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ABSTRACT

Background The pathophysiology of acute pericarditis remains largely unknown, and biomarkers are needed to
identify patients susceptible to complications. As adipose tissue has a pivotal role in cardiovascular disease
pathogenesis, we hypothesized that quantification of epicardial fat volume (EFV) provides prognostic informa-
tion in patients with acute pericarditis.

Materials and methods Fifty (n = 50) patients with first diagnosis of acute pericarditis were enrolled in this
study. Patients underwent a cardiac computerized tomography (CT) scan to quantify EFV on a dedicated
workstation. Patients were followed up in hospital for atrial fibrillation (AF) development and up to 18 months for
the composite clinical endpoint of development of constrictive, recurrent or incessant pericarditis or poor
response to nonsteroidal anti-inflammatory drugs.

Results Patients presenting with chest pain had lower EFV vs. patients without chest pain (167�2 � 21�7 vs.
105�1 � 11�1 cm3, respectively, P < 0�01); EFV (but not body mass index) was strongly positively correlated
with pericardial effusion size (r = 0�395, P = 0�007) and associated with in-hospital AF. At follow-up, patients
that reached the composite clinical endpoint had lower EFV (P < 0�05). After adjustment for age, EFV was
associated with lower odds ratio for the composite clinical endpoint point of poor response to NSAIDs or the
development of constrictive, recurrent or incessant pericarditis during follow-up (per 20 cm3 increase in EFV:
OR = 0�802 [0�656–0�981], P < 0�05).
Conclusions We report for the first time a significant association of EFV with the clinical features and the
outcome of patients with acute pericarditis. Measurement of EFV by CT may have important prognostic
implications in these patients.
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Acute pericarditis is a relatively common disorder with a

reported incidence of 27�7 cases per 100 000 persons per year in

the Western world [1,2]. Potential complications of acute peri-

carditis include pericarditis recurrence, cardiac tamponade and

constrictive pericarditis [3]. To date, there is a limited clinical

evidence on prognostic factors of outcome in acute pericarditis;

corticosteroid therapy, nonuse of colchicine, persistent C-reac-

tive protein elevation (CRP) beyond the first week of treatment

and the underlying aetiology have been previously associated

with the recurrence of acute pericarditis [4–6].
Recent evidence suggests that epicardial fat affects cardiac

biology via the release of adipokines in a paracrine or endocrine

manner [7]. Epicardial fat could also have a role in the patho-

physiology of acute pericarditis (given its close anatomical

affinity with the pericardium), although this hypothesis has

never been explored.

Study of epicardial fat biology is not easily accessible in

humans, but indirect information can be derived from quan-

tification of epicardial fat volume (EFV) by the use of com-

puterized tomography (CT) imaging; EFV offers independent

prognostic information on the outcome of subjects undergoing

noncontrast CT for coronary calcium scoring [8,9], but its

prognostic value in patients with acute pericarditis is

unknown. In a published case report, excessive epicardial

adiposity has been associated with constrictive pericarditis

[10], but there has been no systematic investigation of theaAuthors equally contributed.
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relationship between EFV and the clinical course of acute

pericarditis.

We hypothesized that EFV quantification is associated with

the clinical features of acute pericarditis at presentation and

offers prognostic information on the clinical outcome of these

patients. We designed a clinical study to investigate the value

of quantifying EFV as a biomarker in patients presenting with a

first-episode acute pericarditis.

Methods

Study population
We prospectively screened a total of 135 patients with

pericarditis admitted to the Center for the Diagnosis and

Treatment of Pericardial Diseases, 1st Cardiology Depart-

ment, Hippokration Hospital, Athens, Greece, between Jan-

uary 2009 and July 2013. Patients were enrolled in the study

if they were admitted for a first episode of acute peri-

carditis. Exclusion criteria were known history of recurrent

pericarditis, myopericarditis, previous anti-inflammatory

treatment for the index episode in an outpatient setting and

CT scan performed later than 48 h from hospital admission.

As our Hospital is a referral centre for pericarditis in

Greece, the majority of the patients were referrals that had

already received treatment for the index episode or com-

plicated cases of pericarditis. Therefore, out of the 135

screened subjects, a total of 50 consecutive patients were

eligible and included in the study (population demograph-

ics, Table 1). Written informed consent was obtained from

all participants, and the protocol was approved by the

Institutional Ethics Committee (ref. number 14167/20/08/

2009) and carried out in accordance with the principles of

the Declaration of Helsinki.

Diagnosis of acute pericarditis and choice of
treatment
Acute pericarditis was diagnosed based on current clinical

recommendations at the time of enrolment [11]. Baseline clin-

ical and demographic data were recorded in all cases. In line

with the current guidelines, diagnostic work-up included

clinical history and examination, ECG, chest X-ray, echocar-

diography and routine blood tests, including among others

high-sensitivity cardiac troponin I and high-sensitivity CRP

(hsCRP). In patients with high-risk features for secondary

forms or a complicated course of acute pericarditis [12], addi-

tional tests were performed at the discretion of the attending

physician.

Ibuprofen 1,8gr daily or aspirin 3gr/day was given as first-

line therapy for at least 7–10 days, provided that hsCRP was

normalized within the same time interval, and subsequent

tapering in the following 3–4 weeks was accomplished.

Steroids (prednisolone 0�2–0�5 mg/kg/day or other steroid

equivalent dose) were given until hsCRP normalization and

symptoms’ resolution followed by dose tapering [11]. Steroids

were reserved for secondary causes of pericarditis requiring

such treatment and contraindications or poor response to

NSAIDs treatment (persisting symptoms and/or hsCRP ele-

vation beyond 10 days of treatment). Colchicine 1 mg/day

(with dose adjustment when appropriate) was given in all

cases unless contraindicated. Treatment failure with first-line

medication and/or switch to steroids for any reason was

recorded.

Table 1 Demographics of the study population

Participants (n) 50

Age (years) 61�7 � 2�6
Male gender (%) 30 (60)

Smoking: active-ex (%) 12 (24)

Arterial hypertension (%) 25 (50)

Dyslipidaemia (%) 10 (20)

Diabetes mellitus (%) 22 (44)

Systolic BP (mmHg) 123�3 � 2�6
Diastolic BP (mmHg) 77�4 � 1�5
Body mass index (kg/m2) 27�45 � 0�81
Chest pain (%) 34 (68)

Fever (%) 19 (38)

Cough (%) 10 (20)

Dyspnoea (%) 30 (60)

ST elevation (%) 6 (12)

PR depression (%) 5 (10)

T wave abnormalities (%) 28 (56)

Electrical alternans (%) 0 (0)

Sinus rhythm/chronic atrial

fibrillation (%)

34 (68)/9 (18)

New onset atrial fibrillation (%) 7 (14)

Tamponade at presentation (%) 0 (0)

Pericardial effusion (%) 41 (82)

WCC (n/lL) 11374 � 1025

Polymorphonuclear (%) 73�3 � 1�6
CRP at admission (mg/L) 65�9 [23�5–139�7]
ESR (mm) 70�6 � 8�6

CRP, C-reactive protein; BP, blood pressure; ESR, erythrocyte sedimentation

rate; WCC, white cell count.
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Clinical follow-up
All patients were followed up in hospital, for the development

of atrial fibrillation (AF), defined as ‘a first diagnosed episode

of AF lasting for at least 30 s. All patients were advised to

report any abnormality or irregularity in the heart rhythm. AF

episodes were detected by either continuous ECG monitoring

or 12-lead ECG if palpitations were reported. Moreover, in an

individualized basis Holter monitoring was adopted to unveil

episodes of AF.

All participants were also followed up at outpatients’ clinic at

2 weeks, 1 month and 3 months posthospital discharge and

every 3 months thereafter (or earlier if symptomatic) up to a

total of 18 months, given that the majority of clinical compli-

cations appear within this time frame [13]. The composite

clinical endpoint was poor response to NSAIDs treatment (de-

fined by the need to switch to corticosteroid therapy) or the

development of incessant, recurrent or constrictive pericarditis.

Pericarditis was defined as incessant in case of symptoms

recurrence either within 6 weeks after drug discontinuation or

during attempted weaning and as recurrent in cases of symp-

toms reappearance beyond 6 weeks of treatment withdrawal

[14]. The diagnosis of constrictive pericarditis was established

in the presence of symptoms and signs of right heart failure due

to impaired diastolic filling, as unveiled by a combination of the

available imaging.

Quantification of Epicardial fat volume by CT imaging
CT imaging was performed in all cases within 48 h from hos-

pital admission as a part of this study protocol. Patients

underwent a noncontrast cardiac CT scan on a 16-slice CT

scanner (Toshiba Activion 16TM, Tokyo, Japan). A noncontrast

axial acquisition CT scan was obtained using the established

institutional CT scan protocol (1 mm axial slice thickness, tube

energy of 120 keV and mA automatically adjusted for body

size), covering the entire cardiac silhouette. The reconstructed

images were transferred to an offline image processing and

analysis workstation (Aquarius Workstation� V.4�4�11, TeraR-
econ, Inc., Foster City, CA, USA). Adipose tissue was defined as

all voxels with attenuation between �190 and �30 Hounsfield

Units (HU) as previously suggested [15]. EFV was tracked by

contouring of the pericardial sac in a semi-automated method

(starting cranially from the bifurcation of the pulmonary artery

and extending caudally up to the apex of the heart).

Technical considerations: The presence of pericardial effusion

may lead to technical difficulties in the measurement of EFV.

However, as any pericardial effusion has a CT attenuation

equal to or above water (> 0HU), there was no overlapping

between pericardial effusion and epicardial fat which has

completely different CT attenuation thresholds (between �190

and �30HU). A representative example of EFV quantification

by CT in a patient with acute pericarditis with pericardial

effusion is demonstrated in Fig. 1.

Pericardial effusion quantification
A semi-quantitative echocardiographic assessment was used

for the assessment of pericardial effusion size, which was

accordingly classified as mild when its maximal diameter in

diastole measured less than 10 mm in all pericardial spaces,

moderate if between 10 and 20 mm and large if > 20 mm [16].

Statistical analysis
Non-normally distributed variables are presented as median

[25th–75th percentile]. Normally distributed variables are pre-

sented as mean � standard error of mean (SEM). Comparisons

of characteristics between different groups of patients were

performed using unpaired t-test for two groups or ANOVA as

appropriate. Non-normally distributed continuous variables

were compared between patient subgroups by the use of

Mann–Whitney U-test. Categorical variables were compared by

using chi-squared test, as appropriate. Correlations between

continuous variables were assessed by using bivariate analysis,

and Pearson’s r or Spearman’s rho coefficient was estimated as

appropriate. To test whether EFV independently predicts atrial

fibrillation or the composite clinical endpoint, a binary logistic

regression model was used with independent variables those

that showed correlation P < 0�10 with the dependent variable

in bivariate analysis. The results of the regression analysis are

presented as standardized beta [95% confidence intervals] and

P values. The discriminative value of EFV was explored in

receiver operating characteristic (ROC) curve analysis by using

the binary variable, that is AF, as the outcome of interest and

EFV as a continuous test variable; the discriminative value of

the test variable was measured by calculating the area under

the curve (AUC). For power calculations, we were based on

previous clinical experience from our centre (estimating that

approximately 55% of patients with acute pericarditis have a

complicated disease course) and available pilot data on epi-

cardial fat volume quantification. A priori power calculations

estimated that with a study population of 49 subjects we would

be able to detect a 50% difference in EFV (assuming a standard

deviation of 38 for EFV) between subjects with a benign disease

course compared to patients that reached the composite clinical

endpoint, with power 0�90 and a = 0�05.

Results

Epicardial fat volume and clinical presentation of
acute pericarditis
We first explored the association of EFV with clinical and

echocardiographic features of acute pericarditis at presentation.
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In bivariate analysis, EFV was not associated with clinical

(dyspnoea, fever) or electrocardiographic features of acute

pericarditis at presentation (PR depression, ST elevation, T

wave abnormalities or electrical alternans, P = NS for all).

Interestingly though, patients with chest pain had higher EFV

(Fig. 2a), but not body mass index. We then searched for other

confounders that could explain this association, such as the

presence of pericardial effusion; 41 of 50 patients (82%) had

pericardial effusion at admission, and its size was negatively

associated with chest pain at admission (q = �0�438,
P < 0�0001). Pericardial effusion size was also positively asso-

ciated with EFV (Fig. 2b), which could also explain the associ-

ation of the latter with chest pain at presentation. There was no

association between pericardial effusion size and obesity as

assessed by BMI (P = NS, not shown). This observation implied

that epicardial fat may be directly implicated in the mecha-

nisms of pericardial effusion development in acute pericarditis.

Epicardial fat volume and systemic inflammation/
myocardial injury
There was a trend towards an inverse association of EFV

with log (hsCRP) levels at admission (r = �0�247, P = 0�10)

which did not reach, however, statistical significance.

BMI was not associated with hsCRP admission levels, while

there was also no association of either EFV or BMI with

admission or maximum cardiac troponin I levels (P = NS for

both).

Epicardial fat volume and atrial fibrillation
development
At enrolment, patients were either at sinus rhythm (n = 41) or

at atrial fibrillation (n = 9). No other arrhythmias were

observed. After excluding those patients with chronic atrial

fibrillation (AF, n = 9), we observed a significant interaction

between the development of new paroxysmal AF and BMI. Size

of pericardial effusion was not associated with new AF devel-

opment (Fig. 2c), but patients that developed new AF during

hospitalization (n = 7) had higher BMI (Fig. 2d) and higher

EFV (Fig. 2e) compared to patients that maintained sinus

rhythm. In ROC curve analysis, EFV measurement had good

accuracy for the development of new AF (AUC = 0�828,
P = 0�012); for a cut-off value of 123�5 cm3, EFV had 83�3%
sensitivity and 71�9% specificity for detecting those patients

that developed new AF.

(a) (b)

(c) (d)

Figure 1 Representative example of
epicardial fat volume quantification by
computerized tomography imaging in
acute pericarditis with pericardial effusion;
fat is highlighted in yellow, a: axial, b.
coronal, c: sagittal view and d. volume-
rendered reconstruction of tracked
epicardial fat.
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Epicardial fat volume, diagnostic and therapeutic
implications
Interestingly, patients with acute pericarditis secondary to other

causes (n = 16 or 32% of the cohort) had lower EFV compared

to patients with idiopathic pericarditis (Fig. 2f). During clinical

follow-up, a total of 28 patients (56%) reached the composite

clinical endpoint of development of incessant, recurrent or

constrictive pericarditis or poor response to NSAIDs; in more

details, 19 (38%) patients developed incessant/recurrent peri-

carditis, four (8%) patients developed constrictive pericarditis

and seven patients (14%) had a poor response to NSAIDs. In

search of predictors of a poor response to first-line therapy, we

observed that poor responders to NSAIDs had lower EFV

(Fig. 2g), while there was no difference in BMI between the two

groups (not shown, P = NS). Moreover, patients with lower

EFV had also a poorer disease course as defined by the com-

posite clinical endpoint (Fig. 2h). In logistic regression analysis,

EFV remained (after adjustment for age) an independent risk

factor for the composite clinical endpoint (Table 2) in this

cohort of 50 patients with first diagnosis of acute pericarditis.

For every 20 cm3 increase in EFV, there was an odds ratio of

0�802 [95% CI: 0�656–0�981, P < 0�05] for the composite endpoint

of poor response to NSAIDs therapy or the development of

incessant, recurrent or constrictive pericarditis.
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Figure 2 Higher epicardial fat volume
(EFV) was associated with chest pain
symptoms (a, patients with chest pain,
n = 34) and the size of pericardial effusion
(b, no/small:n = 12, medium:n = 16, large:
n = 22) in patients with acute pericarditis.
The size of pericardial effusion was not
associated with the development of
paroxysmal atrial fibrillation (pAF, c). Both
body mass index (BMI, d) and EFV (e) were
significantly higher in patients that
developed new pAF (n = 7) compared to
those maintaining sinus rhythm (SR,
n = 34); patients with known AF (n = 9)
were excluded from the analysis. EFV was
significantly lower in patients diagnosed
with a secondary (2ndary) cause of
pericarditis (n = 16, f). Similarly, EFV was
significantly lower in patients that required
switch to second-line therapy (n = 15, g)
and those that had a more severe disease
course as defined by the composite clinical
endpoint of the development of incessant,
recurrent or constrictive, recurrent or
incessant pericarditis and/or need for
treatment up-titration (n = 28, h).
complic. = complicated.
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Discussion

In the present paper, we report for the first time an association

between EFV and the clinical presentation and disease course

of patients with acute pericarditis. In patients with a first

episode of acute pericarditis, we demonstrated that EFV as

measured by CT imaging measurement of EFV may have

important prognostic implications. Patients with lower EFV

present less frequently with chest pain and are at increased

risk for a more severe disease course at long term, as defined

by the composite endpoint of poor response to NSAIDs

treatment or the development of incessant, recurrent or con-

strictive pericarditis.

Acute pericarditis is an inflammatory pericardial syndrome,

but its exact pathophysiology or the mechanisms regulating

pericardial effusion accumulation have not been fully clarified

[14]. In this study, we report a significant positive association

between the size of pericardial effusion and EFV. We have

recently demonstrated that human adipose tissue communi-

cates with the cardiovascular system [17] and highlighted the

importance of local fat depots such as epicardial [7] or

perivascular [18,19] fat in regulating the function of the heart/

vessels, respectively. Similarly, the inflammatory status and the

vascular permeability of pericardium could be affected by

adipokines released by epicardial fat, but this hypothesis has

never been explored. Indeed, adipokines have been identified

in human pericardial fluid analysis [20], but their biological

significance remains unknown. Our findings provide the first

clinical evidence on a relationship between epicardial fat and

pericardial effusion development in acute pericarditis and

suggest a possible involvement of epicardial fat in the patho-

physiology of acute pericarditis.

Development of new AF is a known complication in acute

pericarditis [21]. In our study, we demonstrate that patients

with higher EFV were at increased risk for new AF develop-

ment during a first episode of acute pericarditis, a finding

which is expected and in agreement with previous robust

clinical evidence suggesting that increased EFV is a risk factor

for AF [22,23].

AF occurrence may increase the risk for future AF events, but

does affect the long-term risk for recurrent or constrictive

pericarditis [1], which are the main complications after a first

episode of acute pericarditis. Colchicine halves risk of recur-

rences [24], while steroids promote recurrences possibly due to

their negative effect on the host’s defensive mechanisms. Peri-

cardial effusion size at presentation does not offer prognostic

information on the risk of recurrences, but other factors such as

a secondary cause of pericarditis [5], incomplete response to

anti-inflammatory therapy with persistent hsCRP at week 1 [5],

interleukin-8 elevation [25] and MHC class I chain-related

protein A [26] have been related to poorer prognosis. Never-

theless, the identification of acute pericarditis patients at risk

for a poorer disease course remains a challenging issue.

In our study, we demonstrate that increased EFV is associ-

ated with better long-term clinical outcome. The interplay of

obesity and adipose tissue with the cardiovascular system is

indeed a complex one [7,17,27]. In clinical studies, higher EFV

has been associated with an increased risk for future cardio-

vascular events in CAD patients, while on the other hand,

reduced EFV flags a more advanced disease state in HF patients

[27]. Thus, the role of EFV as a cardiovascular biomarker seems

to be modulated by the underlying disease condition, as we

have previously shown epicardial fat changes its biology in

response to signals that it receives from the heart [7]. It is

possible that lower EFV in patients with pericarditis could be

the result of local inflammatory activation, inducing adipose

tissue de-differentiation and lipolysis [17], and reflect another

aspect of the ‘obesity paradox’, that is the better clinical out-

come of obese patients with established cardiovascular disease

[27]. The association between EFV and long-term clinical out-

come is an important one as the risk of recurrent, incessant or

constrictive pericarditis and/or need for treatment up-titration

have a major impact on the quality of life and prognosis of these

patients, and biomarkers able to predict these events could be

of value in patients presenting with acute pericarditis.

It should be noted that our study enrolled only patients with

a first episode of acute pericarditis before initiation of any

treatment; patients presenting with a pericarditis recurrence,

myopericarditis or already on treatment for the indexed epi-

sode were excluded from the study. Therefore, the exclusion

criteria used as well as the small-study population limit the

extrapolation of our observations to all patients with peri-

carditis (e.g. complicated cases).

Table 2 Multivariable logistic regression analysis for the com-
posite clinical endpoint predictors of poor response to NSAIDs
therapy or the development of incessant, recurrent or con-
strictive pericarditis

Univariate analysis

Variable Correl.coefficient P-value

Age �0�174 0�045
Epicardial fat volume† �0�266 0�078

Multivariable analysis (R2 for the model: 0�162, P < 0�0001)

Variable Correl.coefficient

Odds ratio

[95% CI] P-value

Epicardial fat volume �0�220 0�802
[0�656–0�981]

0�032

†Reported in increments of 20 cm3.
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Nevertheless, our findings support the notion that epicardial

fat is involved in the pathophysiology of acute pericarditis.

EFV, as quantified by CT imaging, is independently associated

with the clinical outcome of patients with a first episode of

acute pericarditis. If confirmed in larger clinical studies, our

findings may have important prognostic implications for the

management of patients with acute pericarditis. Moreover, the

higher rate of NSAIDs failure linked to lower EFV may have

therapeutic implications for these patients, namely a lower

threshold for switching to steroid administration. These find-

ings provide new insights into the mechanisms involved in

pericarditis syndrome and merit further investigation.
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