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Purpose: To compare epicardial fat in patients with arrhythmogenic right ventricular dysplasia/cardiomyopathy (ARVD/C) with
that in healthy subjects.
Materials and Methods: In this retrospective study, cardiac CT scans in 44 patients with ARVD/C (mean age, 39 years 6 12; 23

men) were compared with those in 45 control group participants between January 2008 and July 2015. Volumes of intrathoracic
adipose tissue, mediastinal adipose tissue (MAT), and total epicardial adipose tissue (EAT) were quantified. EAT was subdivided
into three regions—right ventricular (RV) EAT, left ventricular (LV) EAT, and peri-atrial EAT (atrial EAT)—and normalized to
MAT for all regions. Logistic regression and receiver operating characteristic analysis were performed to evaluate the association
between epicardial fat with the diagnosis of ARVD/C.

Results: Total EAT volume was higher in patients with ARVD/C than in healthy control group participants (median, 98 mL vs 76

mL, respectively; P = .04). Regionally, LV and RV EAT volumes were higher in patients with ARVD/C than in control group participants, most notably when indexed to MAT (median LV EAT index: 0.49 vs 0.15, respectively; median RV EAT index: 0.91 vs 0.52;
P , .0005 for both). The optimal cutoff for diagnosis of ARVD/C was an LV EAT index of 0.24, with a sensitivity and specificity of
91% and 71%, respectively. Atrial EAT volume and total intrathoracic adipose tissue volume were not different between groups. RV
diameter showed a positive correlation with total EAT index and LV EAT index (r = 0.21, P = .05 and r = 0.33, P = .002, respectively).

Conclusion: Higher amounts of right ventricular and left ventricular epicardial fat are found in hearts with arrhythmogenic right
ventricular dysplasia/cardiomyopathy, particularly adjacent to the left ventricle, which correlates with disease severity and helps
differentiate patients from healthy subjects.
© RSNA, 2018
Online supplemental material is available for this article.

Amyopathy (ARVD/C) is an inherited heart disease

rrhythmogenic right ventricular dysplasia/cardio-

characterized by fibrofatty replacement of the ventricular
myocardium, with an estimated prevalence of 1:5000
people in the general population (1). Although uncommon,
it is a frequently reported cause of sudden cardiac death
in young athletes, and sudden cardiac death is the first
manifestation of this disease in 16%–23% of patients with
ARVD/C (2–4).
Fibrofatty infiltration into the right and left ventricular
walls is a well-known feature of ARVD/C and can be identified with noninvasive cardiac MRI or cardiac CT (5–7).
Studies in epicardial fat deposits have suggested pathogenic roles of epicardial fats in mediating cardiac diseases

and arrhythmias. Greater quantities of epicardial fat, defined as the fat within the pericardial space surrounding
the myocardial portions of the heart, have been identified
as independent risk factors for coronary artery disease and
atrial arrhythmias (8). Progress in understanding adipocyte
physiologic and pathologic characteristics has indicated
that epicardial fats can secrete paracrine and inflammatory
cytokines, adipokines, or other factors that influence the
health or diseases of the underlying myocardium and coronary arteries (9). Although myocardial fat infiltration has
been well described in ARVD/C, changes in epicardial fat
deposits with this disease have not been investigated. This
topic is of particular interest because cardiac mesenchymal stromal cells from human hearts with ARVD/C and
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Abbreviations
ARVD/C = arrhythmogenic right ventricular dysplasia/cardiomyopathy,
EAT = epicardial adipose tissue, IQR = interquartile range, LV = left
ventricle, MAT = mediastinal adipose tissue, RV = right ventricle

Summary
The higher amount of epicardial fat in hearts with arrhythmogenic
right ventricular dysplasia/cardiomyopathy, particularly surrounding
the left ventricle, could provide an indicator for the degree of myocardial disease progression.

Implications for Patient Care
nn

nn

Patients with arrhythmogenic right ventricular dysplasia/cardiomyopathy have higher amounts of epicardial fat than do healthy
control group participants, particularly adjacent to the left ventricle.
Epicardial fat has excellent sensitivity and moderate specificity
in the diagnosis of arrhythmogenic right ventricular dysplasia/
cardiomyopathy.

plakophilin-2 mutations are abnormally adipogenic and have
been suggested to be the source of pathologic fatty formation in
ARVD/C hearts (10). Because human epicardium is rich in cells
with mesenchymal characteristics, we hypothesized that patients
with ARVD/C may also have a higher volume of epicardial fat.
The purpose of this study was to compare the volume of epicardial fat in patients with ARVD/C with that in control group
participants without known cardiovascular disease.

Materials and Methods
The study protocol was approved by our local institutional review board and performed under a Health Insurance Portability and Accountability Act waiver of consent. All patients
provided written informed consent.
Population
We performed a retrospective study of 44 consecutive patients
with ARVD/C who were previously enrolled in a prospective
registry of patients with ARVD/C at our institution and who
underwent clinical cardiac CT between January 2008 and July
2015. There was no direct industry or governmental funding
support for this study. The diagnosis of ARVD/C was based on
fulfilling the 2010 Task Force Criteria (11) at the time of last
clinical follow-up. Clinical data were collected for all patients,
including height, weight, mutation status, Task Force Criteria points, family history, history of implantable cardioverter
defibrillator implantation, and history of sustained ventricular
tachycardia before CT. All patients with ARVD/C had undergone sequencing of the desmosomal genes (DSP, PKP2, DSG2,
DSC2, JUP) and PLN. A control group was selected from a
larger ongoing Genetic Study of Atherosclerosis Risk (GeneSTAR), which is a prospective study of 4000 individuals and is
designed to characterize genetic and biologic factors associated
with cardiovascular disease phenotypes in 883 families with
early onset coronary heart disease. Recruitment protocols for
GeneSTAR have been previously described in detail (12). Consecutive study participants (n = 703) who underwent coronary CT between July 2009 and January 2012 comprised the
control group. From this group, age-, sex-, and body mass
642

index–matched control subjects were selected from study participants with negative coronary CT examinations and no
known cardiovascular disease (n = 45).
Quantification of Fat
Standard cardiac CT examinations were performed with the
detailed CT imaging protocol described in Appendix E1 (online). CT images were uploaded onto the Volumetric Advantage Workstation (GE Healthcare, Milwaukee, Wis). Image
processing was performed by one observer (M.A.G.) with more
than 2 years of cardiac imaging analysis experience.
For each CT image, several contours were manually created to
segment fat in the mediastinum, epicardium, right ventricle (RV),
and left ventricle (LV) on axial images obtained from the pulmonary artery bifurcation cranially through the diaphragm caudally.
Figure 1 illustrates the segmentation process. The detailed segmentation method is described in Appendix E2 (online).
Volumetric measures included all fat within the segmented
region. Therefore, for RV and LV epicardial adipose tissue (EAT)
segmentations in patients with myocardial fat infiltration, epicardial fat volumes include both epicardial fat and underlying
myocardial fat infiltration. We found it was not possible to reliably contour epicardial and myocardial fat infiltration separately
in either ventricle, as the border between the two was not distinct.
As a substudy, two experienced cardiac radiologists (S.L.Z. and
I.R.K., with 6 and .10 years of experience, respectively) reviewed
the cardiac CT images in consensus to qualitatively identify images containing LV myocardial fat infiltration. The reviewers were
blinded to the diagnosis and volume of the fat in each segment.
LV myocardial fat infiltration was defined as the presence of fat
within the expected contours of the LV wall and in association
with loss of volume (thinning) of the myocardial tissue at the same
level, as previously described with MRI (13) (Fig 2). We could not
reliably identify the presence or absence of RV fat infiltration with
CT given the thinness of the RV wall and low contrast. Therefore, measured RV fat volumes after segmentation were inclusive
of both epicardial and any additional RV myocardial fat. Indexed
values for all fat volumes were calculated by dividing the volume of
fat in each region by the mediastinal adipose tissue (MAT).
Morphologic CT Analysis
LV and RV diameters were measured on reconstructed fourchamber views from CT images (LV at midcavity and RV at 1
cm apical to the tricuspid annulus).
Statistical Analysis
Statistical analysis was performed by using software (STATA,
version 12; StataCorp, College Station, Tex). Normality of
data was tested by using the Shapiro-Wilk test. Continuous
variables were compared between patients with ARVD/C and
control group participants by using either the Student t test or
the Mann-Whitney U test as appropriate. A multivariable logistic regression model was created to analyze the association of
ARVD/C diagnosis with fat volume, age, sex, and body mass
index. Separate models were created for each fat volume parameter and their indexes (total intrathoracic fat, MAT, EAT, RV
EAT, LV EAT, and atrial EAT). Receiver operating characterradiology.rsna.org n Radiology: Volume 289: Number 3—December 2018
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Figure 1: Epicardial fat quantification with contrast-enhanced cardiac CT in 29-year-old woman with arrhythmogenic
right ventricular dysplasia/cardiomyopathy. A, Axial image in midheart before performing analysis. B, Epicardial segmentation has been performed by tracing the pericardial contour. C, Threshold (210 HU and lower limit of 2190 HU) has
been applied, highlighting all fat pixels in red. D, Example of left ventricular (LV) regional contouring to segment LV epicardial adipose tissue (EAT). E, Example of segmented LV EAT before fat thresholding. F, LV EAT after application of a
fat threshold. The volume of fat (red pixels) is automatically calculated by the software. These steps were repeated for
each epicardial fat region for each axial section through the heart.

istic analysis was performed to detect
specificity and sensitivity of each fat
volume for the diagnosis of ARVD/C,
and the cutoff point was defined as the
optimal point for maximum sensitivity and specificity (Youden approach).
Pairwise Spearman correlation was
performed to assess the relationship of
RV and LV diameters with fat volume
and fat volume index. Inter- and intrareader agreement for fat measurements
Figure 2: Contrast-enhanced cardiac CT images in, A, 26-year-old woman with arrhythmogenic
was assessed with the intraclass correright ventricular dysplasia/cardiomyopathy (ARVD/C) with left ventricular (LV) epicardial fat infillation coefficient for a random subset
tration (arrows) and, B, 28-year-old woman with ARVD/C without LV epicardial fat infiltration.
of 20 patients. Subanalyses were performed in the ARVD/C group, comin Table 1. The final patient group included 44 patients with
paring those with and those without fat infiltration into the LV
ARVD/C and 45 control group participants. The mean age
myocardium. Fat volumes and fat volume index were compared
(6standard deviation) of the patients with ARVD/C was 39
by using parametric or nonparametric testing for continuous
years 6 12, and the mean body mass index was 25 kg/m2
variables and the x2 test or Fisher exact test for categorical vari6 6. Twenty-three of the 44 patients with ARVD/C (52%)
ables as needed. P , .05 was considered indicative of a statistiwere men. By study design, there were no significant differcally significant difference.
ences in age, sex, or body mass index between patients and
Results
control group participants. Genetic evaluation of patients with
ARVD/C showed that 23 of the 44 patients (52%) had mutations in known ARVD/C-associated genes, including 16 of
Patient Demographics and Clinical History
23 (69%) in plakophilin-2 (PKP2), two (9%) in desmoglein2
Clinical and demographic characteristics of the patients with
(DSG2), and one (4%) each of desmoplakin (DSP), desmoARVD/C and the control group participants are presented
Radiology: Volume 289: Number 3—December 2018 n radiology.rsna.org
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collin-2 (DSC2), and phospholamban (PLN). Two additional
patients (9%) had multiple
mutations.

Table 1: Comparison of Demographic Characteristics and Fat Volumes in Patients
with ARVD/C and Control Group Participants

Parameter

Patients with
ARVD/C (n = 44)

Control Group
Participants (n = 45)

P Value

Clinical parameters
Comparison of Epicardial
.8
BMI (kg/m2)*
25 6 6
26 6 5
Fat between Patients with
Age (y)*
.6
39 6 12
44 6 10
ARVD/C and Control Group
23 (52)
23 (51)
.7
Male sex†
Participants
TFC
points
6 (5–7)
…
…
Of the 40 patients with ARVD/C
23 (52)
…
…
Mutation positive†
who had implantable cardioverter
†
35
(79)
…
…
Structural
abnormality
on
imaging
defibrillators, 24 had streak ar†
40
(91)
…
…
ICD
in
place
at
time
of
CT
tifacts (11 in the RV, 10 in the
CT parameters
septum, two in both the RV and
Intrathoracic AT (mL)
150 (84–203)
128 (90–223)
.93
septum, and one in the LV). The
MAT (mL)
41 (12–77)
61 (33–114)
.03
regions involved by streak were
EAT (mL)
98 (59–135)
76 (49–109)
.04
excluded from analysis for these
RV EAT (mL)
34 (21–50)
26 (18–39)
.03
patients.
LV EAT (mL)
19 (13–29)
10 (6–16)
,.0001
There was no significant dif  Patients with LV myocardial
28 (19–42)
…
…
ference in total intrathoracic
fat (n = 14)
adipose tissue between patients
  Patients without LV myocardial
17 (11–26)
…
…
and control group participants
fat (n = 30)
(P = .93; Table 1). MAT (the toPeriventricular EAT (mL)
57 (33–88)
36 (25–55)
.003
tal adipose tissue outside of the
Atrial EAT (mL)
35 (24–55)
37 (24–52)
.9
parietal pericardium) was higher
RV diameter (cm)*
5.1 6 0.7
4.3 6 0.6
,.0005
in control group participants
LV diameter (cm)*
.4
4.5 6 0.6
4.6 6 0.5
than in patients with ARVD/C
EAT volumes indexed to MAT
(P = .03). Conversely, EAT (the
EAT index
2.3 (1.5–3.2)
1.2 (0.89–1.68)
,.0005
adipose tissue inside of the visRV EAT index
0.91 (0.55–1.2)
0.52 (0.29–0.69)
,.0005
LV EAT index
0.49 (0.30–0.72)
0.15 (0.13–0.26)
ceral pericardium, surrounding
,.0005
Periventricular EAT index
1.36 (0.87–1.9)
0.65 (0.42–0.94)
the myocardial portions of the
,.0005
Atrial EAT index
0.85 (0.66–1.24)
0.57 (0.42–0.84)
.007
heart) was higher in patients
with ARVD/C than in control
Note.—Except where indicated, data are medians, with interquartile range in parentheses. Perigroup participants, with meventricular EAT is the combination of LV and RV EAT, calculated by subtracting atrial EAT from
EAT. ARVD/C = arrhythmogenic right ventricular dysplasia/cardiomyopathy, AT = adipose tissue,
dian values of 98 mL (interBMI = body mass index, EAT = epicardial adipose tissue, ICD = implantable cardioverter defibrillaquartile range [IQR]: 59–135
tor, LV = left ventricle, MAT = mediastinal adipose tissue, RV = right ventricle, TFC = Task Force
mL) and 76 mL (IQR: 49–109
Criteria.
mL), respectively (P = .04)
* Data are means 6 standard deviations.
(Fig 3). Regional epicardial
†
Data are numbers of patients or participants, with percentages in parentheses.
adipose evaluation showed that
both LV and RV EAT were
greater in patients with ARVD/C than in control group paror absence of myocardial LV fatty infiltration did not change
ticipants (P , .0001 and P = .03, respectively). Atrial adipose
our analysis.
tissue was not significantly different between patients and
control group participants (P = .9).
Association of Epicardial Fats with Severity of
Qualitative review of the ARVD/C images by consensus
ARVD/C
of two experienced radiologists showed that 14 of the 44
We used RV diameter as a surrogate marker for severity of
patients (32%) had fat infiltration within the LV myocarstructural disease in the right side of the heart. Greater RV
dium, whereas none of the control group participants had
diameter was associated with more extensive epicardial fat in
LV myocardial fat infiltration. When analyzed separately,
patients (Fig 4). RV diameter had a positive correlation with
both patients with and patients without LV fat infiltration
EAT index and LV EAT index (r = 0.21, P = .05 and r =
had greater LV EAT volumes compared with control group
0.33, P = .002, respectively). MAT and RV EAT index did
participants (median: 28 mL [IQR: 19–42 mL] for patients
not show a correlation with RV diameter (r = 0.09, P = .3
with myocardial fat infiltration and 17 mL [IQR: 11–26 mL]
and r = 0.17, P = .12, respectively). In addition, the absolute
for patients without myocardial fat infiltration vs 10 mL
or index values of MAT, EAT, RV EAT, and LV EAT had no
[IQR: 6–16 mL] for control group participants; P , .001
relationship with the LV diameter in hearts with ARVD/C (P
and P , .0001, respectively) (Table 1). Thus, the presence
= .36, P = .38, P = .22, P = .18, respectively).
644
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Multivariable Analysis of Fat Volumes versus
Diagnosis of ARVD/C
Multivariable logistic regression models were created for each
fat parameter. Because we considered the results of three regression models simultaneously, we applied a conservative Bonferroni
adjustment to the significance criterion and considered P ,

.01 to be indicative of a statistically significant difference. In
separate models, the index values of EAT, MAT, LV EAT, and
RV EAT volumes and the absolute values of MAT and LV EAT
were significantly associated with diagnosis of ARVD/C after
adjusting for age, sex, and body mass index, with the strongest association for LV EAT (Table E1 [online]). Epicardial fat
showed a positive association with diagnosis of ARVD/C, whereas mediastinal fat showed a negative association
with the diagnosis, supporting that
abnormal fat formation is specific to
ARVD/C hearts and patients with
ARVD/C are usually in the lean phenotype with less MAT. For the index
values of EAT, RV EAT, and LV EAT,
all showed strong independent associations with ARVD/C diagnosis.

Figure 3: Contrast-enhanced cardiac CT images in, A, 31-year-old healthy man with low epicardial adipose tissue (EAT) volume and, B, 39-year-old woman with arrhythmogenic right ventricular
dysplasia/cardiomyopathy (ARVD/C) and high EAT volume. In the healthy control group participant,
a small amount of epicardial fat is seen around right ventricle (arrow) but not around left ventricle. In
patient with ARVD/C, there is extensive fat around both the left and right ventricles (arrows).

LV Epicardial Fat Quantification
for Diagnosis of ARVD/C
Receiver operating characteristic
analysis was used to evaluate the
ability of using absolute and index
values of EAT, RV EAT, and LV

Figure 4: Graphs show that right ventricular (RV) diameter (in centimeters) in patients with arrhythmogenic right ventricular dysplasia/cardiomyopathy is associated with epicardial but not mediastinal fat. A, Mediastinal adipose tissue (MAT), which is the fat in the
mediastinum but outside of the pericardium, showed poor correlation to RV diameter. B, Epicardial adipose tissue (EAT) index, which
is all the fat within the pericardium normalized to MAT, showed moderate correlation with RV diameter. C, D, At regional subanalysis
of epicardial fat, RV and left ventricular (LV) epicardial adipose tissue indexed to MAT (RV index, LV index) showed a significant moderate correlation with RV diameter only for LV EAT index.
Radiology: Volume 289: Number 3—December 2018 n radiology.rsna.org
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EAT to differentiate patients
Table 2: ROC Analysis of the Utility of Thoracic Fat Parameters for Diagnosis of
with ARVD/C from control
ARVD/C
group participants (Fig 5,
Parameter
AUC*
Sensitivity (%)
Specificity (%)
Cutoff
Table 2). Results of receiver
EAT
0.62 (0.5, 0.73)
63
51
77 mL
operating characteristic analMAT
0.64 (0.25, 0.48)
49
66
39 mL
ysis are shown in Table 2.
RV EAT
0.63 (0.51, 0.74)
63
54
27 mL
Among nonindexed volumes,
LV EAT
0.79 (0.7, 0.88)
74
72
15 mL
LV EAT had the best ability
Periventricular EAT
0.67 (0.56, 0.79)
68
53
38 mL
to help differentiate between
Atrial EAT
0.49 (0.37, 0.61)
53
42
35 mL
patients and control group
RV
EAT
index
0.77
(0.67,
0.89)
68
60
0.6
participants with an optimal
LV
EAT
index
0.89
(0.83,
0.95)
91
71%
0.24
cutoff value of 15 mL, resultPeriventricular
EAT
index
0.77
(0.67,
0.83)
82
67
0.5
ing in 74% sensitivity and
Atrial
EAT
index
0.70
(0.59,
0.81)
70
62
0.7
72% specificity for the diagNote.— Periventricular EAT is the combination of LV and RV EAT, calculated by subtracting atrial
nosis of ARVD/C. Among inEAT from EAT. ARVD/C = arrhythmogenic right ventricular dysplasia/cardiomyopathy, AUC =
dexed values, LV EAT had the
area under the receiver operating characteristic curve, EAT = epicardial adipose tissue, LV = left
highest area under the receiver
ventricle, MAT = mediastinal adipose tissue, ROC = receiver operating characteristic, RV = right
operating characteristic curve
ventricle.
for predicting the diagnosis of
* Numbers in parentheses are 95% confidence intervals.
ARVD/C (0.89), with sensitivity and specificity of 91% and
71% at a cutoff value of 0.24. Among patients, there was a
weak difference in depolarization Task Force Criteria between
patients with an LV EAT index above the median value and
those with an LV EAT index less than or equal to the median
value (P = .05) (Table 3), with patients meeting depolarization criteria (major and/or minor) slightly more common in
the group with an LV EAT index greater than the median
value.
Inter- and Intraobserver Variability for Fat Volume
Quantification
Intraclass correlation coefficient analysis for MAT, EAT, RV
EAT, and LV EAT showed excellent inter- and intrareader
agreement. Interreader analysis showed 0.98, 0.98, 0.97, and 0.95
agreement for MAT, EAT, RV EAT, and LV EAT, respectively.
Intrareader analysis showed 0.99, 0.99, 0.98, and 0.94 agreement for MAT, EAT, RV EAT, and LV EAT, respectively.

Figure 5: Receiver operating curves for evaluating the ability of
various epicardial fat parameters to enable the differentiation between
patients with arrhythmogenic right ventricular dysplasia/cardiomyopathy (ARVD/C) and control group participants. Left ventricular (LV)
epicardial adipose tissue index (EAT) has the greatest sensitivity and
specificity for diagnosis of ARVD/C. AUC = area under the receiver
operating characteristic curve, RV = right ventricle.

Discussion
Our study has several major findings. First, we found that epicardial fat volumes surrounding the LV and RV are significantly
higher in patients with ARVD/C compared with control group
participants. Second, we found a correlation between epicardial
fat and the severity of structural disease in the RV. Finally, we
found that LV epicardial fat, when normalized to mediastinal
fat volumes, is the most different between patients and control
group participants and has excellent sensitivity and moderate
specificity for the diagnosis of ARVD/C.
There is growing evidence that epicardial fat may play an important role in cardiac diseases, with several studies demonstrating an independent relationship between epicardial fat volumes
and coronary artery disease and atrial fibrillation (8,14,15). It
is likely that epicardial fat directly interacts with the underlying
cardiac muscle through secretion of cytokines, adipokines, and
inflammatory mediators (9). In distinction to previous studies,
we not only analyzed the epicardial fat volume as a whole (ie,
646

all fat contained by the pericardium) but also evaluated regional
epicardial fat surrounding each ventricle and the atria. As suspected, patients with ARVD/C had greater amounts of epicardial fat compared with control group participants, both in whole
EAT and regional RV and LV EAT. To minimize the influence of
body habitus and age (eg, obesity and aging) on cardiac fat volumes, we used the index values of EAT, RV EAT, and LV EAT,
the results of which strongly support that the higher fat volume
is specific for the epicardial fat depot in patients with ARVD/C.
When these indexed measures are used, the utility of epicardial
fat quantification for ARVD/C diagnosis was moderate to good,
depending on the parameter used, with up to 91% sensitivity
and 71% specificity for the LV EAT index. Please note, however,
that more extensive validation in larger cohorts with more phenotypically heterogeneous patients is needed before these methods can be used for clinical assessment. These thresholds could
serve as starting points for future research.
radiology.rsna.org n Radiology: Volume 289: Number 3—December 2018
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Table 3: Comparison of Patients with ARVD/C Above and Below the Mean LV EAT Index

Parameter
Age (y)*
No. of men
BMI (kg/m2)*
CT parameters
MAT (mL)†
EAT index†
RV EAT index†
LV EAT index†
Periventricular EAT index†
LV intramyocardial fat present (%)†
RV diameter (cm)*
LV diameter (cm)*
Clinical parameters
TFC points†
Mutation positive
PKP2 positive
Structural abnormality at imaging
Structural TFC
   Major and/or minor
  None
Repolarization TFC
   Major and/or minor
  None
Depolarization TFC
   Major and/or minor
  None
Arrhythmia TFC
   Major and/or minor
  None

All Patients
(n = 44)

LV EAT Index Less than or
Equal to 0.56 (n = 25)

LV EAT Index Greater than
0.56 (n = 19)

P Value of
Comparison

39 6 12
23 (52)
25.3 6 6

41 6 13
16 (67)
28 6 1

37 6 10
7 (35)
21 6 0.5

.2
.02
,.0005

41 (22–75)
2.3 (1.5–3.2)
0.91 (0.55–1.2)
0.49 (0.30–0.72)
1.3 (0.87–1.9)
28 (19–42)
5.1 6 0.7
4.5 6 0.4

72 (39–93)
1.6 (1.3–2.1)
0.57 (0.52–0.87)
0.31 (0.26–0.47)
0.9 (0.72–1.2)
15 (10–17)
5.1 6 0.14
4.6 6 0.09

25 (15–41)
3.2 (3.0–3.5)
1.2 (1.0–1.3)
0.72 (0.65–0.96)
1.9 (1.8–2.3)
32 (27–45)
5.1 6 0.17
4.4 6 0.10

,.0005
,.0005
,.0005
,.0005
,.0005
.006
.96
.12

6 (5–7)
23 (52)
16 (69)
35 (80)

6 (5–7)
12 (52)
8 (50)
19 (90)

6 (6–7)
11 (48)
8 (50)
14 (70)

35 (81)
8 (19)

19 (76)‡
5 (20)

16 (84)
3 (16)

41 (93)
3 (7)

23 (68)
2 (32)

18 (95)
1 (5)

20 (45)
24 (55)

9 (36)
16 (64)

11 (58)
8 (42)

.22
.15
.84
.4
.56§

.06§

.05§

.40§
41 (93)
3 (7)

24 (96)
1 (4)

17 (90)
2 (10)

Note.—Except where indicated, data are numbers of patients, with percentages in parentheses. Periventricular EAT is the combination of
LV and RV EAT, calculated by subtracting atrial EAT from EAT. ARVD/C = arrhythmogenic right ventricular dysplasia/cardiomyopathy,
BMI = body mass index, EAT = epicardial adipose tissue, LV = left ventricle, MAT = mediastinal adipose tissue, RV = right ventricle, TFC =
Task Force Criteria.
* Data are means 6 standard deviations.
†
Data are medians, with interquartile range in parentheses.
‡
Structural Task Force Criteria information was not available for one patient.
§
P value for Fisher exact test comparing proportion of patients meeting any criteria (major and/or minor criteria combined to single variable) for left ventricular epicardial adipose tissue volume groups above and below the mean.

Although exact mechanisms underlying our observations are
unclear, studies have suggested that abnormal peroxisome proliferator–activated receptor gamma (PPAR-g) activation is the key
pathogenic mechanism for exaggerated lipogenesis and apoptosis in ARVD/C cardiomyocytes (16,17). PPAR-g is also a master
regulator for promoting adipogenesis of mesenchymal stromal
(or stem) cells (18). Cardiac mesenchymal stromal cells from
ARVD/C hearts or derived from ARVD/C-induced pluripotent
stem cells are abnormally adipogenic. The epicardial layers of human hearts contain large number of adipose cells, and resident
mesenchymal stromal cells in the heart are the major progenitor
cell type for adipocyte formation (19,20), indicating that epicardial fat deposits in ARVD/C hearts might provide an indicator of the degree of myocardial disease progression. Herein,
Radiology: Volume 289: Number 3—December 2018 n radiology.rsna.org

we showed that abnormally high fat generation and/or volume
in ARVD/C is not a systemic phenomenon and it is specific to
the EATs adjacent to ARVD/C ventricular myocardium, likely
due to abnormal “local epicardial fat–ventricular cardiomyocyte
interactions.”
We found a weak correlation between RV diameter, used here
as a surrogate measure of severity of ARVD/C structural disease,
and both EAT index and LV EAT index. The volume of MAT
could be affected by multiple factors, such as obesity, physical activities, and diet, which are independent of the ARVD/C disease
process. The lack of correlation between RV EAT and RV diameter was surprising, and this finding is most likely related to the
small sample size in our study or a greater degree of overlap between patients and control group participants for RV epicardial
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fat compared with LV epicardial fat; RV EAT may not be as
sensitive as LV EAT as a marker of disease.
Our study has some limitations. The sample size of our
study is small. Most of our patients who were positive for
mutation had a PKP2 mutation, which prevented investigation of genotype-phenotype relationships with respect to
epicardial fat. Owing to the thresholding software used, fat
measurements included both epicardial fat and intramyocardial fat, if present. For the LV, we performed separate
analyses in patients with and patients without myocardial
fat deposition to investigate whether differences in fat quantity were being driven by intramyocardial fat deposition.
We could not reliably perform this analysis in the RV given
difficulties in clearly identifying the RV wall. Patients with
ARVD/C are biased toward severe phenotypes, given that
CT examinations were performed for arrhythmia ablation
planning in most patients, also limiting our ability to investigate the relationship between disease severity and fat quantity. In patients with an implantable cardioverter defibrillator, regions involved by streak were excluded from analysis
and fat volume measured was likely slightly less than the true
volume in these excluded regions.
In conclusion, patients with ARVD/C have higher volumes
of epicardial fat surrounding the ventricles, particularly for epicardial fat surrounding the LV, and the extent of fat shows correlation with disease severity. Our findings support the evidence
that cardiac mesenchymal stromal cells specifically in ARVD/C
hearts display abnormal and exaggerated adipogenic responses,
likely to unidentified factors secreted from failing RV and/or LV,
leading to the higher amount of EAT found in ARVD/C hearts
with relatively severe phenotypes.
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