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Abstract

Epipericardial fat necrosis (EFN) is a rare, benign condition characterised by localised inflammation and necrosis of fat sur-
rounding the heart. We performed a systematic review of EFN cases published up to June 2024, identifying 61 patients from
46 articles. The mean age was 46.4 years, with a male predominance (60.7%). Nearly all presented with chest pain (98.4%),
and pleural symptoms were common (65.6%). EFN was usually left-sided (80.3%), appearing as an encapsulated mass (60.7%)
with dense stranding (57.4%). Computed tomography (CT) density was variable, while pleural effusion occurred in 37.7%.
Reported management included analgesics or nonsteroidal anti-inflammatory drugs, corticosteroids, and surgical interven-
tion. Among the 36 patients with available follow-up imaging, regression was reported in all cases. Despite its variable pre-

sentation, EFN is a self-limiting condition, and CT remains the most reliable imaging modality for diagnosis.

Introduction

Fat necrosis is a condition in which fat tissue in
the body undergoes damage and cell death, often due
to trauma, inflammation, or insufficient blood supply.
It derives from aseptic saponification of fat [1]. It can
present as firm, irregular lumps that sometimes resem-
ble cancerous masses. Fat necrosis is particularly com-
mon in breast tissue, where it may result from trauma,
surgery, or radiation therapy [2]. It also frequently oc-
curs in peripancreatic fat, associated with pancreatitis,
when digestive enzymes leak into fat tissue, causing
inflammation and calcification [3]. Other sites include
the fat appendages along the colon, where it appears
as epiploic appendagitis, and subcutaneous fat, where
injuries or injections can lead to firm nodules [4].

Epipericardial fat necrosis (EFN), also called me-
diastinal fat necrosis, is a rare and benign condition
characterised by localised inflammation and necrosis
of the adipose tissue surrounding the heart, specifically
in the epipericardial fat, which lies adjacent to the pa-
rietal pericardium [5]. This condition remains largely
self-limiting and is not associated with significant long-
term complications, although it can mimic other seri-
ous thoracic conditions, causing diagnostic challenges.

The exact aetiology of EFN remains unknown, but
several theories have been proposed [6, 7]. One poten-
tial cause is acute torsion, in which movement or twist-
ing of the fat tissue could disrupt blood supply and
trigger necrosis. Another theory involves increased in-
trathoracic pressure or shearing forces generated dur-
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ing cardiac cycles, potentially leading to local tissue
strain and ischaemia. These forces may induce injury
in the surrounding fat tissue, leading to inflammation
and eventual necrosis of the affected adipocytes [8].
Despite these hypotheses, the condition does not ap-
pear to be linked to any specific predisposing factors,
nor are there other currently identified risk factors.

Patients with EFN typically present with chest
pain that can be mistaken for cardiac or pleural con-
ditions, which often prompts further imaging studies
[9]. Radiological findings, particularly on computed
tomography (CT) scans, usually reveal localised fat
density alterations near the pericardium. Given its
benign nature, EFN usually resolves on its own with-
out the need for invasive treatment [6—-8]. However, in
cases where symptoms are significant or when there
is diagnostic uncertainty, further monitoring and fol-
low-up may be necessary.

The aim of our study was to perform a systematic
review of published cases regarding EFN. We also em-
phasise the potential importance of genetic factors in
the aetiology of this disease, and we discuss the po-
tential role of artificial intelligence in the detection
and differentiation of EFN.

Methods

Information sources and searching strategy

This systematic review was performed using
the PubMed, Embase, and ScienceDirect databases
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Figure 1. Flow diagram representing the methodology
of our study

according to Prisma guidelines [9, 10]. Searching was
performed on 11.06.2024 using the following key-
words: “EFN” OR “epipericardial fat necrosis” OR
“mediastinal fat necrosis” AND “computed tomog-
raphy” OR “magnetic resonance imaging” OR “MRI”
OR “CT” AND “case” OR “case report”.

Study selection

Only case reports available in full text and contain-
ing history, symptomatology, diagnostic course, and
treatment of necrosis in epipericardial fat in humans
were selected. We excluded articles that were writ-
ten in a language other than English. Moreover, we
excluded cases describing EFN in children [6, 11, 12].
The search identified 71 potentially eligible articles, of
which 25 were excluded. Finally, 46 articles describing
61 patients were included in the review. A detailed flow
diagram is presented in Figure 1.

Data items and collection

The following information was extracted from
each analysed article: patient’s clinical characteristics,
description of chest CT and chest magnetic resonance
imaging (MR], if available), treatments used, and fol-
low-up information (Tables 1-3).

Results

Patient characteristics and presented
symptoms

In our analysis we included 61 patients from 46 pa-
pers (Tables 1-3) [5, 9, 13-55]. The median year of pub-
lication of analysed cases was 2021 (2016-2023).
The median age of describing patients was 48 (31-58)
years, while the mean age was 46.4 years. The majority
of patients were men (61%).

All but one of the patients presented symptoms. In
most cases they subsided in the first 5 days; however, in
12 (19.7%) cases the symptoms lasted more than 5 days.

Acute pain was described in all but 1 patient. Ut-
sumi et al. described a patient in whom EFN was found
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accidentally during follow-up chest CT after thymec-
tomy [41]. The patient did not show any symptoms
and was observed for the next 8 years, when thoracos-
copy and histopathology confirmed EFN diagnosis
of the nodule. The pain radiated in 10 (16.4%) patients
to the left shoulder or back. The patient reported by
Haq et al. presented with severe pain (8/10 on VAS)
lasting 4 days, worsening with inspiration and when
changing position, and improving after administer-
ing ibuprofen [25].

While almost all authors reported acute pain as
the main symptom, the character of the pain being
pleural was mentioned in 40 (65.6%) cases. Fujita
et al. described a 50-year-old male who presented with
chest pain present for 3 days, elevated white blood cell
count, C-reactive protein, and brain natriuretic pep-
tide; his symptoms improved on the 5th day without
any treatment mentioned [37].

The pain changed when the patient shifted position
in 21 (34.4%) cases and was worse during inspiration
in 23 (37.7%) patients. A 21-year-old woman, reported
by Vande Berg et al. 2022 [24], presented to the emer-
gency room with acute pain, radiation to the shoulder,
and arising pain related with inspiration and supine
position. She underwent surgery for definite diagnosis,
and histology of the lesion confirmed epipericardial fat
necrosis. Friedman et al. described a 68-year-old female
with acute chest pain lasting 4 days, exaggerated by
inspiration and postural changes; however, her EFN
diagnosis was confirmed with chest CT [45]. Dyspnoea
was reported in 7 patients (11.5%). A 39-year-old wom-
an presenting with pleuritic chest pain and dyspnoea
was reported by Cafezeiro et al. [43]. Chest CT revealed
epipericardial fat necrosis, and she was administered
low-dose oral corticosteroid therapy for 30 days, after
which her symptoms resolved.

Imaging features

CT scan was performed in all but one of the cases.
EFN was most often found on the left side of the peri-
cardium (49 cases, 80.3%). Mean age for left-sided po-
sition was 45.18 years and for right-sided EFN posi-
tion was 47.25 years. Pleuritic pain was reported in
7 of 12 patients with right-sided lesions (58.3%) and
in 33 of 49 patients with left-sided lesions (67.3%). Ra-
diating pain was found in 8.0% of the cases for right-
and 18.0% of the cases for left-sided EFN. All reported
cases of dyspnoea occurred in patients with left-sided
lesions (7/49, 14.3%). All reported cases of dyspnoea oc-
curred in patients with left-sided lesions (7/49, 14.3%).
Celikkanat et al. described a 22-year-old male with
sudden pleuritic chest pain that did not relieve after
non-steroidal anti-inflammatory drug. Blood tests
revealed mildly elevated D-dimer, and a chest CT
was performed to rule out pulmonary embolism [13].
The encapsulated lesion of fat necrosis in this patient
was located in the right side of cardiophrenic adjacent
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Epipericardial fat necrosis: a systematic literature review 11
Table 2. Studies describing EFN detected during MR imaging

Study Patient Symptoms MRI features Time of control with  Treatment

characteristics and location normal epipericardial
(left or right side) fat appearance

Rafiee A 37-year- A sudden-onset T2-W — well Radiologic follow-up  Self-limited

etal. old man pleuritic pain in his encapsulated, oval was not performed

2022 [21] right anterior lower shape high signal

chest radiating to
the upper abdomen,
1-day long

intensity lesion
with thin peripheral
hypointense rim in
the right pericardial fat.
Linear enhancement
of the adjacent inflamed
pleura and pericardium
was noted. T1 in-phase
and out -of-phase
images showing
significant signal loss in
the lesion on the out-
of-phase sequence — fat

lesion

to the pericardium and pleura. In most of the report-
ed cases it presented itself with an encapsulated mass
(37 cases, 60.7%) with dense strandings (35 cases,
57.4%). In 21 cases (34.4% of all, 42% of those who
presented with at least one of those traits) the necro-
sis was characterised by both features. Fukamatsu
et al. described a 25-year-old male who presented with
severe pleuritic chest pain worsening over a week and
dyspnoea [36]. Contrast chest CT revealed an ovoid,
fatty lesion with a thick rim, with contrast enhance-
ment and dense, fat stranding inside the lesion.

Density of the necrosis was described as hypo-,
iso-, and hyperdense in 20, 9, and 22 cases, respec-
tively;10 cases were without any information on den-
sity. In 7 (11.5%) patients CT showed post-contrast
enhancement of the mass.

Pleural effusion was detected in 23 (37.7%) cases.
Pericardial effusion was found in only 1 patient while
pericardial thickening was present in 13 (21.3%).
A chest CT of the aforementioned patient described
by Cafezeiro et al. revealed a dense area with discrete
thickening and adjacent pericardial effusion [43]. Cal-
cification of the mass was found in 1 patient report-
ed by Utsumi et al. [41]. The lesion in a 62-year-old
male started developing calcification at 7 years after
thymectomy, and at 8 years thoracoscopic resection
of the nodule was performed. It was then confirmed
to be epipericardial fat necrosis.

Magnetic resonance imaging (MRI) was performed
in 10 patients (16.4%). Pleural effusion, pericardial effu-
sion, and pericardial thickening were found in this im-
agingin 2, 0, and 1 patient/s, respectively. Late gadolini-
um enhancement was shown in two patients. Baig et al.
described a 58-year-old woman presenting with severe,
intermittent, left-sided pleuritic chest pain (10/10 on the
VAS) lasting 2 weeks, with no other significant findings

Medical Studies

[50]. Cardiac MRI of this patient revealed an epipericar-
dial lesion of soft tissue oedema and with gadolinium
enhancement typical for an active disease process.

Management

Treatment with nonsteroidal anti-inflammatory
drugs, corticosteroids, or surgery was reported in 29
(47.5%) patients. Of these, 20 (32.8% of the total cohort)
received conservative treatment, whereas 9 (14.8%) un-
derwent surgical intervention. Among 36 patients with
available follow-up imaging, regression of EFN was re-
ported in all cases, with complete resolution in 64% and
partial regression in 36%.

Discussion
Symptoms

EFN manifests itself as acute, severe, and localised
chest or arm pain, dyspnoea, diaphoresis, tachypnoea,
and tachycardia [3, 8]. The pain can radiate to the neck,
shoulder, back, axilla, or arm. In most cases the pain
subsides within a week [9]. Studies have found that
pain is mostly left-sided, which coincides with the CT
results and the necrosis being mostly on the left side.
The mentioned symptoms imitate cardiopulmonary
causes such as acute coronary syndrome, pneumotho-
rax, acute pericarditis, or pulmonary embolism [33,
37]. This can be a source of higher diagnosis rates at
emergency departments than in physicians’ clinics.
One study found that the diagnosis rate for EFN is
2.58% of patients admitted to the emergency depart-
ment with complaints of acute chest pain and estab-
lished with CT, and 0.26% of all patients undergoing
chest CT for any reason [28]. However, the incidence
of EFN in the overall population might be higher be-
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Figure 2. A case of a patient with epipericardial fat necrosis is shown in panels A and B, captured using computed tomog-
raphy imaging. The control study for this same patient, conducted 4 years later, is presented in panels C and D

cause the milder symptoms could be overlooked by
physicians or disregarded by patients.

Most studies state no prevalence in age or sex; how-
ever, in this systematic review most patients (61%) were
male [5, 49, 55]. This may suggest a changing trend
towards male gender, with emerging new case reports
in the literature. Obesity was considered to be a risk
factor, but no such relationship was demonstrated in
studies. Electrocardiogram and laboratory findings are
usually normal, which can help in differential diag-
nosis, distinguishing from, among others, myocardial
ischaemia. However, non-specific ST-changes can oc-
casionally be found. Some studies reported elevated
D-dimer, CRP, or white blood cell count, probably due
to inflammatory processes taking place in the tissue
[7]. Non-specific symptoms means that imaging mo-
dalities such as CT or MRI scans play an important role
in differential diagnosis.

Imaging

Chest CT should be the preferred modality to es-
tablish a more definitive diagnosis. The differential

diagnosis may include liposarcoma, lipoma, thymoli-
poma, cysts, and diaphragmatic hernias. EFN usually
reveals itself on CT scan as a round or ovoid, well-
circumscribed, encapsulated mass and, in most cases,
located anteriorly on the left side of the pericardium
[51, 55]. In some cases, calcification of the lesion can be
found. Inflammatory features such as dense strand-
ings, thickening of pericardium, or pleural effusion
were also present in more than half of the published
cases [20, 37]. The finding of encapsulated fatty mass
with dense strandings and thickening of the pericar-
dium, together with the aforementioned symptom
of chest pain, should be a triad strongly suggesting
a diagnosis of EFN. Figure 2 shows CT imaging fea-
tures of patients with EFN.

MRI is less frequently used but no less useful.
The first MRI of an EFN case was published in 2005
by Pineda et al. [20]. Characteristic features for EFN,
such as ovoid shape, pleural effusion, and pericardial
thickening, can be observed. In the acute phase, in-
creased signal intensity may be observed on fluid-sen-
sitive T2-weighted sequences. Two cases also reported
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late gadolinium enhancement. Chest radiography
can be initially normal with only small pleural effu-
sion at the diaphragmatic angle on the side of the ne-
crosis. If EFN is advanced, a shade of circumscribed
density could be seen [30, 33]. If echocardiography is
performed, it may show an ovoid, solid mass located
in the pericardium. The histopathology of the mass
shows pooling of fat in compartments, lipide-laden
macrophages, and subintimal fibrosis of arterioles.

Treatment

From 1957 to 2005 the treatment method of choice
was exploratory thoracotomy and excision of the le-
sion. Twenty cases of surgically treated EFN are known
to have been reported in those years. There have been
suggestions that surgery should remain a first-line
treatment option to rule out neoplastic changes. In
2005 Pineda et al. reported a case of a patient who was
treated conservatively with non-steroidal anti-inflam-
matory drugs (NSAIDs), in whom the pain subsided
after a few days without the need of performing sur-
gery [20, 56]. Since then, the approach to treatment
has changed in favour of non-invasive options. Ac-
cording to current knowledge, the gold standard for
diagnosis should be a CT scan, and treatment should
be conservative because NSAIDs are usually sufficient
to manage the symptoms. If after a CT scan there is
still uncertainty, an MRI can be performed; only then,
the next step may be an exploratory thoracotomy to
exclude malignancy. Follow-up imaging may be con-
sidered when the diagnosis remains uncertain or when
symptoms or imaging abnormalities persist. The tim-
ing and modality should be individualised [5, 7, 55].

Potential risk factors

Obesity, particularly visceral fat accumulation, is
frequently mentioned as a potential risk factor. Exces-
sive fat tissue may increase the susceptibility to vari-
ous forms of injury, including those that could trig-
ger inflammation and necrosis [57]. The increased
metabolic activity in obese individuals might also
play a role in EFN development. Physical trauma to
the chest region could directly damage the epiperi-
cardial fat, initiating an inflammatory response and
potentially leading to necrosis [7]. This could be due
to blunt force trauma, surgical procedures, or even
intense physical exertion. Conditions or activities
that significantly increase intra-thoracic pressure
(e.g. severe coughing, straining during bowel move-
ments, intense physical exercise) might compromise
blood flow to the epipericardial fat, causing ischaemia
and subsequent necrosis. The repetitive mechanical
stresses of cardiac contractions might create shearing
forces within the epipericardial fat, leading to micro-
injuries and inflammation. Individuals with certain
cardiac conditions (e.g. arrhythmias, valvular disease)
or those experiencing intense physical activity might
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be at greater risk [58, 59]. The underlying inflamma-
tory processes involved in EFN might be triggered
by various factors, including infection, autoimmune
disorders, or other systemic inflammatory conditions.
Identifying the specific inflammatory pathways and
their initiating triggers is essential for a better under-
standing of EFN pathogenesis.

Interestingly, genetic and metabolic factors that
influence fat tissue development and inflammatory
processes may be engaged in the aetiology of EFN
[56]. Firstly, genes associated with obesity and fat
distribution may play a crucial role. Although obe-
sity is associated with visceral fat accumulation and
systemic inflammation, it has not been established as
a risk factor for EFN. Certain genetic mutations can
lead to excessive fat deposition in the body, including
epicardium (such as FTO and MC4R) [60]. Secondly,
genes that regulate inflammation are crucial because
inflammation is a key element in fat necrosis. Genes
like IL6 and TNF-o, which encode pro-inflammatory
cytokines, can increase the risk of inflammatory con-
ditions, potentially predisposing individuals to EFN
[61]. Thirdly, genes involved in lipid metabolism also
play a role. Mutations in genes associated with fat pro-
cessing, such as APOAS and PPARG, can influence how
fat is stored and metabolised, which may be linked to
the risk of epipericardial fat necrosis. Additionally,
genes related to insulin resistance can impact EFN risk.
Insulin resistance is often associated with excess fat
tissue and inflammation. Genes such as IRS1 and IGF1
may predispose individuals to insulin resistance, indi-
rectly increasing the risk of developing EFN, because
insulin resistance is tied to chronic inflammation in
fat tissue [62]. Finally, epigenetic factors are significant.
Epigenetics, which involves regulating gene expres-
sion through chemical modifications of DNA without
changing its sequence, can also play a role. Lifestyle
factors, diet, and environmental exposure can alter
the expression of genes related to fat metabolism and
inflammation, potentially contributing to EFN [63].
However, the exact genes involved and their specific
mechanisms of action remain largely unknown. Fur-
ther genetic research using larger cohorts is needed
to identify potential genetic markers associated with
EFN risk.

Artificial intelligence in diagnosis

Interestingly, artificial intelligence shows great po-
tential in the automatic segmentation and assessment
of epicardial fat on CT imaging, enabling more efficient
evaluation of cardiovascular risk and improving both
diagnostic and prognostic workflows [64]. Machine
learning and deep learning algorithms, such as con-
volutional neural networks, provide fast, reproducible,
and accurate measurements that previously relied on
labour-intensive manual segmentation [65]. Important-
ly, radiomics techniques also hold promise in the dif-
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ferential diagnosis of epipericardial fat necrosis, by ex-
tracting quantitative and textural features that could
help distinguish it from other mediastinal pathologies
[64-66]. This remains an emerging field and a promis-
ing area for future research and clinical validation.

Conclusions

The exact aetiology of EFN remains unknown, and
the potential contributions of genetic and environmen-
tal factors have not been established. EFN manifests in
most cases as acute, severe, and localised chest or arm
pain, dyspnoea, diaphoresis, tachypnoea, and tachy-
cardia. Chest CT should be the preferred modality to
establish a more definitive diagnosis. Current evidence
indicates that conservative management with NSAIDs
is sufficient in most patients, as the condition is typi-
cally self-limiting. Follow-up imaging is advisable to
confirm regression or resolution of the lesion and to
exclude alternative diagnoses. Early recognition of EFN
and adherence to a conservative approach can prevent
unnecessary invasive procedures and optimise patient
outcomes.
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