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Despite the monumental advances in the diagnoses and therapeutics of malignancy, sev-
eral cancer patients have presented with pericardial involvement, including acute pericar-
ditis, constrictive pericarditis, and pericardial effusion.
Multiple factors can contribute to acute pericarditis, including direct metastasis to the heart,
pericardial hemorrhage, infections due to immunosuppression, and cancer therapies that
include chemotherapy, immunotherapy, and radiation. Pericardial effusion, either due to
cancer invasion or cancer treatment, is one of the most common incidental findings in cancer
patients, which significantly worsens morbidity and mortality. If left untreated, pericardial
effusion is known to cause complications such as pericardial tamponade. Constrictive peri-
carditis can be due to radiation exposure, chemotherapy, or is a sequela of a previous epi-
sode of acute pericarditis. In conclusion, early detection, prompt treatment, and
understanding of pericardial diseases are necessary to help improve the quality of life of
cancer patients, and we aim to summarize the knowledge of pericardial involvement in
patients with cancer. © 2021 Elsevier Inc. All rights reserved. (Am J Cardiol
2021;145:151−159)
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The most common primary tumors metastasizing to the
heart are lung, breast, and esophageal cancers and lympho-
mas. Most pericardial involvement in cancer patients is due
to their malignancy.1,2 The pericardium might be directly
affected by the tumor (primary or secondary) or indirectly
due to chemotherapy, immunotherapy, or radiation toxic-
ities. Infectious pericarditis can also occur in the setting of
chemotherapy-induced immunosuppression. This article
reviews the current knowledge of pericardial involvement
in cancer patients. Figure 1 summarizes the types
of involvement and their various etiologies, and Table 1
demonstrates the distribution of pericardial manifestations
depending on cancer type.
Acute Pericarditis and Cancer

Epidemiology

Recently, there has been an increased interest in the con-
currence of pericarditis and systemic diseases, particularly
cancer.64,65 A study conducted in Denmark demonstrated
that 1,550 patients out of 13,759 patients (around 11%)
with pericarditis had new cancer diagnoses during the
median follow-up period of 6.4 years.3 On the other hand,
pericarditis has been associated with high-dose chemother-
apy.4 The occurrence of pericarditis postradiotherapy varies
from months to up to a decade,5,6 and can also affect other
cardiac structures. The risk of pericarditis increases from
5% to more than 50% with an increase in the total dose
from 40 to 50 Gray.7 Radiation-induced pericarditis also
depends on the amount of radiation the heart is exposed to,
with a higher incidence of pericarditis if more than 30% of
the heart area receives 50 Gray (historical doses).8

Recently, pericarditis has been attributed to immune check-
point inhibitors.9 Myopericarditis has been seen in cancer
patients undergoing treatment with chemotherapy and radi-
ation therapy.10 Chemotherapeutic agents that were
reported to cause myopericarditis were capecitabine and
ivosidenib.11,12 In both cases, there was an improvement
upon discontinuation of the inciting agent and administra-
tion of steroid therapy. Ventilatory support and diuresis
might also be required.12

Pathophysiology

The mechanisms of malignancy-associated pericarditis
depend on the cause. Those include direct infiltration by
malignant cells from nearby structures, pericardial hemor-
rhage, or hematogenous spread of cancer cells.13 Radiotherapy
is thought to generate reactive oxygen species and makes the
pericardium porous resulting in neutrophilic infiltration and
exudate collection.14,15 These secondary inflammatory
changes can result in fibrosis.14 Chemotherapy may also
increase the chances of opportunistic bacterial or viral infec-
tion of the pericardium.16 In the case of immune checkpoint
inhibitors, an enhanced affinity of T cells to antigens shared
by the tumor and heart tissue may lead to pericarditis.17

Clinical features

The typical presentation of pericarditis is central chest
pain, which is pleuritic and positional (improves on leaning
forward).18 Fever and pericardial rub might be present.15,19

Patients with malignant pericarditis were found to have a
higher incidence of tachycardia and a low amplitude QRS
complex.20
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Figure 1. (Central Illustration). Pathophysiology of pericardial involvement in cancer patients.
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Diagnosis and management

It is recommended to assess inflammatory markers such as
erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP), renal and liver function, creatinine kinase, troponin,
chest X-ray, and echocardiogram.18 An electrocardiogram
(EKG) can show saddle-shaped ST-segment elevation in a
noncoronary distribution and PR segment depression.21 In
high-risk patients, imaging modalities such as cardiac com-
puted tomography (CT) and cardiovascular magnetic reso-
nance (CMR) are indicated.22 CMR might show moderate to
severe pericardial delayed enhancement with fat-suppression
and pericardial edema on T2 short-tau inversion recovery
weighted imaging (Figure 2). There is a significant correlation
between the presence of pericardial thickening or late gadolin-
ium enhancement on CMR and clinical diagnosis of acute
pericarditis.23 CMR is the gold standard test for assessing peri-
cardial inflammation as it does not involve ionizing radiation.
For those who have a contraindication to CMR, an alternative
imaging modality is fluorodeoxyglucose positron emission
tomography (FDG PET)/CT for diagnosis, risk stratification,
and therapy monitoring in patients with pericarditis.24 A “ring
of fire” sign around the heart can highlight increased meta-
bolic activity indicative of acute pericarditis.25 Imaging, along
with specific tumor markers, can also help to determine possi-
ble malignant causes for pericarditis.26 It has been reported
that higher levels of carcinoembryonic antigen (more than 5
ng/mL) and cytokeratin fragment-19 (CYFRA 21-1) (more
than 50 ng/mL) in the pericardial fluid in patients are associ-
ated with malignant pericarditis.20
Treatment

Treatment predominantly involves nonsteroidal anti-
inflammatory drugs (NSAIDs) and a 2- to 4-week taper
after symptoms have resolved, and inflammatory markers
(CRP and ESR) have normalized (Figure 3). In our insti-
tution, we repeat those markers every 2 to 4 weeks until
they normalize or if there is recurrent typical chest pain.
To reduce the risk of recurrent pericarditis, a 3-month
course of colchicine is recommended.27 Corticosteroids
are only reserved for cases where NSAIDs cannot be
used, where standard therapy fails multiple times, or in
the case of immune-checkpoint inhibitors-induced toxic-
ity.27,28 However, due to abnormalities in cell counts and
coagulation, NSAIDs are used with greater caution in
pericarditis associated with malignancy since the patients
can have a higher predisposition for bleeding. Anti-inter-
leukin 1 therapy, such as anakinra and rilonacept, has
been beneficial in refractory cases.27 New techniques
such as 3D radiotherapy15 and delivering radiation in
breath-hold29 have shown to reduce the chances of devel-
oping pericarditis. Pericardial fenestration has also been
found to be helpful.30
Constrictive Pericarditis and Cancer

Epidemiology

Even though the epidemiology of constrictive pericardi-
tis (CP) vastly varies by geography and referral bias, it is
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Table 1

Pericardial manifestations depending on cancer types

Primary cancer site Overall standardized incidence

ratio for acute pericarditis3
Other pericardial

manifestations13,33,60−62
Common causative

factors3,5,63−66

Heart and thoracic cavity 19.7 -Pericardial effusion -Primary tumor

-Direct spread

Lung, bronchi and trachea 3.3 -Pericardial effusion

-Constrictive pericarditis

-Metastasis

-Direct spread

-Chemotherapy

-Radiation therapy

Myeloid leukemia 3.1 -Pericardial effusion -Metastasis

-Chemotherapy

-Paraneoplastic syndrome

Hodgkin’s lymphoma 2.8 -Pericardial effusion

-Constrictive pericarditis

-Metastasis

-Chemotherapy

-Radiation therapy

Non-Hodgkin Malignant Lymphoma 2.3 -Pericardial effusion

-Exudative pericarditis

-Metastasis

-Chemotherapy

-Radiation therapy

Oral cavity 2.2 -Metastasis

Ovary 1.7 -Metastasis

-Chemotherapy

Kidney 1.7 -Pericardial effusion -Metastasis

Colon 1.4 -Metastasis

-Chemotherapy

Esophagus 1.1 -Pericardial effusion -Metastasis

-Radiation therapy

-Chemotherapy

Breast 0.9 -Pericardial effusion

-Constrictive pericarditis

-Metastasis

-Chemotherapy

-Radiation therapy
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one of the most common complications of an unresolved
pericardial effusion in cancer patients.31 The development
of pericarditis significantly increases morbidity and mortal-
ity in cancer patients and may be one of the first clinical
manifestations of occult cancer.3 With lung cancer being
the most common type of cancer complicated by pericardi-
tis, other cancers like breast, ovary, prostate, lymphoma,
leukemia, and malignant melanoma, are also frequently
associated with pericarditis.3,20,32−37
Figure 2. Cardiac magnetic resonance imaging showing a pericardial mass (orang

on short-axis views by severe delayed enhancement (blue arrow) and pericardial

LV = left ventricle; RA = right atrium; RV = right ventricle.
Pathophysiology

The etiologies of CP are numerous, including previous
cardiac surgery, postradiotherapy, paraneoplastic tumor,
sarcoidosis, connective tissue disease-related, postinfec-
tious, or idiopathic.38 CP can complicate cancer-related
acute pericarditis, with or without associated inflammation
(transient constriction). Patients receiving radiotherapy
may present with CP or effusive-constrictive pericarditis
e arrow) associated with signs of pericardial inflammation as demonstrated

edema on T2 short-tau inversion recovery weighted imaging (red arrow).



Figure 3. Flow chart showing the management of acute and recurrent pericarditis.

DXA = dual-energy X-ray absorptiometry.

*Adapted from Adler Y, Charron P, Imazio M, Badano L, Bar�on-Esquivias G, Bogaert J, Brucato A, Gueret P, Klingel K, Lioni C, Maisch B, Mayosi B,

Pavie A, Risti�c AD, Tenas MS, Seferovic P, Swedberg K, Tomkowski W. 2015 ESC Guidelines for the diagnosis and management of pericardial diseases:

The Task Force for the Diagnosis and Management of Pericardial Diseases of the European Society of Cardiology (ESC) Endorsed by: The European Associ-

ation for Cardio-T. Eur Heart J. 2015;36:2921−2964.
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several years later.39−41 Exposure to radiation leads to
T cell-mediated injury.42 However, these complications are
thought to depend on the dosage of the radiotherapy that
patients are exposed to. Cancer medications and treatments
may also worsen pre-existing pericardial effusions, a late
manifestation of which is CP. In fact, cardiovascular dis-
ease is the leading nonmalignant cause of death in cancer
patients.43

Clinical features

Patients with CP usually present with a constellation of
symptoms relating to fluid overload or with decreased cardiac
output on exertion. Physical examination may show
Kussmaul’s sign (lack of jugular venous pressure decrease
with inspiration), pericardial rub, pericardial knock (early dia-
stolic sound indicative of early ventricular filling), jugular
venous distension, pedal edema, and pulsus paradoxus
(decrease of blood pressure of more than 10 mm Hg during
inspiration). As many as 93% of surgically confirmed cases of
CP have been noted to have a raised jugular venous pressure.31

Diagnosis and management

Hemodynamically, CP is characterized by dissociation of
intrathoracic and intracardiac pressures and greater ventricular
interdependence.44 Respiration-related ventricular septal shift,
preserved or increased medial mitral annular e’ velocity, and
increased hepatic vein expiratory diastolic flow reversals are
noted using echo-Doppler evaluation.66 Tissue Doppler imag-
ing may also demonstrate the characteristic mitral annular lat-
eral e0 to medial e0 ratio less than 1, or annulus reversus,
highlighting pericardial tethering of the lateral ventricular
wall. Myocardial strain imaging by 2D speckle tracking may
also help demonstrate a lower magnitude of negative peak sys-
tolic strain in free walls when compared with septal peak sys-
tolic strain.44 CMR may also be a useful tool in identifying
constrictive physiology, showing septal bounce, pericardial
tethering, ventricular interdependence, and dilated inferior
vena cava.44,45 CMR can also detect pericardial thickening,
pericardial edema, and active inflammation in cases of tran-
sient constriction. Definitive diagnosis is made by right heart
catheterization showing square root sign in the right and left
ventricular waveforms, significant x and y descents in atrial
tracings, and identical diastolic pressures of less than 5 mm
Hg. Cytology of pericardial fluid may help in establishing the
malignant etiology.46 Cardiac CT is the gold standard for
imaging pericardial calcification and may also be a useful tool
in preoperative planning for pericardiectomy (in particular for
those patients who have had previous heart surgery).

Treatment

Pericardial pathologies from radiotherapy may be pre-
vented or attenuated with reduced cardiac radiation dose sec-
ondary to the implementation of advanced radiation
technology techniques, specific dosimetry as well as targeted
precautions, and careful patient selection.10 Once it develops,
the definitive treatment for chronic constrictive pericarditis
remains pericardiectomy performed in experienced centers.
Pericardial Effusion and Cancer

Epidemiology

The morbidity and mortality of cancer patients signifi-
cantly worsen once pericardial effusion (PEEF) occurs due
to cancer invasion or to nonmalignant causes like radiation,
other therapies, or infections.26,35,46 The development of
PEEF in cancer patients represents an advanced stage of the
disease, and the mean survival time of these patients seldom
exceeds 12 months.47−49 About one-third of cancer patients
with PEEF develop pericardial tamponade.35,49,50 Thus,
early identification of PEEF and its prompt treatment are
necessary.
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Figure 4. Large circumferential pericardial effusion adjacent to the left ventricle (blue double arrow) measuring 2.9 cm on echocardiography three-chamber

view in a patient with metastatic nonsmall cell lung cancer. There is dilation of the inferior vena cava of 2.5 cm (double orange arrow). On Doppler, there is

a 32% change in mitral valve peak E-wave inflow (E) velocity with respiration. This patient underwent pericardiocentesis for cardiac tamponade due to a

hemorrhagic pericardial effusion.

Figure 5. Large pericardial effusion (orange arrow) in a patient with a

history of radiation for thyroid cancer with associated lung atelectasis

(blue arrow).
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Pathophysiology

PEEF in cancer patients may arise through one of several
mechanisms. First, primary tumors of the breast, esophagus,
and lungs may themselves metastasize to the heart or cause
mediastinal lymphatic drainage obstruction.49−52 However,
in about two-thirds of cancer patients, PEEF develops due
to nonmalignant causes.53 A potential side-effect of cancer
drugs is the derangement of liver function, kidney function,
or cardiac function, which could also lead to PEEF. Anthra-
cyclines, cyclophosphamide, busulfan, cytarabine, inter-
feron tyrosine kinase inhibitors, arsenic trioxide, all-trans
retinoic acid, methotrexate, 5-fluorouracil, and docetaxel
may also lead to cardiac injury by the formation of reactive
oxygen species.53−55 Immune checkpoint inhibitors (like
ipilimumab, nivolumab, and pembrolizumab) are associated
with PEEF.9

Clinical features

Patients with PEEF typically are asymptomatic but may
present with symptoms related to the underlying cause of



Figure 6. Pericardial collaterals (orange arrows) seen in chest computed

tomography surrounding a large pericardial effusion of more than 3 cm,

making pericardiocentesis nonfeasible in a patient with refractory Hodgkin

lymphoma.
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the effusion. Other nonspecific features may be chest pain
and fever in the setting of pericarditis or symptoms and
signs of cardiac tamponade-like fatigue, dyspnea, raised
jugular venous pressure, edema, and hypotension.
Figure 7. Positron emission tomography - computed tomography (PET/CT) (1

another patient (1B), computed tomography and echocardiography four-chamber
Diagnosis and management

Once suspected, the diagnostic work-up should
revolve around identifying the cause of the PEEF. A low
QRS voltage and electrical alternans on EKG might be
present. Transthoracic echocardiography is the gold-stan-
dard test and is helpful in guiding pericardiocentesis.
Signs of cardiac tamponade are found on echocardiogra-
phy in more than half of patients with malignant pericar-
dial effusion and include diastolic right heart collapse,
increased respiratory variations of tricuspid and mitral
flow velocities, and engorgement of the inferior vena
cava (Figures 4−5).50,56,57 Cardiac CT and MRI images
may show enlargement of the inferior vena cava and
hepatic veins, compression of the cardiac chambers, bow-
ing of the interventricular septum, and reflux of contrast
into the azygous vein or inferior vena cava.26 A definitive
diagnosis of malignant PEEF can only be made through
cytological fluid analysis. The size of the effusion needs
to be monitored through regular echocardiography. Echo-
cardiography should be repeated within 1 month in those
with small effusions, 2 weeks in moderate effusions, and
within a week in those with large effusions. It is impor-
tant to review previous imaging (including CMR and
CT) to assess true chronicity. Patients should present to
the emergency room for any symptoms that might indi-
cate tamponade physiology. Even if asymptomatic, drain-
age of large pericardial effusions might be considered in
selected cases (if massive, on anticoagulation or for those
living remotely from acute care hospitals).
A) showing a pericardial mass with increased uptake (orange arrow). In

view depicting a large pericardial mass (blue arrow).
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Figure 8. Echocardiography four-chamber views (upper images) and parasternal short axis (lower images) showing off-axis cardiac images and mediastinal

fluid after pneumonectomy (images on the right, arrows), compared with prepneumonectomy (images on the left).
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Treatment

Treatment strategies for patients with PEEF revolve
around improving the quality of life, relieving the symp-
toms, and preventing recurrence. Doses of cancer drugs
may be reduced or withheld in chemotherapy-related PEEF
based on the prognosis of cancer.53 Pericardial effusion due
to neoplastic involvement of pericardium is a definitive
indication for pericardiocentesis.22 Other treatment options
include pericardial instillation of bleomycin for malignant
pericardial effusion, drainage via percutaneous or surgical
approach for a large effusion, and placement of a pleuroper-
icardial or pleuroperitoneal window for preventing
recurrences.22,52
Other Types of Pericardial Involvement

These include pericardial masses due to local invasion or
metastases and pericardial collaterals (which can compli-
cate a possible need for pericardiocentesis) (Figures 6 to
7). Benign tumors of the pericardium include lipoma, hem-
angioma, teratoma, fibroma, and pericardial cysts, among
others. Lipomas are slow-growing encapsulated tumors
consisting of adipose cells and are fairly asymptomatic.
Hemangiomas of the pericardium are mostly cavernous in
nature and arise from the visceral pericardium.58 Pericardial
cysts are congenital growths arising from the pericardium,
unilocular, and lined by mesothelial cells.59 They are com-
monly located in the cardiophrenic angles, more commonly
right-sided. The majority of the cysts are found incidentally
on imaging. Surgical resection of these benign growths is
reserved for symptomatic individuals or if complications
occur. On the other hand, malposition of the heart after
pneumonectomy can affect echocardiographic imaging of
the pericardium (Figure 8).
Conclusion

Pericardial involvement in cancer patients can take mul-
tiple forms and be due to cancer itself or to the treatment
given. Early recognition of pericardial toxicity due to can-
cer therapies is vital in preventing complications like car-
diac tamponade and pericardial constriction.
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outcomes of pericardiectomy for constrictive pericarditis. J Cardio-
thorac Surg 2015;10:177. Available at: http://cardiothoracicsurgery.
biomedcentral.com/articles/10.1186/s13019-015-0385-8. Accessed
June 2, 2020.

39. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolf-
son SK. Carotid-artery intima and media thickness as a risk factor for
myocardial infarction and stroke in older adults. N Engl J Med
1999;340:14–22. Available at: http://www.nejm.org/doi/abs/10.1056/
NEJM199901073400103. Accessed June 2, 2020.

40. Neale ML, Chambers JL, Kelly AT, Connard S, Lawton MA, Roche J,
Appleberg M. Reappraisal of duplex criteria to assess significant

http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0005
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0005
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0005
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0006
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0007
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0008
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0008
https://linkinghub.elsevier.com/retrieve/pii/S2666084919306916
https://pdf.sciencedirectassets.com/272872/1-s2.0-S0147027218X00051/1-s2.0-S014702721830093X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAUaCXVzLWVhc3QtMSJHMEUCIEsfVDsJWyc%2FSR3YCkoB%2B94dNR5q3mUGIFJklWMD0R9QAiEA6hb6gXTqFqNL5FZs0FkfIgyJv8xUGo9R89t1bAUY
https://pdf.sciencedirectassets.com/272872/1-s2.0-S0147027218X00051/1-s2.0-S014702721830093X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAUaCXVzLWVhc3QtMSJHMEUCIEsfVDsJWyc%2FSR3YCkoB%2B94dNR5q3mUGIFJklWMD0R9QAiEA6hb6gXTqFqNL5FZs0FkfIgyJv8xUGo9R89t1bAUY
https://pdf.sciencedirectassets.com/272872/1-s2.0-S0147027218X00051/1-s2.0-S014702721830093X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAUaCXVzLWVhc3QtMSJHMEUCIEsfVDsJWyc%2FSR3YCkoB%2B94dNR5q3mUGIFJklWMD0R9QAiEA6hb6gXTqFqNL5FZs0FkfIgyJv8xUGo9R89t1bAUY
https://pdf.sciencedirectassets.com/272872/1-s2.0-S0147027218X00051/1-s2.0-S014702721830093X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAUaCXVzLWVhc3QtMSJHMEUCIEsfVDsJWyc%2FSR3YCkoB%2B94dNR5q3mUGIFJklWMD0R9QAiEA6hb6gXTqFqNL5FZs0FkfIgyJv8xUGo9R89t1bAUY
https://pdf.sciencedirectassets.com/272872/1-s2.0-S0147027218X00051/1-s2.0-S014702721830093X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAUaCXVzLWVhc3QtMSJHMEUCIEsfVDsJWyc%2FSR3YCkoB%2B94dNR5q3mUGIFJklWMD0R9QAiEA6hb6gXTqFqNL5FZs0FkfIgyJv8xUGo9R89t1bAUY
https://pdf.sciencedirectassets.com/272872/1-s2.0-S0147027218X00051/1-s2.0-S014702721830093X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAUaCXVzLWVhc3QtMSJHMEUCIEsfVDsJWyc%2FSR3YCkoB%2B94dNR5q3mUGIFJklWMD0R9QAiEA6hb6gXTqFqNL5FZs0FkfIgyJv8xUGo9R89t1bAUY
https://pdf.sciencedirectassets.com/272872/1-s2.0-S0147027218X00051/1-s2.0-S014702721830093X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAUaCXVzLWVhc3QtMSJHMEUCIEsfVDsJWyc%2FSR3YCkoB%2B94dNR5q3mUGIFJklWMD0R9QAiEA6hb6gXTqFqNL5FZs0FkfIgyJv8xUGo9R89t1bAUY
https://pdf.sciencedirectassets.com/272872/1-s2.0-S0147027218X00051/1-s2.0-S014702721830093X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAUaCXVzLWVhc3QtMSJHMEUCIEsfVDsJWyc%2FSR3YCkoB%2B94dNR5q3mUGIFJklWMD0R9QAiEA6hb6gXTqFqNL5FZs0FkfIgyJv8xUGo9R89t1bAUY
https://pubmed.ncbi.nlm.nih.gov/29783917/
https://pubmed.ncbi.nlm.nih.gov/31382862/
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0013
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0013
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0014
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0014
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0015
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0015
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0016
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0017
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0017
https://www.acc.org/latest-in-cardiology/articles/2017/10/19/00/07/pericarditis-and-cancer
https://www.acc.org/latest-in-cardiology/articles/2017/10/19/00/07/pericarditis-and-cancer
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0019
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0020
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0020
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0020
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0020
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0021
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0021
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0022
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0023
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0023
https://link.springer.com/article/10.1007/s12410-017-9400-x
https://link.springer.com/article/10.1007/s12410-017-9400-x
http://emh.ch/en/services/permissions.html
http://emh.ch/en/services/permissions.html
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0026
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0026
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0026
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0026
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0026
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0027
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0028
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0029
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0030
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0030
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0030
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0030
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0031
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0031
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0031
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0031
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0032
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0032
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0032
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0033
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0033
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0033
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0033
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0033
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0034
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0034
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0034
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0034
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0034
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0035
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0035
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0035
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0035
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0036
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0036
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0036
http://www.wjgnet.com/1948-5204/full/v3/i4/67.htm
http://cardiothoracicsurgery.biomedcentral.com/articles/10.1186/s13019-015-0385-8
http://cardiothoracicsurgery.biomedcentral.com/articles/10.1186/s13019-015-0385-8
http://www.nejm.org/doi/abs/10.1056/NEJM199901073400103
http://www.nejm.org/doi/abs/10.1056/NEJM199901073400103
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0040
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0040
www.ajconline.org


Review/Pericardial involvement in cancer 159
carotid stenosis with special reference to reports from the North Amer-
ican symptomatic carotid endarterectomy trial and the European
Carotid Surgery Trial. J Vasc Surg 1994;20:642–649.

41. Ullrich NJ, Robertson R, Kinnamon DD, Scott RM, Kieran MW,
Turner CD, Chi SN, Goumnerova L, Proctor M, Tarbell NJ,
Marcus KJ, Pomeroy SL. Moyamoya following cranial irradiation
for primary brain tumors in children. Neurology 2007;68:932–
938.

42. Spetz J, Moslehi J, Sarosiek K. Radiation-induced cardiovascular tox-
icity: mechanisms, prevention, and treatment. Curr Treat Options Car-
diovasc Med 2018;20:1–11.

43. Plummer C, Henderson RD, O’Sullivan JD, Read SJ. Ischemic stroke
and transient ischemic attack after head and neck radiotherapy: a
review. Stroke 2011;42:2410–2418.

44. Alajaji W, Xu B, Sripariwuth A, Menon V, Kumar A, Schleicher M,
Isma’eel H, Cremer PC, Bolen MA, Klein AL. Noninvasive multimo-
dality imaging for the diagnosis of constrictive pericarditis. Circ Car-
diovasc Imaging 2018;11:e007878.

45. Thavendiranathan P, Verhaert D, Walls MC, Bender JA, Rajagopalan
S, Chung YC, Simonetti OP, Raman S V. Simultaneous right and left
heart real-time, free-breathing CMR flow quantification identifies
constrictive physiology. JACC Cardiovasc Imaging 2012;5:15–24.
Available at: https://pubmed.ncbi.nlm.nih.gov/22239888/. Accessed
December 10, 2020.

46. Imazio M, Colopi M, Ferrari GM De. Pericardial diseases in patients
with cancer: contemporary prevalence, management and outcomes.
Heart 2020;106:569–574.

47. Swanson N, Mirza I, Wijesinghe N, Devlin G. Primary percutaneous
balloon pericardiotomy for malignant pericardial effusion. Catheter
Cardiovasc Interv 2008;71:504–507. Available at: https://pubmed.
ncbi.nlm.nih.gov/18307242. Accessed June 2, 2020.

48. Wagner PL, McAleer E, Stillwell E, Bott M, Rusch VW, Schaffer
W, Huang J. Pericardial effusions in the cancer population: prog-
nostic factors after pericardial window and the impact of paradoxi-
cal hemodynamic instability. J Thorac Cardiovasc Surg 2011;
141:34–38.

49. Rafique AM, Patel N, Biner S, Eshaghian S, Mendoza F, Cercek B,
Siegel RJ. Frequency of recurrence of pericardial tamponade in
patients with extended versus nonextended pericardial catheter drain-
age. Am J Cardiol 2011;108:1820–1825.

50. Sanchez-Enrique C, Nunez-Gil IJ, Viana-Tejedor A, Agustin A De,
Vivas D, Palacios-Rubio J, Vilchez JP, Cecconi A, Macaya C, Fernan-
dez-Ortiz A. Cause and long-term outcome of cardiac tamponade. Am
J Cardiol 2016;117:664–669.

51. Haddad D El, Iliescu C, Yusuf SW, William WN Jr., Khair TH, Song
J, Mouhayar EN. Outcomes of cancer patients undergoing percutane-
ous pericardiocentesis for pericardial effusion. J Am Coll Cardiol
2015;66:1119–1128.

52. Numico G, Cristofano A, Occelli M, Sicuro M, Mozzicafreddo A, Fea
E, Colantonio I, Merlano M, Piovano P, Silvestris N. Prolonged drain-
age and intrapericardial bleomycin administration for cardiac tampo-
nade secondary to cancer-related pericardial effusion. Med 2016;95:
e3273.
53. Ala CK, Klein AL, Moslehi JJ. Cancer treatment-associated pericar-
dial disease: epidemiology, clinical presentation, diagnosis, and man-
agement. Curr Cardiol Rep 2019;21:1–9.

54. Benjamini O, Kimhi O, Lishner M. Severe pleuropericarditis and
cardiomyopathy induced by high dose interferon alpha-2b. Isr Med
Assoc J 2007;9:486–487. Available at: https://pubmed.ncbi.nlm.nih.
gov/17642403/.

55. Yang X, Liu W, Lyons A, Song Z, Zhai S, Hu K. Pericarditis associ-
ated with cytarabine therapy for acute myelocytic leukemia: a case
report. Eur J Clin Pharmacol 2018;74:181–182.

56. Saab J, Hoda RS, Narula N, Hoda SA, Geraghty BE, Nasar A, Alper-
stein SA, Port JL, Giorgadze T. Diagnostic yield of cytopathology in
evaluating pericardial effusions: clinicopathologic analysis of 419
specimens. Cancer Cytopathol 2017;125:128–137.

57. Klein AL, Abbara S, Agler DA, Appleton CP, Asher CR, Hoit B,
Hung J, Garcia MJ, Kronzon I, Oh JK, Rodriguez ER, Schaff HV,
Schoenhagen P, Tan CD, White RD. American Society of Echocardi-
ography clinical recommendations for multimodality cardiovascular
imaging of patients with pericardial disease. J Am Soc Echocardiogr
2013;26:965–1012.e15. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/23998693. Accessed December 15, 2017.

58. Hicken WJ, Scherlis S. Angiomatosis of the pericardium. Report of a
case and review of the litterature. Ann Intern Med 1963;59:236–242.
Available at: https://pubmed.ncbi.nlm.nih.gov/14049352/. Accessed
December 10, 2020.

59. Patel J, Park C, Michaels J, Rosen S, Kort S. Pericardial cyst: case
reports and a literature review. Echocardiography 2004;21:269–272.

60. Gagliardi G, Constine LS, Moiseenko V, Correa C, Pierce LJ, Allen AM,
Marks LB. Radiation dose-volume effects in the heart. Int J Radiat Oncol
Biol Phys 2010;76:S77–S85. Available at: https://pubmed.ncbi.nlm.nih.
gov/20171522/. Accessed September 21, 2020.

61. Carmel RJ, Kaplan HS. Mantle irradiation in Hodgkin’s disease. An
analysis of technique, tumor eradication, and complications. Cancer
1976;37:2813–2825. Available at: https://pubmed.ncbi.nlm.nih.gov/
949701/. Accessed September 21, 2020.

62. Burazor I, Imazio M, Markel G, Adler Y. Malignant pericardial effu-
sion. Cardiology 2013;124:224–232.

63. Mainzer G, Zaidman I, Hatib I, Lorber A. Intrapericardial steroid treat-
ment for recurrent pericardial effusion in a patient with acute lympho-
blastic Leukaemia. Hematol Oncol 2011;29:220–221.

64. Sigvardt FL, Hansen ML, Kristensen SL, Gustafsson F, Ghanizada M,
Schou M, Køber L, Torp-Pedersen C, Gislason GH, Madelaire C. Risk
factors for morbidity and mortality following hospitalization for peri-
carditis. J Am Coll Cardiol 2020;76:2623–2631.

65. Klein AL, Ming Wang TK, Reyaldeen R. Mortality and the Pericardial
Sac: Are We Only Scratching the Surface? J Am Coll Cardiol 2020;
76:2632–2634. Available at: https://pubmed.ncbi.nlm.nih.gov/
33243383/. Accessed January 27, 2021.

66. Welch TD, Ling LH, Espinosa RE, Anavekar NS, Wiste HJ, Lahr BD,
Schaff HV, Oh JK. Echocardiographic diagnosis of constrictive pericar-
ditis Mayo Clinic criteria. Circ Cardiovasc Imaging 2014;7:526–534.
Available at: https://pubmed.ncbi.nlm.nih.gov/24633783/. Accessed
January 27, 2021.

http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0040
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0040
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0040
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0041
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0041
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0041
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0041
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0041
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0042
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0042
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0042
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0043
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0043
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0043
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0043
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0044
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0044
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0044
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0044
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0044
https://pubmed.ncbi.nlm.nih.gov/22239888/
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0046
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0046
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0046
https://pubmed.ncbi.nlm.nih.gov/18307242
https://pubmed.ncbi.nlm.nih.gov/18307242
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0048
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0048
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0048
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0048
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0048
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0049
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0049
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0049
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0049
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0050
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0050
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0050
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0050
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0051
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0051
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0051
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0051
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0052
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0052
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0052
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0052
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0052
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0053
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0053
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0053
https://pubmed.ncbi.nlm.nih.gov/17642403/
https://pubmed.ncbi.nlm.nih.gov/17642403/
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0055
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0055
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0055
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0056
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0056
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0056
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0056
http://www.ncbi.nlm.nih.gov/pubmed/23998693
http://www.ncbi.nlm.nih.gov/pubmed/23998693
https://pubmed.ncbi.nlm.nih.gov/14049352/
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0059
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0059
https://pubmed.ncbi.nlm.nih.gov/20171522/
https://pubmed.ncbi.nlm.nih.gov/20171522/
https://pubmed.ncbi.nlm.nih.gov/949701/
https://pubmed.ncbi.nlm.nih.gov/949701/
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0062
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0062
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0004a
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0004a
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0004a
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0005a
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0005a
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0005a
http://refhub.elsevier.com/S0002-9149(21)00051-5/sbref0005a
https://pubmed.ncbi.nlm.nih.gov/33243383/
https://pubmed.ncbi.nlm.nih.gov/33243383/
https://pubmed.ncbi.nlm.nih.gov/24633783/

	Pericardial Involvement in Cancer
	Acute Pericarditis and Cancer
	Epidemiology
	Pathophysiology
	Clinical features
	Diagnosis and management
	Treatment

	Constrictive Pericarditis and Cancer
	Epidemiology
	Pathophysiology
	Clinical features
	Diagnosis and management
	Treatment

	Pericardial Effusion and Cancer
	Epidemiology
	Pathophysiology
	Clinical features
	Diagnosis and management
	Treatment

	Other Types of Pericardial Involvement
	Conclusion
	Disclosure


