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Objective: To investigate the association of pericardial
fat volume (PFV) with coronary artery disease (CAD) in
patients with intermediate pre-test probability of ischae-
mic heart disease assessed by coronary CT angiography.
Methods: From a total of 115 consecutive Iraqi patients
who underwent 64-multislice multidetector CT angio-
graphy examinations, only 74 patients (females, 38% and
males, 68%) with a mean age of 54 + 8 years were found
to be eligible for statistical analysis. The patients were
divided into two groups according to the median value of
PFV (above and below 100 ml).

Results: The median value of PFV in our study was 100 ml
(range, 17-319 ml). A significant association was observed
between high PFV and significant coronary artery

Pericardial fat is an adipose tissue surrounding the
heart, with anatomic proximity to the epicardial coro-
nary arteries. Several studies'™ show growing evidence
that pericardial adipose tissue may be associated with
increased left ventricular mass, metabolic syndrome,
endothelial dysfunction, insulin resistance and the
presence of coronary artery disease (CAD) via local se-
cretion of numerous pro-inflammatory hormones and
cytokines.

Coronary CT angiography is a non-invasive method that
has been used for cardiovascular risk stratification based on
the presence and severity of coronary calcium and ath-
erosclerotic plaque with a reported sensitivity of 94-95%
and specificity of 82%. Pericardial fat volume (PFV) can be
assessed by direct measurement that depends on the de-
tection of the thin pericardium or as a component of heart-
level thoracic fat volume.®’

Pericardial fat has been found to have a higher lipolysis and
lipogenesis activity than that of other fat tissues with
a strong correlation between PFV and triglyceride con-
centration in the myocardium.®

stenosis (p = 0.005), between high PFV and significant
left circumflex stenosis (p = 0.021) and between high PFV
and the presence of coronary plague (p=0.005).
Whereas there was no significant correlation between
high PFV and coronary calcium score (p=0.188), be-
tween high PFV and number of diseased coronary vessels
(p>0.3), and between high PFV and body weight and
body mass index.

Conclusion: Increased PFV is strongly associated with the
presence and severity of CAD.

Advances in knowledge: Our study highlights the role of
pericardial fat as an emerging biomarker in cardiovascu-
lar risk assessment and supports its association with the
magnitude of CAD.

Furthermore, recent data have shown that PFV assessed by
CT angiography is significantly associated with severe
coronary stenosis, plaque burden even in asymptomatic
individuals, high-risk plaque features and an increased risk
of future cardiac events.”"'

The aim of this study was to investigate the association of
PFV with CAD, cardiac risk factors and calcium scoring
index in patients with an intermediate pre-test proba-
bility of ischaemic heart disease assessed by coronary CT
angiography.

METHODS AND MATERIALS

This cross-sectional study was performed in the Cardiology
centre in AL-Sader Teaching Hospital in AL-Najaf City,
Iraq between January 2013 and June 2013. All patients gave
their written informed consent for taking part in this study.
The study was approved by the Ethical Committee of
Medicine College of Kufa University, Najaf, Iraq.

A total of 115 consecutive Iraqi patients, with an in-
termediate pre-test probability of ischaemic heart disease,
who underwent 64-multislice multidetector CT (MDCT)
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angiography examinations for the assessment of CAD were en-
rolled in this study.

Of these, only 74 patients were found to be eligible for statistical
analysis and 41 patients were excluded owing to missing or lost
data (31 patients), poor examination technique (6 patients) and
difficulty in accurate PFV calculation or segmentation of fat (4
patients).

Exclusion criteria for MDCT examination included a history of
cardiac surgery, iodine-based contrast allergy, renal failure
(creatinine, >1.5mg dl™Y), atrial fibrillation or other unstable
heart rhythm, inability to perform breath holding, haemody-
namically unstable patients, presence of intracardiac devices
(pacemaker), pregnant females and contraindications for the use
of B-blocker.

Using standard physician-based questionnaires, a history of
conventional cardiac risk factors for CAD was obtained from
each patient at the time of coronary CT angiography examina-
tion, including a positive family history of premature athero-
sclerosis (occurring in males before the age of 55 years and
before 65 years in females), current smoking history (>10 cig-
arettes per day in the past year), a history of hypertension or
use of antihypertension medications, hyperlipidaemia (de-
fined as levels of total cholesterol =200 mgdl ™" or triglyceride
=150mgdl™") or use of lipid-lowering drugs, a history of di-
abetes mellitus or use of insulin or diabetic-lowering drugs, and
obesity with a body mass index (BMI) of =30kgm?®.

For coronary CT analysis, plaques with a structure of >1 mm
within and/or adjacent to vessel lumen were used, and plaque
types were classified into calcified (plaque consisting of only
calcium), non-calcified or soft plaque (plaque that was free of
calcium), and multiple plaques (more than one plaque in the
same patient).

Severity of coronary artery stenosis was visually graded as nor-
mal (normally appearing lumen), non-significant with a mean
lumen diameter reduction of <50% or significant with a mean
lumen diameter reduction of =50% in a single vessel by com-
paring the lumen diameter of the narrowest segment with that
of a more proximal or distal normal segment in two orthogonal
projections. This cutoff value of coronary stenosis had been used
and investigated by several studies to define the severity of
coronary stenosis in patients who had undergone multislice
computed tomographic coronary angiography.>'?

CT scan protocol and pericardial fat

volume quantification

CT coronary angiography was performed with a 64-slice scanner
(Aquilion™ 64, v. 4.51 ER 010; Toshiba Medical Systems, Tochigi,
Japan) with retrospective electrocardiography (ECG) gating. Be-
fore multislice CT angiography, a non-contrast CT was acquired
to measure the calcium score according to the Agatston method
using a sequence scan with a slice thickness of 3 mm. When the
patients’ heart rate was >65 beats per minute, a B-blocker
(metoprolol, 20-60 mg orally) was administered before the scan.
A Dbolus of 80ml of contrast medium (Omnipaque™; GE
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Healthcare, Waukesha, MI; 350 mg ml™! of iodine) was injected
intravenously at a rate 5mls™', followed by 30ml of normal
saline. The scan was obtained from the aortic arch to the level of
the diaphragm during a single breath hold. When ECG-triggered
scanning protocol was performed, the following parameters were
used: collimation width, 32.5 X 32.5 cm; slice thickness, 0.5 mm;
rotation time, 0.35s; tube voltage, 120kV; maximum effective
tube current, 890 mA; and table feed, 0.3 mm/rotation. The du-
ration of examination was about 10s.

CT images were reconstructed using a smooth kernel (B25f)
with a slice thickness of 0.5 mm (increment, 0.3 mm). CT data
sets were transferred to a dedicated workstation (Vitrea® 2
workstation; Vital Image Inc., Plymouth, MN) for image analysis.

PFV was measured using a three-dimensional (3D) contrast-
enhanced phase. The layer of the pericardium was manually
traced, and a 3D image of the heart was constructed. Then, the
PFV was quantified by calculating the total volume of the tissue
whose CT density ranged from —250 to —20HU within the
pericardium by using a 3D workstation statistical analysis.

STATISTICAL ANALYSES

Data are presented as mean * standard deviation or as numbers
with percentages. The calcium score was determined by using
the Agatston method. Categorical data are expressed as fre-
quencies and were compared with Pearson’s x> test. Continuous
variables are presented as mean * standard deviation and were
compared using Student’s #-test or analysis of variance. A
probability (p) value of <0.05 was considered as statistically
significant.

RESULTS

Opverall, 74 patients (females, 38% and males, 62%; mean age,
54 = 8 years) were enrolled in this study. Coronary CT angiog-
raphy was performed for the evaluation of patients with an in-
termediate pre-test probability of ischaemic heart disease
presenting with symptoms suggestive of CAD. PFV ranged from
17 to 319 ml, and the median value of PFV in our patients was
100ml, which had been used as a cutoff value to separate
patients into two groups for statistical analysis (high PFV
=100ml group and low PFV <100ml group). The clinical
characteristics of the patients enrolled in the study are shown in
Table 1.

Dividing our patient collective into PFVs of <100ml or
=100ml (high vs low PFV group), we found a significant as-
sociation (<<0.05) with more than one traditional cardiac risk
factor, whereas there was no significant correlation reported
between PFV and individual cardiac risk factors (Table 1).

Patients with normal coronary arteries were noted to have
a lower PFV value than that of patients with stenotic lesions
(p =0.005) (Table 1). Although significant stenoses were more
common in the high PFV group, no significant correlation could
be seen with the number of vessels (Table 1).

Regarding individual CAD, a significant association was reported
between high PFV and significant left circumflex (LCX) artery
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Table 1. Patients’ characteristics
Parameters Low PFV group, n (%) High PFV group, n (%) p-value
Male 21 (58.3) 25 (65.8) 0.500
Female 15 (41.7) 13 (34.2) 0.500
Age (years) 53.39 *+ 8.8 55.9 = 9.1
Risk factors
Hypertension 3 (60) 2 (40) 2.900
Smoking 3 (75) 1(25) 0.200
Diabetes 2 (100) 0 0.800
Hyperlipidaemia 2 (67) 1(33) 0.800
Family history 4 (67) 2 (33) 0.500
Body mass index =30 (kg m?) 2 (50) 2 (50) >0.100
More than one risk factor 5 (33) 10 (67) 0.030
Stenosis severity in all coronary arteries
Normal 21 (68) 10 (32) 0.005
Non-significant stenosis 4 (50) 4 (50) 0.500
Significant stenosis 11 (31) 24 (69) 0.005
Number of diseased coronary vessels
Normal coronaries 21 (68) 10 (32) 0.043
Single-vessel disease 7 (39) 11 (61) 0.380
Two-vessel disease 4 (29) 10 (71) >0.500
Three-vessel disease 4 (36) 7 (64) >0.500

PFV, pericardial fat volume.

stenosis (p = 0.021), but an association like this was not found
with other coronary vessels (Table 2).

There was no statistically significant association between PFV
and the coronary calcium score (Table 3).

Patients with high PFV had a statistically strong correlation with
the presence of coronary plaque (p = 0.005), whereas there was
no correlation reported between high PFV and the plaque type
(Tables 4 and 5).

No significant correlation was found between PFV and weight
and BMI (Figures 1 and 2).

DISCUSSION

Nowadays, there are several non-invasive modalities that can be
used to quantify and image pericardial fat such as echocardiog-
raphy, cardiac MR and MDCT without a firm consensus on the
gold standard modality for the quantification of pericardial fat."?

However, to evaluate the pericardial fat, cardiac CT provides
a true volumetric quantification with high spatial resolution and
3D views of the heart without the use of contrast.'*'>

Currently, there is no consensus regarding the upper limit of
normality for PFV, and the reported values are highly variable
among different patient populations and studies because of

discrepancies and ambiguities in the definition and nomencla-
ture of fat deposits around the heart."

According to recent population-based studies,'®'” the mean
volume of cardiac fat ranges from 68 34 to 124 = 50ml
However, several reported papers found a significant difference
and association (p < 0.05) when a discriminative value around
100 ml for PFV had been used for predicting the relative risk for
CAD.

Thanassoulis et al'® published community-based research re-
garding the prevalence and distribution of pericardial fat deposits
among 3312 participants from the Framingham Heart Study
Offspring and Third-Generation Cohorts who participated in
the MDCT substudy and found that the median values for PFVs
in males and females were 117.5 and 93.9 cm’, respectively.

Moreover, there is a broad individual variation in the amount
and distribution of cardiac fat accumulation that may be
attributable to the influence of different clinical and de-
mographic factors. Reduction in body weight in patients under-
going bariatric surgery decreased the cardiac fat thickness,
whereas pericardial fat seems to increase with increasing age. In
addition, ethnicity may contribute to the variation of PFV and
distribution especially in African—American individuals who
have less central obesity than whites despite their greater re-
sistance to insulin."”
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Table 2. Relationship between pericardial fat volume (PFV) and individual coronary artery stenosis severity

Coronary artery Low PFV group, n (%) High PFV group, n (%) p-value
Left main stem artery stenosis
Normal 28 (56) 22 (44) >0.100
Non-significant stenosis 3 (43) 4 (57) >0.100
Significant stenosis 5(29) 12 (71) >0.100
Left anterior descending artery stenosis
Normal 26 (60.5) 17 (39.5) >0.050
Non-significant stenosis 2 (25) 6 (75) >0.050
Significant stenosis 8 (35) 15 (65) >0.050
Left circumflex artery stenosis
Normal 29 (54) 25 (46) >0.500
Non-significant stenosis 5(71) 2 (29) >0.500
Significant stenosis 2 (15) 11 (85) 0.021
Right coronary artery stenosis
Normal 28 (56) 22 (44) >0.100
Non-significant stenosis 3 (43) 4 (57) >(0.100
Significant stenosis 5(29.5) 12 (70.5) >(0.100

However, there is no consensus in the literature on the impact of
gender on the volume of pericardial fat based on the data from
the Framingham study.*

In this study, increased PFV was associated with the presence of
more than one traditional cardiac risk factor in the same patient,
significant coronary artery stenosis and significant LCX coro-
nary stenosis.

Several studies’' have linked pericardial fat deposits to the
presence and severity of coronary artery atherosclerosis. The
present findings are consistent with other studies'’ that have
demonstrated an association between cardiac fat deposits and
CAD by angiography. Among 203 patients with known CAD
who underwent echocardiography and cardiac catheterization,
pericardial fat thickness was correlated with the severity of an-
giographic coronary disease.*”

Additionally, the Multi-Ethnic Study of Atherosclerosis (MESA)
was able to determine an association between PFV and coronary
artery atherosclerosis after correcting for known risk factors in
a community-based population with a prospective study design.”

A preferential association between epicardial fat volume in the
left atrioventricular groove and atherosclerosis in the embedded
LCX was determined, indicating a local atherogenic role of
cardiac fat accumulated in the left atrioventricular groove.**

A growing body of evidence reveals that cardiac fat deposits may
be associated with multiple metabolic risk factors, such as hy-
pertension, hyperlipidaemia and diabetes, with an unfavourable
cardiometabolic risk profile suggesting that a high pericardial
fat accumulation might play a major role as a biomarker for
cardiovascular risk assessment and in the pathogenesis of
CAD.”

Table 3. Relationship of the calcium score grading with pericardial fat volume (PFV)

PFV
Ca*? score p-value
Low (<100), n (%) High (=100), n (%)
0 19 (59.4) 13 (40.6) 0.065
1-9 4 (66.7) 2 (33.3) 0.357
10-99 7 (36.8) 12 (63.2) 0.232
100-400 6 (40.0) 9 (60.0) 0.453
>400 0 (0.0) 2 (100.0) 0.163
Total 36 (48.6) 38 (51.4)
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Table 4. Relationship between pericardial fat volume (PFV) and the presence of plaque

PFV
Presence of plaque p-value
Low (<100), n (%) High (=100), n (%)
Absent 21 (67.7) 10 (32.3)
Present 15 (34.9) 28 (65.1) 0.005
Total 36 (48.6) 38 (51.4)

Another main finding of our study was the strong association
between PFV and the presence of coronary plaque. However, no
preference for a certain plaque form (soft, calcified or mixed
plaque) could be shown.

It has been postulated that paracrine effect of pericardial fat
may be a potent determinant of coronary plaque development
and progression. Pericardial fat, owing to the anatomical prox-
imity with coronary arteries and heart, has been found to
contain higher levels of inflammatory markers and adipokines
that can locally accelerate the atherosclerotic process by en-
dothelial dysfunction, local proliferation of smooth muscle
cells and increased plaque instability through apoptosis and
neovascularization.**?”

Moreover, according to the MESA cohort study, PFV has been
positively related to coronary atherosclerotic plaque burden even
in asymptomatic individuals.’

Mahabadi et al*® demonstrated that pericoronary fat is in-
dependently associated with the presence of coronary plaque,
irrespective of plaque type, and this association has been sup-
ported by recent studies showing that specific structural plaque
characteristics identified on coronary CT angiography are asso-
ciated with culprit coronary lesions and an increased risk of
future cardiac events.*

Although pericardial fat has been shown to be correlated with
coronary plaque and coronary stenosis, whether or not cardiac
fat is related to the plaque type is a subject of ongoing in-
vestigation, and current uncertainty is the association and the
clinical relevance of PFV with coronary plaque type, di-
mension, degree of remodelling and specific plaque charac-
teristics in patients with stable ischaemic heart disease who are
referred for CT angiography.”

Our study showed that there was no statistically significant as-
sociation between PFV and the coronary calcium score, body
weight and BMI.

Wassel et al’' studied the relationship of the PFV with the
coronary calcium score in 600 patients using chest CT scans at
two time points with an interval of about 4 years and found that
PFV was not associated with the presence, severity and pro-
gression of coronary artery calcium.

A recent study by Kristoffersen et al’® reported that increased
prevalence of silent CAD was strongly associated with PFV,
whereas coronary calcifications seem less useful as screening
tools for the detection of myocardial ischaemia in HIV patients
with asymptomatic ischaemic heart disease.

A similar negative association between cardiac fat deposition and
coronary calcification was demonstrated in patients with rheu-
matoid arthritis at an increased risk of CAD, which was assessed
by cardiac CT.”

PFV increment has been observed to have a strong association
with various inflammatory marker changes and early coronary
endothelial dysfunction that may precede coronary calcifica-
tion and the development of mature atherosclerotic changes.
Whereas the coronary calcium score has been reported to have
a weak relationship with these inflammatory markers and en-
dothelial changes revealing that the presence of mere coronary
calcification could represent a stable phase of atherosclerosis,
and pericardial fat, however, may be more strongly associated
with an active process.”*?’

Consequently, PFV quantification may be used in addition to the
coronary calcium score to identify patients with CAD even in
the absence of coronary calcification.”*

Table 5. Relationship between pericardial fat volume (PFV) and plaque type

PFV
Plaque type p-value
Low (<100), n (%) High (=100), n (%)
No plaque 21 (67.7) 10 (32.3) 0.005
Soft 2 (25.0) 6 (75.0) 0.156
Calcified 10 (38.5) 16 (61.5) 0.197
Multiple 3 (33.3) 6 (66.7) 0.327
Total 36 (48.6) 38 (51.4)
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Figure 1. No significant correlation could be found between
pericardial fat volume (PFV) and body mass index (BMI).
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Furthermore, Janik et al*> showed that cardiac fat volume

assessed by CT was an independent predictor of ischaemia and
outperformed the coronary calcium score in a CAD-naive
population at an intermediate pre-test probability of heart dis-
ease suggesting that the coronary calcium score might have
a different significance in other population groups particularly
for patients with lower Framingham score.'*”*

The differences in anatomic description (pericardial vs epicardial
fat) and measurement techniques (volume or thickness) may be
attributed to a weak correlation of PFV with the coronary cal-
cium score, and it is possible that a volume measurement of
cardiac fat by CT imaging may be different than a linear measure
in the correlation with coronary calcification and cardiovascular
risk assessment.’

Figure 2. No significant correlation could be found between
pericardial fat volume (PFV) and body weight.
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Our results support the idea that cardiac fat accumulation might
represent a useful marker and a better predictor of CAD beyond
the standard adiposity measures of BMI and body weight.

BMI or body weight might not accurately or adequately reflect
body composition or the development of cardiovascular disease,
and several studies found a positive correlation between cardiac
fat deposits and waist circumference rather than BMI based on
MESA cohort results.”

Currently, sagittal abdominal diameter, which has emerged as
a surrogate marker of visceral obesity, accurately estimated
cardiac fat deposits when compared with BMI and, thus, rep-
resents a clinically helpful non-invasive parameter that can
identify patients with cardiac fat deposits.”’

Pericardial fat has been reported to contain higher levels of in-
flammatory markers than does subcutaneous fat, and several
studies have suggested that pericardial fat has a local pathogenic
effect on surrounding coronary arteries, whereas subcutaneous
fat exerts a systemic effect in enhancing the insulin resistance.'

No significant correlation existed between the number of cor-
onary vessel involvement and PFV, and patients with normal
coronary arteries were noted to have lower PFV values than
patients with stenotic lesions in our study.

Evidence had been reported that coronary artery stenotic lesions
were absent in the segments of coronary arteries deficient in fat
deposits as compared with coronary artery segments surrounded
by abundant fat.”

The crosslink correlation of the pericardial fat accumulation
with the severity of coronary lesions evaluated by the number of
coronary vessels involved by atherosclerosis was not recorded in
previous studies.>

LIMITATIONS

There were several limitations in this study. First, our study was a
single-centre investigation, and the population was non-randomly
selected since it involved only patients with intermediate pre-test
probability for ischaemic heart disease suggesting a possibility of
selection bias. Second, the number of patients was relatively
small especially when the study population is divided into
subgroups. Third, we did not have invasive angiographic data
from our patients to further describe and confirm CAD severity.
Fourth, our algorithm for quantifying PFV was not completely
automatic and still required user interaction.

Larger studies with follow-up are needed to further investigate
the role of pericardial fat deposits as an imaging marker with
prognostic significance and also report the effect of weight-
modifying strategies on PFV.

CONCLUSION

High PFV assessed by CT angiography was shown to be signif-
icantly associated with CAD, especially LCX coronary stenosis,
and the presence of coronary plaque. PFV might be an impor-
tant imaging biomarker in assessing the risk and extent of CAD.
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