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Abstract
Objective-Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a
myocardial disorder characterised clinically by ventricular arrhythmias that can
cause cardiac arrest and morphologically
by fatty or fibro-fatty myocardial atrophy
of the right ventricle. In vivo tissue characterisation without endomyocardial
biopsy would be useful. The aim of this
study was to investigate the diagnostic
accuracy of spin-echo nuclear magnetic
resonance (NMR) for tissue characterisation in ARVC.
Patients and methods-Twenty three
subjects (15 men and eight women, aged
18-49, mean 34) were studied with spinecho Ti-weighted NMR and multislice
scan. Fifteen had a clinical diagnosis of
ARVC and eight were controls (age and
sex matched subjects). Data were independently evaluated by two expert
observers.
Results-In the control group NMR was
always negative (100% specificity). Ten of
the 15 patients with ARVC had an abnormal NMR result (67% sensitivity), with
areas that had a signal intensity close to
that of pericardial or subcutaneous fat. In
the remaining five cases the NMR signal
was inadequate. Nine patients underwent
both NMR and endomyocardial biopsy;
biopsy was positive in eight (89%) and
NMR was positive in five (56%).
Conclusions-NMR is a useful non-invasive diagnostic tool in the evaluation of
fatty replacement in ARVC. The technique can be used with other procedures
in the initial diagnostic evaluation and is
a useful alternative tool in the long term
follow up of patients with ARVC.

autosomal dominant inheritance and variable
penetrance7 8; gene defects have been mapped
to chromosomes 14 and 1.9 10 Those affected
are young apparently healthy people, frequently engaged in sports, and with a normal
heart at a routine investigation. Patients may
complain of syncope and/or palpitations
related to ventricular arrhythmias, usually of
left bundle branch block morphology.
Sometimes ARVC presents as sudden death,
often during strenous exercise.34 In vivo diagnosis is based on clinical demonstration of
structural, functional, and electrophysiological abnormalities attributable to the underlying histological changes." Nuclear magnetic
resonance (NMR) is a non-invasive tool with
an optimal spatial resolution, able to distinguish by means of spin-echo Tl-weighted
pulse sequences between normal myocardium
and fatty or fibrous tissue.'2 We assessed the
diagnostic accuracy of spin-echo NMR as
potential tool for in vivo tissue characterisation of fibro-fatty and fatty replacement of the
right ventricular myocardium.
Patients and methods
We studied 15 patients with ARVC (10 men,
five women; aged 18-49, mean 35-5) and
eight age and sex matched control subjects
(five men, three women; aged 18-46, mean
31-2).
The diagnosis of ARVC was based on
major and minor diagnostic criteria of the
Task Force of Working Group on Myocardial
and Pericardial Disease of the Scientific
Council on Cardiomyopathies of the
International Society and Federation of

Cardiology.11
Ten (66%) subjects had a family history of

ARVC and/or sudden death. All 15 had
echocardiographic and/or angiographic evidence
of global and/or regional dysfunction
(Heart 1996;76:467-470)
and structural alterations; inverted T waves in
right precordial leads were detected in three
Keywords: arrhythmogenic right ventricular cardiomy- (20%), left bundle branch block type ventricuopathy; nuclear magnetic resonance; endomyocardial lar arrhythmias in 10 (66%), and positive late
biopsy
potentials on signal averaged ECG in 13
(85%). Endomyocardial biopsy was perArrhythmogenic right ventricular cardiomy- formed in nine patients. It showed fibro-fatty
opathy (ARVC) is a heart muscle disease of replacement of the right ventricular
unknown aetiology, characterised pathologi- myocardium in eight (89%), which was diagcally by segmental or diffuse fibro-fatty or nostic of ARVC.
NMR was performed by means of a Philips
fatty replacement of the right ventricular
myocardium and clinically by ventricular device T5 (0 5 tesla). A electrocardiographiarrhythmias which can lead to cardiac cally gated spin-echo Tl-weighted multislice
arrest.'-6 The disease is often familial with scan was used (TE = 30 ms, slice thickness
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Table 1 Spin-echo NMR images and endomyocardial biopsyfindings in 15 patients
Right ventricle
Anterolateral

Inferior

Apex

M, 43
M, 27
M, 29
M, 24
F, 40
M, 21
F, 22
M, 49
F, 49
M, 38
M, 34
M, 24
F, 41
M, 34
F, 49

I
I
I
I
I
H
H
H
H
H
H
H
H
H
H

N
N
N
N
I
H
H
H
I
H
I
I
N
H
H

I
N
N
N
I
H
H
H
N
H
H
H
N
N
H

Left

tricular

Outflow

ventricle

septum

Endomyocardial
biopsy

N
I
N
N
I
H
H
H
H
H
H
I
N
N
H

N
N
N
N
N
N
N
N
N
N
N
N
N
N
H

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Fibrosis
Negative
NP
Fibrosis
Fibrosis
Fibrosis
Fibro-fatty
NP
Fibro-fatty
NP
Fibrosis
NP
NP
NP
Fibro-fatty

Interven-

H, high intensity; I, inadequate; N, normal; NP, not performed.

9 mm, interslice gap 1 mm). Images of the
heart were obtained in transverse and sagittal
planes.
Two observers blindly and independently
evaluated all Tl-weighted spin-echo images.
Signal intensity was evaluated at four sites in
the right ventricle (inferior, apex, outflow,
anterolateral) and at the level of interventricular septum and left ventricular free wall. Spinecho NMR was regarded as abnormal when
there was a high intensity, bright signal caused
by fatty tissue and a low intensity, dark signal
caused by fibrous tissue instead of normal
myocardium.12 Furthemore, the signal was
regarded as inadequate if it was impossible to
distinguish between hyperintense areas and
artifacts.
Finally, cardiac chamber dimensions and
morphology as well as wall thickness were
evaluated.

signal was detected only at the level of
atrioventricular sulcus which is usually rich in
adipose tissue.
Table 1 summarises the results in the 15
patients with clinical diagnosis of ARVC.
An abnormally hyperintense bright signal
was detected in 10 out of 15 (sensitivity 67%)
patients. In the remaining five, the NMR signal
was considered to be inadequate and not
tense

informative.
The anterolateral free wall of the right ventricle was affected in all NMR positive
patients, the inferior wall in six, the apex in
seven, and the outflow tract in seven (fig 1).
Five patients showed a diffuse involvement of
the right ventricle (free wall, inferior, apex,
outflow tract), with a significant enlargement
of the right ventricular chamber. Furthermore, the right ventricular wall was thin in
three and there was an irregular endocardial

outline

Results
Spin-echo NMR was negative in all the control group: no anatomical site was considered
to be abnormal in terms of signal intensity or
morphology (100% specificity) and a hyperin-

in

two.

NMR was always normal at the level of
interventricular septum and only one patient
had involvement of the left ventricular free
wall, showing both a hyperintense signal and
cavity enlargement. Evaluating the NMR signal intensity at the level of anterolateral right
ventricular free wall was particularly difficult.
We never saw the clear low intensity dark
signal that indicates fibrous tissue replacement.

Nine patients, with a diagnosis of ARVC,
had both NMR and endomyocardial biopsy
(table 2). In eight (89%) endomyocardial
biopsy confirmed ARVC, caused by fibrofatty replacement in three and isolated fibrous
replacement in five (fig 2). Spin-echo NMR
was positive in five (56%) and equivocal in
four because of an inadequate signal. Among
these four endomyocardial biopsy was positive
in three with isolated fibrous replacement and
negative

Figure 1 A 22 year old woman with history of dizziness and sustained ventricular
tachycardia with left bundle branch block morphology. Short axis nuclear magnetic
resonance shows a mildly dilated right ventricle with a brighter signalfrom a thin anterior
free wall.

in

one.

Table 2 Comparison of endomyocardial biopsy and NMR
results in nine clinically affected patients
NMR
Result
Endomyocardial biopsy
5 (56%)
8 (89%)
Positive
4 (44%)
1 (11%)
Negative or doubtful
Total

9

9
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image by echocardiography or angiogra-

phy.21-25 Moreover, NMR is a non-invasive
technique that does not need contrast medium
and gives an excellent contrast between blood,

IA

W

..

_

Figure 2 A 21 year old man with family history of ARVC and spontaneous sustained
ventricular tachycardia with left bundle branch block morphology. Short axis nuclear
magnetic resonance shows a diffuse bright signalfrom the right ventricular wall, suggestive
of extensive myocardialfatty replacement (A). Endomyocardial biopsy shows extensive
replacement of the myocardium by fibrosis (azan-Mallory stain, original magnification
x 45) (B).

Discussion
In theory, a definitive diagnosis of ARVC is
based upon histological evidence of transmural fatty or fibro-fatty replacement of the
right ventricular myocardium.6 Morphological
diagnosis through endomyocardial biopsy has
a reported specificity of 92% and sensitivity of
67%." However, to obtain maximal sensitivity, biopsy samples should be taken from areas
affected by the disease, namely at the level of
right ventricular free wall where the fibro-fatty
replacement is so extensive that it affects the
subendocardium. The interventricular septum
is usually spared and a biopsy performed at
this level may give a false negative result
because of sampling error. Moreover, endomyocardial biopsy risks perforating the thin,
soft right ventricular free wall in these patients.
Recent advances in clinical investigation of
ARVC by ultra-fast computed tomography'4
and NMR'5-20 were prompted by the need for
accurate in vivo cardiac imaging, especially of
the right ventricle which can be difficult to
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myocardium, and soft tissues, with the opportunity to characterise specific tissues by estimating magnetic relaxation times.'2 Fatty
replacement is characterised by an increased
signal intensity, close to that of pericardial or
subcutaneous fat on Tl-weighted spin-echo
images, whereas fibrous tissue gives decreased
signal intensity compared with normal
myocardium.
Our study indicates that spin-echo NMR
has a 100% specificity for the diagnosis of
ARVC, which is higher than for other techniques. However, sensitivity seems lower, with
an abnormal, high intensity signal caused by
fatty replacement found in only 67% of
affected patients.
Previous studies report variable degrees of
right ventricular involvement in ARVC on
spin-echo NMR. Molinari et al found
increases in signal intensity within the myocardial wall of the right ventricle, suggesting fatty
replacement, in all the cases, with at least two
abnormal areas in the right ventricle20 and
Ricci et al found them in 53% of patients.'9
Even lower sensitivity (22%) in detecting fatty
tissue was reported by Aufferman et al.'8 We
ascribe these different results to the selection
of patients, which included not only those with
overt forms of the disease with extensive structural alterations, global functional deterioration, and inducible arrhythmias, but also those
with concealed forms without global dysfunction and without inducible arrhythmias.
In our experience, NMR findings were
inadequate in 33% of affected patients. The
poor quality of cardiac gated images may be
caused by technical problems, patient motion,
or cardiac arrhythmias during image acquisition.'2 The evaluation of the signal in very thin
walls may be difficult as well, because it is difficult to distinguish between artifacts and adjacent blood. Moreover, some areas-such as
the subtricuspid region-are not always easily
distinguished from the atrioventricular sulcus,
which is rich in fat.
When we compared the diagnostic accuracy
of endomyocardial biopsy and NMR in
patients who underwent to both procedures,
we found that endomyocardial biopsy was
more sensitive (89% v 56%, respectively). In
ARVC patients with inadequate NMR findings, endomyocardial biopsy was negative in
one and diagnostic because of isolated fibrous
replacement in the remaining three. In neither
our study nor in previous report was an abnormal low intensity NMR signal that is consistent with fibrous tissue replacement ever seen,
despite histological evidence of fibrosis.
Therefore, fibrosis does not seem to be
detectable on NMR and the only manifestation may be an extreme thinning of the cardiac
wall. Furthemore, the potential sampling error
associated with biopsy of a subendocardial site
may explain inconsistencies between histological findings and the NMR signal, which is generated by the entire wall thickness.
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In conclusion, spin-echo NMR is a useful
non-invasive diagnostic tool in the evaluation
of fatty replacement in ARVC. The technique
can support echocardiography, angiocardiography, and endomyocardial biopsy investigations in the initial diagnostic evaluation and
may be an alternative to other invasive procedures in the long-term follow up of ARVC
patients.

