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regional myocardial function in the right ventricular (RV) free wall using deformation
parameters. We sought to evaluate the potential utility of STI at rest and after stress to
predict arrhythmogenic RV dysplasia (ARVD). We studied 19 patients with ARVD
(diagnosed according to the task force criteria) and 19 healthy age- and gender-matched
subjects. Both 2-dimensional and 3-dimensional echocardiography were performed. The
RV and left ventricular annular peak systolic velocities were measured using tissue Doppler
imaging. The RV-left ventricular peak systolic longitudinal strain (LS) was obtained in the
basal, mid, and apical segments in the apical 4-chamber view using STI. An exercise stress-
echocardiographic test was undertaken using bicycle ergometry with the patient in the
supine position for all patients, and the indexes were assessed at peak effort. The STI
measurements were determined using offline analysis programs. The 3-dimensional RV
ejection fraction and strain were significantly lower in patients with ARVD than in the
controls. The RV strain values at rest did not change significantly during maximum
physical effort in the patients with ARVD. The receiver operating characteristic curves
suggested that the thresholds offering an adequate compromise between sensitivity and
specificity for the detection of ARVD were 9.35 cm/s for the RV annular peak systolic
velocity (area under the curve 0.81), 42% for 3-dimensional RV ejection fraction (area
under the curve 0.85),L25% for mean global RV-LS (area under the curve 0.86),L18% for
the lowest peak systolic RV-LS (area under the curve 0.88), and L1.2 for peak minus
baseline global change of stress RV-LS (area under the curve 0.92). In conclusion, STI at
rest and during stress might enable quantitative assessment of RV function and
the detection of ARVD and have potential clinical value in the treatment of these
patients. � 2013 Elsevier Inc. All rights reserved. (Am J Cardiol 2013;111:1344e1350)
Arrhythmogenic right ventricular (RV) dysplasia
(ARVD) is a heritable cardiomyopathy characterized by
fibrofatty replacement of the RV myocardium, leading to
arrhythmias and RV failure and sudden death in young
athletes.1,2 The diagnosis should be established using a set
of criteria as proposed by an international Task Force in
19941 and revised in 2010.2 Because fat infiltration is
seldom the only magnetic resonance imaging abnormality in
ARVD and is less sensitive for diagnosis than RV regional
dysfunction,3 and angiocardiography is an invasive tech-
nique, which limits its use in follow-up studies, echocardi-
ography has a prominent role in assessing structural and
functional changes.4e7 The identification of functional
abnormalities can result in false-positive data from the visual
echocardiographic evaluation,4 and RV dilation is not
a specific finding.5 The introduction of tissue Doppler
imaging and speckle tracking imaging (STI) has allowed the
quantification of regional myocardial function in the RV free
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wall using deformation parameters.8e11 However, other
conditions that affect regional RV function can be character-
ized by altered regional deformation in the RV free wall,9

and changes in regional RV deformation have also been
described in endurance athletes.12 Furthermore, reports of
stress testing in patients with ARVD have been scanty,13e15

and the behavior of the strain parameters after stress has
not been reported. Accordingly, we sought to evaluate the
potential utility of STI at rest and after stress to predict ARVD
and to determine its potential role compared to conventional
and 3-dimensional echocardiographic parameters.

Methods

We studied 19 patients with ARVD diagnosed in
accordance with the task force criteria.1 All patients
underwent a detailed history and physical examination,
12-lead electrocardiography, conventional and strain
echocardiography, Holter electrocardiography, and stress
testing. Electrophysiology, ventricular angiography, and/or
magnetic resonance imaging (in patients without defibrilla-
tors) were performed in patients with equivocal findings. In
none of the patients were symptoms of right-sided heart
failure present. Antiarrhythmic drug therapy was not dis-
continued. All patients were in stable sinus rhythm during
the echocardiographic examination. A total of 12 patients
underwent coronary angiography, with negative findings.
www.ajconline.org
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Figure 1. Speckle tracking imaging in normal control (A) and patient with ARVD at rest (B) and after stress testing (C). (A) Normal mean global RV
longitudinal strain (�26%). (B) Reduced mean global RV longitudinal strain (�19%). (C) Blunted increase of mean global RV longitudinal strain (�20%).

Table 1
Echocardiographic data in normal subjects

Gender Age (yrs) RVOT
Plax (mm/m2)

RVFAC (%) TAPSE (mm) TV
Sa (cm/s)

3D-RVEF (%) Global
RVLS (%)

Lowest
RVLS (%)

Stress
Global RVLS (%)

Male 21 14.2 53 22.3 13.5 61 �27.2 �19.2 �30.1
Female 23 15.1 57 26.1 14.1 64 �31.1 �22.3 �33.6
Male 28 14.2 53 20.6 12.1 59 �31.8 �24.7 �35.2
Female 29 15.7 52 23.2 10.4 57 �30.2 �25.1 �33.3
Male 32 13.1 49 21.3 10.8 55 �29.7 �22.4 �31.4
Male 33 12.4 50 24.7 15.1 52 �24.1 �21.2 �31.5
Male 36 11.2 45 25.8 13.7 49 �25.7 �22.3 �30.7
Female 37 12.7 54 24.2 12.2 55 �28.3 �24.4 �32.8
Female 38 17.1 52 26.1 14.6 63 �33.1 �28.2 �36.1
Male 41 12.8 50 21.6 11.9 53 �28.7 �23.2 �32.2
Male 43 12.8 46 19.7 11.1 54 �24.2 �20.1 �28.7
Female 45 14.7 55 25.1 14.1 58 �30.8 �20.6 �33.2
Male 50 14.1 48 20.7 13.4 61 �29.3 �22.1 �32.1
Male 51 13.1 46 22.2 12.6 55 �25.7 �21.3 �32.2
Female 53 12.8 52 25.5 13.2 54 �31.1 �19.2 �34.1
Male 55 15.2 45 20.3 12.9 56 �30.2 �20.2 �32.9
Male 60 16.2 42 19.7 14.5 51 �17.8 �17.2 �25.2
Female 61 14.6 53 24.8 13.8 58 �29.8 �23.3 �33.2
Male 67 13.1 48 24.1 11.7 60 �29.1 �22.5 �33.1
Mean � SD 42.2 � 13.2 13.9 � 1.4 49.9 � 3.9 23.1 � 2.3 12.9 � 1.4 57.1 � 4.3 �28.6 � 2.8 �22.7 � 2.3 �32.2 � 2.4

3D-RVEF ¼ 3-dimensional RV ejection fraction; RVFAC ¼ RV fractional area change; RVLS ¼ RV longitudinal peak systolic strain; RVOT Plax ¼ RV
outflow tract (parasternal long-axis view); Sa ¼ annular systolic velocity; TAPSE ¼ tricuspid annular plane systolic excursion; TV ¼ tricuspid valve.
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A total of 19 healthy age- and gender-matched adults were
selected as the control group. All subjects provided written
informed consent.

All patients underwent transthoracic echocardiography
with a commercially available ultrasound system (Vivid
E9, General Electric, Horten, Norway). Established criteria
were used to measure the right chambers.16e19 Immedi-
ately after 2-dimensional echocardiography, the patients
underwent 3-dimensional echocardiography, which was
performed as a full-volume scan of the left ventricular (LV)
and RV from the apical position. The images were stored
digitally for offline analysis using TomTec software
(TomTec Imaging Systems, Unterschleissheim, Germany).
The methods and accuracy of the measurements of end-
systolic and end-diastolic RV volumes have been previ-
ously reported.16 The process of volume determination was
done 2 times for each patient. The papillary muscles were
not included in the volume estimation.

The general principles that underlie the STI modalities
have been previously reported.17e20 The LV longitudinal
strain (LVLS) was defined as the average of the negative LS
of 6 segments of the septal and lateral walls on the apical
4-chamber view. The assessment of LV rotation by
2-dimensional speckle tracking strain imaging required the
acquisition of the LV short axis at the basal and apical
levels. The basal level was defined as that showing the
mitral valve tip and the apical level as that just proximal to
the level with LV cavity obliteration at end-systole. LV
torsion or twist was defined as the net difference (in degrees)
of the apical and basal rotation at the isochronal points.
Normalized torsion was defined as torsion divided by the
LV ventricular diastolic longitudinal length between the
apex and mitral planes. The peak diastolic untwisting
velocity and interval to peak untwisting velocity were
measured.

Special care was taken to ensure an adequate field of
view to image the entire right ventricle by narrowing the
2-dimensional sector width or positioning the transducer
down an intercostal space and laterally. To assess the
regional and global RV systolic function in the longitudinal



Table 2
Echocardiographic data from patients with arrhythmogenic right ventricular dysplasia (ARVD)

Gender Age (yrs) RVOT
Plax (mm/m2)

RVFAC (%) TAPSE (mm) TV Sa (cm/s) 3D-RVEF (%) Global
RVLS (%)

Lowest
RVLS (%)

Stress Global
RVLS (%)

Male 22 21.2 43 17.8 10.2 47 �20.1 �15.1 �21.3
Female 23 18.6 46 18.7 12.1 48 �22.4 �12.4 �24.4
Male 27 15.3 41 21.9 8.4 41 �19.7 �8.1 �21.6
Female 29 17.8 47 17.2 9.1 51 �25.1 �19.4 �27.2
Male 30 20.1 40 18.3 8.7 42 �18.7 �8.3 �19.8
Male 31 22.4 48 17.2 11.2 50 �16.1 �12.5 �17.9
Male 36 23.2 43 23.5 9.4 43 �16.2 �11.6 �17.4
Female 38 19.5 44 16.4 8.2 41 �16.4 �7.2 �18.8
Female 39 16.2 52 20.6 11.2 55 �25.5 �19.1 �27.4
Male 40 21.2 41 17.7 8.6 44 �25.2 �19.3 �25.5
Male 43 22.3 43 17.2 9.6 45 �15.1 �8.2 �15.9
Female 46 20.2 47 15.8 9.1 48 �17.2 �10.1 �18.9
Male 48 25.2 39 16.9 8.2 40 �17.1 �9.2 �18.8
Male 50 15.6 48 18.1 12.2 52 �25.3 �18.1 �25.9
Female 51 23.2 42 18.6 7.7 42 �25.2 �19.2 �26.8
Male 56 18.3 39 20.2 9.4 40 �14.1 �7.7 �15.5
Male 57 15.4 35 18.4 8.5 40 �25.7 �18.2 �27.1
Female 63 16.8 44 20.5 14.7 44 �17.9 �8.1 �18.8
Male 67 23.5 36 19.7 10.1 39 �25.2 �11.3 �25.8
Mean � SD 41.9 � 13.2 19.8 � 3.1* 43.1 � 4.3* 18.6 � 1.9* 9.8 � 1.8* 44.8 � 4.7† �20.4 � 4.2z �12.7 � 4.6z �21.3 � 4.2x

3D-RVEF ¼ 3-dimensional RV ejection fraction; RVFAC ¼ RV fractional area change; RVOT Plax ¼ RV outflow tract (parasternal long-axis view);
RVLS ¼ RV longitudinal peak systolic strain; Sa ¼ annular systolic velocity; TAPSE ¼ tricuspid annular plane systolic excursion; TV ¼ tricuspid valve.
* p <0.05 versus controls.
† p <0.005 versus controls.
z p <0.001 versus controls.
x p ¼ NS versus values at rest.

Figure 2. Comparison of mean global RV longitudinal strain after stress
testing in normal controls (CTR), endurance athletes (ATHL), and patients
with ARVD.

Figure 3. Sensitivity and specificity of 2-dimensional, 3-dimensional (3D),
and STI parameters in detecting ARVD. LS = longitudinal strain;
RVEF ¼ RV ejection fraction; RVOT ¼ RV outflow tract (parasternal
long axis); Sa ¼ annular peak systolic velocity; TAPSE ¼ tricuspid
annular plane systolic excursion; D ¼ peak � baseline.
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direction (Figure 1), we adopted a 6-segment RV model
(basal RV lateral wall, mid-RV lateral wall, apical RV wall,
apical septum, mid-septum, and basal septum). The lowest
peak systolic strain in all 3 segments of the RV free wall was
determined, as recently reported.9,10 Global strain was
calculated by averaging the local strain values along the
entire right ventricle. Reduced strain is indicated by less
negative values throughout the report. The echocardiograms
were analyzed by an echocardiologist who was unaware of
the clinical data using dedicated software (EchoPAC BT11,
General Electric, Horten, Norway).
A symptom-limited or submaximum (�85% of the age-
predicted maximum heart rate) exercise stress-echocardio-
graphic test was undertaken using bicycle ergometry with
the subject in the supine position, with an initial workload
set at 25 W and 25-W increments every 2 minutes. The heart
rate and rhythm were continuously recorded using 12-lead
electrocardiography, and the blood pressure was measured
manually during the last 30 seconds of each stage by
sphygmomanometry. Exercise testing was interrupted
promptly in the case of significant ventricular arrhythmia,
limiting breathlessness, dizziness, muscular exhaustion,
chest pain, or severe systemic hypertension. The functional

http://www.ajconline.org


Figure 4. Receiver operating characteristic curves for conventional echocardiographic parameters and deformation imaging. (A) RV fractional area change (area
under curve 0.67); (B) RV outflow tract parasternal long-axis view (area under curve 0.71); (C) RV annular peak systolic velocity (area under curve 0.81) (D)
Change in RVLS after stress testing (area under curve 0.92).
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and echocardiographic indexes were assessed at peak effort.
The strain parameters after stress testing were compared to
those from 19 healthy selected controls and 19 healthy age-
and gender-matched endurance athletes.

The data are presented as the mean � SD. The variables
were compared between groups using Student’s t test.
Differences were considered statistically significant when
p <0.05. STI diagnostic accuracy was analyzed using
receiver operating characteristic curves, with �4 points in
the task force criteria (major criteria, 2 points; minor,
1 point) as the reference standard.

Results

Although great care was taken to ensure the quality of the
data collected, 19.9% of all wall segments had to be
excluded from the analysis because the strain traces were
defined as noninterpretable. Of the 22 initially evaluated
patients with ARVD, 19 were included in the present study.
The overall feasibility of speckle tracking echocardiography
at rest and peak stress was 86%. The percentage of vari-
ability was <10% for the at rest parameters and �18% for
the data obtained during exercise.

Of the 19 patients, 8 had a history of syncope and/or
palpitations. Ventricular tachycardia of left bundle branch
block morphology was confirmed in 6 of these patients and
supraventricular tachycardia in 2. At the evaluation,
6 patients were taking sotalol, 2 were taking metoprolol,
1 was taking metoprolol and sotalol, and 1 was taking
amiodarone and metoprolol. Finally, 7 patients had had an
automatic cardioverter defibrillator implanted.

Patients with ARVD had a decreased 3-dimensional RV
ejection fraction compared to the normal controls (Tables 1
and 2). In the ARVD group, analysis of regional deformation
showed that the strain values were significantly reduced in
all 3 segments in the RV free wall compared to those in the
controls (Table 2). No significant changes for any of the
measured deformation parameters were observed in the 10
patients receiving antiarrhythmic medications compared to
patients not receiving therapy, although a trend was seen
toward lower values in patients receiving medication. The
lowest RV strain (Tables 1 and 2) was abnormal9,10

(<�18%) in 13 of 19 patients with ARVD (68%) and 1 of
19 controls (5%; p <0.0005). The global RV strain was
reduced (i.e., less negative than �25%) in 12 of 19 patients
(61%) and 2 of 12 normal controls (12%; p <0.001). The
LV parameters showed a reduction of the LVLS (�19.6 �
2.1% vs �20.9 � 2.4%, p <0.05) and increased LV torsion
(18.7� � 4.5� vs 14.6� � 4.1�, p <0.05). The global LV
strain was reduced (<�25%) in 38% of patients and 9% of
normal controls (p <0.01).

Of the 19 patients, 8 did not present with any arrhythmia
during or after exercise, 9 showed sporadic ventricular
premature beats at peak exercise and immediately after, 1
showed multiple ventricular premature beats, and 1 experi-
enced a short ventricular tachycardia consisting of 9 con-
secutive ventricular premature beats near peak exercise.
None of the patients had signs of myocardial ischemia on
the exercise electrocardiogram. The heart rate increment and
workload were greater in the controls than in the patients
with ARVD (p ¼ 0.04). In the normal subjects, the RV
strain values increased significantly during exercise (Table 2
and Figure 2). In the endurance athletes (Figure 2), the RV
strain values were decreased at rest compared to those of the
normal controls (�25.4 � 2.5% vs �28.6 � 2.7, p <0.01)
and increased during exercise (at rest �25.4 � 2.5%,
exercise �29.6 � 2.9%, p ¼ 0.03). In the patients with
ARVD, the decreased RV strain values found at rest did not
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change significantly during maximum physical effort
(Table 2 and Figures 1 and 2). The global longitudinal LV
strain and torsion did not have significant changes with
exercise. The exclusion of the 7 patients who did not have
coronary angiographic confirmation did not significantly
affect the results.

The receiver operating characteristic curves suggested
that the threshold offering an adequate compromise
between sensitivity and specificity for ARVD detection
(Figures 3 and 4) was 40% for RV fractional area change
(area under the curve 0.67), 16 mm/m2 for RV outflow tract
on parasternal long-axis view (area under the curve 0.71),
9.35 cm/s for RV annular peak systolic velocity (area under
the curve 0.81), 42% for 3-dimensional-RV ejection frac-
tion (area under the curve 0.85), �25% for mean global
RVLS (area under the curve 0.86), �18% for lowest peak
systolic RVLS (area under the curve 0.88), and �1.2 for the
global change (peak minus baseline) of stress RVLS (area
under the curve 0.92). The combination of global change of
stress RVLS and LVLS (Figure 3) had the greatest diag-
nostic accuracy for identifying ARVD and was superior to
the lowest peak systolic RVLS (p ¼ 0.007) or global
change of stress RVLS alone (p ¼ 0.024).

Discussion

The results of our study were as follows. First, overall, in
patients with ARVD, the RV wall strain was lower, in
parallel with changes in the 3-dimensional RV ejection
fraction. Second, RV strain predicted RV dysfunction better
than did the 3-dimensional-RV ejection fraction and
conventional methods. Third, the poor increase in the RV
strain after the stress test had an additive value in predicting
ARVD. To our knowledge, a study assessing the behavior
of strain parameters after stress in patients with ARVD has
not been previously reported.

The diagnosis of arrhythmogenic RV dysplasia is chal-
lenging, because the patients are usually asymptomatic at
the early disease stages, and sudden death can occur
primarily in young people. The phenotypic expression in
genotypically characterized subjects has shown a large
heterogeneity. The incomplete penetrance has made it
difficult to predict the onset of the disease and/or potential
lethal ventricular arrhythmias. Thus, a mutation alone in the
absence of symptoms does not imply a diagnosis of ARVD.
However, it is of paramount importance to recognize ARVD
at an early presymptomatic stage. One of the main adapta-
tions in the recently revised task force criteria compared to
the 1994 task force criteria was the addition of quantitative
measurements for echocardiography and cardiac magnetic
resonance imaging and the elimination of hypokinesia as an
abnormal finding, because it is nonspecific and is present in
about 20% of healthy subjects.2 The 1994 and 2010 task
force criteria were recently compared, and changes in the
sensitivity and specificity with regard to the echocardio-
graphic examination were observed.10 The 2010 task force
criteria were designed to detect those with phenotypic
disease who were at high risk of developing ventricular
arrhythmias; thus, the criteria are more specific, but less
sensitive. However, many false-positive findings related to
the 1994 task force criteria could have been caused by
“overinterpretation” of regional hypokinesia. A diagnostic
approach oriented to detect the early loss of function in
small RV areas could reduce the false-negative data,
although RV dilation can result in false-positive findings,
because it can occur in other conditions of RV pressure or
volume overload.

The role of strain and postsystolic shortening determined
by STI in patients with ARVD has been recently described,9

and the value of both tissue Doppler imaging and STI-
derived parameters appeared almost comparable for detect-
ing RV functional abnormalities. Thus, these investigators
have suggested implementation of STI when tissue Doppler
imaging is not possible.9 The same investigators stressed the
need to analyze all segments, including the basal and apical
segments, which are expected to be the earliest or most
affected regions, as a part of the triangle of dysplasia and to
seek the “worst” segment, because the negative predictive
value of a normal deformation in any segment has been
suggested to be low. Recently, they extended these findings
to asymptomatic ARVD gene carriers.10 Another study11

showed that RV mechanical dispersion, defined as the
standard deviation of the interval to peak strain in different
wall segments, represents regional functional abnormalities
in both patients with ARVD and asymptomatic mutation
carriers and predicts ventricular arrhythmias.

Our study has confirmed the value of STI indexes
compared to both conventional echocardiographic parame-
ters and 3-dimensional RV ejection fraction and highlights
the importance of stress testing. In patients with ARVD,
decreased regional strain values were found in all 3
segments in the RV free wall. No significant changes for any
of the measured deformation parameters were observed in
patients receiving antiarrhythmic medications compared to
those not receiving therapy, consistent with previous
reports.9 However, the wide variation in these measure-
ments, just as were seen in other studies,9,10 and the overlap
still present when comparing the individual values, have
limited the diagnostic usefulness of these indexes.

The possible overlap between a patient with ARVD and
an athlete’s heart is especially troublesome in the presence
of ventricular arrhythmias. In endurance athletes, long-
lasting RV volume overload could be the mechanism
contributing to the development of RV structural changes,
leading to functional abnormalities. A number of studies
have demonstrated transient RV systolic dysfunction in
response to marathon running using 2-dimensional echo-
cardiography.12,21,22 It has been suggested that the adapta-
tion to volume and pressure stress might spatially differ
within the right ventricle as a result of differences in wall
stress between the apical and inflow tract and that the basal
portion of the right ventricle might be more vulnerable and
prone to preferential dilation and reduced strain, or both.12

The findings from the present study have suggested that RV
strain improvements after exercise in endurance athletes
represent “normal” responses but that RV dysfunction
persists with exercise in patients presenting with ARVD.
These patients, compared to controls, already have RV
dysfunction at rest that is still evident or accentuated during
a submaximum exercise test.

Stress echocardiography has been used to evaluate
induced LV wall motion abnormalities; however, only a few
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studies have assessed RV function after stress, with the main
focus to detect coronary artery disease. The prognostic value
of visual RV wall motion analysis was demonstrated to be
independent of LV ischemia in stress tests; however, the
techniques available have not been uniformly used or
standardized, precluding widespread application of RV
assessment during stress testing. Two-dimensional speckle
tracking analysis of the right ventricle during stress echo-
cardiography was shown feasible without compromising
simultaneous assessment of the left ventricle.23 That study
suggested it should be included in routine stress echocar-
diographic tests.23 The altered RV contraction observed at
rest and after stress in our patients with ARVD in the
absence of coronary artery disease could be explained by
several mechanisms, such as increased oxidative stress, an
altered myocardial structure with fibrosis, altered myocar-
dial calcium homeostasis, endothelial dysfunction with
microvascular disease, and myocardial lipid accumulation.
Longitudinal contraction could be impaired at the earliest
stages, because it is related mainly to the subendocardial
fibers, which are more susceptible to the focal fibrosis and
hypoperfusion induced by redistribution of myocardial blood
flow. Impairment of biventricular myocardial strain and
a strain rate with normal biventricular volumes were recently
shown in patients with type 2 diabetes mellitus with high
levels of myocardial triglyceride content and no ischemia.24

ARVD is a heterogeneous disease that also affects the
LV regions in some patients.25 It was initially thought to be
primarily localized to the right ventricle and to extend at
a later stage to the left ventricle. However, the present
findings have suggested earlier LV involvement. In our
patients, the regional STI values were decreased overall in
the left ventricle, although to a lesser extent than in the right
ventricle. This abnormality of LV systolic longitudinal
deformation already present at rest, that was not specific to
ARVD, was amplified by exercise. The value of LV STI in
stress testing in healthy subjects and patients with cardio-
vascular diseases has been previously reported.26e28 The
pattern we found in patients presenting with ARVD was the
opposite of the increase of strain that occurs in normal
subjects and could have been because LV longitudinal
shortening is mainly dependent on the subendocardial fibers
and is affected by a reduced subendocardial flow reserve and
fibrosis, in addition to afterload. We also observed in the
patients with ARVD, increased LV torsion at rest, which
could be explained, in part, by a compensatory effect for the
decrease in longitudinal shortening, such as is seen in
hypertrophic disease. In response to supine submaximum
exercise, our normal controls exhibited significant increases
in the LV torsion and untwisting velocity, consistent with
previous studies examining LV rotation in response to
supine leg exercise in young subjects.29 In patients with
ARVD, LV torsion was blunted in response to supine
exercise. This suggests they have very little rotational
reserve, even in the presence of at rest supernormal LV
torsion values. All these findings suggest that at rest and
stress STI testing could be a useful tool in detecting and
monitoring RVeLV abnormalities in this type of cardio-
myopathy. In contrast, magnetic resonance imaging cannot
be serially performed in patients with a defibrillator, and
computed tomography is limited because of the nonoptimal
information obtained on ventricular function and ionizing
radiation exposure. Our observations could help clinicians
in difficult situations to clarify the uncertainties regarding
the presence of RV cardiomyopathy.

The present study had some limitations. First, all patients
with ARVD met the task force criteria, and most had
RV dilation and dysfunction; thus, the present results should
not be extrapolated to subjects in an occult stage of the
disease. However, a recent study reported the value of
deformation imaging in asymptomatic carriers.10 Second,
the 2-dimensional strain analysis software was applied to the
right ventricle, assuming that the LV algorithm could be
transferred to this chamber. However, even if the repro-
ducibility of this method should be subjected to additional
validation, it has been used in several clinical studies.9,11,12

Third, we included some patients who did not undergo
coronary angiography. However, none of our patients had
clinical findings suggestive of coronary artery disease, and
the exclusion of those patients without angiography did not
significantly affect the results. Moreover, the quantification
of strain and strain rate during exercise proved difficult in
the present study, just as in previous reports.20,26,27,30

However, the feasibility was acceptable, and offline STI
analysis was determined at peak effort in most subjects.
Finally, our results on stress testing were derived from
a relatively small number of patients and should be inter-
preted with caution until they have been confirmed in
a larger study population.
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