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RETROSPECTIVE STUDY

Is cardiac MRI an effective test for arrhythmogenic right
ventricular cardiomyopathy diagnosis?
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Abstract

AIM: To evaluate the referrals with suspected arrhyth-
mogenic right ventricular cardiomyopathy (ARVC) and
compare cardiac MR (cMR) findings against clinical di-
agnosis.

METHODS: A retrospective analysis of 114 (age range
16 to 83, males 55% and females 45%) patients re-
ferred for cMR with a suspected diagnosis of ARVC
between May 2006 and February 2010 was performed
after obtaining institutional approval for service evalu-
ation. Reasons for referral including clinical symptoms
and family history of sudden death, electrocardiogram
and echo abnormalities, cMR findings, final clinical diag-
nosis and information about clinical management were
obtained. The results of cMR were classified as major,
minor, hon-specific or negative depending on both func-
tional and tissue characterisation and the cMR results
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were compared against the final clinical diagnosis.

RESULTS: The most common reasons for referral in-
cluded arrhythmias (30%) and a family history of sud-
den death (20%). Of the total cohort of 114 patients:
4 patients (4%) had major cMR findings for ARVC, 13
patients (11%) had minor cMR findings, 2 patients had
non-specific cMR findings relating to the right ventricle
and 95 patients had a negative ctMR. Of the 4 patients
who had major cMR findings, 3 (75%) had a positive
clinical diagnosis. In contrast, of the 13 patients who
had minor cMR findings, only 2 (15%) had a positive
clinical diagnosis. Out of the 95 negative patients, clini-
cal details were available for 81 patients and none of
them had ARVC. Excluding the 14 patients with no clini-
cal data and final diagnosis, the sensitivity of the test
was 100%, specificity 87%, positive predictive value
29% and the negative predictive value 100%.

CONCLUSION: CMR is a useful tool for ARVC evalu-
ation because of the high negative predictive value as
the outcome has a significant impact on the clinical
decision-making.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study was designed to evaluate the refer-
rals with suspected Arrhythmogenic right ventricular
cardiomyopathy (ARVC) and compare the findings of
cardiac magnetic resonance imaging (cMR) against
clinical diagnosis. Currently the diagnosis depends upon
a combination of variety of factors including imaging
findings. We evaluated all the referrals in our institution
over a 4-year period and found a high sensitivity and
specificity of cMR for ARVC diagnosis. We have con-
cluded that cMR is a very useful tool for ARVC evalua-
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tion because of the very high negative predictive value
as the outcome has a significant impact on the clinical
decision-making.
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INTRODUCTION

Arrhythmogenic right ventricular cardiomyopathy
(ARVC) is a genetic form of cardiomyopathy character-
ized by fibro-fatty replacement primarily of right ventric-
ular muscle. ARVC is inherited predominantly as an auto-
somal dominant pattern. There are also recessive forms
described caused by mutations in the plakoglobin and
desmoplakin (e.g., Naxos Disease, Carvajal Syndrome)
which are associated with a cutaneous phenotype“’ﬂ. Al-
though the name describes a “right” ventricular process,
it is now recognized that left ventricular involvement
i1s much more common and acknowledged at an earlier
stage than before™™. In the early stage of the disease,
structural changes may be absent or subtle and are due
to myocardial injury, inflammation and repair'” and are
confined to a localized region of the right ventricle (RV),
typically the RV outflow tract, pulmonary infundibulum
or the RV apex, which form a “triangle of dysplasiam
(Figure 1, see arrows). These areas are eventually replaced
by fibrous and fatty tissue” resulting in aneurysm for-
mation, which is commonly seen in the basal inferior wall
below the tricuspid valve”. Ventricular aneurysms at
these sites can be considered pathognomonic of ARVC"
(Figure 2, see arrows). These changes contribute to the
electrical instability, which triggers ventricular tachycardia
and sudden cardiac death (SCD)""".

Clinical manifestations of ARVC are variable. The
most common symptoms are palpitations and syncope,
due to the occurrence of ventricular tachycardia. Occa-
sionally, SCD may be the first event. ARVC is a relatively
common cause of unexpected SCD in the young, espe-
cially in athletes"", Progressive structural involvement
results in failure of the right or left ventricle depending
on which one is predominantly affected and eventually
to biventricular heart failure!™"”, Following the diagnosis
of ARVC or the occurrence of SCD due to suspected
ARVC; evaluation of family members is frequently initi-
ated.

Histological confirmation is required for the defini-
tive diagnosis of ARVC; however myocardial biopsy may
not necessarily be sensitive due to the segmental nature
of the disease™. An International Task Force (Table 1)
was developed in 1994, which proposed major and minor
criteria for the diagnosis of ARVC". The diagnostic cri-
teria depends on a variety of factors including functional
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Table 1 Task force criteria for the diagnosis of arrhythmogenic

right ventricular cardiomyopathy!'*!

1 Global and/ or regional dysfunction and structural alterations (detected

by echocardiography, angiography, magnetic resonance imaging, or

radionuclide scintigraphy)
Major: Severe dilatation and reduction of right ventricular ejection
fraction with no (or only mild) left ventricular impairment. Localized
right ventricular aneurysms (akinetic or dyskinetic areas with diastolic
bulging). Severe segmental dilatation of the right ventricle
Minor: Mild global right ventricular dilatation and/ or ejection fraction
reduction with normal left ventricle Mild segmental dilatation of the
right ventricle Regional right ventricular hypokinesia

2 Tissue characterization of wall
Major: Fibro-fatty replacement of myocardium on endomyocardial
biopsy

3 Repolarisation Abnormalities
Minor: Inverted T waves in right precordial leads (V2 and V3) in
people aged > 12 yr, in absence of right bundle branch block

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

5 Arrhythmias
Minor: Left bundle branch block type ventricular tachycardia
(sustained and non-sustained) by ECG, Holter or exercise testing.
Frequent ventricular extra-systoles (> 1000/24 h) by Holter

6 Family history
Major: Familial disease confirmed at necropsy or surgery
Minor: Family history of premature sudden death (< 35 yr) due to
suspected right ventricular dysplasia. Familial history (clinical
diagnosis based on present criteria)

The diagnosis of arrhythmogenic right ventricular cardiomyopathy
(ARVC) would be fulfilled in the presence of 2 major criteria or 1 major
plus 2 minor or 4 minor criteria from the different groups. ECG: Electro-
cardiogram.

and structural abnormalities on imaging such as cMR
or echocardiography, tissue characterisation (Z.e., en-
domyocardial biopsy), repolarization and depolarisation
abnormalities in the electrocardiogram (ECG), arrhyth-
mias, family history and genetic analysislzoj. These criteria
although were highly specific, lacked the sensitivity for
carly disease”"*. Tn 2010, revised criteria were proposed
to include quantitative parameters particularly for the im-
aging studies (Table 2) to improve diagnostic sensitivity
whilst maintaining speciﬁcitym.

CMR has an important role in the diagnosis of ARVC
as it allows three-dimensional visualisation of the ven-
tricles and is very useful in the assessment of functional
and structural abnormalities”™. Previous studies have
demonstrated that c MR has high sensitivity and specific-
ity for ARVC diagnosis[24’25] and also play an important
role in the evaluation of ARVC even in patients who
do not meet the Task Force Criteria”. Due to the high
sensitivity and specificity, cMR has also been suggested
as a routine method of examination if ARVC is clinically
suspected[zs]. Apart from excluding ARVC, cMR is also
sometimes useful in finding ARVC mimics or other clini-
cally significant ﬁndings[26’27j.

The requests to rule out ARVC constitute a signifi-
cant proportion of the total cMR referrals in our institu-
tion from the cardiologists. Although the previous studies
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Figure 1 Cardiac magnetic resonance 4 chamber image from cine imag-
ing demonstrating dyskinesia of the right ventricle free wall.

Figure 2 Cardiac magnetic resonance 4 chamber image from cine imaging
demonstrating aneurysm of the basal segment free right ventricle wall.

have demonstrated the critical role of cMR in the diag-
nosis of ARVC, the impact of cMR outcome in an un-
selected population is not widely analysed. So this study
was undertaken to find out what percentage of patients
with a suspected diagnosis of ARVC referred for cMR
had positive clinical results and whether the outcome
helped in deciding further patients’ care.

MATERIALS AND METHODS
Study population

All the patients who were referred for cMR with a sus-
pected diagnosis of ARVC or with a family history of
suspected or confirmed ARVC from May 2006 to Febru-
ary 2010 in our institution were included in this retro-
spective analysis (Table 3). A total of 121 patients were
referred in this period. Seven patients were not scanned
due to claustrophobia. Therefore, the study included 114
patients. Out of the 114 patients who underwent cMR,
63 patients were male (55%) and 51 were female (45%).
The age range was from 16 to 83 years, however 82%
of the patients were between 20 and 60 years of age.
The majority of these patients (84%) were referred from
the cardiologists in our teaching institution, and the rest
came from the cardiologists from the five district general
hospitals and one private hospital. The three most com-
mon reasons for referral were arrhythmias (30%), fam-
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Table 2 Revised task force criteria for imaging™"

Major
By 2D echo:
Regional RV akinesia, dyskinesia or aneurysm and one of the
following (end diastole):
1 Parasternal long axis view RVOT (PLAX) = 32 mm (corrected for
body size (PLAX/BSA) = 19 mm/m’)
2 Parasternal short axis view RVOT (PSAX) = 36 mm (corrected for
body size (PSAX/BSA) = 21 mm/m’)
3 Or fractional area change (FAC) < 33%
By MRI:
Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
and one of the following:
1 Right ventricular end diastolic volume (RVEDV/BSA) = 110 mL/m’
(male) or = 100 mL/m” (female)
2 Or RVEF < 40%
By RV angiography:
Regional RV akinesia, dyskinesia or aneurysm
Minor
By 2D echo
Regional RV akinesia or dyskinesia and one of the following
(end diastole):
1 Parasternal long axis view RVOT (PLAX) = 29 - < 32 mm (corrected
for body size (PLAX/BSA) = 16 - < 19 mm/m’)
2 Parasternal short axis view RVOT (PSAX) = 32 - < 36 mm (corrected
for body size(PSAX/BSA) = 18 - < 21 mm/m’)
30r FAC>33% - < 40%
By MRI
Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
and one of the following:
1 Right ventricular end diastolic volume/BSA = 100 - < 110 mL/m’
(male) or = 90 - < 100 mL/m’ (female)
2 RVEF >40% - < 45%

RVEF: Right ventricular ejection fraction; RVOT: Right ventricular outflow
tract; FAC: Fractional area change.

ily history of sudden death (20%) and abnormal RV on
echocardiography or on a previous cMR (19%). The other
reasons for referral included history of palpitations and
syncope, Supra-ventricular tachycardia, suspected Brugada
syndrome, abnormal left ventricle (LV) and dilated cardio-
myopathy on echo, frequent ectopics and cardiac arrest.

The institutional review board approved this retro-
spective study. Since this was a service evaluation, formal
ethical approval was not required. However, the patients’
confidentiality was respected.

Acquisition protocol

All the cardiac magnetic resonance imaging (MRI) scans
were performed on a Siemens Avanto 1.5 Tesla magnetic
resonance scanner using a body coil. The ARVC protocol
included: (1) scout images; (2) dark blood Half-Fourier
Acquisition Single-Shot Turbo Spin-Echo imaging in 3
planes-axial, coronal and sagittal; and (3) a series of bal-
anced, steady state free precession (25 phase) cine im-
ages, with standard views in the following planes; Vertical
long-axis (VLA) or 2-chamber; 4-chamber (FCH); Left
ventricular outflow tract (LVOT) or 3 chamber; Right
ventricular outflow tract; short axis stack at 10 mm inter-
vals to allow quantification of ventricular volumes and
function; Axial stack to assess for RV free wall regional
wall motion abnormality; (4) gadolinium was adminis-

July 26,2014 | Volume 6 | Issue 7 |



Chellamuthu S et a/. Role of MRI in ARVC diagnosis

Table 3 Study population

Table 4 Results

Time period May 2006-Feb 2010
Total No. of patients referred 121
Total No. of patients scanned 114
Age range 16 to 83
16-20 7 (6%)
21-30 19 (17%)
31-40 25 (22%)
41-50 28 (24%)
51-60 21 (18%)
61-70 10 (9%)
71-80 3 (3%)
81-90 1 (1%)
Males 63 (55%)
Females 51 (45%)
Referrals
Teaching Hospitals 96 (84%)
District General Hospitals 18 (16%)
Reasons for referral
Arrhythmias 34 (30%)
Family history of sudden death 23 (20%)
Others 57 (50%)
Others
Abnormal RV in echo 22 (19%)
Brugada syndrome 8 (7%)
Syncope 8 (7%)
Palpitations 6 (5%)
Dilated cardiomyopathy in echo 4 (3.5%)
Frequent ectopics 4 (3.5%)
SVT 3 (3%)
Abnormal LV 1(1%)
Cardiac arrest 1(1%)

RV: Right ventricle; LV: Left ventricle.

tered at a rate of 0.1 mmol/kg and followed by eartly gad-
olinium inversion recovery images in the LVOT, FCH,
VLA planes, with an inversion time (TI) of 440 ms; and
then (5) late gadolinium inversion recovery images were
obtained of the LVOT, FCH and VLA planes and as a
short axis stack; repeated with a phase swap, with the T1
set to produce optimal myocardial nulling. Right ventricu-
lar volumes were analysed from the short axis stack and
compared with indexed normal values.

Data analysis

Patient details including age, sex, ECG and echo abnor-
malities, family history, MRI findings and information
about clinical management were obtained. We analyzed
the data for cMR findings, which fitted with the major
and minor criteria for ARVC. The major MRI criteria for
ARVC included severe global/segmental dilatation of the
RV and global systolic dysfunction. The minor criteria
included mild global/segmental dilatation of the RV, re-
gional contraction abnormalities and global diastolic dys-
function according to the Task Force Criteria. The gado-
lintum enhancement if seen was also recorded. At least 2
radiologists and 1 cardiologist jointly reported the scans.
The MRI findings were correlated with clinical outcome.

Statistical analysis
The overall sensitivity and specificity of ¢cMR to diagnose
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RV abnormalities related to ARVC 19 (17%)
Major 4 (4%)
Minor 13 (11%)
Non specific 2 (2%)

Other diagnoses 95 (83%)
Normal 63 (55%)
Dilated cardiomyopathy 8 (7%)
Left to right shunt 1(1%)
RV infarction 1 (1%)
LV infarction 1(1%)
Other mild abnormalities 21 (18%)

Clinically proven ARVC 5(4%)
cMR major 3
c¢MR minor 2
Non specific (out of 2) 0
Others (out of 95)" 0

Family history of sudden death 23
Clinically proven ARVC 1
Minor and non specific criteria for ARVC
(not clinically proven)

Normal 15
LV hypertrophy 1
LV dyssynchrony 1
LV infarct 1
Dilated cardiomyopathy 1

'Clinical data was available for only 81 patients. RV: Right ventricle;
ARVC: Arrhythmogenic right ventricular cardiomyopathy; LV: Left ven-
tricular.

ARVC and the positive and negative predictive values in
three different groups (arrhythmias, family history and
others) were calculated. Values were expressed in per-
centages.

RESULTS

CMR findings with abnormalities related to the right
ventricle were classified as major, minor and non-specific
according to whether they met major or minor cMR diag-
nostic criteria of ARVC. There were also some non-spe-
cific findings related to the RV such as mild dyskinesia,
thinning of RV wall and mildly impaired RV function.
Of the 114 patients, 19 patients had RV related ab-
normalities (Table 4). Of these, 4 patients had major
cMR criteria, 13 had minor criteria and 2 patients had
non-specific features. Out of the 4 who had major cri-
teria for ARVC, 3 were clinically proven to have ARVC
of whom 2 had an implantable cardioverter defibrillator
(ICD) fitted. The third patient, who also had family his-
tory of ARVC, died soon after the diagnosis. Only this
patient (1 out of 4) showed extensive RV free wall late
gadolinium enhancement. The fourth patient did not
meet the full diagnostic critetia, but still had an ICD fit-
ted for recurrent episodes of ventricular tachycardia (VT).
Out of the 13 patients with minor criteria, 2 were clini-
cally proven to have ARVC. None of these patients had
late gadolinium enhancement. Eight patients with either
minor or non-specific criteria had repeat MR scan, which
suggested either no significant or mild change compared
to the eatlier scans. Out of the 95 patients who had nega-
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Clinical history - No of Major criteria

Clinically proven

Positive predictive Minor criteria Clinically proven Positive predictive

patients present ARVC value present ARVC value
Arrhythmia (30%) 2 1 50% 3 2 67%
Family history of SCD (20%) 1 1 100% 1 0 0%
Others (50%) 1 1 100% 9 0 0%

ARVC: Arrhythmogenic right ventricular cardiomyopathy; SCD: Sudden cardiac death.

tive cMR for ARVC, clinical data were available for 81
patients and none of them had a positive clinical diagno-
sis of ARVC. Of these patients, 63 patients had normal
scans and 8 had dilated cardiomyopathy. Other significant
diagnoses included left to right shunt (1), LV infarction (1)
and RV infarction (1). The remaining patients had mild
chamber or aortic root abnormality.

There were 23 patients referred with a family history
of sudden death. One had major cMR criteria, one had
minor cMR criteria and 2 had non-specific findings re-
lated to the RV on cMR. Apart from the one patient who
had major criteria, there was no other clinically proven
ARVC in patients with family history. Out of the remain-
ing 19 patients, 15 patients had normal scans, 1 had LV
hypertrophy, 1 had LV dyssynchrony, 1 had an LV infarct
with RV impairment and one had dilated cardiomyopathy.

In summary, of the total cohort of 114 patients, 17
% had scans showing abnormalities related to RV and
83% had scans not suggestive of ARVC. Four percent
of the study population had clinical proven ARVC and in
all of them, MR was positive for either major or minor
criteria. Excluding the 14 patients with no clinical data
and final diagnosis, the overall sensitivity of the test was
100%, specificity 87%, positive predictive value 29% and
the negative predictive value 100%. If split by criteria, the
positive predictive value for major criteria was 75% and
minor criteria 15%. The positive predictive values for dif-
ferent patient groups (arrhythmias (30%), family history
(20%), and others (50%) are given in Table 5. The nega-
tive cMR diagnoses were reassuring in terms of clinical
management especially for the patients with family his-
tory of sudden death.

DISCUSSION

This study has shown that in this cohort of patients 15%
fulfill imaging criteria for ARVC, with a subsequent 75%
of cases fulfilling Task Force criteria for the diagnosis of
ARVC if they had a major CMR criterion. Conversely a
negative CMR scan for ARVC on imaging criteria trans-
lated into no subsequent diagnosis of ARVC.

Referrals for cMR in our centre come from a variety
of sources, including the Inherited Cardiac Conditions
service and the Arrhythmia service, which are based
regionally at our institution. In addition, referrals are re-
ceived from general cardiology clinics in our institution
and from the district general hospitals in our region. The
scans are reported jointly by radiologists and cardiologists
at multidisciplinary meetings to maximize the clinical rel-
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evance of the reports.

In our study 15% of the patients fulfilled imaging cri-
teria for ARVC. Major criteria were found in 4% of the
cases and minor criteria were found in 11%. Data from
other centers report a detection rate of 3%-10%"*" for
unselected cMR referrals for possible ARVC. Therefore
our detection rate does not differ significantly from these.
These detection rates may fall following implementation
of the modified Task Force Criteria”™, with one study
showing a significant drop in the number of positive
scans™.

Our study showed that none of the patients with
CMR scans that were negative for ARVC on imaging
criteria were subsequently diagnosed with ARVC. This is
an important finding and is reassuring to the clinicians in-
volved. This negative predictive valve of 100% compares
to previous studies which have also shown the diagnostic
accuracy of CMR in the diagnosis of ARVC™. While it
may be perceived by some that many studies proved to
be negative, we claim that these studies are particularly
helptul to the clinician and the patient alike in exclud-
ing important pathology such as ARVC, particularly in
patients presenting with arrhythmias or those with a fam-
ily history of either ARVC or of sudden cardiac death.
Interestingly we also found evidence of other patholo-
gles in 11% of patients with scans negative for ARVC
on imaging criteria, the majority of these were diagnosed
as dilated cardiomyopathy. This is in keeping with other
studies, which report an incidence of significant other
etiologies being diagnosed in 4%-8% of the cases™?,

We have also shown that scans positive for ARVC
on imaging criteria translate into a high percentage of
patients formally fulfilling Task Force criteria for ARVC
(75% of cases with a major imaging criteria, 15% with
a minor criteria) and that no scans negative for ARVC
on imaging criteria were subsequently diagnosed with
ARVC. These reflect a reassuring performance by our
clinically effective service where scans are reviewed in
a joint cardiology and radiology multidisciplinary team
meeting. In conclusion, CMR is a useful tool for exclud-
ing ARVC, because of a high negative predictive value
and is especially helpful in patients with family history of
sudden death. A positive scan correlates well with clinical
findings. The technique is cost effective as the positive or
negative outcomes have significant impact on the clinical
decision-making.

Limitations of this paper are that the number of pa-
tients studied were small, with no control group and this
precluded more detailed statistical analysis, such as hazard
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ratio’s. Further work in this area should include a larger
study population.

COMMENTS

Background

Arrhythmogenic right ventricular cardiomyopathy (ARVC), an inherited disorder
is a relatively common cause of sudden death especially in young athletes. The
diagnostic criteria is however not simple and depends on fulfilling modified Task
Force Criteria which involves a lot of diagnostic work up including multimodality
imaging. Cardiac magnetic resonance imaging (cMR) is one such useful tool and
also the one frequently requested to evaluate for ARVC. Although the previous
studies have demonstrated the critical role of cMR in the diagnosis of ARVC, the
impact of cMR outcome in an unselected population is not widely analysed.

Research frontiers

The definitive diagnosis requires endomyocardial biopsy, which is an invasive
procedure, however even the biopsy may still not be sensitive due to the patchy
nature of the disease. Cardiac MR has emerged over the years as a very useful
non-invasive modality of choice and the research hotspot is to find out whether
it can serve as a one-stop shop for the evaluation of ARVC.

Innovations and breakthroughs

Data from other centers report a detection rate of 3%-10%, for unselected CMR
referrals for possible ARVC. This study results show 4% of the referrals had
positive clinical diagnosis and none of the patients with negative CMR scans
were subsequently diagnosed with ARVC. This is an important finding and is
reassuring to the clinicians involved. Although significant proportion of studies
proved to be negative, the authors claim that these studies are particularly help-
ful to the clinician and the patient alike in excluding important pathology such as
ARVC, particularly in patients presenting with arrhythmias or those with a family
history of either ARVC or of sudden cardiac death.

Applications

The study results show that cardiac MR is a useful tool for excluding ARVC,
because of a high negative predictive value and the positive scan also corre-
lates well with clinical findings, which makes the study cost effective as both the
outcomes have significant impact on the clinical decision-making.
Terminology

“Arrhythmogenic cardiomyopathy” - “cardiomyopathy” refers to disease of the
heart muscle which when affected by inflammation with subsequent fibrosis
and fat infiltration can cause “arrhythmogenic” potential which triggers the heart
muscle to produce very high heart rates such as ventricular tachycardia and
fibrillation due to electrical instability which can result in sudden death.

Peer review

The manuscript is well written and highly organized. The readability is excel-
lent. In this retrospective analysis of 114 patients referred for CMR because of
arrhythmias or family history of sudden death, the results of CMR were classi-
fied depending on both functional and tissue characterisation and the clinical
information were used. The assessment and judgment of the images of CMR
was performed jointly by radiologist and cardiologist. This study shows that
CMR has an important role in the diagnosis of ARVC as it allows 3-D visualiza-
tion of the ventricles and CMR is sometimes useful in finding other disorders for
patient's symptoms.
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