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Abstract
Background—Epicardial fat volume (EFV) measured from non-contrast CT is associated with
coronary atherosclerosis and increased risk of major adverse cardiovascular event risk.
Reproducibility of EFV quantification from non-contrast CT has not been reported.

Objective—We evaluated the interscan (intra-scanner and inter-scanner) reproducibility of EFV
and thoracic fat volume (TFV) measurements from non-contrast CT.

Methods—We studied 25 consecutive patients who were scanned twice using 4-slice multi-
detector CT (MDCT), with 120 kVp, 2.5 mm slice thickness (intra-scanner) and additionally, 23
consecutive patients who were scanned using MDCT and electron-beam CT with 3 mm slice
thickness (inter-scanner). For each scan, EFV and TFV were measured from user-defined range of
CT slices covering the heart by an experienced imaging cardiologist. Voxels within −30 to −190
Hounsfield Unit within the epicardial contours was quantified as EFV. TFV was quantified within
the heart range automatically. Repeatability coefficient (RC), defined as 1.96 × SD of the
differences between pairs of repeated measures, was determined.

Results—Correlations for interscan measurements of EFV and TFV were high for both intra-
scanner (MDCT-MDCT) and inter-scanner (EBCT-MDCT) data (correlation coefficient ≥ 0.98).
RC values were lowest (4.3% for EFV and 5.4% for TFV) for intra-scanner same-observer
measurement. For intra-scanner cross-observer measurement, RC values were 10.7% for EFV and
9.0% for TFV. For inter-scanner data, RC values ranged from 6.8% to 8.2%.

Conclusion—Epicardial and thoracic fat measurements using either MDCT or EBCT are highly
reproducible.

Keywords
epicardial fat; non-contrast CT; reproducibility; EBCT; MDCT; thoracic fat

Address for correspondence: Damini Dey, PhD, Departments of Imaging (Division of Nuclear Medicine) and Medicine (Division of
Cardiology), Cedars-Sinai Heart Institute, Cedars-Sinai Medical Center, 8700 Beverly Blvd, Taper Building Room A238, Los
Angeles, CA 90048, USA, Phone: 310-423-1517, Fax: 310-423-8396, deyd@cshs.org.
Conflict of interest statement:
All authors disclose no conflict of interest.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Cardiovasc Comput Tomogr. Author manuscript; available in PMC 2011 June 14.

Published in final edited form as:
J Cardiovasc Comput Tomogr. 2011 ; 5(3): 172–179. doi:10.1016/j.jcct.2011.03.009.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Epicardial fat volume (EFV) and thoracic fat volume (TFV) can be routinely quantified from
non-contrast computed tomography (CT) scans performed for coronary calcium scoring.1, 2

EFV measured from non-contrast CT is associated with a higher coronary calcium score,
coronary artery disease severity, biochemical markers of systemic inflammation, and
increased risk of future adverse cardiovascular events.1,3–13 Direct measurement of EFV can
be challenging due to reliance on detection of the thin pericardium. As more and more data
support the clinical use of EFV, it is important to establish the reproducibility of quantifying
epicardial adipose tissue.

Historically, coronary artery calcium scanning has been performed on electron-beam CT
(EBCT) scanners, and currently is performed using multi-detector CT (MDCT) scanners.
Interscan reproducibility (intra-scanner [MDCT-MDCT] and inter-scanner [EBCT-MDCT])
of EFV quantification from non-contrast CT have not yet been determined. Our previous
results showed inter-observer reproducibility of epicardial and thoracic fat from a single
scan.1, 14 The novelty of our current study was in determining the reproducibility of
epicardial and thoracic fat measurements when using the same scanner (MDCT-MDCT) and
when using different scanners (EBCT-MDCT). The scans were acquired on the same visit.

METHODS
Patient population

From a cohort of patients without known coronary artery disease enrolled in the EISNER
(Early Identification of Subclinical Atherosclerosis using Non-invasivE Imaging Research)
registry at Cedars-Sinai Medical Center, we retrospectively analyzed 48 consecutive patients
who underwent 2 non-contrast CT scans for coronary calcium scan on the same day. Of
these 48 patients, 25 had both scans obtained with the same 4-slice MDCT scanner (first
scan with MDCT, second scan with MDCT, “Intra-scanner”), and 23 had the first scan on an
EBCT scanner and the second scan on the 4-slice MDCT scanner (first scan with EBCT,
second scan with MDCT, “Inter-scanner”). The characteristics of our patient population are
shown in Table 1. The scans were acquired between 2001 and 2003 on EBCT and 4-slice
MDCT and individual radiation dose estimates were not reported at that time. However,
with prospective ECG triggering, effective radiation doses range from 0.7–1.5 mSv for
EBCT systems and from 1–1.9 mSv for MDCT systems.15–19

CT data acquisition
Non-contrast CT was acquired using an EBCT scanner (e-Speed, GE Healthcare,
Milwaukee, WI) or a 4-slice MDCT scanner (Somatom Volumezoom, Siemens Medical
Solutions, Forchheim, Germany). Both scanners were calibrated daily using air and water
phantoms. Each scan extended from the aortic arch to the diaphragm and was obtained
during a single breath-hold. The following scan parameters were used: Heart-rate dependent
prospective ECG-triggering (typically 45–60% of the R-R interval), 35 cm field-of-view,
and 512×512 matrix size. Tube voltage was 120 kVp with MDCT scanning. Slice thickness
was 3 mm for EBCT and 2.5 mm for MDCT. For MDCT scan, immediately after the first
scan, without moving the patient off the table, a second scan was performed. All CT images
were transferred to a research workstation for epicardial and thoracic fat quantification. This
study was conducted according to guidelines of the Cedars-Sinai Medical Center
Institutional Review Board. All patients provided written consent for use of their data.

Epicardial and thoracic fat quantification
Epicardial and thoracic fat quantification was performed by software (QFAT) developed at
Cedars-Sinai Medical Center, as previously described.1,3 Epicardial fat was defined as
adipose tissue enclosed by the visceral pericardium, including fat directly surrounding the
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coronary arteries. Thoracic fat was defined as all adipose tissue within the chest at the level
of the heart, enclosed by the posterior limit of the heart and above the diaphragm, with the
same cranial and caudal boundaries defined for epicardial fat. Thoracic fat comprised of
both epicardial and extra-pericardial fat outside the pericardium. For defining epicardial
contours, the upper slice limit, marked by bifurcation of the pulmonary artery trunk, and
lower slice limit, identified as the slice just below the posterior descending artery, were
chosen.14 This lower limit was chosen to better distinguish epicardial fat from fat around the
diaphragm. As in our previous work 1,2, 5–10 control points on the pericardium in each
transverse view were assigned by an experienced imaging cardiologist blinded to patient
status and clinical non-contrast CT interpretation. From these control points, piecewise cubic
Catmull-Rom spline functions were automatically generated to create a smooth closed
epicardial contour 20 for quantification of EFV and TFV (in cm3). Contiguous 3D voxels
between the Hounsfield Unit limits of −190 to −30 were defined as fat voxels by
default 5, 21–23; these limits could be modified by the user if deemed appropriate. Figure 1
shows a case example of EFV and TFV measurement. All studies were quantified by 2
blinded, experienced imaging cardiologists (reader 1, R.N.; reader 2, H.S.) in random order.

Statistical analysis
Continuous variables are presented as the mean ± standard deviation (SD). Intra-scanner,
inter-scanner, same-observer and cross-observer reproducibility were assessed by
calculating Pearson’s correlation coefficient with 95% confidence intervals and constructing
Bland-Altman plots with 95% limits of agreement.24 Differences and variability in volume
quantification were analyzed in absolute terms and in relation to the average of paired
measurements. Repeatability coefficient (RC), defined as 1.96 × SD of the differences
between pairs of repeated measures, was also determined.25 A p-value <0.05 was considered
to be statistically significant. Statistical analyses were performed using Analyse-it Version
2.12 (Analyse-it, Leeds, England).

RESULTS
Inter-observer variability was similar for MDCT and EBCT. With MDCT, the inter-observer
variability was 8.8 ± 3.9% for EFV and 5.5 ± 4.3% for TFV. With EBCT, inter-observer
variability was 9.8 ± 4.2% for EFV and 2.3 ± 2.5% for TFV. Table 2 summarizes the
interscan reproducibility results. Correlations for interscan measurements of EFV and TFV
were high for both intra-scanner (MDCT-MDCT) and inter-scanner (EBCT-MDCT) data
(all correlation coefficient values ≥ 0.98). RC values were lowest (4.3% for EFV and 5.4%
for TFV) for intra-scanner same-observer measurement. For intra-scanner cross-observer
measurement, RC values were 10.7% for EFV and 9.0% for TFV. For inter-scanner data,
RC values ranged from 6.8% to 8.2%. Figures 2 and Figure 3 show examples of 2 scans for
2 patients from our study. Figure 2 shows 2 MDCT scans in the same patient. Figure 3
shows an initial EBCT scan followed by a MDCT scan in the same patient. As expected,
cross-observer variability was typically significantly higher than same-observer
quantification (Intra-scanner: p = 0.003, 0.04 for EFV and TFV, respectively, Inter-scanner:
p < 0.0001, 0.1 for EFV and TFV, respectively). Figure 4 shows the Bland-Altman plots
showing interscan differences for EFV (left column) and TFV (right column).

DISCUSSION
Our group previously showed high inter-observer reproducibility of epicardial and thoracic
fat from a single scan.1, 14 The present study demonstrates a high degree of reproducibility
of same and cross-observer measurements of epicardial and thoracic fat from non-contrast
CT, including between EBCT and MDCT.
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The volume of epicardial fat measured on non-contrast cardiac CT has been associated with
coronary atherosclerosis and its pathophysiology including associations to coronary artery
disease severity, coronary artery calcification, biochemical markers of systemic
inflammation, and increased risk of adverse cardiovascular events.1,3–13 As more data
emerges for epicardial fat as a risk marker, its development may extend to serial
measurements. Our work reports the interscan variation of this measurement, and further,
helps define the lower limit for significant changes in serial epicardial fat volume
measurements from cardiac CT.

For both intra-scanner and inter-scanner CT data, variability was significantly less for same-
observer than cross-observer measurements. This difference likely reflected consistent
observer bias when selecting cranial and caudal heart boundaries and when identifying the
pericardial contours. For the same observer, we also observed higher variability when
comparing EFV across scanner types. The greater inter-scanner variability may have been
due to greater differences between the scans due to breath-hold, as well as differences in
EBCT and MDCT technologies. EBCT has greater temporal resolution than 4-slice MDCT,
which may have reduced effect of motion on the pericardial contours; however, EBCT data
was characterized by higher noise as assessed visually. The temporal resolution of current
MDCT scanners (in the range of 83–165 msec) is higher than that of 4-slice MDCT and
therefore, EBCT-MDCT reproducibility using current MDCT scanners would be expected to
be higher. TFV variability was higher than expected. Since TFV includes both epicardial
and extra-pericardial fat, the absolute difference is larger in a few cases due to differences in
measured extra-pericardial fat. This was observed especially in the 2 following settings: 1)
when a different lower limit was chosen, and 2) in a few cases when there were differences
in heart-liver configuration between the 2 scans, extra-pericardial fat around the diaphragm
was classified differently. Based upon experience from our center, factors contributing to
reproducibility of fat volumes include standardized selection of the heart limits, and
identification of the pericardium in non-contrast cardiac CT.

Limitations
This study was a retrospective analysis and sample size was very small. However, we
retrospectively studied a select cohort from the EISNER (Early Identification of Subclinical
Atherosclerosis using Non-invasivE Imaging Research) study, in whom a second scan was
performed on the same patient visit to measure the interscan reproducibility of coronary
calcium scoring, and whose scan data are available. The scans were performed between
2001 and 2003. Future studies are needed to investigate these relationships in larger patient
cohorts. Although EBCT and MDCT images were of good quality, pre-medication was not
given, and obtained data was not completely motion-free. This limitation was important in
our MDCT data acquired with 4-slice MDCT scanner where the temporal resolution was
250 msec. Eight cases had at least one motion artifact on MDCT; however, with current
MDCT scanners with higher temporal resolution, we would expect fewer motion artifacts.
Our reproducibility values indicate, however, that any effect from motion artifacts was
likely small. Our method was required operator assistance in determining heart limits and
pericardial contour and was thus subject to observer bias. Fully automated quantification of
EFV and TFV would result in higher interscan reproducibility.

CONCLUSION
We demonstrated a high degree interscan reproducibility of epicardial and thoracic fat
measurements for both when scans were performed only on MDCT and between EBCT and
MDCT. The interscan reproducibility reported in our study will help in the establishment of
lower limit for significant changes in the CT measurement of epicardial fat, an emerging risk
marker for coronary artery disease and future adverse cardiovascular events.
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Figure 1.
Figure illustrating epicardial and thoracic fat quantification. Left top: white arrow points to
the pericardial sac as a thin band enveloping the heart. Right: pericardial sac (closed curve in
blue) is traced by an experienced imaging cardiologist by placing 6–10 control points
(shown as blue circles) on the pericardium. Left bottom: Fat quantification results. Red
overlay represents epicardial fat enclosed by the pericardium. Yellow overlay represents fat
outside the pericardium. Color overlay (Red + Yellow) represents total thoracic fat.
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Figure 2.
Case example showing the epicardial fat measurements of 2 MDCT scans (scan1, scan2) in
a 41-year old man with a BMI of 26.3. Coronal, transverse and sagital slices from the non-
contrast CT scan are shown in top panel. Results of epicardial fat quantification are shown
in 2nd panel. Red overlay represents epicardial fat enclosed by the pericardium. Yellow
overlay represents thoracic fat outside the pericardium. EFVs were 110 cm3 and 113 cm3

and TFVs were 187 cm3 and 192 cm3 for scan1 and scan2, respectively.
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Figure 3.
Case example showing the epicardial fat measurements from an initial EBCT scan (scan1)
followed by a MDCT scan (scan2) in a 61-year old woman with a BMI of 26.9. Coronal,
transverse and sagital slices from the non-contrast CT scan are shown in top panel. Results
of epicardial fat quantification are shown in 2nd panel. Red overlay represents epicardial fat
enclosed by the pericardium. Yellow overlay represents thoracic fat outside the pericardium.
EFVs were 112 cm3 and 109 cm3 and TFVs were 256 cm3 and 236 cm3 for the EBCT and
MDCT, respectively.

Nakazato et al. Page 9

J Cardiovasc Comput Tomogr. Author manuscript; available in PMC 2011 June 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. Bland-Altman plots
A, B. EFV (A) and TFV (B) agreement of intra-scanner, same-observer: reader1 (MDCT
scan1 – MDCT scan2)
C, D. EFV (C) and TFV (D) agreement of intra-scanner, cross-observer: reader1 MDCT
scan1 – reader2 MDCT scan2
E, F. EFV (E) and TFV (F) agreement of inter-scanner, same-observer: reader1 (EBCT
scan1 – MDCT scan2)
G, H. EFV (G) and TFV (H) agreement of inter-scanner, cross-observer: reader1 EBCT
scan1 – reader2 MDCT scan2
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Table 1

Clinical characteristics of patients

Intra-scanner Inter-scanner

Number of patients 25 23

Age, y, mean ± SD 58 ± 7 61 ± 9

Men/Women, n 13/12 13/10

Body mass index; kg/m2, mean ± SD (range) 28.5 ± 5.2 (20.0–39.5) 26.7 ± 4.3 (19.7–37.8)

Heart rate, bpm, mean ± SD 68 ± 10 62 ± 9
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Table 2

Summary of intra-scanner, inter-scanner, same-observer and cross-observer agreement measures of epicardial
and thoracic fat volume

Correlation coefficient Mean % % difference RC (%) Bias, 95% Limits of agreement (cm3)

A. Intra-scanner, same-observer: reader1 (MDCT scan1 – MDCT scan2)

EFV† 1.00 3.5 ± 2.2 4.3 1.4, −8 to 5

TFV‡ 0.99 3.5 ± 2.7 5.4 0.8, −18 to 16

B. Intra-scanner, cross-observer: reader1 MDCT scan1 – reader2 MDCT scan2

EFV† 0.98 8.1 ± 5.4 10.7 4.5, −9 to 18

TFV‡ 0.99 6.6 ± 4.6 9.0 9.0, −17 to 35

C. Inter-scanner, same-observer: reader1 (EBCT scan1 – MDCT scan2)

EFV§ 0.99 5.7 ± 3.9 7.7 4.6, −4 to 13

TFV* 0.99 4.2 ± 4.0 8.0 0.9, −22 to 21

D. Inter-scanner, cross-observer: reader1 EBCT scan1 – reader2 MDCT scan2

EFV§ 0.99 14.4 ± 4.2 8.2 14.3, 0 to 27

TFV* 0.99 5.6 ± 3.4 6.8 5.8, −15 to 26

P values for absolute difference:

†
p = 0.003,

‡
p = 0.04,

§
p <0.0001,

*
p = 0.1

EFV, epicardial fat volume; TFV, thoracic fat volume; RC, repeatability coefficient
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