in cardiac sarcoidosis is patchy and/or linear and subepicardial and/or mid-
myocardial and typically involves the LV, especially the basal interventricular septum.


