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EDITORIAL COMMENT

he “Accordion Sign,” a New
une in Arrhythmogenic Right
entricular Dysplasia/
ardiomyopathy Magnetic
esonance Imaging?*

aarten Groenink, MD, PHD,
rthur A. M. Wilde, MD, PHD

msterdam, the Netherlands

rrhythmogenic right ventricular dysplasia/cardiomyopathy
ARVD/C) is an important cause of sudden cardiac death at
young age, which is often the first clinical manifestation of

he disease (1). Other clinical signs, such as nonfatal
entricular tachycardia and electrocardiographic and cardiac
orphological abnormalities, may develop slowly during

dolescence and adulthood. A system of major and minor
riteria, developed by the Task Force for Inherited Cardio-
yopathies, is now widely used to confirm diagnosis in

atients suspected of ARVD/C (2). In the past decade,
RVD/C has progressively been associated with mutations

n genes encoding proteins involved in the desmosome
pparatus of cardiomyocytes (3–9). In theory, “wear and
ear” of the inappropriate connection system of myocytes
ay result in inflammatory reactions, causing wall motion

bnormalities and nonspecific degenerative features such as
brofatty replacement, and focal aneurysms in particular, in
ertain predilection areas of the right ventricle (RV), called
triangle of dysplasia.” These degenerative features are
elieved to underlie the life-threatening arrhythmias and
eart failure in early and advanced stages of the disease.

See page 1289

Morphological features have always been difficult to
etect, even by means of biopsy. Recent advances in
agnetic resonance (MR) technology have increased the

otential to detect structural changes in the thin-walled RV
n vivo (10). It was recently shown that degenerative features
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ould also be detected in the left ventricular (LV)
yocardium of many ARVD/C patients by cardiac mag-

etic resonance imaging (CMR) (10). Several other
tudies have shown the value of CMR in detection of the
yocardial morphological alterations and functional ab-

ormalities, thought to be caused by the disease process
11,12). In summary, CMR seems to be an important
iagnostic tool to detect relatively early manifestations of
RVD/C. Moreover, the lack of radiation exposure or

onizing contrast media facilitates screening in asymp-
omatic family members.

In this issue of the Journal, Dalal et al. (13) showed that
everal degenerative features could be detected by CMR in
small group of family members of ARVD/C patients with
esmosome mutations in either the plakophilin 2, desmo-
lakin, or desmoglein 2 genes. LV involvement was scarcely
hown. RV wall motion abnormality, however, was fre-
uently encountered in mutation carriers. The authors
uggest that the “accordion sign,” an extended area of focal
ulging of the RV wall, might be an early sign of ARVD/C
n asymptomatic patients, reflecting an early stage of the
isease, whereas LV involvement is a relatively late feature.
he accordion sign was present in the majority of mutation

arriers and in none of the individuals without a desmosome
utation. The discriminatory power of Task Force criteria

ncreased clearly from 0.68 to 0.79 when the accordion sign
as included as a minor criterion, even when family history
as not accounted for (from 0.71 to 0.84).
Although these ongoing studies have elucidated many

spects of ARVD/C pathophysiology, worrisome aspects
bout the detection of patients remain. The burden of the
iagnosis “ARVD/C” is not trivial for patients/families, often

mplying placement of an implantable cardioverter-defibrillator
ICD), and worries about offspring and other family members.
he role of specific desmosome mutations in the disease
rocess seems undisputed, although their exact contribution is
ncertain. Does every single variant in either desmosomal gene
ead to a phenotype, or is compound heterozygosity more rule
han exception as part of the explanation for the phenotypical
eterogeneity (9)? The fact remains that they are still not

ncorporated in Task Force criteria, in contrast, for instance, to
arfan Syndrome Task Force criteria (14). As Dalal et al. (13)

tate in their article, prediction models were used to detect a
esmosome mutation and not ARVD/C.
It is still difficult to get the bigger picture. Clear mani-

estation of left-sided disease seems to be present in
RVD/C patients. However, clinical presentation of
RVD/C patients mostly, or at least primarily, suggest

ffection of the RV, by origin of ventricular tachycardia or
V failure.
MR techniques used to detect areas of “delayed hyperen-

ancement” (fibrosis), high T2 signal intensity (inflamma-
ion), or high T1 signal intensity (fat) are dependent on a
egular heart rhythm, which is often not present in patients

uspected of ARVD/C. The results are often difficult to
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nterpret due to motion artefacts, wrong timing of inversion
imes, and other technical issues. However, these MR
echniques seem reasonably reproducible in experienced
enters (15). Bright blood steady-state free-precession MR
echniques may be a more robust technique, more widely
pplicable, and easier to interpret. As cardiologists, we may
eel more comfortable looking at moving images, which
emind us of echocardiography. Regional dyskinesia and
ocal bulging of the RV wall have been associated with
RVD/C before (10–12). However, careful evaluation of
V motion patterns in normal controls or in patients with

eft-sided pathology may show the same features, particu-
arly in the area of the moderator band. This feature may
lso be the reason for the relatively high proportion of false
ositives in CMR screening for ARVD/C (15). The ques-
ion is, of course, to what extent we will accept “normal”
ariation in RV motion patterns, and this is also relevant for
symptomatic carriers of a desmosomal gene mutation. This
ssue calls for new studies to quantify regional motion
atterns by MR tagging or strain encoding MR methods
16) in both normal and ARVD/C patients.

eprint requests and correspondence: Dr. Arthur A. M. Wilde,
cademic Medical Center, University of Amsterdam, Department of
ardiology, B2.239, Meibergdreef 9, P.O. Box 22700, Amsterdam
100DE, the Netherlands. E-mail: a.a.wilde@AMC.UVA.NL.

EFERENCES

1. Dalal D, Nasir K, Bomma C, et al. Arrhythmogenic right ventricular
dysplasia: a United States experience. Circulation 2005;112:3823–32.

2. McKenna WJ, Thiene G, Nava A, et al. Diagnosis of arrhythmogenic
right ventricular dysplasia/cardiomyopathy. Task Force of the Work-
ing Group Myocardial and Pericardial Disease of the European
Society of Cardiology and of the Scientific Council on Cardiomyop-
athies of the International Society and Federation of Cardiology. Br
Heart J 1994;71:215–8.

3. McKoy G, Protonotarios N, Crosby A, et al. Identification of a

deletion in plakoglobin in arrhythmogenic right ventricular cardiomy- i
opathy with palmoplantar keratoderma and woolly hair (Naxos
disease). Lancet 2000;355:2119–24.

4. Norman M, Simpson M, Mogensen J, et al. Novel mutation in
desmoplakin causes arrhythmogenic left ventricular cardiomyopathy.
Circulation 2005;112:636–42.

5. van Tintelen JP, Entius MM, Bhuiyan ZA, et al. Plakophilin-2
mutations are the major determinant of familial arrhythmogenic right
ventricular dysplasia/cardiomyopathy. Circulation 2006;113:1650–8.

6. Syrris P, Ward D, Asimaki A, et al. Desmoglein-2 mutations in
arrhythmogenic right ventricular cardiomyopathy: a genotype-
phenotype characterization of familial disease. Eur Heart J 2007;28:
581–8.

7. Syrris P, Ward D, Evans A, et al. Arrhythmogenic right ventricular
dysplasia/cardiomyopathy associated with mutations in the desmo-
somal gene desmocollin-2. Am J Hum Genet 2006;79:978–84.

8. Merner ND, Hodgkinson KA, Haywood AF, et al. Arrhythmogenic
right ventricular cardiomyopathy type 5 is a fully penetrant, lethal
arrhythmic disorder caused by a missense mutation in the TMEM43
gene. Am J Hum Genet 2008;82:809–21.

9. Kannankeril PJ, Bhuiyan ZA, Darbar D, et al. Arrhythmogenic right
ventricular cardiomyopathy due to a novel plakophilin 2 mutation,
wide spectrum of disease in mutation carriers within a family. Heart
Rhythm 2006;3:939–44.

0. Sen-Chowdhry S, Prasad SK, Syrris P, et al. Cardiovascular magnetic
resonance in arrhythmogenic right ventricular cardiomyopathy revis-
ited: comparison with task force criteria and genotype. J Am Coll
Cardiol 2006;48:2132–40.

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

2. Tandri H, Saranathan M, Rodriguez ER, et al. Noninvasive detection
of myocardial fibrosis in arrhythmogenic right ventricular cardiomy-
opathy using delayed-enhancement magnetic resonance imaging. J Am
Coll Cardiol 2005;45:98–103.

3. Dalal D, Tandri H, Judge DP, et al. Morphologic variants of familial
arrhythmogenic right ventricular dysplasia/cardiomyopathy: a genetics–
magnetic resonance imaging correlation study. J Am Coll Cardiol
2009;53:1289–99.

4. De Paepe A, Devereux RB, Dietz HC, et al. Revised diagnostic
criteria for the Marfan syndrome. Am J Med Genet 1996;62:417–26.

5. Tandri H, Castillo E, Ferrari VA, et al. Magnetic resonance imaging
of arrhythmogenic right ventricular dysplasia: sensitivity, specificity,
and observer variability of fat detection versus functional analysis of the
right ventricle. J Am Coll Cardiol 2006;48:2277–84.

6. Hamdan A, Thouet T, Sebastian K, et al. Regional right ventricular
function and timing of contraction in healthy volunteers evaluated by
strain-encoded MRI. J Magn Reson Imaging 2008;28:1379–85.

ey Words: cardiomyopathy y arrhythmia y magnetic resonance

maging y genetics y diagnosis.

mailto:a.a.wilde@AMC.UVA.NL

