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Abstract

Background: Epicardial adipose tissue (EAT) is known as an important imaging indicator for cardiovascular risk
stratification. The present study aimed to determine whether the EAT volume (EV) and mean EAT attenuation (mEA)
measured by non-contrast routine chest CT (RCCT) could be more consistent with those measured by coronary CT
angiography (CCTA) by adjusting the threshold of fatty attenuation.

Methods: In total, 83 subjects who simultaneously underwent CCTA and RCCT were enrolled. EV and mEA were
quantified by CCTA using a threshold of (N30) (— 190 HU, — 30 HU) as a reference and measured by RCCT using
thresholds of N30, N40 (— 190 HU, — 40 HU), and N45 (— 190 HU, — 45 HU). The correlation and agreement of EAT
metrics between the two imaging modalities and differences between patients with coronary plaques (plaque (+))
and without plaques (plaque (—)) were analyzed.

Results: EV obtained from RCCT showed very strong correlation with the reference (r=0.974, 0.976, 0.972 (N30,
N40, N45), P<0.001), whereas mEA showed a moderate correlation (r=0.516, 0.500, 0.477 (N30, N40, N45), P<0.001).
Threshold adjustment was able to reduce the bias of EV, while increase the bias of mEA. Data obtained by CCTA and
RCCT both demonstrated a significantly larger EV in the plaque (+) group than in the plaque (=) group (P<0.05). A
significant difference in mEA was shown only by RCCT using a threshold of N30 (plaque (+) vs (—=): —80.0+ 4.4 HU
vs — 78.0£4.0 HU, P=0.030). The mEA measured on RCCT using threshold of N40 and N45 showed no significant
statistical difference between the two groups (P=0.092 and 0.075), which was consistent with the result obtained on
CCTA (P=0.204).

Conclusion: Applying more negative threshold, the consistency of EV measurements between the two techniques
improves and a consistent result can be obtained when comparing EF measurements between groups, although the
bias of mEA increases. Threshold adjustment is necessary when measuring EF with non-contrast RCCT.

Keywords: Adipose tissue, Computedtomography angiography, Coronary artery disease, Pericardium, Multidetector
computed tomography
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stratification [1]. Evidence from the last two decades has
shown that EAT plays various regulatory roles relating
to cardiac biology, including atherosclerosis progres-
sion, atrial fibrillation and heart failure [2-5]. EAT also
acts as a paracrine or vasocrine organ by locally releas-
ing bioactive cytokines into the adjacent interstitium
of the myocardium and coronary arteries [2-5]. The
underlying complex and important functions related to
metabolic, thermogenic and mechanical properties and
the relationship to noncardiac organs and systemic dis-
eases are receiving increasing attention [6]. The amount
of EAT has been reported to be a good predictor of the
risk of metabolic syndrome and an appealing biomarker
to evaluate the efficacy of certain therapies, such as phar-
macological therapies for obesity, dyslipidemia and type
2 diabetes mellitus [6—8]. On the other hand, cardiac
complications have been demonstrated in the coronavi-
rus disease 2019 (COVID-19) pandemic [9]. EAT has a
high level of angiotensin-converting enzyme 2 (ACE2)
expression, so it is suspected to be an important media-
tor of the inflammatory response in the myocardium
after SARS-CoV-2 infection [10, 11]. Thus, an approach
to quantify EAT consistently and economically would be
advantageous.

Cardiac examinations such as echocardiography, coro-
nary CT angiography (CCTA) and the coronary calcium
score (CCS) are currently the most common imaging
techniques used to assess the amount of EAT [12, 13].
However, these cardiac examinations have relatively
strict clinical indications, limiting the amount of data
that can be used to assess EAT. Actually, routine chest
CT (RCCT) imaging can also be used to quantify the
volume of EAT (EV), especially the routinely performed
non-contrast RCCT. When using the same threshold for
fatty attenuation, the EV measured by RCCT correlates
well with that measured by CCTA, but it is overestimated
[14]. In addition, the use of EAT attenuation (EA) as a
measure of fat composition [15, 16] has not been com-
pared between the two imaging modalities. Therefore,
the present study aimed to determine whether EV and
mean EA (mEA) measured with RCCT by adjusting the
threshold of fatty attenuation could be more consistent
with those measured with CCTA on the same scanner.

Materials and methods

Subject selection

All subjects who underwent coronary CT angiogra-
phy (CCTA) and non-contrast RCCT simultaneously
for health check-ups in our center from January 2019
to August 2020 were retrospectively investigated. Those
who underwent surgery or invasive procedures of the
lung, mediastinum and heart were excluded. A total
of 83 subjects were ultimately enrolled in this study.
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Information about sex, age, diabetes, dyslipidemia, and
hypertension was collected from their records. This ret-
rospective study was approved by the institutional review
board. All participants were fully informed and agreed
that their medical records would be anonymized for
research purposes.

CT examination procedure

CCTA and RCCT scanning were performed on the same
320-slice CT scanner (uCT960+, Shanghai United
Imaging Healthcare) sequentially without changing the
position. The non-ECG-gated RCCT parameters were
as follows: 120 kVp; 300 mAs; detector collimation,
160 x 0.5; pitch, 1.0938; rotation time, 0.5 s; matrix size,
1024 x 1024; field of view, 350 mm; and slice thickness,
1.0 mm, covering the scanning range from the lung apices
to the bases. Subsequently, CCTA was performed using
a breath-hold prospective axial ECG-triggered acquisi-
tion protocol. For patients with heart rate > 65 beats/min,
metoprolol was taken orally approximately 1-1.5 h before
CCTA examination. Sublingual nitroglycerine (0.5 mg)
was administered 5 min before scanning, except in the
case of contraindications. Intravenous injection of iodi-
nated contrast medium was injected through the right
cubital vein with a double cylinder high pressure syringe
(370 mgl/ml, flow rate: 4.0-5.0 ml/s, the total amount of
injection was 0.8 ml/kg) followed by saline (25 ml) injec-
tion at the same flow rate. The scan was obtained from
the carina to the bottom of the heart, and Bolus Track-
ing automatic trigger scanning technology was used.
The monitoring layer was located at the center of the
scanning range, the ROI was placed at the center of the
descending thoracic aorta, the triggering threshold was
set at 120 HU, and the scanner was delayed 6 s to start
scanning automatically after reaching the threshold. The
parameters were as follows: 100 kVp; 120 mAs; detector
collimation, 320 x 0.5; pitch, 1.0938; rotation time, 0.25 s;
matrix size, 512 x 512; field of view, 350 mm; and slice
thickness, 0.5 mm.

Assessment of CCTA

All the images were imported from the Picture Archiving
and Communication System to the postprocessing work-
station (uWS-CT, R004, Shanghai United Imaging Health
care). Both the cross-sections and longitudinal recon-
structed images were visually inspected to detect coro-
nary plaques by two radiologists with 10 and 15 years of
experience in cardiac imaging analysis. The presence of
atherosclerotic plaques and stenosis grading were evalu-
ated based on the 18-segment model recommended by
Society of Cardiovascular Computed Tomography [17].
Stenosis grading used the 6-level scale as follows: 1-Nor-
mal, the absence of plaques and no luminal stenosis;
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2-Minimal, plaques with<25% stenosis; 3-Mild, 25% to
49% stenosis; 4-Moderate, 50% to 69% stenosis; 5-Severe,
70% to 99% stenosis; 6-Occluded. Structures clearly
assignable to the vessel wall on at least two views with
densities less than the lumen contrast were classified as
noncalcified plaques. Any structure with a density > 130
HU that could be visualized separately from the contrast-
enhanced coronary lumen was defined as a calcified
plaque, which included calcified and partially calcified
plaques. Patients with any form of plaque, including
noncalcified and calcified plaques, were defined as the
plaque-positive (plaque (+)) group. The other patients
were defined as the plaque-negative (plaque (—)) group.

Measurement of EAT

EAT was defined as the visceral fat between the myo-
cardial surface and the visceral layer of the pericardium.
(Fig. 1a, b). The pericardium was manually traced from
the bifurcation of the pulmonary trunk to the end of the
pericardial sac. The volume of the whole heart and the
frequency table of CT values within the heart were gen-
erated and exported to a personal computer. The thresh-
old of fat tissue was applied to define the fat-containing
voxels. The EV (reported in cm®) equals the product of
the volume of a single voxel and the number of fat-con-
taining voxels. The mEA (reported in HU) was defined
as the mean attenuation of all fat-containing voxels. An
attenuation histogram was reviewed to show the distribu-
tion of fat-containing voxels. A threshold of —190 to — 30
Hounsfield units (HU) (— 190 HU, — 30 HU) was applied
to extract the fat-containing voxels for CCTA imaging.
For the RCCT, the lower threshold was fixed at—190
HU, and the upper threshold was adjusted and set at — 30
HU (N30), — 40 HU (N40) and — 45 HU (N45). The meas-
ured EV and mEA at the corresponding thresholds were
recorded as EVy;, and EAy;,, EVyy and mEA o, EVyys
and mEA;, respectively.

Statistical analysis

Statistical analyses were performed using SPSS version
19.0 for Windows (SPSS Inc., Chicago, IL, USA). The
Kolmogorov—Smirnov test was used to check whether
the data conformed to normal distribution. Continuous
variables with normal distribution are expressed as the
mean + standard deviation (SD), and categorical vari-
ables are expressed as N (%). The measurement data from
CCTA were compared with those from RCCT using the
paired t test. Correlations and agreement of EAT meas-
urements between RCCT and CCTA scans were evalu-
ated using Pearson’s correlation test and Bland—Altman
analysis. The difference in EAT according to the pres-
ence or absence of coronary atherosclerotic plaques was
analyzed using Student’s t-test, Mann—Whitney U test,
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and the dichotomic variables were analyzed using chi-
squared test. A P value <0.05 was considered statistically
significant.

Results

Among all 83 subjects enrolled, 49 subjects (59.0%)
had no plaques or luminal stenosis detected by CCTA.
Plaques were detected in the other 34 (41.0%) subjects,
in which 9 (26.5%) had minimal stenosis, 18 (52.9%) had
moderate stenosis, 5 (14.7%) had severe stenosis, and 1
(2.9%) was occluded. Among the patients with plaques,
24 subjects (70.6%) had calcified plaques, and 10 subjects
(29.4%) had noncalcified plaques. Regarding the number
of involved coronary artery segments, 17 subjects (50.0%)
had only 1 segment, 7 subjects (20.6%) had 2 segments, 5
subjects (14.7%) had 3 segments, and 5 subjects (14.7%)
had 4 segments. The general characteristics are shown in
Table 1.

Comparison of EAT measurements between CCTA

and RCCT

Visually, the pericardial structure in RCCT could be iden-
tified as clearly as in CCTA (Fig. 1a, b) and the EAT dis-
played in volume rendering of RCCT was obviously more
than that of CCTA (Fig. 1e, f.). An attenuation histogram
of fat tissue revealed similar curve patterns showing the
frequency with higher attenuation was approximately
20-30 times higher than that of the lower attenuation
(Fig. 1c, d). When using the same threshold of (—190
HU, — 30 HU), EV measurements showed strong correla-
tion (r=0.974), while the correlation of mEA was mod-
erate (r=0.516) (Figs. 2a, 3a). Bland—Altman analysis
showed that the mean difference (95% LoA) of EV and
EVys was—15.2 (—29.7 to—0.6) cm? suggesting an
overestimate of approximately 15% in RCCT compared
with CCTA using the same threshold (Fig. 2c). While the
agreement of mEA between CCTA and RCCT was good,
the mean difference (95% LoA) of mEA and mEA;, was
0 (—6.1 to 6.2) HU (Fig. 3c).

Effect of threshold adjustment on EAT measurement

After adjustment, EVy,, and EVy,s; still correlated
strongly with the EV in CCTA (r=0.976, 0.972, P<0.001)
(Fig. 2b, c). Bland—Altman analysis showed that the
mean differences (95% LoA) of EV and EVy,, and EV;
were—3.3 (=159 to 9.4) cm® and 1.9 (—11.1 to 14.8)
cm?, respectively (Fig. 2d, f.). Adjusting the threshold
reduced the bias of FFV from —15.2 cm?® to — 3.3 cm? or
1.9 cm® The mEA in RCCT using adjusted thresholds
(mEAy;0, mEAy,, and mEAy,;) correlated moderately
with the EV in CCTA (r=0.516, 0.500, 0.477, P<0.001)
(Fig. 3a—c). The mean differences (95% LoAs) of mEA
and mEAj30, mEA,o, and mEA,; were 0 (—6.1 to 6.2)



Yin et al. BMC Medical Imaging (2022) 22:114

Page 4 of 9

Pixels

CT value (HU)

using the same threshold of (— 190 HU, — 30 HU) (e, f)

Fig. 1 Visualization of the EAT in axial images, histograms and volume rendering. The pericardial structure (white arrowhead) in RCCT could be
identified as clearly as that in CCTA (a, b). The similar pattern of CT value histograms extracted from pericardium segmentation from CCTA and RCCT
both indicate that the adjustment of upper thresholds had a more obvious influence on the precision of fat volume measurements (c, d). The blue
and red lines indicate the CT attenuation of — 40 HU (N40) and — 45 HU (N45), respectively. Volume rendering of the EAT and heart are displayed

Pixels

CT value (HU)

HU, 5.2 (- 0.6 to 11.1) HU, and 7.4 (1.6 to 13.3) HU,
respectively (Fig. 3d—f.). Although there was moderate
correlation and agreement between the mEA measured
with the two imaging modalities, the correlation coeffi-
cient decreased, and the bias increased accordingly after
threshold adjustment.

Comparison of EAT measurements based on the presence
of plaques

The results of from the EAT measurements based on the
CCTA image showed that the EV in the plaque (+) group
(115.6+44.1 cm®) was significantly larger than that of
plaque (—) group (88.9+28.6 cm?® P=0.003; Fig. 4a),
and the mEA of the two groups were similar (plaque (+)
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Table 1 Patient characteristics and results of EAT measurements

Total Plaque (+) Plaque(—) Pvalue
N 83 34 49
Age 553476 570490 542464 0.097
BMI 245+£29 249+£29 2414+28 0221
Gender (Male) 46(55.4) 22(64.7) 24(49.0) 0.156
Hypertension (Yes)  41(49.4) 24(70.6) 17(34.7) 0.001*
Diabetes mellitus 42(50.6) 20(58.8) 22(44.9) 0212
(Yes)
Dyslipidemia (Yes)  37(44.6) 19(55.9) 18(36.7) 0.084
Calcified plaque \ 24(70.6) \
Non-calcified \ 10(29.4) \
plaque
EV (cm?) 99.8+£379 11564441 8894286  0.003%
EVyys0 (cm?) 11504418 13124496 10374312 0008*
EViao (cm?) 103.1£399 11884476 9224294  0.006*
EVas (cm?) 9804389 1129+466 876+£286 0.009*
mEA (HU) —788+£41 —795+£38 —783£42 0204
MEA 3, (HU) —788+43 —800+44 —780+40 0.030*
MEA,, (HU) —840+£36 —848+39 —834+33 0.092
MEAs (HU) —86.24+33 —870+£35 —857+30 0075

Data are shown as mean = SD or number (%)

EAT Epicardial adipose tissue; mEA mean EAT attenuation; EV EAT volume;
Threshold of N30 (— 190HU, — 30HU), N40: (— 190HU, — 40HU); N45:
(— 190HU, — 45HU)

* P value < 0.05 was considered statistically significant

vs. (—):—79.5+3.8HU vs.—78.3+4.2 HU, P=0.204)
(Table 1). When using the RCCT images and the same
attenuation thresholds, the EVy;, of the plaque (+)
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group was significantly larger than that of the plaque (—)
group (131.2449.6 cm?® vs. 103.7£31.2 cm®, P=0.008),
but the mEA 5, of the plaque (+) group was significantly
lower than that of the plaque (—) group (—80+4.4 HU
vs.—78+4 HU, P=0.030) (Fig. 4b), which was inconsist-
ent with that of CCTA. After adjusting the attenuation
threshold to N40 and N45, the comparison of EF meas-
urements between the two groups was consistent with
that of CCTA, whether EV or mEA. The differences in
EV between the plaque (+) and plaque (—) groups were
still significant (P=0.006 and 0.009, respectively), but the
differences in mEA were not significant (P=0.092 and
0.075, respectively) (Fig. 4).

Discussion

The present study validated that non-contrast RCCT
could be used to quantify EV and mEA, though EV
might be overestimated if the same upper threshold
of —30 HU was adopted as most previous studies used.
By adjusting the upper threshold, the consistency of EV
measured by RCCT with that measured by CCTA could
be improved substantially, but this was not the case for
mEA. Although the bias of mEA increased, the same
results were obtained when comparing mEA between the
two groups with and without coronary plaques. Interest-
ingly, the mEA measured on non-contrast RCCT using
N30 was sensitive enough to detect the differences in
EAT characteristics between the groups with or with-
out coronary plaques. The quantification of mEA might

4001 1=0.974 4001 +=0976 4001 r=0 972

300 ° 300 ° 300 o
E E E

o o o

3 2004 S 2001 0.0 % 2004 o

2 2 00 2 000

: : ﬁ g M

w w w

100- 100 100+
o o
0 r T 1 0 T T 1 0 T r 1
0 100 200 300 0 100 200 300 0 100 200 300

a EV(cm®) b EV(em®) c. EV (cm®)

&> Oz s 20 s 20

o)

s ® cog 11980 s & o 1.968D
— o - 10 0. — 6. 00 +1.

g-10] S‘Eooo 3 e Tossh 2 10 P

b g =5 % = 0 o

w ° o o® mean w07 o0 W "gﬂ’%’ 0

> 20 80 @, ° 4 < 7 o3 % mean ] BegR” »° mean
y o 90 o © u 104 ° e °© go o w BDRo °°o

® ® 00 @ ° 8 )

2 _30- 2 2 & e -10 3.0

9 R -1.965D g 201 o ° -1.968D 2 ° -1.965D
& ° ° = £ °

0 40 T T T 0 -30 T T T a -20 T T T

0 100 200 300 400 0 100 200 300 400 0 100 200 300 400

d. Average (EV+EVys0) (cm®) e Average (EV+EVyyo) (cm?) f. Average (EV+EVy,s) (cm®)
Fig. 2 Correlation (a-c) and Bland—Altman plot (d—f) for EV between CCTA and RCCT using three thresholds. Mean EV [cm?] is plotted against the
relative difference of both measurements. Both dotted lines represent the 95% confidence intervals. Threshold of fatty attenuation: N30 (— 190
HU, — 30 HU), N40 (— 190 HU, — 40 HU), and N40 (— 190 HU, — 45 HU)




Yin et al. BMC Medical Imaging (2022) 22:114

Page 6 of 9

-60+ -70+

o

Average (MEA+MEAy30) (HU) e

relative difference of both measurements. Both dotted lines represent the
HU, — 30 HU), N40 (— 190 HU, — 40 HU), and N40 (— 190 HU, — 45 HU)

r=0.516 r=0.500 751 1=0.477
754 o
__ -T04 % — Q9°?, = =01 § 0000® %
% ° %0 20006 % -804 R 0%)00"000 % o ngg o@o%"o
E @aﬁggb ° ] 8 o % %5 B RPT
2 -804 QS’OOOO;B oo .,oo 3 -85 a o 0;8 :% 00 3 Qboo o;@ Ph-S ° 4
&£ %% o o ] %0 00 8% o 5 -eo0 0" &
E ool o % S 1 @o @ © £ 9,0 o
90 ° °
954 95
-100 T T T T T 1 -100 T T T T T 1 -100 T T T T T 1
95 90 85 80 75 -70 65 9 90 85 80 75 -70 65 95 .90 85 80 75 -70 65
a. mEA(HU) b. mEA(HU) C. mEA (HU)
— = =)
z " 215 22
8 10 o E %0 E
z T Z 104 o Z 15
& +1.96SD 3 o °ogo® +1_968D < o +1.96SD
54 ) o C Co [S o
5: o°o°°°°B o 5: 5 o ° o?;@‘o Py ‘“ggom o £ 10 o o 0g0 80000 °
wo B R0 ‘%@o mean g % oo ooé’%, o Q2 Mmean = Lo o 33?,3 £° 00 mean
S %o 53 ® ° = o0 %Q ) = o 0 %% P o
® 0> 8 ° 2 ol © % 2 5] ® %% 0
2 5 o @  -1.965D g § g 8 o P’ 2o d
5 52 & -1.96SD 5 o o e -1.96SD
£ .10 T T T £ 5 . . . . % 0 —_— . .
O 100 90 80 70 60 O o5 9 -8 80 75 70 9 90 8 80 75 70

) Average (MEA+mMEAy40) (HU)
Fig. 3 Correlation (a—c) and Bland—Altman plot (d-f) for EA between CCTA and RCCT using three thresho

—

Average (MEA+mMEAy,s) (HU)

Ids. Mean EA [HU] is plotted against the
95% confidence intervals. Threshold of fatty attenuation: N30 (— 190

2001

* 01
. — s . [ Plaque(- ) N=49
— — . -20- mm Plaque(+) N=34
_ 1501 3 20 que(+)
@
g R
2 100+ B
E £ -60-
s 2
504 < _go/ A
i 1
*
o Ll 100
EV EVnzo EVnao EVnas mEA mEANz0 mEAn40 mEAN4s
a. b

Fig. 4 Comparison of EAT measurements between patients with and without coronary plaques. Data obtained from CCTA and RCCT both

demonstrated a significantly larger EV in the plaque (4) group than the plaque (—) group (a). A significant difference in mEA was shown only on
RCCT using N30 (b), the result of mEA measured using N40 and N45 on RCCT was same as that measured on CCTA

be more sensitive for revealing latent pathophysiological
characteristics than the quantification of EV.

ECG-gated cardiac CT is considered to be the most
accurate method to quantify EV because of the high
resolution and true volume coverage, allowing also the
assessment of mEA [18, 19]. When CT is used to meas-
ure fat, two necessary steps to measure EAT are segmen-
tation of the pericardium and the following filter of pixels
with a specific attenuation threshold of fat; the former
determines the outer boundary, and the latter determines
the inner boundary adjacent to the myocardium and
coronary vessels [13, 20]. Previously, CCTA and CCS,
both of which use ECG gating, were the most commonly
used imaging techniques in this category [21]. However,

it seemed that the heartbeat hindered the measurement
procedure. Physiologically, the pericardium anchors
the heart by attaching to the sternum, diaphragm and
anterior mediastinum [22]. The inelastic characteris-
tics ensure that the depiction of the pericardium is not
affected by cardiac cycles in nongated imaging, which
was verified in the segmenting step of this study (Fig. 1).
With a relatively static outside boundary, motion of the
inner boundary during the cardiac cycle could cause an
error in EAT measurement. However, the EV assessed
on diastolic and systolic CCTA reconstructions was not
significantly different [23]. The EV from the systolic and
diastolic phases was interchangeable when the other
parameters were kept consistent. Thus, without ECG
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gating, RCCT could be used as an alternative method to
assess EV [24-26].

Although there are abundant reports, the predefined
thresholds for fat tissue are frequently inconsistent.
The lower threshold is usually set at —250 HU or — 190
HU, and the upper threshold is set at —45 HU, — 30 HU,
or—15 HU [23, 24, 27, 28]. Therefore, it was not possi-
ble to compare the results from different studies. Among
those studies, the range of (— 190 HU, — 30 HU) was the
most commonly used range, and we defined the results
of this range measured on CCTA as a reference. The
inconsistency of the threshold was also observed in two
previous studies that compared EV quantification-based
non-ECG gated CT with ECG gated cardiac-CT [14,
27]. Simon-Yarza, 1. et al. reported concurrent findings
on the reliability between the two approaches using the
threshold range of (— 195 HU, —45 HU) [27]. Nagayama,
Y et al. found that although the EV measured by non-
gated CT was approximately 30% higher, it demonstrated
a strong correlation with gated CT using the thresh-
old of (—190 HU, — 30 HU) [14], which was consistent
with our results. This problem hinders the longitudinal
observation or retrospective analysis of EAT changes
unless the same examination was conducted every time.
However, both CCTA and RCCT have indications and
limitations, and the available database would be appreci-
ably expanded if the consistency of EAT measurements
between them could be improved.

The present study demonstrated that adjusting the
threshold could improve the consistency between EV
measured by RCCT and that measured by CCTA. Bucher,
A. M et al. systematically analyzed the influence of tech-
nical parameters on the quantification of EV on cardiac
CT and found that threshold adjustments, especially the
upper level, could make volumetry from different series
comparable [23]. As shown in the CT attenuation histo-
gram of EAT (Fig. 1c, d), the frequency near the upper
threshold was approximately 20 times higher than that
near the lower limit. Hence, the adjustment of the upper
limit of the threshold could affect the number of pix-
els included and reduce the systematic bias. The latest
research shows that pericoronary fat enhances approxi-
mately 4.3 HU with iodinated contrast when comparing
precontrast coronary with postcontrast scanning [29].
These pixels enhanced to exceed to upper limit would be
excluded when measured in contrast images. Therefore,
the screened EF in CCTA which we took as reference was
part of that screened in RCCT us the same threshold.

EA was reported as a measure of fat composition
that might indicate the atherosclerotic process [15].
Decreased mEA and increased EV are associated with
higher cardiovascular risk [30]. Recent report suggested
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that mEA, but not EV, is an independent predictor of
obstructive CAD and high-risk plaques [31]. Quantified
as the mean attenuation of screened EAT voxels, mEA
is obviously affected by EV and the consistency of mEA
is based on the premise of EV consistency measured by
two technologies. When the volume of included EAT
were more consistent between the two techniques, and
the results about comparison of mEA between the two
groups were unified. Remarkably, we found that the dif-
ference in mEA between patients with or without plaques
was only detected using N30 in RCCT, but not for N40
and N45, indicating that the EAT ranging from —40HU
to—30HU might be responsible for the significant dif-
ference between the two groups and also reminding us
that histogram analysis of mEA would be helpful, such
as percentiles of EA. Besides, the difference was neither
found in CCTA, suggesting that the enhancement of
EAT related to metabolic abnormalities and inflamma-
tion should considered [18]. As the most promising sub-
segment of EAT, pericoronary fat was found to increase
its density after contrast administration [29]. Further
research is required to determine whether and how
EAT contrast-enhanced in physiological or pathological
conditions.

The current study had limitations. First, we did not try
to determine the optimal threshold or provide a recom-
mended threshold. CT attenuation varies by equipment
manufacturer, performance, and scan parameters. There
are currently no endorsed guidelines to quantify EAT,
even though we defined EV measured on CCTA as a
reference because it was widely used in previous stud-
ies. We proposed the approach of threshold adjustment
to reduce the differences in EAT measurements between
the different examination protocols. Second, the num-
ber of patients was small, and the patients with coro-
nary plaques were in early stages and asymptomatic. The
predictive efficacy of EAT measurements for CAD was
not explored. Third, our results may not be applicable
to patients with high heart rate because metoprolol was
taken for patients with heart rate>65 beats/min before
CT examination in our study.

Conclusion

Our study demonstrates that threshold adjustment is
necessary when measuring EF with non-contrast RCCT.
Comparing with CCTA, the application of more nega-
tive threshold improves the consistency of EV measure-
ments and provides a consistent result when comparing
EF measurements between groups, although the bias of
mEA increases. More studies are needed to reveal the
subtle change of EA after contrasted enhancement and
using more accurate method such as histogram analysis.



Yin et al. BMC Medical Imaging (2022) 22:114

Abbreviations

CAD: Coronary artery disease; CCS: Coronary calcium score; CCTA: Coronary CT
angiography; CT: Computed tomography; ECG: Electrocardiogram; EAT: Epicar-
dial adipose tissue; EA: EAT attenuation; mEA: Mean EAT attenuation; EV: EAT
volume; HU: Hounsfield unit; LOA: Limits of agreement; RCCT: Routine chest
CT; SD: Standard deviation.

Acknowledgements
Not applicable

Author contributions

LKY contributed to the conception of the study and manuscript preparation;
CY and SJX contributed significantly to analysis and manuscript preparation;
HD and CY performed the data organization and wrote the manuscript; CY
and CWL contributed significantly to data processing; MSZ contributed to the
conception of the study and helped perform the analysis with constructive
guidance. All authors read and approved the final manuscript.

Funding

1. National Natural Science Foundation of China (Grant Number 91859107).
2. Shanghai Science and Technology Committee (Grant Number
18DZ1930102). 3. Shanghai Science and Technology Committee (Grant
Number 19411965500). 4. Zhongshan Hospital, Fudan University (grant
number 2018ZSLC22). 5. Shanghai Municipal Key Clinical Specialty (Grant
Number W2019-018). 6. Clinical Research Plan of SHDC (Grant Number
SHDC2020CR1029B). 7. Zhongshan Hospital, Fudan University (Grant Number
2020ZSLC61).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This retrospective study performed at one institution was approved by the
Institutional Review Board of Zhongshan Hospital of Fudan University. The
requirements for consent to participate and written informed consent were
waived by the Institutional Review Board. We confirm that all methods were
performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest to report.

Author details

'Department of Radiology, Zhongshan Hospital, Fudan University, No. 180
Fenglin Rd, Xuhui District, Shanghai 200032, China. 2Department of Radiol-
ogy, First People’s Hospital of Xiaoshan District, Hangzhou 311200, China.
3Shanghai United Imaging Healthcare Co, Ltd, No. 2258 Chengbei Rd, Jiading
District, Shanghai 201807, China. *Shanghai Institute of Medical Imaging, 180
Fenglin Road, Xuhui District, Shanghai, China. *Department of Medical Imag-
ing, Shanghai Medical College, Fudan University, No. 138 Yi xue yuan Road,
Shanghai 200032, China.

Received: 11 May 2021 Accepted: 3 June 2022
Published online: 25 June 2022

References

1. Sacks HS, Fain JN. Human epicardial adipose tissue: a review. Am Heart J.
2007;153(6):907-17.

2. Mahabadi AA, Berg MH, Lehmann N, Kalsch H, Bauer M, Kara K; et al.
Association of epicardial fat with cardiovascular risk factors and incident
myocardial infarction in the general population: the Heinz Nixdorf Recall
Study. J Am Coll Cardiol. 2013;61(13):1388-95.

20.

AR

22.

23.

24.

Page 8 of 9

de Wit-Verheggen V, Altintas S, Spee R, Mihl C, van Kuijk S, Wildberger JE,
et al. Pericardial fat and its influence on cardiac diastolic function. Cardio-
vasc Diabetol. 2020;19(1):129.

Antonopoulos AS, Antoniades C. The role of epicardial adipose tissue

in cardiac biology: classic concepts and emerging roles. J Physiol.
2017;595(12):3907-17.

Aliyari GM, Te RA, James CA, Chen H, Tichnell C, Murray B, et al. Epicardial
fat distribution assessed with cardiac CT in arrhythmogenic right ven-
tricular dysplasia/cardiomyopathy. Radiology. 2018;289(3):641-8.
lacobellis G. Local and systemic effects of the multifaceted epicardial
adipose tissue depot. Nat Rev Endocrinol. 2015;11(6):363-71.
Christensen RH, von Scholten BJ, Hansen CS, Jensen MT, Vilsball T, Ross-
ing P, et al. Epicardial adipose tissue predicts incident cardiovascular dis-
ease and mortality in patients with type 2 diabetes. Cardiovasc Diabetol.
2019;18(1).

Svanteson M, Holte KB, Haig Y, Klaw NE, Berg TJ. Coronary plaque charac-
teristics and epicardial fat tissue in long term survivors of type 1 diabetes
identified by coronary computed tomography angiography. Cardiovasc
Diabetol. 2019; 18(1).

Huang L, Zhao P, Tang D, ZhuT, Han R, Zhan C, et al. Cardiac involve-
ment in patients recovered from COVID-2019 identified using magnetic
resonance imaging. JACC Cardiovasc Imaging. 2020;13(11):2330-9.

. Couselo-Seijas M, Almenglo C, M AR, Luis FA, Alvarez E, R GJ, et al. Higher

ACE2 expression levels in epicardial cells than subcutaneous stromal cells
from patients with cardiovascular disease: Diabetes and obesity as pos-
sible enhancer. Eur J Clin Investig. 2020:e13463.

. Malavazos AE, Goldberger JJ, lacobellis G. Does epicardial fat contribute

to COVID-19 myocardial inflammation? Eur Heart J. 2020;41(24):2333.
Russo R, Di lorio B, Di Lullo L, Russo D. Epicardial adipose tissue: new
parameter for cardiovascular risk assessment in high risk populations. J
Nephrol. 2018;31(6):847-53.

Marwan M, Achenbach S. Quantification of epicardial fat by computed
tomography: Why, when and how? J Cardiovasc Comput. 2013;7(1):3-10.
Nagayama Y, Nakamura N, Itatani R, Oda S, Kusunoki S, Takahashi H, et al.
Epicardial fat volume measured on nongated chest CT is a predictor of
coronary artery disease. Eur Radiol. 2019;29(7):3638-46.

Aldiss P, Davies G, Woods R, Budge H, Sacks HS, Symonds ME. ‘Browning'
the cardiac and peri-vascular adipose tissues to modulate cardiovascular
risk. Int J Cardiol. 2017;228:265-74.

Oikonomou EK, Marwan M, Desai MY, Mancio J, Alashi A, Hutt Centeno E,
et al. Non-invasive detection of coronary inflammation using computed
tomography and prediction of residual cardiovascular risk (the CRISP CT
study): a post-hoc analysis of prospective outcome data. The Lancet (Brit-
ish edition). 2018;392(10151):929-39.

Leipsic J, Abbara S, Achenbach S, Cury R, Earls JP, Mancini GJ, et al. SCCT
guidelines for the interpretation and reporting of coronary CT angiog-
raphy: a report of the Society of Cardiovascular Computed Tomography
Guidelines Committee. J Cardiovasc Comput. 2014;8(5):342-58.

Goeller M, Achenbach S, Marwan M, Doris MK, Cadet S, Commandeur F,
et al. Epicardial adipose tissue density and volume are related to subclini-
cal atherosclerosis, inflammation and major adverse cardiac events in
asymptomatic subjects. J Cardiovasc Comput. 2018;12(1):67-73.
lacobellis G, Corradi D, Sharma AM. Epicardial adipose tissue: anatomic,
biomolecular and clinical relationships with the heart. Nat Clin Pract
Cardiovasc Med. 2005;2(10):536-43.

lacobellis G. Epicardial and pericardial fat: close, but very different. Obe-
sity. 2009;17(4):625.

Nerlekar N, Brown AJ, Muthalaly RG, Talman A, Hettige T, Cameron JD,

et al. Association of epicardial adipose tissue and high-risk plaque charac-
teristics: a systematic review and meta-analysis. J Am Heart Assoc. 2017;
6(8).

Peebles CR, Shambrook JS, Harden SP. Pericardial disease--anatomy and
function. Br J Radiol. 2011; 84 Spec No 3:5324-S337.

Bucher AM, Joseph Schoepf U, Krazinski AW, Silverman J, Spearman JV,
De Cecco CN, et al. Influence of technical parameters on epicardial fat
volume quantification at cardiac CT. Eur J Radiol. 2015;84(6):1062-7.

Lee K, Yong HS, Lee J, Kang E, Na JO. Is the epicardial adipose tissue area
on non-ECG gated low-dose chest CT useful for predicting coronary ath-
erosclerosis in an asymptomatic population considered for lung cancer
screening? Eur Radiol. 2019;29(2):932-40.



Yin et al. BMC Medical Imaging

25.

26.

27.

28.

29.

30.

31

(2022) 22:114

Jayawardena E, Li D, Nakanishi R, Dey D, Dailing C, Qureshi A, et al. Non-
contrast cardiac CT-based quantitative evaluation of epicardial and intra-
thoracic fat in healthy, recently menopausal women: reproducibility data
from the Kronos Early Estrogen Prevention Study. J Cardiovasc Comput.
2020;14(1):55-9.

Kim HJ, Lee H, Lee B, Lee JW, Shin KE, Suh J, et al. Diagnostic value of
using epicardial fat measurement on screening low-dose chest CT for the
prediction of metabolic syndrome. Medicine. 2019,98(7): e14601.
Simon-Yarza |, Viteri-Ramirez G, Saiz-Mendiguren R, Slon-Roblero PJ, Par-
amo M, Bastarrika G. Feasibility of epicardial adipose tissue quantification
in non-ECG-gated low-radiation-dose CT: comparison with prospectively
ECG-gated cardiac CT. Acta Radiol. 2012;53(5):536-40.

Sjostrom L, Kvist H, Cederblad A, Tylen U. Determination of total adipose-
tissue and body-fat in women by computed-tomography, K-40, and
tritium. Am J Physiol. 1986;250(61):E736-45.

Almeida S, Pelter M, Shaikh K, Cherukuri L, Birudaraju D, Kim K, et al.
Feasibility of measuring pericoronary fat from precontrast scans: effect of
jodinated contrast on pericoronary fat attenuation. J Cardiovasc Comput.
2020.

Goeller M, Achenbach S, Marwan M, Doris MK, Cadet S, Commandeur F,
et al. Epicardial adipose tissue density and volume are related to subclini-
cal atherosclerosis, inflammation and major adverse cardiac events in
asymptomatic subjects. J Cardiovasc Comput Tomogr. 2018;12(1):67-73.
Pandey NN, Sharma S, Jagia P, Kumar S. Epicardial fat attenuation,

not volume, predicts obstructive coronary artery disease and high

risk plaque features in patients with atypical chest pain. Br J Radiol.
2020;93(1114):20200540.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Measurement of epicardial adipose tissue using non-contrast routine chest-CT: a consideration of threshold adjustment for fatty attenuation
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Subject selection
	CT examination procedure
	Assessment of CCTA​
	Measurement of EAT
	Statistical analysis

	Results
	Comparison of EAT measurements between CCTA and RCCT​
	Effect of threshold adjustment on EAT measurement
	Comparison of EAT measurements based on the presence of plaques

	Discussion
	Conclusion
	Acknowledgements
	References


