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Aims To investigate the association of pericardial, mediastinal, and intrathoracic fat volumes with the presence and severity of
coronary artery disease (CAD), metabolic syndrome (MS), and cardiac risk factors (CRFs).

Methods
and results

Two hundred and sixteen consecutive patients who underwent cardiac magnetic resonance (CMR) imaging and had a
coronary angiogram within 12 months of the CMR were studied. Fat volume was measured by drawing region of interest
curves, from short-axis cine views from base to apex and from a four-chamber cine view. Pericardial fat, mediastinal fat,
intrathoracic fat (addition of pericardial and mediastinal fat volumes), and fat ratio (pericardial fat/mediastinal fat) were
analysed for their association with the presence and severity of CAD (determined based on the Duke CAD Jeopardy
Score), MS, CRFs, and death or myocardial infarction on follow-up. Pericardial fat volume was significantly greater in
patientswith CAD when comparedwith thosewithout CAD[38.3+25.1 vs. 31.9+21.4 cm3 (P ¼ 0.04)]. A correlation
between the severity of CAD and fat volume was found for pericardial fat (b ¼ 1, P , 0.01), mediastinal fat (b ¼ 1,
P ¼ 0.03), intrathoracic fat (b ¼ 2, P ¼ 0.01), and fat ratio (b ¼ 0.005, P ¼ 0.01). These correlations persisted for all
four thoracic fat measurements even after performing a stepwise linear regression analysis for relevant risk factors.
Patients with MS had significantly greater mediastinal and intrathoracic fat volumes when compared with those
without MS [126+33.5 vs. 106+ 30.1 cm3 (P , 0.01) and 165+54.9 vs. 140+ 52 cm3 (P , 0.01), respectively].
However, there was no significant difference in pericardial fat, mediastinal fat, intrathoracic fat, or fat ratio between
patients with or without myocardial infarction during the follow-up [33.6+22.1 vs. 35.7+23.8 cm3 (P ¼ 0.67);
115+26.2 vs. 114+ 33.8 cm3 (P ¼ 0.84); 149+ 44.7 vs. 150+ 55.7 cm3 (P ¼ 0.95); and 0.27+0.15 vs. 0.28+ 0.14
(P ¼ 0.70), respectively]. There was no significant difference in pericardial fat, mediastinal fat, intrathoracic fat, or fat
ratio between patients who were alive compared with those who died during follow-up [36.6+26.6 vs.
35.3+ 23.2 cm3 (P ¼ 0.76); 114+40.2 vs. 114+31.4 cm3 (P ¼ 0.95); 150+64.7 vs. 149+ 52.5 cm3 (P ¼ 0.92);
and 0.29+0.15 vs. 0.28+0.14 (P ¼ 0.85), respectively].

Conclusion Our study confirms an association between pericardial fat volume with the presence and severity of CAD. Furthermore,
an association between mediastinal and intrathoracic fat volumes with MS was found.
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Introduction
Recent studies have shown that the distribution of fat is a stronger
predictor of coronary artery disease (CAD) than the overall body
fat quantity.1 –3 Abdominal visceral fat exerts a systemic effect on ath-
erosclerosis by increasing the expression of inflammatory markers.4,5

Strong correlation has been reported between abdominal visceral
fat, CAD, and metabolic syndrome (MS).4,5 Intrathoracic fat has
also been shown to have a pro-inflammatory activity similar to that
found in abdominal visceral fat.3– 8 The contribution of intrathoracic
fat to the systemic effect on atherosclerosis might be limited, due to
the smaller amount of fat when compared with abdominal fat.
However, due to its close proximity to coronary arteries, it is
hypothesized to have a local effect on the development of CAD.1 –8

Intrathoracic fat consists of pericardial fat and mediastinal fat.
Studies have reported an association between pericardial fat, CAD,
and MS; and total intrathoracic fat with CAD.5 –10 However, the
relationship between mediastinal fat, CAD, and MS is not clear.
Furthermore, whether pericardial fat has a stronger association
with CAD (due to its close proximity to the coronary arteries)
than mediastinal fat is not yet known. We aim to investigate the asso-
ciation of pericardial, mediastinal, and intrathoracic fat volumes quan-
tified by cardiac magnetic resonance (CMR) with the presence and
severity of CAD, MS, cardiac risk factors (CRFs), and the develop-
ment of death or myocardial infarction upon follow-up.

Methods

Population
Two hundred and twenty consecutive patients between 18 and 90 years
old who underwent CMR and coronary angiography within 12 months at
our institution from 2006 to 2009 were initially evaluated; four patients
were excluded based on inadequate CMR image quality. The final study
population consisted of 216 patients. At the time of CMR, IRB-approved
consent was obtained from all participating patients. Blood was drawn
for laboratory testing including a fasting lipid panel.

Assessment of CAD
Conventional X-ray coronary angiography wasperformed using standard
techniques in all 216 patients. Interpretation of angiography was per-
formed by an experienced physician who was unaware of the patients’
clinical information or CMR results in 189 cases; the remaining 27
cases were interpreted based on the clinicians report due to an inability
to obtain angiography images from our archive system.

Significant CAD was defined as any stenosis of ≥75% on angiogram by
visual assessment and severity of CAD was determined based on the
Duke CAD Jeopardy Score. This scoring system is a quantitative
system in which the coronary circulation is considered as six arterial seg-
ments: the left anterior descending artery, the diagonal branches, the first
major septal perforator, the left circumflex artery, the circumflex margin-
al branch, and the posterior descending artery (Figure 1). In patients with a
left dominant system, the right coronaryartery is assigned no points. Each
segment with luminal stenosis of ≥75% or a branch distal to a stenosis of
≥75% received a score of 2 points; thus, the maximal score is 12 points.11

A site of prior stent was considered as significant stenosis and was scored
appropriately. In patients with prior coronary artery bypass grafting,
scoring was based on stenosis found in native vessels only.

Cardiovascular magnetic resonance
Imageswereacquiredusinga1.5-Tclinical scanner(SiemensSonata)usinga
six-channel phased-array receiver coil. Steady-state free precession cine
images were acquired in multiple short-axis and three long-axis views
during repeated breath holds (mean duration of 6–8 s). Typical imaging
parameters were as follows: repetition time 3.0 ms, echo time 1.5 ms, flip
angle: 608, temporal resolution 35 ms, and voxel size 1.7 × 1.4 × 6 mm.

Pericardial fat was defined as the fat observed over the free wall of the
right ventricle, apex, and the anterior region of the left ventricle (LV)
within the parietal pericardium (Figures 2 and 3). Mediastinal fat was
defined as the fat present within the thoracic cavity external to the parietal
pericardium (Figure 2 and 3). Intrathoracic fat was defined as the combin-
ation of pericardial and mediastinal fat. Fat ratio was defined as the ratio
between pericardial fat and mediastinal fat. Fat volume was measured
from 6 to 8 consecutive cine views, obtained in the short-axis plane and
covering the heart from base to apex. Fat surface area was measured by
drawing the region of interest curves on each slice. Each slice measured
6 mm in thickness and a gap of 4 mm between slices was used, thus each
slice represented a thickness of 1 cm (Figure 3). Fat surface area obtained
on each slice was multiplied by 1 cm thickness and then summed to
obtain the fat volume. Since the mediastinal fat was not fully represented
by the short-axis views, mediastinal fat surface area was also measured
from a single four-chamber view and multiplied by 1 cm, and this was
added to the total mediastinal fat volume obtained from the short-axis
views (Figure 2).

Inter-reader reliability
Two different readers performed fat volume measurements. For the
assessment of inter-reader reliability of fat measurements, the intraclass

Figure 1: The Duke CAD Jeopardy Score—this scoring system
divides the coronary circulation into six branches: the left anterior
descending, diagonal, septal, circumflex, obtuse marginal and the
right coronary artery or its posterior descending branch. A
branchwith luminal stenosis of≥75% ora branch distal to a stenosis
of ≥75% received a score of 2 points; thus, the maximal score is 12
points. CAD, coronary artery disease; LAD, left anterior descend-
ing artery; LAD DIAG, diagonal branch of the left anterior descend-
ing artery; SEPT, septal perforator; CFX, circumflex artery; CFX
MARG, marginal branch of the circumflex artery; PDA, posterior
descending artery.
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Figure2: The assessment of fat surfacearea byCMR(long axis). (A) Four-chambercine view, dark line representing thepericardium, (B)white line
represents the pericardium, (C) pericardial fat, and (D) mediastinal fat.

Figure3: The assessment of fat surface area by CMR (short axis). (A) Six sections of short-axis (SA) cine views frombase to apex, (B) SAview with
black arrow pointing to the dark line representing the pericardium, thewhite arrow pointing to a small amount of fluid in the pericardium that is easily
distinguished from fat. (C) The pericardium is traced in white, (D) white star indicates pericardial fat traced by white line, and the black arrow pointing
to the mediastinal fat traced by black line. Pericardial and mediastinal fat surface areas were measured on each of the six SA sections.
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correlation coefficient was calculated on a sample consisting of 20
patients that were measured independently by each of the two readers
and blinded to the results of the other reader.

Definition of terms
Dataon CRFs wereobtained from the medical history takenat the time of
CMR. We included both modifiable and non-modifiable risk factors such
as hypertension (HTN), diabetes mellitus (DM), hyperlipidaemia, renal
disease, smoking, and family history of premature CAD defined as symp-
tomatic CAD in a male first-degree relative before age 55, or a female
first-degree relative before age 65.

MS was defined as the presence of at least three of the following five
parameters: obesity (BMI ≥30 kg/m2), serum triglycerides ≥150 mg/dL,
HDL cholesterol ,40 in males and ,50 in females, HTN, and DM.
HDL cholesterol and triglycerides levels were obtained from results of
fasting samples taken on the day of CMR. HTN and DM were considered
present in patients with a past medical history of these conditions, or
receiving anti-hypertensive or anti-diabetic medication(s). Race was
based on patients self-reporting. Myocardial infarction was defined as
per universal definition of myocardial infarction (MI), taking into consid-
eration symptoms, ECG, and cardiac enzymes.12

Follow-up
All patients included in our study (Cohort study with cross-sectional and
longitudinal analysis) were followed by phone using a standardized ques-
tionnaire. Medical records were reviewed to confirm myocardial infarc-
tion. Social security death index and chart review were utilized in patients
who could not be contacted by phone.

Statistical analysis
Data in text and tables are expressed as mean+ standard deviation (SD)
for continuous variables or n (%) for categorical variables. The significant
differences between continuous variables for patients with CAD and
control group were determined by the use of the T-test and for categor-
ical variables, the Pearson chi-square test was used.

The association between the presence of CAD with pericardial fat,
mediastinal fat, intrathoracic fat, and fat ratio was determined with a
T-test and also with logistic regression analysis that adjusted for the rele-
vant covariates. All the other analyses with categorical independent vari-
ables used the T-test and the Pearson correlation analysis was used when
comparing two continuous variables. For the correlation of severity of
CAD and fat volume, a stepwise linear regression was used,b-coefficient
represents the value by which fat volume increased for every increase in
the CAD score. A linear regression was performed for the correlation of
fat volume and CRFs with continuous variables; b-coefficient represents
the change in fat volume for an increase of 1 unit in a risk factor. In add-
ition, measurements of fat surface area were correlated with that of
total fat volume. We have also assessed the effect of BMI and LV dysfunc-
tion on the relationship between pericardial, mediastinal, and intrathor-
acic fat volumes and CAD using chi-square analysis. We further
performed a regression analysis controlling for left ventricular function
and presence of CAD. All P-values are two-sided.

Results
Baseline characteristics of patients with and without CAD are pre-
sented in Table 1. There were 120 (56%) patients with CAD by angi-
ography. Patients with CAD were significantly older, predominantly
male (66%), had a significantly greater prevalence of diabetes, HTN,
hyperlipidaemia, history of heart failure, and a lower ejection fraction
(EF). There was no significant difference between patients with and

without CAD regarding BMI, presence of MS, family history of
CAD, or smoking history.

Reproducibility
The intraclass correlation coefficient was calculated to assess
the inter-reader reliability for fat measurements; results were excel-
lent for both mediastinal fat (r ¼ 0.94, P , 0.01) and pericardial fat
(r ¼ 0.87, P , 0.01) measurements.

CAD and fat
Pericardial fat volume was significantly greater in patients with CAD
when compared with those without CAD [38.3+ 25.1 vs. 31.9+
21.4 cm3 (P ¼ 0.04)]; this significance persisted (P , 0.01) after per-
forming a stepwise logistic regression analysis including all statistically
significant variables from Table 1 (see Supplementary data online,
Table S1). Therewas nostatistically significantdifference in mediastin-
al fat, intrathoracic fat, or fat ratio when comparing the two groups
[117+33 vs. 110.1+ 32.4 cm3 (P ¼ 0.14); 155+56.5 vs. 142+
51.1 cm3 (P ¼ 0.07); and 0.3+ 0.15 vs. 0.27+ 0.14 (P ¼ 0.11),
respectively]. A correlation between the severity of CAD and fat
volume was found for pericardial fat (b ¼ 1, P , 0.01), mediastinal
fat (b ¼ 1, P ¼ 0.03), intrathoracic fat (b ¼ 2, P ¼ 0.01), and fat
ratio (b ¼ 0.005, P ¼ 0.01). These correlations persisted with
P-values of ,0.001 for all four fat measurements after performing
a stepwise linear regression analysis accounting for parameters
from Table 1 (see Supplementary data online, Table S1).

MS and fat
There were 84 patients (39%) who met criteria for MS. Patients with
MS had significantly greater mediastinal and intrathoracic fat volumes
when compared with those without MS [126+33.5 vs. 106+
30.1 cm3 (P , 0.01) and 165+ 54.9 vs. 140+ 52 cm3 (P , 0.01),
respectively]. There were no statistically significant differences in
pericardial fat volume or fat ratio between patients with and
without MS [39+ 24 vs. 33+23 cm3 (P ¼ 0.10) and 0.29+0.14
vs. 0.29+0.15 cm3 (P ¼ 0.94), respectively].

Subgroups of population and fat
We evaluated differences in pericardial fat, mediastinal fat, intrathor-
acic fat, and fat ratio in four subgroups of patients: Group A ¼
CAD(2) and MS(2), Group B ¼ CAD(+) and MS(+), Group
C ¼ CAD(+) and MS(2), Group D ¼ CAD(2) and MS(+)
(Table 2). Groups B, C, and D were compared with Group A that
was considered to be a control group (Table 2). Pericardial fat, med-
iasinal fat, and intrathoracic fat were significantly greater in Group B
when compared with Group A (P ¼ 0.02, P , 0.01, and P , 0.01, re-
spectively); no statistically significant difference was found in fat ratio
between those two groups (P ¼ 0.29). Mediastinal fat and intrathor-
acic fat were significantly greater in Group D when compared with
Group A (P , 0.01 and P , 0.01, respectively); this was not true
for pericardial fat and fat ratio (P ¼ 0.10 and P ¼ 0.71, respectively).

Cardiac risk factors and fat
The results for the association between pericardial, mediastinal,
intrathoracic fat volume, and fat ratio with the presence of CRFs
are presented in Table 3. Patients with DM had higher mediastinal
and intrathoracic fat volumes when compared with those without
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Table 1 Baseline characteristics of the study population

Characteristics Entire group (n 5 216) No CAD (N 5 96) CADa (N 5 120) P-value

Age (years) 64.5+13.3 61.2+15.6 67.1+10.4 0.001

Female gender 95 (44%) 53 (55.8%) 42 (44.2%) 0.003

BMI 28.6+6.2 28.8+7.3 28.4+5.2 0.700

Weight (kg) 78.4+17.9 78.3+20.2 78.5+15.9 0.936

Race, n (%)

Whites 104 (48.1%) 45 (46.9%) 59 (49.2%) 0.445

Blacks 70 (32.4%) 35 (36.5%) 35 (29.2%)

Other 42 (19.4%) 16 (16.7%) 26 (21.7%)

Past medical history, n (%)

MS 84 (38.9%) 33 (34.4%) 51 (42.5%) 0.224

DM 74 (34.3%) 21 (21.9%) 53 (44.2%) ,0.001

HTN 171 (79.2%) 68 (70.8%) 103 (85.8%) 0.007

Current smoker 22 (10.2%) 12 (12.5%) 10 (8.3%) 0.314

Hyperlipidaemia 128 (59.3%) 41 (42.7%) 87 (72.5%) ,0.001

Family history of CAD 47 (21.8%) 18 (18.8%) 29 (24.2%) 0.338

Peripheral arterial disease 9 (4.1%) 2 (2.1%) 7 (5.8%) 0.171

CABG 23 (10.6%) 0 (0.0%) 23 (19.2%) ,0.001

PCI 26 (12%) 0 (0.0%) 26 (21.7%) ,0.001

Renal disease 37 (17.1%) 14 (14.6%) 23 (19.2%) 0.374

Haemodialysis 9 (4.1%) 2 (2.1%) 7 (5.8%) 0.171

Stroke 10 (4.6%) 5 (5.2%) 5 (4.1%) 0.717

Angina 27 (12.5%) 1 (1.0%) 26 (21.7%) ,0.001

Atrial fibrillation/flutter 25 (11.6%) 10 (10.4%) 15 (12.5%) 0.634

Valve disease 60 (27.8%) 29 (30.2%) 31 (25.8%) 0.476

Syncope 5 (2.3%) 2 (2.1%) 3 (2.5%) 0.840

CHF 106 (49.1%) 34 (35.4%) 72 (60%) 0.001

CHF class, n (%)

Class 0 112 (51.9%) 63 (65.6%) 49 (40.2%) 0.001

Class 1–2 57 (26.4%) 19 (19.8%) 38 (31.1%)

Class 3–4 47 (21.9%) 14 (14.6%) 35 (28.7%)

Medications, n (%)

Beta blockers 136 (63%) 52 (54.2%) 84 (70%) 0.017

Statins 102 (47.2%) 31 (32.3%) 71 (59.2%) ,0.001

ACE inhibitors 102 (47.2%) 38 (39.6%) 64 (53.3%) 0.044

ARB 25 (11.6%) 9 (9.4%) 16 (13.3%) 0.366

Calcium channel blockers 45 (20.8%) 21 (21.9%) 24 (20%) 0.736

Plavix 48 (22.2%) 9 (9.4%) 39 (32.5%) ,0.001

Aspirin 119 (55.1%) 34 (35.4%) 85 (70.8%) ,0.001

Spironolactone 4 (1.8%) 2 (2.1%) 2 (1.7%) 0.821

Diuretics 71 (32.9%) 30 (31.2%) 41 (34.2%) 0.650

Nitrates 16 (7.4%) 4 (4.2%) 12 (10%) 0.104

Coumadin 19 (8.8%) 10 (10.5%) 9 (7.5%) 0.438

Blood tests

Total cholesterol (mg/dL)b 174+53.7 183+58.8 166+48.1 0.021

Triglycerides (mg/dL)b 138+77.3 144.0+83.8 134+71.7 0.345

HDL cholesterol (mg/dL)b 49.5+19.9 51.6+20.3 48+19.5 0.179

LDL cholesterol (mg/dL)b 99.9+41.7 104+41.7 96.9+41.6 0.238

C reactive protein (mg/L)c 11.1+25.3 9.2+25.0 12.7+25.6 0.347

Pro-B-type natriuretic peptide (pg/mL)d 4780+19600 2190+8750 6880+25000 0.084

Continued
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diabetes [122+ 15 vs. 110+31 cm3 (P , 0.01) and 160+57 vs.
144+ 52 cm3 (P ¼ 0.03), respectively]. Although pericardial fat
was greater in diabetics, there was no statistically significant differ-
ence, and there was no significant difference in fat ratio between
the two groups. Patients with BMI ≥30 were found to have more
pericardial, mediastinal, and intrathoracic fat volumes, but not fat
ratio [42+ 27 vs. 132+21 cm3 (P , 0.01); 138+33 vs. 101+
24 cm3 (P , 0.01); 180+ 58 vs. 133+ 44 cm3 (P , 0.01); and
0.3+ 0.1 vs. 0.3+0.1 (P ¼ 0.54), respectively].

For continuous variables, linear regression analysis was performed
in order to correlate with fat volumes (see Supplementary data
online, Table S1). While an increase in age was associated with a de-
crease in pericardial, mediastinal, and intrathoracic fat, significance
was found only for the change in mediastinal fat (b ¼ 20.002,
P ¼ 0.99; b ¼ 20.39, P ¼ 0.02; and b ¼ 20.39, P ¼ 0.16, respect-
ively); there was no significant difference in fat ratio with advance in
age. The increase in total cholesterol, LDL, and HDL cholesterol
was associated with a decrease in fat volumes, but none of these find-
ings reached statistical significance. Chi-square analysis showed that
there is no interaction between CAD and BMI (x2 ¼ 0.43).
However, an interaction was found between CAD and LV dysfunc-
tion (defined as EF ,55) (x2 , 0.0001). On regression analysis,
we also found a statistically significant reduction in pericardial, medi-
astinal, and intrathoracic fat volumes and a non-significant reduction
in fat ratio (27, 211, 218 cm3, and 20.02, respectively), in patients
with an EF ≥55 when controlling for the presence of CAD.

Race and fat
The results of the comparison of fat volume within the three race
groups such as whites, blacks, and other races are presented in
Table 4. When compared with other races, blacks had the least
amount of pericardial, mediastinal, and intrathoracic fat volumes.
Patients belonging to other races (non-black and non-whites) had
more pericardial fat and fat ratio. Whites had more mediastinal fat
and a higher intrathoracic fat.

Follow-up
All patients were followed for a mean 12.5+9.9 months. Twenty-
five patients had a MI, 34 died, and 56 had a combined outcome
defined as death or MI. There was no significant difference in pericar-
dial fat, mediastinal fat, intrathoracic fat, or fat ratio between patients
with or without MI during the follow-up [33.6+22.1 vs. 35.7+
23.8 cm3 (P ¼ 0.67); 115+ 26.2 vs. 114+ 33.8 cm3 (P ¼ 0.84);
149+44.7 vs. 150+ 55.7 cm3 (P ¼ 0.95); and 0.27+ 0.15 vs.
0.28+ 0.14 (P ¼ 0.70), respectively]. There was no significant differ-
ence in pericardial fat, mediastinal fat, intrathoracic fat, or fat ratio
between patients who were alive compared with those who died
during the follow-up [36.6+26.6 vs. 35.3+23.2 cm3 (P ¼ 0.76);
114+40.2 vs. 114+31.4 cm3 (P ¼ 0.95); 150+ 64.7 vs. 149+
52.5 cm3 (P ¼ 0.92); and 0.29+0.15 vs. 0.28+ 0.14 (P ¼ 0.85), re-
spectively]. Furthermore, there was no significant difference in as-
sessment of fat in patients who had a combined outcome when
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Table1 Continued

Characteristics Entire group (n 5 216) No CAD (N 5 96) CADa (N 5 120) P-value

Ejection fraction (%) 41.2+13.2 47.2+10.1 36.5+13.6 ,0.001

Time between CMR and angiogram (months) 1.3+2.7 1.8+3 1.00+2.3 0.031

Data are expressed as mean+ standard deviation (SD).
ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; BMI, body mass index; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; CMR, cardiac magnetic resonance; CHF, congestive heart failure.
aCAD defined as stenosis ≥75%.
bTotal cholesterol, LDL, HDL, and triglycerides were obtained in 217 patients.
cC-reactive protein was obtained in 202 patients.
dPro-B-type natriuretic peptide was obtained in 212 patients. For logarithmic transformed values, regular values are shown and P-values are for the logarithmic transformed variables.
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Table 2 Subgroups by CAD, MS, and fat volume

Group A
CAD(2)/MS(2)
(n 5 63)

Group B
CAD(1)/MS(1)
(n 5 51)

Group C
CAD(1)/MS(2)
(n 5 69)

Group D
CAD(2)/MS(1)
(n 5 33)

P-values groups:

B vs. A C vs. A D vs. A

Pericardial fat 29+21 40+25 37.1+24.8 37+21 0.002 0.051 0.104

Mediastinal fat 101+28 125+33 111+31.4 127+33 ,0.001 0.066 ,0.001

Intrathoracic fat 130+47 165+57 148+55.2 164+52 ,0.001 0.052 0.003

Fat ratio 0.27+0.14 0.29+0.14 0.3+0.15 0.27+0.13 0.286 0.13 0.713

Groups B, C, and D were compared with Group A (considered to be a control group). Data are expressed as mean+ standard deviation. Fat volume is expressed in cm3.
Fat ratio, pericardial fat/mediastinal fat; CAD (+), presence of coronary artery disease; CAD (2), absence of coronary artery disease; MS(+), presence of metabolic syndrome;
MS(2), absence of metabolic syndrome.
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Table 3 Associations of cardiac risk factors with pericardial, mediastinal, intrathoracic fat, and fat ratio

HTN DM Hyperlipidaemia Renal disease

Presence
(n 5 171)

Absence
(n 5 45)

P-value Presence
(n 5 74)

Absence
(n 5 142)

P-value Presence
(n 5 128)

Absence
(n 5 88)

P-value Presence
(n 5 37)

Absence
(n 5 179)

P-value

Pericardial fata 36+24 32+20 0.313 38+25 34+23 0.198 37+24 34+23 0.368 30+23 37+24 0.128

Mediastinal fata 115+34 108+27 0.196 122+35 110+31 0.008 116+33 110+31 0.167 103+32 116+33 0.020

Intrathoracic
fata

152+56 141+45 0.223 160+57 144+52 0.032 153+56 144+52 0.220 133+54 153+54 0.039

Fat ratio 0.3+0.1 0.3+0.1 0.607 0.3+0.1 0.3+0.1 0.723 0.3+0.1 0.3+0.1 0.821 0.3+0.1 0.3+0.1 0.291

Smoking PAD BMI Statin use

Presence
(n 5 22)

Absence
(n 5 194)

P-value Presence
(n 5 9)

Absence
(n 5 207)

P-value BMI ≥30
(n 5 76)

BMI<30
(n 5 140)

P-value Presence
(n 5 47)

Absence
(n 5 171)

P-value

Pericardial fata 32+15 36+25 0.407 35+28 35+24 0.997 42+27 32+21 0.003 38+25 34+23 0.217

Mediastinal fata 108+22 115+34 0.343 111+39 114+33 0.776 138+33 101+24 ,0.001 116+32 112+34 0.632

Intrathoracic
fata

139+34 150+56 0.351 146+66 149+54 0.862 180+58 133+44 ,0.001 153+55 146+54 0.881

Fat ratio 0.3+0.1 0.3+0.1 0.886 0.3+0.2 0.3+0.1 0.902 0.3+0.1 0.3+0.1 0.536 0.3+0.1 0.3+0.1 0.272

Data are expressed as mean+ standard deviation (SD).
Fat ratio, pericardial fat/mediastinal fat; DM, diabetes mellitus; HTN, hypertension; PAD, peripheral artery disease; BMI, body mass index; CAD, coronary artery disease.
aFat surface area expressed in cm2.
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compared with those with no outcome during the follow-up [35.7+
24.9 vs. 35.4+23.4 cm3 (P ¼ 0.92); 155+35.5 vs. 114+32 cm3

(P ¼ 0.85); 150+ 58 vs. 149+ 53.3 cm3 (P ¼ 0.87); and 0.28+
0.14 vs. 0.28+ 0.14 (P ¼ 0.92), respectively].

Correlation of fat surface area and fat
volume
The correlation between measurements of pericardial, mediastinal,
and intrathoracic fat volumes with those of fat surface area measured
from a single four-chamber cine view revealed a weak but statistically
significant correlation between two (b ¼ 0.7, P ¼ 0.02; b ¼ 0.9,
P , 0.01; b ¼ 1, P , 0.01, respectively).

Discussion
The main finding of our study was the presence of significantly higher
pericardial fat volume in patients with CAD when compared with
those without CAD. This association remains statistically significant
even after performing a stepwise logistic regression analysis for age,
smoking, diabetes, peripheral artery disease, BMI, HTN, hyperlipid-
aemia, and renal disease (Table 3 and see Supplementary data
online, Table S1). Though, the mediastinal and intrathoracic fat
volumes were higher among patients with MS; the difference in the
mediastinal and intrathoracic fat did not achieve significance for
patients with and without CAD. Furthermore, a correlation was
noted between the severity of CAD and fat volume for pericardial
fat, mediastinal fat, intrathoracic fat, and fat ratio.

Our results are in consensus with several previous studies report-
ing an association between CAD or surrogate markers for CAD and
pericardial fat.1,5,6,10,11,13– 15 Pericardial fat volume has been shown
to be more closely associated with early development of CAD com-
pared with BMI and waist circumference among patients with sus-
pected CAD.16 This could be due to the high content of
inflammatory factors and proximity to the coronary arteries.
However, any intrathoracic fat volume correlated with the severity
of CAD, which is similar to the relationship between CAD and
other risk factors such as obesity that correlate with the overall
burden of disease. In a study by Jeong et al.,6 an association was
found between the severity of CAD in patients with prior angiog-
raphy and pericardial fat as assessed by echocardiography. In a
study of 1267 patients, there was no association of mediastinal fat
volume, as assessed by multidetector computed tomography

(MDCT), and a composite outcome of cardiovascular diseases;
however, there was an association with pericardial fat, but this asso-
ciation did not persist after adjustment for cardiovascular risk
factors.3 Similarly, two other studies have reported no significant as-
sociation between pericardial fat measured by MDCT and CAD.17,18

Several studies have reported a lack of association between pericar-
dial fat and CAD. These studies suffer from lack of standardization,
most were case control studies that are more sensitive to confound-
ing bias than a cohort study such as ours. Furthermore these studies
have used surrogate outcomes for the assessment of CAD, in our
study CAD was assessed by coronary angiography which is consid-
ered the gold standard.17–20 In contrast to previous studies which
used MDCT and Single-photon emission computed tomography as
the reference standard,21,22 the use of X-ray coronary angiography
and highly reproducible CMR for the measurement of fat volume
reduces the possibility of a type I error. We used a cohort study
design, which is less prone to the effect of confounding factors than
previously reported case–control study designs. CMR has a distinct
advantage, as it does not use radiation to precisely characterize soft
tissue. Furthermore, the high-target acquisition and spatial resolution
of CMR lead to an excellent reproducibility in calculations and a
marked reduction in sample size.

Increased pericardial fat might contribute to the progression of
CAD by functioning as an inflammatory tissue and facilitating
chronic inflammation in epicardial coronary arteries.

Pericardial fat has been shown to have higher concentration of
inflammatory cell and increased inflammatory gene expression and
protein secretion when compared with subcutaneous fat.23,24

Though small in amount, it covers up to 80% of cardiac surface area
and directly delivers pro-inflammatory cytokines IL-6, TNF-a, or
TLR4 to the myocardium.3,25 Pericardial adipose tissue has been
shown to be rich in adipocytokine–chemerin, which regulates
immune response and lipid metabolism. Pericardial chemerin levels
have been strongly correlated with CAD severity.26 An increase in
the amount of pericardial fat has also been shown to be associated
with a decrease in concentration of adiponectin, which exerts an anti-
inflammatory effect via inhibition of NF-kB activity.27 Macrophage
and cytokine/adipocytokine signal imbalance and polarization of
M1/M2 macrophages towards a pro-inflammatory state have been
observed in pericardial adipose tissue of CAD patients.28,29 Recently,
several studies have shown that pericardial fat could alter vascular
homeostasis and induce endothelial dysfunction, vascular inflamma-
tion, and plaque progression via an ‘outside-to-inside’ signalling
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Table 4 Associations of race and fat volume

Variable Whites (n 5 104) Blacks (n 5 70) Other (n 5 42) P-value

Blacks vs. other Whites vs. other Whites vs. blacks

Pericardial fat (cm3) 38+25 29+20 39+24 0.01 0.77 0.005

Mediastinal fat (cm3) 118+36 110+27 110+32 0.95 0.19 0.08

Intrathoracic fat (cm3) 156+59 138+45 150+54 0.26 0.51 0.02

Fat ratio 0.29+0.14 0.24+0.12 0.33+0.14 0.001 0.15 0.01

Data are expressed as mean+ standard deviation (SD).
Fat ratio, pericardial fat/mediastinal fat; other, race other than white or black.
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mechanism.21,22,30 Our results also show an association between
pericardial fat and CAD, suggesting its importance as a mediator of
systemic CAD risk factors. Mediastinal fat is larger in amount, but un-
likely to have the similar paracrine effect on local coronary inflamma-
tion as pericardial fat. This could be partly due to distinct biochemical
nature, blood supply, and drainage of mediastinal fat.3,23 Hence, peri-
cardial fat might act as a local stimulator for coronary atherosclerotic
lesion, while mediastinal fat may be a marker of MS and CAD.

A potential limitation of our study is related to the measurement of
fat by CMR. Since standard imaging includes small gaps between
slices, certain assumptions have to be made when calculating fat
volume; however, these gaps are small and unlikely to be significant.
Furthermore, we used short-axis views to measure mediastinal fat,
and this likely underestimated the amount of mediastinal fat
volume as the apex is under-represented; for this reason, we added
the mediastinal fat volume of a single four-chamber view. Another
limitation of this study is a potential selection bias in that all patients
had to have both a CMR and a coronary angiography to be enrolled.
This may have led to a heterogeneous population, which might not
reflect the general population with CAD. There was no significant
correlation with intrathoracic fat and major adverse cardiac events.
This study wasnot powered forclinical endpoint and thus any conclu-
sion should be tempered due to small sample size and duration of
follow-up. Despite a high accuracy to evaluate pericardial, mediastin-
al, and intrathoracic adipose tissue, quantification of fat volume with
CMR is time consuming and might limit its widespread application.
However, our results show a statistically significant correlation
between fat volume and fat surface area, which is relatively quick
and easy to calculate.

Conclusion
Our study confirms an association between pericardial fat volume
with the presence and severity of CAD. Furthermore, an association
between mediastinal and intrathoracic fat volumes with MS was
found.

Supplementary material
Supplementary data are available at European Heart Journal –
Cardiovascular Imaging online.

Conflict of interest: None of the authors have any financial
arrangement with any company that might constitute a conflict of
interest with respect to this manuscript.

Funding
This work was supported by the Empire Clinical Research Program.

References
1. Mahabadi AA, Massaro JM, Rosito GA, Levy D, Murabito JM, Wolf PA et al. Associ-

ation of pericardial fat, intrathoracic fat, and visceral abdominal fat with cardiovascu-
lar disease burden: the Framingham heart study. Eur Heart J 2009;30:850–6.

2. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an independent risk
factor for cardiovascular disease: a 26-year follow-up of participants in the Framing-
ham heart study. Circulation 1983;67:968–77.

3. Iacobellis G, Corradi D, Sharma AM. Epicardial adipose tissue: anatomic, biomolecu-
lar and clinical relationships with the heart. Nat Clin Pract Cardiovasc Med 2005;2:
536–43.

4. Iacobellis G, Ribaudo MC, Assael F, Vecci E, Tiberti C, Zappaterreno A et al. Echo-
cardiographic epicardial adipose tissue is related to anthropometric and clinical
parametersof metabolic syndrome: anew indicatorof cardiovascular risk. J Clin Endo-
crinol Metab 2003;88:5163–8.

5. Taguchi R, Takasu J, Itani Y, Yamamoto R, Yokoyama K, Watanabe S et al. Pericardial
fat accumulation in men as a risk factor for coronary artery disease. Atherosclerosis
2001;157:203–9.

6. Jeong JW, Jeong MH, Yun KH, Oh SK, Park EM, Kim YK et al. Echocardiographic
epicardial fat thickness and coronary artery disease. Circ J 2007;4:536–9.

7. DeyD,Suzuki Y, Suzuki S, Ohba M, Slomka PJ, PolkD et al. Automatedquantitationof
pericardial fat from noncontrast CT. Invest Radiol 2008;43:145–53.

8. Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat H et al. Human epicar-
dial adipose tissue is a source of inflammatory mediators. Circulation 2003;103:
2460–6.

9. Ahn SG, Lim HS, Joe DY, Kang SJ, Choi BJ, Choi SY et al. Relationship of epicardial
adipose tissue by echocardiography to coronary artery disease. Heart 2008;94:e7.

10. Rosito GA, Massaro JM, Hoffmann U, Ruberg FL, Mahabadi AA, Vasan RS et al. Peri-
cardial fat, visceral abdominal fat, cardiovascular disease risk factors, and vascular cal-
cification in a community-based sample. Circulation 2008;117:605–13.

11. Kim TH, Yu SH, Choi SH, Yoon JW, Kang SM, Chun EJ et al. Pericardial fat amount is
an independent risk factor of coronary artery stenosis assessed by multidetector-
row computed tomography: the Korean Atherosclerosis Study 2. Obesity
(Silver Spring) 2011;5:1028–34.

12. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD et al. Third
universal definition of myocardial infarction. Circulation 2012;126:2020–35.

13. Rajani R, Shmilovich H, Nakazato R, Nakanishi R, Otaki Y, Cheng VY et al. Relation-
ship of epicardial fat volume to coronary plaque, severe coronary stenosis, and high-
risk coronary plaque features assessed by coronary CT angiography. J Cardiovasc
Comput Tomogr 2013;7:125–32.

14. Greif M, Becker A, von Ziegler F, Lebherz C, Lehrke M, Broedl UC et al. Pericardial
adipose tissue determined by dual source CT is a risk factor for coronary athero-
sclerosis. Arterioscler Thromb Vasc Biol 2009;5:781–6.

15. Schlett CL, Ferencik M, Kriegel MF, Bamberg F, Ghoshhajra BB, Joshi SB et al. Asso-
ciation of pericardial fat and coronary high-risk lesions as determined by cardiac CT.
Atherosclerosis 2012;222:129–34.

16. Konishi M, Sugiyama S, Sugamura K, Nozaki T, Ohba K, Matsubara J et al. Association
of pericardial fat accumulation rather than abdominal obesity with coronary athero-
sclerotic plaque formation in patients with suspected coronary artery disease.
Atherosclerosis 2010;209:573–8.

17. Chaowalit N, Somers VK, Pelikka PA, Rihal CS, Lopez-Jimenez F. Subpicardial
adipose tissue and presence and severity of coronary artery disease. Atherosclerosis
2006;186:354–9.

18. Gorter PM, de Vos AM, van der Graaf Y, Stella PR, Doevendans PA, Meijs MF et al.
Relation of epicardial and pericoronary fat to coronaryatherosclerosis and coronary
artery calcium in patients undergoing coronary angiography. Am J Cardiol 2008;102:
380–5.

19. Cheng VY, Dey D, Tamarappoo B, Nakazato R, Gransar H, Miranda-Peats R et al.
Pericardial fat burden on ECG-gated noncontrast CT in asymptomatic patients
who subsequently experience adverse cardiovascular events. JACC Cardiovasc
Imaging 2010;3:352–60.

20. Tamarappoo B, Dey D, Shmilovich H, Nakazato R, Gransar H, Cheng VY et al.
Increased pericardial fat volume measured from noncontrast CT predicts myocar-
dial ischemia by SPECT. JACC Cardiovasc Imaging 2010;11:1104–12.

21. Shimokawa H, Ito A, Fukumoto Y, Kadokami T, Nakaike R, Sakata M et al. Chronic
treatment with interleukin-1 beta induces coronary intimal lesions and vasospastic
responses in pigs in vivo. The role of platelet-derived growth factor. J Clin Invest
1996;97:769–76.

22. Pagano PJ, Clark JK, Cifuentes-Pagano ME, Clark SM, Callis GM, Quinn MT. Localiza-
tion of a constitutively active, phagocyte-like NADPH oxidase in rabbit aortic adven-
titia: enhancement by angiotensin II. Proc Natl Acad Sci USA 1997;94:14483–88.

23. Chatterjee TK, Stoll LL, Denning GM, Harrelson A, Blomkalns AL, Idelman G et al.
Proinflammatory phenotype of perivascular adipocytes: influence of high-fat
feeding. Circ Res 2009;104:541–9.

24. Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat H et al. Human epicar-
dial adipose tissue is a source of inflammatory mediators. Circulation 2003;108:
2460–6.

25. Zhou Y, Wei Y, Wang L, Wang X, Du X, Sun Z et al. Decreased adiponectin and
increased inflammation expression in epicardial adipose tissue in coronary artery
disease. Cardiovasc Diabetol 2011;10:2.

26. Gao X, Mi S, Zhang F, Gong F, Lai Y, Gao F et al. Association of chemerin mRNA
expression in human epicardial adipose tissue with coronary atherosclerosis.
Cardiovasc Diabetol 2011;10:87.

27. Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H et al. Adiponectin, an
adipocyte-derived plasma protein, inhibits endothelial NF-kappaB signaling through
a cAMP-dependent pathway. Circulation 2000;102:1296–301.

Association between pericardial fat volume with the presence and severity of CAD 45
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcim
aging/article/16/1/37/2403303 by guest on 24 April 2024

http://ejechocard.oxfordjournals.org/lookup/suppl/doi:10.1093/ehjci/jeu145/-/DC1
http://ejechocard.oxfordjournals.org/lookup/suppl/doi:10.1093/ehjci/jeu145/-/DC1
http://ejechocard.oxfordjournals.org/lookup/suppl/doi:10.1093/ehjci/jeu145/-/DC1
http://ejechocard.oxfordjournals.org/lookup/suppl/doi:10.1093/ehjci/jeu145/-/DC1


28. Hirata Y, Tabata M, Kurobe H, Motoki T, Akaike M, Nishio C et al. Coronary athero-
sclerosis is associated with macrophage polarization in epicardial adipose tissue.
J Am Coll Cardiol 2011;58:248–55.

29. Shimabukuro M, Hirata Y, Tabata M, Dagvasumberel M, Sato H, Kurobe H et al.
Epicardial adipose tissue volume and adipocytokine imbalance are strongly

linked to human coronary atherosclerosis. Arterioscler Thromb Vasc Biol 2013;
33:1077–184.

30. Miyata K, Shimokawa H, Kandabashi T, Higo T, Morishige K, Eto Y et al. Rho-kinase is
involved in macrophage-mediated formation of coronary vascular lesions in pigs
in vivo. Arterioscler Thromb Vasc Biol 2000;20:2351–8.

IMAGE FOCUS
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

doi:10.1093/ehjci/jeu161
Online publish-ahead-of-print 3 September 2014

Iatrogenic ventricular septal defect after dual-chamber pacemaker
implantation
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A 70-year-old obese man with pulmonary arterial
hypertension, diabetes mellitus, dyslipidaemia
and a history of coronary artery disease treated
with four bypass grafts was referred to our
centre for chest pain associated with lightheaded-
ness and dyspnoea after usual activity. Two-
dimensional echocardiography revealed left ven-
tricular hypertrophy and severe aortic stenosis
(mean gradient: 58 mmHg) with calcified leaflets
and aortic root. Transcatheter aortic valve re-
placement (TAVR) was recommended. A tem-
porary pacemaker was placed prior to the
intervention, which was completed without com-
plications. However, 5 days after TAVR, a third-
degree atrioventricular block persisted (Panel A).
Therefore, a dual-chamber permanent pace-
maker was implanted. After 2 days, follow-up
transthoracic echocardiography revealed the presence of a small ventricular defect in the apical portion of the septum (Panel B, arrows),
likely secondary to the traumatic effect of the pacemaker’s ventricular lead. Flow through the defect was directed towards the left ventricle
in diastole (Panel C) and towards the right ventricle in systole (Panel D). This finding is unexpected; probably, a little pouch was formed in the
apical portion of the right ventricle (Panel B) partially isolated from the main chamber and during diastole the pressure in the pouch was
higher than in the left ventricle, causing the bidirectional flow. The shunt rate was not significant; pulmonary pressure was 28 mmHg, while
left ventricle function was normal and the aortic mean gradient decreased to 11 mmHg. Pacemaker function was not compromised so the
patient was discharged.

Supplementary data are available at European Heart Journal – Cardiovascular Imaging online.

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2014. For permissions please email: journals.permissions@oup.com.
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