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Abstract
Purpose—Pericardial adipose tissue may exert unique metabolic and cardiovascular risks.
Cardiac multi-detector computed tomography (MDCT) imaging may enable accurate localization
and quantification of pericardial and intra-thoracic adipose tissue. The reproducibility of ECG-
gated high-resolution cardiac MDCT-based volumetric quantification of pericardial and intra-
thoracic adipose tissue has not been reported.

Methods—We included 100 consecutive patients (age: 54.5 ± 12.0 yr, 60% men) who underwent
a standard contrast-enhanced coronary CT for the evaluation of coronary artery plaque and
stenosis (64-slice MDCT, temporal resolution: 210 ms, spatial resolution: 0.6 mm, 850 mAs, 120,
kvp) following a presentation of acute chest pain. Two independent observers measured intra-
thoracic (IAT) and pericardial adipose tissue (PAT) using a semiautomatic segmentation algorithm
based on three-dimensional analysis.

Results—Inter-reader reproducibility was excellent (relative difference: 7.35 ± 7.22% for PAT
and 6.23 ± 4.91% for IAT, intra-class correlation (ICC) 0.98 each). Similar results were obtained
for intra-observer reproducibility (relative difference: 5.18 ± 5.19% for PAT and 4.34 ± 4.12% for
IAT, ICC 0.99 each).

Conclusion—This study demonstrates that MDCT-based 3D semiautomatic segmentation for
volumetric quantification of pericardial and intra-thoracic adipose tissue is highly reproducible.
Further research is warranted to assess whether volumetric measurements may substantially
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improve the predictive value of obesity measures for insulin resistance, type 2 diabetes mellitus,
and cardiovascular diseases.
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Introduction
The recent rise in the prevalence of obesity throughout all age groups1–3 is particularly
concerning due to its potential accelerating effect on cardiovascular disease (CVD), as
obesity is a well-established risk factor for the development of coronary artery disease4–6.
Several recent studies have highlighted that different compartments of adipose tissue may
exert unique metabolic and cardiovascular risks7. Abdominal visceral adipose tissue in
particular is associated with multiple cardiovascular risk factors, including hypertension,
impaired fasting glucose, and metabolic syndrome8.

Pericardial adipose tissue (PAT) may also play a role in obesity-related vascular disease.
PAT is correlated with body mass index,9 visceral abdominal adipose tissue,10, 11 insulin
resistance,12, 13 and coronary artery disease9, and has been shown to be a rich source of
inflammatory mediators in high-risk cardiac patients10. Additionally, in a study of Japanese
males, PAT was demonstrated to be more strongly associated with coronary artery disease
morbidity in non-obese men than other body fat distributions11.

It has been demonstrated that multi-detector computed tomography (MDCT)-based
measurements of adipose tissue depots are highly reproducible14, 15, including volumetric
measurements of PAT in non-contrast-enhanced cardiac ECG-triggered MDCT12.

The goal of this study was to establish and evaluate a standardized volumetric assessment of
pericardial and intra-thoracic adipose tissue (IAT) in standard high-resolution, ECG-gated,
contrast-enhanced coronary MDCT data sets.

Materials and Methods
Subjects

We selected 100 consecutive patients who presented with acute chest pain in the ED and
underwent standard contrast-enhanced coronary CT angiography (CTA) as part of a
prospective blinded observational cohort study (The Rule Out Myocardial Infarction Using
Computer Assisted Tomography “ROMICAT” Study)16. Exclusion criteria included
positive initial cardiac enzymes (troponin or CK-MB), diagnostic EKG changes, unstable
clinical status (hemodynamically unstable, ventricular tachycardia or persistent chest pain
despite adequate therapy), serum creatinine > 1.3 mmol/l, known allergy to iodinated
contrast, history of asthma, previous intolerance to beta-blocker, or atrial fibrillation. The
institutional review board approved this study. All patients provided written consent. The
demographics of our population are shown in Table 1.

CT Coronary Angiography
Data Acquisition: CT imaging was performed using a 64-slice CT scanner (“Sensation 64”;
Siemens Medical Solutions, Forchheim, Germany). All patients with a heart rate > 60/min
received a beta-blocker (intravenous metoprolol, 5–20 mg) unless their systolic blood
pressure was <100 mmHg, or other contraindications were present. All image acquisitions
were performed during a single breath hold in inspiration.
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After a test bolus of 20 ml contrast agent (Iodhexodol 320 g/cm3, Visipaque, General
Electrics Healthcare, Princeton, NJ, USA) to determine optimal timing, a contrast agent was
injected intravenously at a rate of 5 ml/s to ensure homogeneous contrast enhancement of
the entire coronary artery tree. Images were acquired with 64 × 0.6 mm slice collimation, a
gantry rotation time of 330 ms, tube voltage of 120 kV, and an effective tube current of 850
mAs using ECG-correlated tube current modulation.

Trans-axial images were reconstructed with a slice thickness of 0.75 mm and increment of
0.4 mm using a retrospectively ECG-gated half-scan algorithm with a temporal resolution of
165 ms. Images were initially reconstructed at 65% of the cardiac cycle17. If necessary,
additional reconstructions were performed to minimize motion artifacts. Reconstructed CT
data sets were anonymized and transferred to an offline workstation (Leonardo; Siemens
Medical Solutions, Forchheim, Germany). Measurement of pericardial adipose tissue
volumes were performed using the dataset with the least image artifacts selected also for the
assessment of the coronary artery plaque and stenosis.

Measurement of Adipose Tissue
Two experienced observers performed an analysis of all data sets in random order to assess
for inter-observer variability (JHN and BS), blinded to the readings by the other observer.
Both readers repeated the analysis one week later in a random subset of 20 patients to assess
for intra-observer variability. Both readers measured intra-thoracic and pericardial adipose
tissue volumes (IAT and PAT; cm3) on an offline workstation (Leonardo; Siemens Medical
Solutions, Forchheim, Germany) using a dedicated semiautomatic software program
(Volume Viewer, Siemens Medical Solutions, Forchheim, Germany). For measurement
purposes, PAT is defined as epicardial adipose tissue contained within the boundary defined
by the parietal layer of the pericardial sac. IAT is defined as all paracardial and epicardial fat
contained within the mediastinum. IAT includes all PAT. All measurements were made
using the axial data set from the CTA image selected for the assessment of coronary artery
plaque and stenosis. A planar region of interest (ROI) was traced every 10 mm, and
interpolation between the individual planar ROIs from the superior to inferior boundary
created the volume of interest. To balance clinical feasibility with an increase in accuracy as
compared to the previous study by Wheeler et al.12, we determined prospectively that 10
mm is the optimal interval for delineation of the pericardial sac when measuring pericardial
adipose tissue volume. The display settings were chosen to maximize the contrast between
the pericardium and the surrounding tissue and a standard display setting of window: 750
HU and level: 200 HU was applied. When necessary, the reader made manual adjustments
through the scan volumes to account for interpolating errors. The following anatomic
landmarks were used to define the boundaries of the region/volume of interest (Figure 1).

For PAT—superior boundary: center of the right pulmonary artery as displayed in the
sagittal plane; inferior boundary: diaphragm, with special interest to exclude non-pericardial
adipose tissue; anterior boundary: pericardial sac as viewed in the axial plane; and posterior
boundary: Pericardial sac as viewed in the axial plane.

PAT volume was determined via tracing of the pericardial sac as viewed in the axial image
with 10 mm slice thickness. Superiorly, the outline of the roots of the great vessels was
traced until the pericardial sac was visualized. Once visualized, the pericardial sac was
traced iteratively until the apex of the heart, with special care to exclude sub-diaphragmatic
abdominal adipose tissue. The pericardial sac is traced in the axial image using the outer
edge of the parietal layer of the serous pericardium.
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For IAT—superior and inferior boundaries were similar to PAT; anterior boundary:
sternum; posterior boundary: anterior wall of the descending aorta encompassing all non-
diaphragmatic adipose tissue within the thorax.

To overcome uncertainty with regard to the diaphragmatic inferior border for both IAT and
PAT, the accuracy of tracings was controlled in the sagittal and coronal planes. This
minimizes the possibility of including sub-diaphragmatic abdominal adipose tissue. In this
inferior region, strict adherence to tracing only the pericardial sac was maintained.

Absolute Hounsfield Units (HU) values of pixels correspond directly to tissue property. To
distinguish adipose tissue from other structures within the volume of interest all pixels
between −190 to −30 HU were defined as adipose tissue12. Using these standard settings,
the adipose tissue volumes of PAT and IAT were automatically determined across the total
available imaging volume and were measured in cm3.

Measurement of Scan Image Quality
Readers had full access to scroll through axial images, to interactively perform multi-planar
reconstructions in thin slices and maximum intensity projections (MIP), and to create curved
multi-planar reformats of any of the three datasets. Readers inspected all coronary artery
segments (modified 17-segment classification of the American Heart Association18) and
determined image quality as follows: Overall image quality was assessed using a five-point
ranking scale [19–21]. A score of 5 (excellent) was given in the absence of motion artifacts
and a clear delineation of the coronary vessels; a score of 4 (good) was given if minor
artifacts and mild blurring of the coronary vessels was noted; a score of 3 (fair) was given if
moderate artifacts and moderate blurring without structure discontinuity of the coronary
vessels; a score of 2 (poor) was given if severe artifacts, doubling or discontinuity in the
course of the coronary vessels; and a score of 1 (unreadable) was given if the dataset is not
evaluable and vessel structures are not differentiable from surrounding tissues.

Statistical Evaluation
Descriptive characteristics for all variables were expressed as mean ± SD for continuous
variables and percentages for categorical variables. Inter- and intra-observer reproducibility
was assessed using the intra-class correlation coefficient (ICC) 22. A value close to 1
indicates excellent agreement between the two readings. In addition, the significance of the
mean difference between the two readings was assessed using the paired t-test. All analyses
were performed using SAS (Version 8, SAS Institute Inc., Cary, NC, USA) and a P value
<0.05 was considered to indicate statistical significance.

Results
Intra-Observer Variability

Intraobserver reproducibility was excellent (IAT ICC 0.99; PAT ICC 0.99). Intra-thoracic
and pericardial adipose tissue volume measurements were highly correlated between the two
separate measurements by the same observer (r = .99; Figure 2a and r = .99; Figure 3a,
respectively). The mean absolute and relative intra-observer differences were extremely
small for both intra-thoracic and pericardial adipose tissue volume measurements (mean
absolute difference: 6.24 ± 5.60 cm3 and 3.79 ± 3.00 cm3, respectively; and relative
difference (mean variability): 4.34 ± 4.12% and 5.18 ± 5.19%, respectively).
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Inter-Observer Variability
The interobserver reproducibility was excellent for IAT (ICC 0.98) and for PAT (ICC 0.98).
The measurements were also highly correlated (r = 0.98 each, Figures 4a and 5a) and the
mean absolute difference was small (10.92 ± 10.53 cm3 and 6.15 ± 5.71 cm3 for IAT and
PAT, respectively). The mean variability was 6.23 ± 4.91% and 7.35 ± 7.22%, respectively.
For both intra-thoracic and pericardial adipose tissue, variability of volume measurements
increased with the volume of the adipose tissue measured (Figures 4b and 5b).

Effects of Heart Rate and Image Quality on Reproducibility
Both the mean difference of IAT and PAT between the two readers was not correlated with
heart rate during the scan (r=0.06, p=0.59 and r=−0.04, p=0.74; respectively). Similarly, the
mean difference of IAT and PAT between the two readers was similar between subjects with
a heart rate of >65 as compared to subjects with a scan heart rate of <65 bpm (9.65+/−9.7
vs. 9.9+/−8.9, p=0.91 and 5.51+/−5.6 vs. 6.32+/−5.8, p=0.91; respectively).

There was no significant association in mean difference of IAT and PAT between the two
readers with respect to image quality (p=0.11 and p=0.34; respectively). Also, the mean
difference in IAT and PAT between the two readers was similar between subjects with
exams graded as 4/5 as compared to exams graded <4 (10.1+/−10.1 vs. 12.8+/− 11.4,
p=0.24 and 6.2+/−5.5 vs. 6.0+/−6.3, p=0.87; respectively).

Discussion
This study demonstrates excellent inter- and intra-observer reproducibility of semiautomatic
measurements of pericardial and intra-thoracic adipose tissue volumes using high-resolution
images from standard ECG-gated contrast-enhanced coronary CTA examinations.

While our results appear to be similar to those of a recent study12 using 4-slice, non-
contrast-enhanced cardiac CT to measure intra-observer variability of PAT, it can be
anticipated that the utilization of contrast-enhanced 64-slice CT technology creates a more
accurate estimate of the true pericardial adipose tissue volume as compared to non-contrast-
enhanced 4-slice CT. This can be attributed to improved spatial (0.6 mm) and temporal (165
ms) resolutions. It can also be assumed that the administration of contrast material will
enhance the delineation of adipose tissue boundaries, enabling more accurate measurement.
In their earlier study, Wheeler et al. evaluated the reproducibility of sequential non-contrast
CT scans in 80 patients through a single observer. The investigators found that both
measurements were highly correlated (r=0.99, p<0.0001) with a mean difference of
2.11±12.81 cm3. In the study, the authors did not perform an analysis of intra- and inter-
observer variability. Our results on intra- and inter-observer variability of pericardial
adipose tissue volume with contrast-enhanced exams are consistent with these initial
observations, yet demonstrate a smaller variability (3.79 ± 3.00 vs. 2.11±12.81 cm3)
indicating the higher accuracy of contrast-enhanced 64-slice CT measurements.

Measuring IAT and PAT volumes allows for a comparison of the possible differences in
endocrine behavior of adipose tissue directly surrounding the myocardium (PAT) and the
adipose tissue significantly removed from the myocardium. PAT in particular has been
shown to be a rich source of inflammatory mediators in high-risk cardiac patients10. Recent
studies in animal models have shown that inflammatory cytokines outside the coronary
vasculature are capable of stimulating compositional changes within the intima23,24, with
adventitial stress potentially diminishing the effect of endothelial nitric oxide 25,26. Given
the close proximity of PAT and associated adipocytokines to the adventitia of the coronary
arteries, a functional impact of the surrounding adipose tissue on coronary arteries may
contribute to mechanisms of coronary artery disease. Early confirmation of this theory stems
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from a study in Japanese men which showed that PAT was more strongly associated with
CAD morbidity in non-obese males than other body fat compartments11.

Thus, the ability to derive pericardial adipose tissue measurements at no extra radiation or
contrast from CT datasets originally acquired for the evaluation of coronary artery plaque
and stenosis may provide information on an additional risk factor for cardiovascular events.
This manuscript forms the basis to investigate the clinical implications of the quantification
of pericardial adipose tissue, but the clinical value of that quantification needs to be
determined in further studies.

Limitations
In this study, we only report on the reproducibility of measurements of pericardial adipose
tissue. We did not verify our measurements against a gold standard such as histopathology.
However, previous studies have demonstrated the excellent accuracy of these methods.27, 28

Additionally, compared to non-contrast enhanced CT imaging, CTA is associated with
higher radiation exposure and thus its use in cardiovascular risk stratification in
asymptomatic subjects needs to be evaluated in the context of increased radiation exposure.
Currently there are a number of novel approaches such as prospective scanning in order to
reduce exposure to radiation29. Finally, our study sample is comprised of patients with acute
chest pain and it is not entirely certain if such findings would be generalizable to other
clinical settings. Further studies are needed to compare pericardial adipose tissue volume to
CTA and calcium score findings as well as to other known metabolic and cardiovascular risk
factors.

Conclusion
This study demonstrates the excellent intra- and inter-observer reproducibility of MDCT-
based volumetric quantification of pericardial and intra-thoracic adipose tissue volumes
using a 3D-based semiautomatic segmentation method. It remains to be determined whether
volumetric measures of pericardial and intra-thoracic adipose tissue will provide information
above and beyond more traditional measures of adiposity by providing new insights into the
role of pericardial fat for the development of obesity-related disease conditions.
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Figure 1.
Demonstration of semi-automated detection of pericardial adipose tissue: axial, sagittal, and
coronal cross-sections of 40 year-old male, with shaded regions representing pericardial
adipose tissue. Note the focus of adipose tissue in the both Atrial-Ventricular grooves and
along the intra-ventricular septum.
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Figure 2.
Intra-Thoracic Adipose Tissue Volume Intra-observer Correlation: Figure 2a is a scatter-plot
demonstrating the linear correlation between observer 1 and observer 2 (r = 0.98, ICC =
0.98). Figure 2b is the Bland-Altman plot of the same data (Mean difference: −1.777 (CI
−5.665 to 2.112), Range : 89.715 to 352.430, 95% Limits of agreement (Reference Range
for difference): −18.393 to 14.840)
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Figure 3.
Pericardial Adipose Tissue Volume Intra-observer Correlation: Figure 3a is a scatter-plot
demonstrating the linear correlation between observer 1 and observer 2 (r = 0.99, ICC =
0.99). Figure 3b is the Bland-Altman plot of the same data (Mean difference: −0.317 (CI
−2.609 to 1.975), Range: 27.250 to 181.960, 95% Limits of agreement (Reference Range for
difference): −10.111 to 9.477)
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Figure 4.
Intra-Thoracic Adipose Tissue Volume Inter-observer Correlation: Figure 4a is a scatter-plot
demonstrating the linear correlation between observer 1 and observer 2 (r = 0.98, ICC =
0.98). Figure 4b is the Bland-Altman plot of the same data (Mean difference: 3.161 (CI
0.209 to 6.112), Range: 49.735 to 377.415, 95% Limits of agreement (Reference Range for
difference): −26.587 to 32.908)
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Figure 5.
Pericardial Adipose Tissue Volume Inter-observer Correlation: Figure 5a is a scatter-plot
demonstrating the linear correlation between observer 1 and observer 2 (r = 0.98, ICC =
0.98). Figure 5b is the Bland-Altman plot of the same data (Mean difference: −1.933 (CI
−3.556 to −0.310), Range : 27.695 to 193.270, 95% Limits of agreement (Reference Range
for difference): −18.295 to 14.429)
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Table 1

Subject Demographics

Overall Cohort (n=100) Female (n=40) Male (n=60)

Age yr (mean ± stdv), Range 54.5 ± 12.0, 36–85 58.7 ± 10.7, 41–85 51.7 ± 12.2, 36–84

BMI kg/m2 (mean ± stdv), Range 29.5 ± 8.5, 19.3–88.2 30.2 ± 11.3, 19.3–88.2 29.1 ± 6.0, 20.8–52.9

Diabetes 13 (13%) 4 (10%) 9 (15%)

Hypertension 44 (44%) 21 (53%) 23 (38%)

Hyperlipidemia 46 (46%) 17 (43%) 29 (48%)

History of CAD* 14 (14%) 2 (5%) 12 (20%)

Current Statin Use 32 (32%) 11 (28%) 21 (35%)

Current Daily Aspirin Use 31 (31%) 10 (25%) 21 (35%)

Family History of CAD** 24 (24%) 8 (20%) 26 (43%)

Smoker*** 55 (55 %) 19 (48%) 36 (60%)

Cocaine*** 15 (15%) 2 (5%) 13 (22%)

*
Previous MI, stent, balloon angioplasty, or coronary artery bypass surgery

**
First degree relative with documented premature MI or sudden cardiac death (men < 55 yrs, women < 65 yrs)

***
Current or former
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