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Background

Arrhythmogenic right ventricular car-
diomyopathy (ARVC) is a cardiac disease
recently included among the cardiomy-
opathies characterized by either fatty or fi-
bro-fatty replacement of the normal right
ventricular myocardium1. ARVC patients
are generally young male individuals
showing a variety of ventricular arrhyth-
mias that may be severe and occasionally
cause sudden death, particularly during
physical activity2-4. Less frequently ARVC
is characterized by progressive heart failure
due to right ventricular dysfunction. ARVC
shows a variable degree of genetic inheri-
tance and is observed more frequently in
specific geographical areas. The diagnosis
is based on internationally accepted criteria
that are both clinical and instrumental5. 

In the past few years cardiovascular
magnetic resonance imaging (CMR) has
emerged as an important diagnostic tool in
ARVC6-14. CMR is the best diagnostic tech-
nique for the evaluation of both the anato-
my and function of the right ventricle and

therefore it has been used since its early in-
troduction to image ARVC patients6. Due
to the ability of CMR to detect fatty tissue,
it has been suggested that this technique
could permit a diagnosis of ARVC on the
basis of the recognition of the histopatho-
logical marker of this disease. Therefore, a
growing number of subjects with a clinical
suspicion of ARVC were scanned with the
aim of documenting fat. Several theoretical
and practical considerations challenge this
issue. Indeed, fat may be identified in a va-
riety of conditions including normal sub-
jects15-17 and technical constraints do not
allow the detection of small fat deposits.
Therefore, the detection of fat by means of
CMR for the diagnosis of ARVC is today
considered less important than in the past.
Other abnormal morphologic and function-
al aspects of the right ventricle in ARVC
may be precisely demonstrated; very fre-
quently these abnormalities are subtle and
seen exclusively at CMR. Specific diagnos-
tic criteria, and profound knowledge of the
subject are requested: unless these aspects
are known in depth, a large number of ei-
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ther false positive or missed diagnoses is to be expect-
ed. 

This document has been prepared by representa-
tives of the three Italian official Organizations involved
in CMR. Its main scope is to highlight the problems en-
countered when studying patients with suspected
ARVC by means of CMR, to indicate the basic techni-
cal equipment needed, to recommend a proper imaging
protocol and to offer a consensus on the main diagnos-
tic features that should be looked for.

Definition

In the classification of the World Health Organization
Report of Cardiomyopathies issued in 1996, ARVC is
described as a new entity of unknown origin. It is char-
acterized by fibro-adipose substitution of the myocardi-
um mainly involving the right ventricle. ARVC patients
have frequent severe ventricular arrhythmias that can
cause sudden death18-20: having been demonstrated in up
to 20% of deaths in individuals < 30 years of age, this
disease represents an important cause of mortality3. Re-
cently, ARVC has been shown to be the most common
cause of exercise-related sudden death among young
athletes in Italy4. ARVC is considered a progressive dis-
ease potentially leading to heart failure and death after a
variable number of years. The right ventricle is the car-
diac site preferentially affected but the left ventricle may
also be involved, especially in severe cases21.

Diagnosis of arrhythmogenic right ventricular
cardiomyopathy

There are no definite single elements allowing the
diagnosis of ARVC; the presence of ARVC may be tak-
en into consideration once other causes of right ven-
tricular disease have been ruled out. The diagnosis re-
lies upon the fulfillment of well-defined criteria5. These
include clinical and electrocardiographic features as
well as the pattern of ventricular contraction and/or the
results of endomyocardial biopsy. The criteria are list-
ed in table I. On the basis of this classification, the di-
agnosis of ARVC is set when two major criteria, or one
major plus two minor criteria, or four minor criteria
from different groups are present. 

Etiology and pathogenesis

Several hypotheses to explain the causes and patho-
genesis of ARVC have been put forward18,19. The first
considers ARVC as a developmental abnormality (i.e.
dysplasia) of the right ventricular myocardium. A sec-
ond one postulates the presence of a degenerative
process promoted by progressive myocardial cell death
due to apoptosis22,23. Yet another hypothesis suggests

that one or more inflammatory processes may trigger
some changes that eventually determine ARVC and its
manifestations. Both inflammatory lymphocytic infil-
trates and signs of viral infection24 have been demon-
strated in the myocardium of ARVC patients25,26. It
should be pointed out, however, that lymphocytic infil-
trates may be a response to spontaneous myocardial
death. Thus, there is no evidence to support the theory
that inflammation is a primary cause, rather than a re-
action to apoptosis27. Today, there is general consensus
about considering ARVC as the result of a generic pre-
disposition and/or susceptibility to viral infection fol-
lowed by an immune reaction and/or a genetically de-
termined spontaneous cell death. Indeed, clinical ge-
netic studies have indicated that the disease may be au-
tosomal-dominantly inherited with an age-related and
variable penetrance28, although only a small number of
mutations have been identified29-32.
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Table I. Criteria for the diagnosis of right ventricular cardiomy-
opathy.

I. Global or regional dysfunction and structural alterations
Major
Severe dilation and reduction of the RV ejection fraction with no
(or only mild) LV impairment.
Localized RV aneurysms (akinetic or dyskinetic areas with dias-
tolic bulging).
Severe segmental dilation of the right ventricle.
Minor
Mild global RV dilation or ejection fraction reduction with a nor-
mal left ventricle.
Mild segmental dilation of the right ventricle.
Regional RV hypokinesia.

II. Tissue characterization of walls
Major
Fibro-fatty replacement of the myocardium on endomyocardial
biopsy.

III. Repolarization abnormalities
Minor
Inverted T waves in right precordial leads (V2 and V3) (subjects
aged > 12 years, in the absence of right bundle branch block).

IV. Depolarization/conduction abnormalities
Major
Epsilon waves or localized prolongation (≥ 110 ms) of the QRS
complex in right precordial leads (V1 to V3).
Minor
Late potentials (signal-averaged ECG).

V. Arrhythmia
Minor
Left bundle branch block-type ventricular tachycardia (sustained
and non-sustained) (ECG, Holter, exercise testing).
Frequent ventricular extrasystoles (> 1000/24 hours) (Holter).

VI. Family history
Major
Familial disease confirmed at necropsy or surgery.
Minor
Family history of premature sudden death (≤ 35 years) due to
suspected RV dysplasia.
Family history (clinical diagnosis based on the present criteria).

ECG = electrocardiogram; LV = left ventricular; RV = right ven-
tricular. From McKenna et al.5, modified.



Pathology

The pathological diagnosis of ARVC is based upon
the evidence of a transmural fatty or fibro-fatty re-
placement of the right ventricular myocardium in the
absence of other cardiac and non-cardiac causes of
death33,34. Fatty or fibro-fatty replacement is observed
mainly at the infundibulum and apex, and in the pos-
tero-inferior wall in the so-called “triangle of dyspla-
sia”. Aneurysmal dilation or bulging, scars and wall
thinning may also be found. Ventricular dilation is usu-
ally observed. Two main pathologic presentations of
ARVC have been described: a pure adipose form and a
fibro-fatty form16. This distinction has been challenged
because the isolated fatty form seems to have peculiar
features that suggest a totally different disease. In typi-
cal ARVC, the right ventricular wall is replaced by fi-
bro-fatty tissue. Fibro-fatty substitution usually begins
in the subepicardium or mid-mural layers of the right
ventricle and progresses towards the endocardium with
replacement of myocytes and thinning of the wall. Oth-
er distinct aspects include replacement fibrosis and my-
ocyte atrophy, which may occur in virtually any area of
the right ventricle thus contributing to myocardial thin-
ning. As already mentioned, lymphocytes are frequent-
ly found at histology21,27. It is possible that after a vari-
able period of activity, characterized by an inflammato-
ry process, apoptosis and necrosis with fatty substitu-
tion of the diseased right ventricle, the disease might
stop and scar formation ensues.

Clinical features

ARVC may have several different presentations18,19.
Palpitations, syncope, congestive heart failure or sud-
den death may be the first sign of the disease. Ventricu-
lar arrhythmias are usually present in ARVC and may
vary in frequency and severity35-37. In many cases ven-
tricular ectopic beats are frequent (> 1000/24 hours at
Holter recordings) and very often both non-sustained
and/or sustained ventricular tachycardia may be detect-
ed. Arrhythmias occur frequently during exercise and
daytime. Ventricular arrhythmias usually have a left
bundle branch block (LBBB) morphology as they orig-
inate from the right ventricle. This is not a specific fea-
ture of ARVC as many diseases may determine LBBB
ventricular arrhythmias (i.e. coronary artery disease,
idiopathic dilated cardiomyopathy, or a right ventricu-
lar scar after surgical repair of congenital heart dis-
ease). Several electrocardiographic abnormalities may
also be associated: inverted T waves in right precordial
leads (V2 and V3), epsilon waves (up to 30% of the pa-
tients) or localized prolongation (> 110 ms) of the QRS
complex in right precordial leads (V1) in the absence of
right bundle branch block. The signal-averaged electro-
cardiogram is usually abnormal, reflecting the presence
of areas of slow conduction, a prerequisite for reentrant

arrhythmias. Ventricular arrhythmias are typically
evoked by adrenergic stimulation as exercise testing
provokes them in 50-60% of ARVC patients and iso-
proterenol administration may induce ventricular
tachycardia in 85% of such individuals38,39.

Some kind of inheritance of the disease can be
demonstrated in as many as 30-50% of patients18-20. The
disease is inherited as a dominant autosomic character
with different degrees of clinical expression. The preva-
lence of ARVC in the general population is about 1:5000
subjects. It is usually observed in young (< 40 years)
adult men (about 80% of all the cases). The diagnosis
should be always considered in young people exhibiting
syncope or ventricular tachycardia or sudden death. In
the United States ARVC accounts for 5% of sudden
deaths in men < 65 years old and for 3-4% of sudden
death during sports activity. In the Veneto Region (Italy),
ARVC is the most common cause of arrhythmic death in
men < 35 years old and the most common cause of death
among Italian athletes. The annual mortality for ARVC
is considered to be 3% without treatment and 1% when
taking antiarrhythmic drugs. The cause of death seems to
be the increase in the heart rate of a ventricular tachycar-
dia degenerating to ventricular fibrillation. 

It is not clear whether ARVC is a progressive disease
and the available information on this issue is limited. In
a recent study on families of ARVC patients the prog-
nosis was very good in terms of mortality despite an ap-
parent progression of the disease40. In spite of the fact
that the high variability of both the clinical and morpho-
functional aspects of ARVC may indicate a progression
of the disease, definite proof of this is still lacking. Cur-
rently, an international registry is being developed that
should provide answers to many questions about the
natural history of ARVC41.

Imaging tools for the recognition of
arrhythmogenic right ventricular cardiomyopathy

Several imaging techniques (echocardiography, an-
giography, myocardial perfusion scintigraphy, comput-
ed tomography and CMR) may detect right ventricular
structural and functional abnormalities in ARVC pa-
tients. These range from small ventricular wall
aneurysms with localized wall motion abnormalities to
marked chamber dilation with diffuse hypokinesia. 

In clinical practice, echocardiography is the front-
line imaging technique42-44; its sensitivity and specifici-
ty are low particularly in patients with suboptimal im-
age quality and limited abnormalities. Although ven-
tricular alterations can go undetected even when the
quality of the examination is satisfactory, their demon-
stration in the absence of a causative mechanism be-
comes diagnostically important. Echocardiography is
thus particularly useful for the screening of patients
with suspected ARVC and best performs in case of se-
vere disease. 
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Right ventricular angiography can detect several ab-
normalities45-47: diffuse or localized dilations, diastolic
bulgings, wall motion abnormalities and other less spe-
cific signs have been described. Angiography, however,
is nowadays seldom performed owing to its invasive
nature, the need of contrast media and X-ray exposure. 

The demonstration of fat at myocardial biopsy is
considered specific but not sensitive since biopsy re-
sults depend on the ability to collect significant sam-
ples, and small, localized fibro-fatty areas of substitu-
tion may be missed. Moreover, biopsy may be safely
performed only at the interventricular septum, which is
rarely involved by the disease, whereas biopsy of the
right ventricular free wall may unfortunately be com-
plicated by perforation of the heart and cardiac tam-
ponade. In any case, ARVC fibro-fatty deposits must be
differentiated from occasionally occurring islands of
adipose tissue which may be found even in a normal
heart. It can be seen in up to 15% of normal subjects16

and in more than 50% of normal elderly people17.
Pathologic conditions which have been associated with
fatty changes of the right ventricle include chronic al-
cohol intake and some inherited myopathies. 

A sensitivity of 67% and a specificity of 92% for
ARVC have been found when the biopsy is obtained
from the right ventricular free wall15. A percentage of
fat > 3% and of fibrous tissue > 40% with amounts of
myocytes < 45% usually afford for a clear cut distinc-
tion between ARVC and normal hearts or dilated car-
diomyopathy48. 

Electron beam computed tomography and multi-
slice computed tomography have also been used to de-
tect and evaluate ARVC49,50. These techniques may
provide direct evidence of fatty replacement, kinetic al-
terations and chamber dilation. Compared to electron
beam computed tomography, multislice computed to-
mography may allow for higher spatial resolution and
reduced motion artifacts. These techniques have not
been widely applied so that a sound knowledge about
their diagnostic accuracy is still lacking. It should be
pointed out however that both techniques require the
use of contrast media and X-ray exposure thus being
suboptimal for follow-up purposes.

Cardiovascular magnetic resonance and
cardiovascular disease

CMR represents a powerful non-invasive diagnostic
tool in cardiovascular medicine51,52. Since its introduc-
tion, this technique proved its efficacy for evaluating
the heart and its surrounding structures with high spa-
tial resolution and natural contrast. Cardiovascular
structures can be imaged with a spatial resolution up to
0.5 � 0.5 � 1.5 mm. Cine-loop images with a tempo-
ral resolution of 20-40 frames/s are obtainable thus per-
mitting evaluation of the motion of the cardiac valves,
of wall thickening, of the ventricular volumes and their

changes during the cardiac cycle. As the magnetic
properties of fluids are influenced by movement, the
flow can be described in terms of its absolute velocity
thus allowing measurement of the cardiac output,
shunts, pressure gradients, etc. Finally, CMR also has
the potential of characterizing different tissues by tak-
ing advantage of their different magnetic properties. 

Cardiovascular magnetic resonance and the right
ventricle

The right ventricle is the most challenging section
of the heart for all imaging techniques. Right heart an-
giography, radionuclide methods and echocardiogra-
phy have all been used to evaluate right ventricular
chamber size, dynamics and morphology. Angiograph-
ic techniques require cardiac catheterization, contrast
media and significant X-ray exposure. No information
can be obtained on the ventricular wall, and geometric
assumptions for volume calculations are needed. Ra-
dionuclide angiography can easily measure the right
ventricular volume. However, due to its low spatial res-
olution even with gated single photon emission com-
puted tomography techniques, little information may
be obtained both on the chamber morphology and on
the wall structure. 

Echocardiography is currently the method more ex-
tensively used to evaluate both the right ventricular
anatomy and function. However, volume determina-
tions are difficult and precise measurements cannot be
obtained. In adults, a complete visualization of the right
ventricle is seldom possible and wall imaging is intrin-
sically poor. Although image quality and thus clinical
information may be improved by a transesophageal ap-
proach, the wall structure remains unexplorable.

CMR provides excellent images of the right ventri-
cle, and may be used to measure the right ventricular
volume and function53-55; the same applies to the ven-
tricular mass and wall thickening. Most importantly
CMR has the potential of revealing fibro-fatty myocar-
dial substitution. CMR performances are so good that
this technique is nowadays considered the gold stan-
dard for right ventricular imaging.

Cardiovascular magnetic resonance and
arrhythmogenic right ventricular cardiomyopathy

Since its early applications CMR has been used to
image ARVC patients. The potential of CMR for the di-
agnosis of ARVC was first described in 19876. CMR
could show dilation of the right ventricular outflow
tract, thinning of the wall, diastolic bulging and my-
ocardial fatty substitution of the right and left ventricu-
lar free walls (Figs. 1-4). Subsequently, many authors7-14

confirmed its diagnostic potential on large series of
ARVC patients.
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CMR proved to be able to precisely identify all mor-
phological and functional abnormalities fulfilling the
criteria listed in the international classification (seg-
mental or diffuse chamber dilation; diastolic bulgings
and aneurysms; wall thinning; wall motion abnormali-
ties; fibro-fatty replacement of the myocardium). 

One should note however that in relatives of patients
with ARVC (a group at high risk of having ARVC
themselves) many very subtle right ventricular alter-
ations may also be found. These subjects are to be con-
sidered high-risk patients although not showing the
main features of ARVC. This observation suggests that

the currently available criteria for the diagnosis of
ARVC may be too restrictive and suboptimal for the de-
tection even of high-risk patients56.

The problem of fat demonstration by cardiovascular
magnetic resonance

The CMR potential for demonstrating fat infiltration
non-invasively raised the enthusiastic attention of the
medical community so that many groups diagnosed
ARVC in an ever-increasing number of subjects. Very
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Figure 1. Arrhythmogenic right ventricular cardiomyopathy patient.
Transversal scan. Spin-echo-based sequence. The right ventricle is en-
larged, particularly in the inflow part. White lines show where and how
the right ventricular dimensions may be measured. (*) identifies the right
ventricular inflow tract.

Figure 2. Arrhythmogenic right ventricular cardiomyopathy patient. The
right ventricle is grossly enlarged in all its parts, including the infundibu-
lum (X). The dotted arrows highlight some right ventricular wall
aneurysms. The right ventricular wall shows a marked increase in signal
intensity compatible with intramyocardial right ventricular fat on the epi-
cardial side (continuous line arrows). Even the left ventricle is involved (*).

Figure 3. Arrhythmogenic right ventricular cardiomyopathy patient. Steady-state free precession breath-hold cine-cardiovascular magnetic resonance
series on the short-axis view of the left ventricle. The right ventricle is shown in diastole (upper images) and systole (lower images) at three different lev-
els. The arrows show the decreased-absent wall motion of the right ventricle, particularly of the inferior and lateral wall.



soon, however, some criticism arose that challenged this
apparently happy marriage between CMR and ARVC57.
It was in fact demonstrated that intramyocardial fat could
be observed both in normal subjects and in patients with
other diseases. Moreover, some ARVC patients do have
a mixed fibro-fatty structural abnormality and fibrous
tissue may even be more abundant than fat. 

Several technical issues negatively affecting CMR
results must always be kept in mind. First of all, the pre-
cise localization of fat is not straightforward as the spa-
tial resolution may be insufficient for the distinction be-
tween a substituted right ventricular epicardium and a
normal subepicardial fat layer. As adjunct, motion arti-
facts and degraded image quality resulting from poor
gating when ectopic beats occur, do impair imaging re-
sults by the more commonly used T1-weighted image
sequences. 

Nowadays, therefore, the isolated detection of fat at
CMR should be interpreted with caution and consid-
ered as potentially misleading. Right ventricular wall
thinning, motion abnormalities and regional or global
dilation should be considered much more significant
for the diagnosis; an area of increased signal intensity
compatible with myocardial fatty substitution should
be regarded as an ancillary sign rather than as the hall-
mark of this disease (Fig. 2).

Cardiovascular magnetic resonance and the
so-called “minor forms” of arrhythmogenic right
ventricular cardiomyopathy

A large proportion of patients exhibiting ventricular
arrhythmias with a LBBB morphology do not show ev-
idence of ARVC at echocardiography. The majority of
those who were subsequently submitted to a CMR ex-
am did not have ARVC or at least did not show the most
severe aspects of the disease; nevertheless, various al-

terations could be found, the most frequent being right
ventricular wall motion abnormalities.

White et al.58 investigated 53 patients with evidence
of a ventricular arrhythmia with a LBBB morphology
but without echocardiographic evidence of ARVC.
CMR demonstrated fixed wall thinning in 84% of cas-
es, fatty replacement in 25%, and reduced wall thick-
ening or motion in 97% suggesting that ARVC and id-
iopathic right ventricular outflow tract arrhythmias
might represent clinical manifestations of a wide spec-
trum disease. Similarly, Proclemer et al.59 reported
wider dimensions of the right ventricular outflow tract
in 19 patients with monomorphic (LBBB) extrasystoles
compared with a control group. Wall motion and mor-
phological abnormalities were present in 84% of cases.
Gaita et al.60 reported the long-term follow-up of 11 pa-
tients (mean 15 years, range 12 to 20 years) with right
ventricular monomorphic LBBB extrasystoles. CMR
showed right ventricular abnormalities in 73% of the
patients, but no patient died of sudden death or devel-
oped ARVC; two thirds of the patients were asympto-
matic and in 51% of them the ectopy disappeared.

Another group of patients not having ARVC but
clinically characterized by a ventricular tachycardia
with a LBBB morphology and previously regarded as
having a normal cardiac anatomy and function are
those with right ventricular outflow tract tachycardia.
These patients are considered as having a benign con-
dition even though sudden death may occur. Using
cine-CMR, Carlson et al.61 reported a high rate (95%)
of cardiac abnormalities; fixed focal wall thinning, a re-
gionally decreased wall thickness and an abnormal wall
motion were seen in 22. Globits et al.62 studied 20 pa-
tients who underwent radiofrequency catheter ablation
for symptomatic right ventricular outflow tract tachy-
cardia; CMR revealed structural abnormalities includ-
ing focal wall thinning, right ventricular outflow tract
dilation or saccular aneurysms in the right ventricular
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Figure 4. Arrhythmogenic right ventricular cardiomyopathy patient. Steady-state free precession breath-hold cine-cardiovascular magnetic resonance
series on the transversal plane of the heart. The right ventricle is shown in diastole (upper images) and systole (lower images) at four different levels.
The arrows show the decreased-absent wall motion of the right ventricle.



outflow tract which were significantly associated with
the site of origin of the tachycardia.

The available data do not help to understand
whether right ventricular outflow tract tachycardia pa-
tients do have a form of ARVC63 or, as some authors
suggest36,37, a different disease. Although when study-
ing patients with right ventricular outflow tract tachy-
cardia several findings commonly seen in ARVC pa-
tients can indeed be shown, these alterations are not as
evident as in ARVC. 

Technical aspects of cardiovascular magnetic
resonance

Spin-echo images are used to evaluate the right ven-
tricular wall: conventional or multi-shot fast techniques
may be employed. Dedicated cardiac coils may be used
to increase spatial resolution; they are very useful
whenever fat shows up as areas of increased signal in-
tensity within the outer right ventricular anterior wall
and when it is difficult to distinguish it from the subepi-
cardial fat.

The functional evaluation of the right ventricle is
accomplished by gradient-echo images that may be ac-
quired in a few seconds and allow evaluation of both
the wall thickening and chamber volume changes
throughout the cardiac cycle. Breath-hold fast-gradient
echo or steady-state free precession sequences (if avail-
able) may be used. The stroke volume and ejection
fraction may be measured: diseased segments may
show variable degrees of wall motion abnormalities
(hypo-/a-/dyskinesia) and/or small aneurysmal dila-
tions and/or focal wall thinning.

To entirely evaluate the right ventricle, the chamber
should be imaged in both the long- and short-axis
views, so as to avoid missing functional alterations of
the inferior wall.

Ventricular extrasystoles are a common finding in
these patients: the occurrence of many of them and par-
ticularly the presence of a bigeminal rhythm may so
greatly impair the results of CMR scanning as to ne-
cessitate repetition of the exam with the patient on an-
tiarrhythmic therapy.

Recommendations

The most important concept to keep in mind when
using CMR to evaluate a potential ARVC patient is
that we should collect those dimensional, morphologi-
cal and functional data that meet the criteria estab-
lished by the European Society of Cardiology Com-
mittee (Table I). 

The majority of CMR studies on ARVC have been
performed by a variety of scanners with different field
strength: only those with a field ≥ 0.5 are recom-
mended. 

In view of the importance of collecting anatomic
details, spin-echo T1-weighted images should initially
be obtained in the transaxial plane to image the right
ventricular free wall and outflow tract; images in the
short-axis plane to evaluate the inferior wall and the
subtricuspid area of the right ventricle should then be
acquired. Significant fat infiltrations should be looked
for as they may be detected when they are sufficiently
large; artifacts due to respiratory movements, and in-
sufficient spatial resolution may however prevent the
detection of small infiltrations. 

As a second step, we consider it mandatory to ex-
plore the right ventricular wall motion as accurately as
possible. This can be achieved by a multislice gradient-
echo cine series (usually 5-7 non contiguous 8 mm
thick slices) both in the axial and in the short-axis
planes (Fig. 5). The right ventricular free wall and out-
flow tract wall motion can be evaluated from transaxi-
al images: short-axis images are needed for the func-
tional evaluation of the inferior wall of the right ventri-
cle, particularly in the subtricuspid area. When avail-
able, the newly developed steady-state free precession
imaging technique is recommended as it yields very
high quality cine series.

The Panel strongly recommends the above sequence
protocol for CMR evaluation of ARVC (Table II). Oth-
er, more sophisticated, imaging sequences are not con-
sidered as mandatory by this Committee. It must be
stressed again that the demonstration of fat by CMR, al-
though possible, may be difficult and, if an isolated
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Figure 5. Schematic proposed segmentation of the right ventricle. 1, 2 and
3 are the lower and 4, 5 and 6 are the basal, mid and apical inflow seg-
ments; 7 and 8 are the outflow tract segments; 9 and 10 are the right ven-
tricular inferior wall segments. All these segments should be examined.



finding, neither specific nor relevant for the diagnosis.
When true fatty substitution is present, wall motion ab-
normalities, dilation of the right ventricle and variable
size aneurysms are constantly present; in the absence of
such accompanying features, the demonstration of fat
may be a source of false positive diagnoses. 

Report of the examination

An important issue is the report of the examination.
An appropriate report should include all the available
information, both anatomical and functional, that may
help in the diagnostic work-up of ARVC. For this rea-
son it is important to describe the anatomy of the right
ventricle including its dimensions. It is recommended
that in the written report the diastolic dimensions of the
right ventricle should be indicated. Measurements
should be taken of the inflow, outflow and infundibular
tracts of the right ventricle (Figs. 1 and 5). Figure 5 is a
proposal of subdivision of the right ventricle in 10 seg-
ments. Segments 9 and 10 are the inferior wall seg-
ments; the remaining 8 refer to the inflow and outflow
tracts and infundibulum of the right ventricle. There are
currently no detailed studies describing the normal
right ventricular diameters. Nevertheless, it is impor-
tant to take these measurements in order to obtain some
reference values in each patient to which to compare
subsequent examinations. Linear measurements should
be taken in the most diastolic image of the right ventri-
cle. It should be stressed however that normal linear di-

mensions for the right ventricle are not available and
these measures are only relevant for a detailed descrip-
tion of the right ventricle and for follow-up purposes. 

Some studies have provided the normal values for
the right ventricular volume. In table III64-68 the main
data available from the literature are shown and may be
used as normal reference values. As clearly shown, the
right ventricular volume may vary significantly; how-
ever, values > 140 ml or > 75 ml/m2 are clearly abnor-
mal.

It is also recommended that the right ventricular
wall motion as it is related to the global and regional
contraction also be described. The proposed schematic
right ventricular segmentation may help in describing
wall motion segmental abnormalities both with regard
to their location and extension.

Keeping in mind that abnormal fatty deposition per
se has very little specificity with regard to the presence
of ARVC, its importance is therefore less than once ex-
pected. Areas of strong signal intensity involving the
ventricular walls should be described all the same. An
effort should be made not to stress the presence of such
areas when these are small, or located either along the
atrioventricular junction or the interventricular groove
in the absence of other more specific signs. In this case
a suggestion that abnormal fatty deposition might be
present can be given. It would also be advisable to re-
port on the absence (or the presence) of other condi-
tions (such as atrial septal defect, Ebstein anomaly, pul-
monary valve stenosis) which may alter right ventricu-
lar geometry and dimensions. 
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Table II. Imaging protocol for the evaluation of patients with suspected arrhythmogenic right ventricular cardiomyopathy.

Scout scan to localize the heart within the thorax

A Spin-echo or IR multi-shot fast spin-echo Transversal scan 9-15 slices 8-10 mm thick

B Spin-echo or IR multi-shot fast spin-echo Short-axis scan 6-12 slices 8-10 mm thick

C Fast gradient-echo or steady-state free Transversal scan or (5-9) slices 8-10 mm thick
precession oblique 4-chamber view At least 20 cardiac phases

for each slice

D Fast gradient-echo or steady-state free Short-axis scan (5-9) slices 8-10 mm thick
precession At least 20 cardiac phases contiguous slices for

for each slice volumetric acquisition

IR = inversion recovery.

Table III. Normal right ventricular dimensions.

EDV ESV EDVI ESVI
(ml) (ml) (ml/m2) (ml/m2)

Sechtem et al.64 111 ± 22 40 ± 13 63 ± 9 22 ± 6
Helbing et al.65* 92 ± 25 27 ± 9 92 ± 25 27 ± 9
Mogelvang et al.66 – – 90 46
Lorenz et al.67 138 ± 40 54 ± 21 – –
Sandstede et al.68 115 ± 31 43 ± 19 – –

EDV = end-diastolic volume; EDVI = end-diastolic volume index; ESV = end-systolic volume; ESVI = end-systolic volume index.
* measurements obtained in normal children.



Conclusions

Patients referred for suspected ARVC represent a
heterogeneous group of individuals and, besides ARVC
patients, include normal subjects, patients with other
cardiac diseases, and many subjects whose abnormal
features of the right side of the heart do not fit any def-
inite diagnosis. The latter are frequently considered as
having “minor forms” of ARVC; this term implies both
a link with ARVC as well as a possible evolution to-
ward ARVC that have never been consistently demon-
strated; therefore this term is not recommended. The
Panel suggests that these subjects be simply described
as having a right ventricular disease, which does not
imply a link with ARVC. 

The diagnosis of ARVC represents a major chal-
lenge whatever the diagnostic tool employed. CMR is
nowadays considered the gold standard for the diagno-
sis of ARVC. However, it is now well established that
ARVC may only be diagnosed by using internationally
accepted criteria many of which are based on the clini-
cal presentation and on the history of the patient. There-
fore, CMR should not be used to diagnose the disease
but should be viewed as the best available technique to
obtain morphologic and functional information of the
right ventricle, thus potentially providing some findings
necessary for the diagnosis. It should also be stressed
the fact that when strict recommendations in performing
and interpreting the examination are not used, even cen-
ters of excellence may have severe difficulties in pro-
viding the diagnosis69. Therefore, it is particularly im-
portant to use a well-defined imaging protocol, an up-
dated scanner and imaging sequences, and also to pro-
vide precise and possibly quantitative information. 

Young individuals exhibiting LBBB ventricular ar-
rhythmias represent the vast majority of subjects re-
ferred to either the cardiologist or the radiologist for
CMR evaluation. Sometimes an enlarged right ventricle
is present with or without other echocardiographic
signs. In a few cases, ventricular tachycardia (either
non-sustained or sustained) has been documented, or
patients may have previously necessitated cardiopul-
monary resuscitation because of ventricular fibrillation.
Another group of potential candidates for CMR to rule
out or confirm ARVC are relatives of ARVC patients.
The most difficult group to evaluate consists of subjects
with ventricular arrhythmias and apparently normal
hearts who are involved in sports activity; for these, in
view of the strenuous physical activity they have to face,
a definite diagnosis should be sought at all costs; this
group also represents an intriguing health policy issue.

Due to the growing reliance/interest of the cardiol-
ogist upon CMR, expectations often go beyond reality.
Quite often, the clinician attributes to CMR a diagnos-
tic role that alone it cannot possess; nonetheless, CMR
data are many and often unique. The cardiology and
radiology communities should be fully aware of the
important legal, medical, and psychological issues

raised by either a missed diagnosis or by a false posi-
tive one.

CMR examiners should not be under pressure to
provide a diagnosis at all costs. Near-normal findings
must be interpreted and reported with a high degree of
caution as they may generate false positive diagnoses
simply because referring physicians may be strongly
motivated in finding something abnormal.

CMR must be considered as the best imaging tech-
nique for the evaluation of the right ventricle both
anatomically and functionally. It may provide those di-
agnostic elements that are used to meet the criteria sug-
gested by the European Society of Cardiology Com-
mittee on ARVC and that cannot be obtained by other
means.

References

1. Richardson P, McKenna W, Bristow M, et al. Report of the
1995 World Health Organization/International Society and
Federation of Cardiology Task Force on the definition and
classification of cardiomyopathies. Circulation 1996; 93:
841-2. 

2. Maron BJ, Roberts WC, McAllister HA, Rosing DR, Ep-
stein SE. Sudden death in young athletes. Circulation 1980;
62: 218-29.

3. Thiene G, Nava A, Corrado D, et al. Right ventricular car-
diomyopathy and sudden death in young people. N Engl J
Med 1988; 318: 129-33.

4. Corrado D, Thiene G, Nava A, et al. Sudden death in young
competitive athletes: clinicopathologic correlation in 22
cases. Am J Med 1990; 89: 588-95.

5. McKenna WJ, Thiene G, Nava A, et al. Diagnosis of ar-
rhythmogenic right ventricular dysplasia/cardiomyopathy:
task force of the working group myocardial and pericardial
disease of the European Society of Cardiology and of the
Scientific Council on Cardiomyopathies of the Internation-
al Society and Federation of Cardiology. Br Heart J 1994;
71: 215-9.

6. Casolo GC, Poggesi L, Boddi M, et al. ECG-gated magnet-
ic resonance imaging in right ventricular dysplasia. Am
Heart J 1987; 113: 1245-8.

7. Ricci C, Longo R, Pagnan L, et al. Magnetic resonance
imaging in right ventricular dysplasia. Am J Cardiol 1992;
70: 1589-95.

8. Auffermann W, Wichter T, Breithardt G, Joachimsen K, Pe-
ters PE. Arrhythmogenic right ventricular disease: MR
imaging vs angiography. AJR Am J Roentgenol 1993; 161:
549-55.

9. Blake LM, Scheinman MM, Higgins CB. MR features of
arrhythmogenic right ventricular dysplasia. AJR Am J
Roentgenol 1994; 162: 809-12.

10. Molinari G, Sardanelli F, Gaita F, et al. Right ventricular
dysplasia as a generalized cardiomyopathy? Findings on
magnetic resonance imaging. Eur Heart J 1995; 16: 1619-24.

11. Fattori R, Castriota F, Bertaccini P, et al. Diagnostic contri-
bution of magnetic resonance in clinically suspected ar-
rhythmogenic dysplasia of the right ventricle. G Ital Cardiol
1996; 26: 483-93.

12. Midiri M, Finazzo M, Brancato M, et al. Arrhythmogenic
right ventricular dysplasia: MR features. Eur Radiol 1997;
7: 307-12.

G Casolo et al - Cardiovascular magnetic resonance in ARVC

77



13. Pennell D, Casolo G. Right ventricular arrhythmia: emer-
gence of magnetic resonance imaging as an investigative
tool. Eur Heart J 1997; 18: 1843-5.

14. Di Cesare E. MRI assessment of right ventricular dysplasia.
Eur Radiol 2003; 13: 1387-93.

15. Strain J. Adipose dysplasia of the right ventricle: is en-
domyocardial biopsy useful? Eur Heart J 1989; 10 (Suppl
D): 84-8.

16. Burke A, Farb A, Tashko G, Virmani R. Arrhythmogenic
right ventricular cardiomyopathy and fatty replacement of
the right ventricular myocardium: are they different dis-
eases? Circulation 1998; 97: 1571-80.

17. Fontaliran F, Fontaine G, Fillette F, et al. Nosologic fron-
tiers of arrhythmogenic dysplasia: quantitative variations of
normal adipose tissue of the right heart ventricle. Arch Mal
Coeur Vaiss 1991; 84: 33-8.

18. Gemayel C, Pelliccia A, Thompson P. Arrhythmogenic right
ventricular cardiomyopathy. J Am Coll Cardiol 2001; 38:
1773- 81.

19. Pinamonti B, Sinagra G, Camerini F. Clinical relevance of
right ventricular dysplasia/cardiomyopathy. Heart 2000; 83:
9-11.

20. Corrado D, Basso C, Thiene G. Arrhythmogenic right ven-
tricular cardiomyopathy: diagnosis, prognosis, and treat-
ment. Heart 2000; 83: 588-95.

21. Fontaine G, Fontaliran F, Herbert JL, et al. Arrhythmogenic
right ventricular dysplasia. Annu Rev Med 1999; 50: 17-35.

22. Mallat Z, Tedgui A, Fontaliran F, Frank R, Durigon M,
Fontaine G. Evidence of apoptosis in arrhythmogenic right
ventricular dysplasia. N Engl J Med 1996; 335: 1190-6.

23. Valente M, Calabrese F, Thiene G, et al. In vivo evidence of
apoptosis in arrhythmogenic right ventricular cardiomyopa-
thy. Am J Pathol 1998; 152: 479-84.

24. Pinamonti B, Miani D, Sinagra GF, et al. Familial right ven-
tricular dysplasia with biventricular involvement and in-
flammatory infiltration. Heart 1996; 76: 66-9.

25. Fontaine G, Fontaliran F, Lascault G, et al. Congenital and
acquired right ventricular dysplasia. Arch Mal Coeur Vaiss
1990; 83: 915-20.

26. Grumbach IM, Heim A, Vonhof S, et al. Coxsackievirus
genome in myocardium of patients with arrhythmogenic
right ventricular dysplasia/cardiomyopathy. Cardiology
1998; 89: 241-5.

27. Basso C, Thiene G, Corrado D, et al. Arrhythmogenic right
ventricular cardiomyopathy. Dysplasia, dystrophy, or my-
ocarditis? Circulation 1996; 94: 983-91.

28. Nava A, Thiene G, Canciani B, et al. Familial occurrence of
right ventricular dysplasia: a study involving nine families.
J Am Coll Cardiol 1988; 12: 1222-8.

29. Coonar AS, Protonotarios N, Tsatsopoulou A, et al. Gene
for arrhythmogenic right ventricular cardiomyopathy with
diffuse nonepidermolytic palmoplantar keratoderma and
woolly hair (Naxos disease) maps to 17q21. Circulation
1998; 97: 2049-58.

30. Bauce B, Nava A, Rampazzo A, et al. Familial effort poly-
morphic ventricular arrhythmias in arrhythmogenic right
ventricular cardiomyopathy map to chromosome 1q42-43.
Am J Cardiol 2000; 85: 573-9.

31. McKoy G, Protonotarios N, Crosby A, et al. Identification of
a deletion in plakoglobin in arrhythmogenic right ventricular
cardiomyopathy with palmoplantar keratoderma and woolly
hair (Naxos disease). Lancet 2000; 355: 2119-24.

32. Tiso N, Stephan DA, Nava A, et al. Identification of muta-
tions in the cardiac ryanodine receptor gene in families af-
fected with arrhythmogenic right ventricular cardiomyopa-
thy type 2 (ARVD2). Hum Mol Genet 2001; 10: 189-94.

33. Corrado D, Basso C, Thiene G, et al. Spectrum of clinico-
pathologic manifestations of arrhythmogenic right ventric-

ular cardiomyopathy/dysplasia: a multicenter study. J Am
Coll Cardiol 1997; 30: 1512-20.

34. d’Amati G, Leone O, di Gioia CR, et al. Arrhythmogenic
right ventricular cardiomyopathy: clinicopathologic corre-
lation based on a revised definition of pathologic patterns.
Hum Pathol 2001; 32: 1078-86.

35. Pinski SL. The right ventricular tachycardias. J Electrocar-
diol 2000; 33 (Suppl): 103-14.

36. Niroomand F, Carbucicchio C, Tondo C, et al. Electrophys-
iological characteristics and outcome in patients with idio-
pathic right ventricular arrhythmia compared with arrhyth-
mogenic right ventricular dysplasia. Heart 2002; 87: 41-7.

37. O’Donnell D, Cox D, Bourke J, et al. Clinical and electro-
physiological differences between patients with arrhythmo-
genic right ventricular dysplasia and right ventricular out-
flow tract tachycardia. Eur Heart J 2003; 24: 801-10.

38. Wichter T, Hindricks G, Lerch H, et al. Regional myocar-
dial sympathetic dysinnervation in arrhythmogenic right
ventricular cardiomyopathy: an analysis using 123I-meta-
iodobenzylguanidine scintigraphy. Circulation 1994; 89:
667-83.

39. Leclercq JF, Potenza S, Maison-Blanche P, et al. Determi-
nants of spontaneous occurrence of sustained monomorphic
ventricular tachycardia in right ventricular dysplasia. J Am
Coll Cardiol 1996; 28: 720-4.

40. Nava A, Bauce B, Basso C, et al. Clinical profile and long-
term follow-up of 37 families with arrhythmogenic right
ventricular cardiomyopathy. J Am Coll Cardiol 2000; 36:
2226-33.

41. Corrado D, Fontaine G, Marcus FI, et al. Arrhythmogenic
right ventricular dysplasia/cardiomyopathy: the need for an
international registry. Circulation 2000; 101: E101-E106.

42. Marcus FI, Fontaine GH, Guiraudon G, et al. Right ventric-
ular dysplasia: a report of 24 adult cases. Circulation 1982;
65: 384-98.

43. Blomstrom-Lundqvist C, Beckman-Suurkula M, Wallentin
I, Jonsson R, Olsson SB. Ventricular dimensions and wall
motion assessed by echocardiography in patients with ar-
rhythmogenic right ventricular dysplasia. Eur Heart J 1988;
9: 1291-302.

44. Kisslo J. Two-dimensional echocardiography in arrhythmo-
genic right ventricular dysplasia. Eur Heart J 1989; 10 (Sup-
pl D): 22-6.

45. Blomstrom-Lundqvist C, Selin K, Jonsson R, et al. Car-
dioangiographic findings in patients with arrhythmogenic
right ventricular dysplasia. Br Heart J 1988; 59: 556-63.

46. Chiddo A, Locuratolo N, Gaglione A, et al. Right ventricu-
lar dysplasia: angiographic study. Eur Heart J 1989; 10
(Suppl D): 42-5.

47. Robertson JH, Bardy GH, German LD, et al. Comparison of
two-dimensional echocardiographic and angiographic find-
ings in arrhythmogenic right ventricular dysplasia. Am J
Cardiol 1985; 55 (Part 1): 1506-8.

48. Angelini A, Basso C, Nava A, et al. Endomyocardial biop-
sy in arrhythmogenic right ventricular cardiomyopathy. Am
Heart J 1996; 132: 203-6.

49. Tada H, Shimizu W, Ohe T, et al. Usefulness of electron-
beam computed tomography in arrhythmogenic right ven-
tricular dysplasia. Relationship to electrophysiological ab-
normalities and left ventricular involvement. Circulation
1996; 94: 437-44.

50. Kimura F, Sakai F, Sakomura Y, et al. Helical CT features of
arrhythmogenic right ventricular cardiomyopathy. Radi-
ographics 2002; 22: 1111-24.

51. Pennell D. Cardiovascular magnetic resonance. Heart 2001;
85: 581-9.

52. Pohost GM. Cardiovascular magnetic resonance. J Cardio-
vasc Magn Reson 2002; 4: xi-xii.

78

Ital Heart J Vol 5 January 2004



53. Doherty NE 3rd, Fujita N, Caputo GR, Higgins CB. Mea-
surement of right ventricular mass in normal and dilated
cardiomyopathic ventricles using cine magnetic resonance
imaging. Am J Cardiol 1992; 69: 1223-8.

54. Lorenz CH, Walker ES, Morgan VL, Klein SS, Graham TP
Jr. Normal human right and left ventricular mass, systolic
function, and gender differences by cine magnetic reso-
nance imaging. J Cardiovasc Magn Reson 1999; 1: 7-21.

55. Helbing WA, Rebergen SA, Maliepaard C, et al. Quantifi-
cation of right ventricular function with magnetic resonance
imaging in children with normal hearts and with congenital
heart disease. Am Heart J 1995; 130: 828-37. 

56. Hamid MS, Norman M, Quraishi A, et al. Prospective
evaluation of relatives for familial arrhythmogenic right
ventricular cardiomyopathy/dysplasia reveals a need to
broaden diagnostic criteria. J Am Coll Cardiol 2002; 40:
1445-50.

57. Casolo G. Arrhythmogenic dysplasia of the left ventricle
and magnetic resonance: a happy union or a poor relation-
ship? G Ital Cardiol 1996; 26: 495-501.

58. White RD, Trohman RG, Flamm SD, et al. Right ventricu-
lar arrhythmia in the absence of arrhythmogenic dysplasia:
MR imaging of myocardial abnormalities. Radiology 1998;
207: 743-51.

59. Proclemer A, Basadonna PT, Slavich GA, Miani D, Fresco
C, Fioretti PM. Cardiac magnetic resonance imaging find-
ings in patients with right ventricular outflow tract prema-
ture contractions. Eur Heart J 1997; 18: 2002-10.

60. Gaita F, Giustetto C, Di Donna P, et al. Long-term follow-
up of right ventricular monomorphic extrasystoles. J Am
Coll Cardiol 2001; 38: 364-70.

61. Carlson MD, White RD, Trohman RG, et al. Right ventric-
ular outflow tract ventricular tachycardia: detection of pre-

viously unrecognized anatomic abnormalities using cine
magnetic resonance imaging. J Am Coll Cardiol 1994; 24:
720-7.

62. Globits S, Kreiner G, Frank H, et al. Significance of mor-
phological abnormalities detected by MRI in patients un-
dergoing successful ablation of right ventricular outflow
tract tachycardia. Circulation 1997; 96: 2633-40.

63. Fontaine G, Fontaliran F, Frank R. Arrhythmogenic right
ventricular cardiomyopathies: clinical forms and main dif-
ferential diagnoses. Circulation 1998; 97: 1532-5.

64. Sechtem U, Pflugfelder PW, Gould RG, Cassidy MM, Hig-
gins CB. Measurement of right and left ventricular volumes
in healthy individuals with cine MR imaging. Radiology
1987; 163: 697-702.

65. Helbing WA, Rebergen SA, Maliepaard C, et al. Quantifi-
cation of right ventricular function with magnetic resonance
imaging in children with normal hearts and with congenital
heart disease. Am Heart J 1995; 130: 828-37.

66. Mogelvang J, Stubgaard M, Thomsen C, Henriksen O.
Evaluation of right ventricular volumes measured by mag-
netic resonance imaging. Eur Heart J 1988; 9: 529-33.

67. Lorenz CH, Walker ES, Morgan VL, Klein SS, Graham TP Jr.
Normal human right and left ventricular mass, systolic func-
tion, and gender differences by cine magnetic resonance
imaging. J Cardiovasc Magn Reson 1999; 1: 7-21.

68. Sandstede J, Lipke C, Beer M, et al. Age- and gender-spe-
cific differences in left and right ventricular cardiac func-
tion and mass determined by cine magnetic resonance
imaging. Eur Radiol 2000; 10: 438-42.

69. Bluemke DA, Krupinski EA, Ovitt T, et al. MR imaging of
arrhythmogenic right ventricular cardiomyopathy: morpho-
logic findings and interobserver reliability. Cardiology
2003; 99: 153-62.

G Casolo et al - Cardiovascular magnetic resonance in ARVC

79



Centro Editoriale Pubblicitario Italiano
via N. Tartaglia, 3 - 00197 Rome, Italy

tel. +39-06.8077011-8082101, fax +39-06.8072458
e-mail: info.cepi@aimgroup.it, internet: www.aimgroup.it

Other publications

• Allergy & Respiratory Diseases Today, a Continuing Medical Education CME Journal

• Annali Italiani di Medicina Interna, Official Journal of the Italian Society of Internal Medicine

• Bulletin of the Italian Society of Internal Medicine

• Medicina Ospedaliera

• Newsletter Pneumologia, Newsletter of the Italian Society of Respiratory Medicine

• Prevenzione Respiratoria, Official Journal of the Italian Federation of Pulmonary Diseases and Tuberculosis

Copyright

Copyright © 2004 by CEPI Srl. All rights reserved. No part of the published material can be reproduced in any form
without prior written permission from the Publisher. The Publisher does not hold himself responsible for opinions,
data and the contents in general of the articles published in the Italian Heart Journal which express only the views of
the authors.

Photocopying. Single photocopies of single articles may be made for personal, noncommercial use without obtain-
ing permission. Permission of the Publisher and payment of a fee is required for all other use, including multiple or
systematic copying, copying for advertising or promotional purposes, resale, and all forms of document delivery.

Reprints

Reprints of articles are available in minimum quantities of 25. Prices are available on request.

Advertisements

Applications for advertisement space should be sent to CEPI Srl. For information and prices: tel. +39-06.8077011-
8082101, e-mail: m.federici@aimgroup.it
Although all advertising material is expected to conform to ethical medical standards, acceptance does not imply en-
dorsement by the Publisher.

- AIM Group

Chief Executive Officer
Gianluca Buongiorno

General Manager
Andrea Tomagnini

Product Manager
Marinella Buongiorno

Head, Editorial Office
Paola Luciolli

Editorial Office
Roberta Canali
Letizia Capitanini

Business Office
Mirella Federici

Subscription Department
Ermanno D’Amore

Accounts Department
Angela Perazzini


