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Neoplastic pericardial effusion is a serious and common clinical disorder encountered by cardiologists,
cardiothoracic surgeons, oncologists, and radiation oncologists. It may develop from direct extension or
metastatic spread of the underlying malignancy, from an opportunistic infection, or from a complication
of radiation therapy or chemotherapeutic toxicity. The clinical presentation varies, and the patient may
be hemodynamically unstable in the setting of constrictive pericarditis and cardiac tamponade. The
management depends on the patient’s prognosis and varies from pericardiocentesis, sclerotherapy, and
balloon pericardiotomy to cardiothoracic surgery. Patients with neoplastic pericardial effusion face a grave
prognosis, as their malignancy is usually more advanced. This review article discusses the epidemiology
and etiology, pathophysiology, clinical presentation, diagnosis, management, and prognosis of neoplastic

pericardial effusion.

Introduction

Neoplastic pericardial effusion is a clinical disorder encoun-
tered by cardiologists, cardiothoracic surgeons, oncologists,
and radiation oncologists. The immediate control of neoplas-
tic pericardial effusions is mandatory for both the survival
and quality of life of patients. This review article discusses
the epidemiology and etiology, pathophysiology, clinical
presentation, diagnosis, management, and prognosis of neo-
plastic pericardial effusion.

Epidemiology and Etiology

Malignancy has been noted to be the most common
cause of pericardial effusion in the Western world.}* The
pericardial effusion that occurs in patients with malignancy
could be secondary to malignancy itself or could be an
inflammatory process. In a review of 31 patients with
cancer and pericardial disease, the diagnoses included
malignant pericardial disease (58%), benign idiopathic
pericarditis (32%), and radiation-induced pericarditis (10%).>
In autopsy series, the prevalence of pericardial involvement
varies from 4% in general autopsies to 15%-30% in
autopsies of cancer patients.* In some studies, in up to
two-thirds of patients with malignancy, the pericardial
effusion was caused by nonmalignant disease processes
such as radiation pericarditis or opportunistic infections.”®
Autopsy series have shown that pericardial metastases
are found particularly in lung cancer (35%), breast
cancer (25%), lymphoma and leukemia (15%), and other
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malignancies such as esophageal cancer, Kaposi sarcoma,
and melanoma.” 1% A transthoracic echocardiogram with
large neoplastic pericardial effusion and epicardial studding
with metastatic melanoma is shown in Figure 1A, as well
as epicardial melanoma (black) observed during placement
of a pericardial window in Figure 1B.1!

Primary neoplasms of the pericardium are 40x less com-
mon than the metastatic ones.!2 The malignant pericardial
effusion is mainly a secondary process due to metasta-
sis. Primary neoplasms of the pericardium are exceedingly
rare, and these include malignant mesotheliomas, fibrosar-
comas, lymphangiomas, hemangiomas, teratomas, neurofi-
bromas, and lipomas. Only 12%-25% of patients who have
metastasis to the pericardium have pericardial effusion,
of which only a small percentage develop tamponade.l®
Approximately 20% of large, symptomatic effusions without
an obvious etiology based on routine diagnostic exami-
nation constitute the initial presentation of a previously
unrecognized cancer.’* Symptoms and signs suggestive
of pericardial involvement may be the presenting clinical
feature of either primary or secondary malignant cardiac dis-
ease, but they may also be seen in patients under treatment
for advanced malignancy.!>1¢ With the advent of human
immunodeficiency virus disease, the incidence of Kaposi
sarcoma and lymphomatous involvement of the pericardium
has increased markedly.

Pathophysiology

Patients with malignancies may develop pericardial disease
by 4 mechanisms: direct extension or metastatic spread via
lymphatics or blood into the pericardium, chemotherapeutic
toxicity, radiation toxicity, and opportunistic infections in the
setting of immunosuppressive therapy.
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Figure 1. Transthoracic echocardiogram (A) of a large neoplastic PE is shown in the apical 4-chamber view. Arrows show epicardial studding with metastatic
melanoma. (B) Epicardial melanoma (black) observed during placement of a pericardial window. Abbreviations: LA, left atrium; LV, left ventricle; PE,
pericardial effusion; RA, right atrium; RV, right ventricle. Used with permission from Katz WE, Ferson PF, Lee RF, et al.*

Pericardial effusions due to malignancies typically arise
either by direct local extension to the parietal pericardium,
although visceral involvement with or without frank
myocardial invasion may also be seen (for example,
advanced lung carcinoma, breast carcinoma, mesothelioma,
and esophageal carcinoma), or by metastatic spread via
lymphatics or blood (for example, melanoma, Kaposi
sarcoma, leukemia and lymphoma). Pericardial effusions
may also arise because of obstruction to the lymphatic
drainage, which might occur secondary to enlarged
mediastinal lymph nodes.!117

Chemotherapeutic agents such as anthracyclines or
cyclophosphamide are associated with acute pericarditis
or myocarditis. These syndromes occur with high-dose
chemotherapy regimens, and the risk is dose-dependent.

Mediastinal irradiation can produce an effusive-
constrictive pericarditis, similar to primary malignant effu-
sion. This process is caused by pericardial effusion and
by constriction of the heart by the fibrosed visceral
pericardium.

Pericardial disease can also be due to opportunistic
infections in the setting of immunosuppressive therapy of
cancer patients. Viral pericarditis (eg, cytomegalovirus),
tuberculous pericarditis, and fungal pericarditis (from
opportunistic fungi such as Candida and Aspergillus) occur
in immunocompromised patients.!!

Clinical Presentation

The normal pericardium is a fibroelastic sac composed of
visceral and parietal layers separated by the pericardial
cavity and containing a thin layer (50—100 mL) of straw-
colored fluid surrounding the heart. It can accommodate
>1000 mL without compromising cardiac function if the
fluid is accumulated slowly. On the other hand, an
extra 100 mL can cause hemodynamic compromise if
accumulated rapidly.

The clinical presentation of patients with neoplastic
pericardial effusion is variable. Some patients are completely
asymptomatic, some might develop new-onset atrial

fibrillation with controlled or rapid ventricular rate, whereas
others develop pericardial tamponade and cardiovascular
collapse.’® The pericardial disease can present as 4
overlapping clinical syndromes: pericarditis, pericardial
effusion, cardiac tamponade, or pericardial constriction. Of
these pericardial syndromes, 2 are oncologic emergencies,
cardiac tamponade and pericardial constriction, which can
impair cardiac function and compromise hemodynamics.

Cardiac Tamponade

As effusion increases in the pericardial space, it compresses
the cardiac chambers.®22 Patients with pericardial
tamponade can present with symptoms such as syncope,
chest pain, or palpitations. The symptoms could also be
subtle, such as dyspnea, nonspecific chest discomfort, and
simple fatigue. Beck’s triad of hypotension, tachycardia,
and muffled heart tones is usually present.?? Patients with
more gradual onset of tamponade might have large hearts
with preserved blood pressure and heart sounds.?* Patients
may also have distended neck veins and a pulsus paradoxus
(an exaggerated fall in systolic blood pressure of >10 mm
Hg during inspiration). Pulsus paradoxus is a reliable
physical cardiovascular sign of tamponade that might be
absent in patients with increased pulmonary arterial wedge
pressure elevation before the onset of tamponade.2>26

Pericardial Constriction

Pericarditis, due to neoplastic infiltration, chemotherapy,
radiation, or opportunistic infection, can lead to scarring
with loss of pericardial elasticity. The volume of the
pericardial sac becomes fixed, and ventricular filling is
impaired. Patients with pericardial constriction may present
with fatigue and dyspnea on exertion. On exam, sinus
tachycardia, hypotension, elevated jugular venous pressure,
and pericardial friction rub are present. Kussmaul sign (the
lack of an inspiratory decline in jugular pressure) is rarely
present, and pulsus paradoxus may be present.2”

Clin. Cardiol. 34, 10, 593-598 (2011)

M.M. Refaat and W.E. Katz: Neoplastic pericardial effusion
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.20936 © 2011 Wiley Periodicals, Inc.



Diagnosis
The Role of Imaging

Although cardiac tamponade and constrictive pericarditis
are clinical diagnoses, imaging studies play an important
role in assessment and possible therapeutic intervention.

If pericarditis is present, the electrocardiographic findings
may show widely distributed ST-segment elevations with
J-point elevations. Sinus tachycardia and low voltage
(defined as maximum QRS amplitude <0.5mV in the
limb leads) are typical findings on electrocardiograms in
patients with pericardial effusion. Electrical alternans is
characterized by beat-to-beat alterations in the QRS complex
(as shown in Figure 2) that reflect the swinging of the
heart in the pericardial fluid. It is relatively specific but not
sensitive for tamponade. Cardiac tamponade can present as
pulseless electrical activity.

Chest radiographs provide nonspecific supporting evi-
dence for pericardial effusions. Acute tamponade may not
show the classic enlarged cardiac silhouette, which requires
at least 200 mL of pericardial fluid. On the other hand, a
slowly developing tamponade on chest x-ray may present as
an enlarged cardiac silhouette with clear lung fields and the
characteristic “water bottle” appearance, if there is adequate
compensation.

Echocardiography is considered the primary imaging
modality for the evaluation of pericardial effusion because
of its easy availability, lack of ionizing radiation, and low
cost. Examples of transthoracic echocardiograms of a
large neoplastic pericardial effusion with cardiac tamponade
are in Figure 3. There are 10 echocardiographic findings
described in cardiac tamponade due to neoplastic pericardial
effusion, and they are summarized here and in the
Table 11828;

1. Presence of pericardial effusion.

2. Ventricular interdependence by volume and para-
doxical motion of the interventricular septum with
respiration. This pattern of motion corresponds to
the physical finding of pulsus paradoxus.

3. Rightatrial (RA) systolic collapse has a 90% sensitivity
and 68%—-82% specificity for cardiac tamponade. If
the RA collapse lasts up to one-third of the cardiac
cycle, this finding will have a 94% sensitivity and
100% specificity for cardiac tamponade (as shown in
Figure 3A).

Figure 2. Electrocardiogram of a patient with breast cancer with a large
pericardial effusion showing low voltage and electrical alternans,
particularly seen in lead Il rhythm strip.

4. Right ventricular (RV) early diastolic collapse. This
finding has 60%-90% sensitivity and 85%—100%
specificity for cardiac tamponade (as shown in
Figure 3B and 3C).

5. Left atrial (LA) compression (rarely seen).

6. Left ventricular (LV) diastolic compression (rarely
seen).

7. Respiratory variation in RV and LV diastolic filling.
Doppler interrogation of mitral valve inflow in cardiac
tamponade shows >25% respiratory variation in the
E wave (as shown in Figure 3D). The respiratory
diastolic tricuspid valve inflow E variation is > 40% in
cardiac tamponade. Doppler flow velocity paradoxus
has a good correlation with clinical features of
tamponade, with a higher sensitivity (75%) than RV
collapse and a much higher specificity (91%) than RA
collapse.29:30

Diastolic reversal of hepatic vein flow on expiration.

9. Plethora of the inferior vena cava (IVC) is an
indicator of an elevated RA pressure. Dilated IVC
with <50% inspiratory reduction in the diameter near
the RA/IVC junction reflects increased RA pressure.
Figure 3E shows plethora of the IVC. This finding
has 97% sensitivity but only 40% specificity.

10. Swinging motion of the heart in the pericardial sac.

o

Constrictive pericarditis is characterized by pericardial
thickening from chronic fibrosis, resulting in severe dias-
tolic dysfunction. Echocardiography allows visualization of
a thick pericardium and Doppler echocardiography is useful
to evaluate hemodynamic changes in constrictive pericardi-
tis. In constrictive pericarditis, the early diastolic mitral
annular velocity (E') cutoff value >8 cm/second is 95% sensi-
tive and 96% specific for constrictive pericarditis rather than
restrictive cardiomyopathy.3! Figure 4 shows a computed
tomography (CT) scan and subcostal 4-chamber echocar-
diogram showing a loculated effusion adjacent to the RV
of a patient with breast carcinoma and effusive constrictive
pericarditis.

Both CT and magnetic resonance (MR) imaging are
indicated when loculated or hemorrhagic effusion or
pericardial thickening is suspected. Contrast-enhanced
helical CT provides valuable information about the possible
nature of pericardial effusions based on the attenuation
measurements of the collection.?23% The appearance of
pericardial fluid is different on spin-echo (SE) and gradient-
recalled echo (GRE) cine MR images. Nonhemorrhagic
fluid has low signal intensity on T1-weighted SE images
and high intensity on GRE cine images.®* Conversely,
hemorrhagic effusion is characterized by high signal
intensity on T1-weighted SE images and low intensity on
GRE cine images.®*

Despite echocardiographic signs of tamponade, right
heart catheterization remains the definitive and quantifiable
standard for diagnosing tamponade of any etiology. The
procedure provides 2 important pieces of information:
(1) elevated RA pressure, especially during inspiration;
and (2) the intracardiac diastolic pressures has equalized
among multiple chambers—there is equalization of the
RA pressure, RV pressure, and pulmonary capillary
wedge pressure. Recently, a novel criteria for diagnosis
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Figure 3. Transthoracic echocardiogram (A) of a patient with lung cancer with a large neoplastic pericardial effusion in the apical 4-chamber view causing
RA collapse (arrow). Parasternal long axis (B) showing RV diastolic collapse (arrow). M-mode echocardiogram (C) of a large neoplastic pericardial effusion
showing RV diastolic collapse (arrows). Pulse Doppler interrogation (D) of mitral valve inflow showing >25% respiratory variation in early diastolic velocity
of the mitral inflow with respiration in a patient with cardiac tamponade. Dilated IVC (E) with no significant change with respiration (plethora).
Abbreviations: IVC, inferior vena cava; RA, right atrial; RV, right ventricular.

Table 1. Echocardiographic Findings in Cardiac Tamponade of constrictive pericarditis in the cardiac catheterization
1. Pericardial effusion. laboratory is systolic area index (ratio of RV to LV
systolic area during inspiration and expiration) >1.1, with

2. Ventricular interdependence: abnormal inspiratory increase of RV 97% sensitivity, 100% specificity, 100% positive predictive

dimensions and abnormal inspiratory decrease of LV dimensions. accuracy, and 95% negative predictive accuracy.35

3. RA systolic collapse (>one-third of the cardiac cycle).
o Laboratory Investigations

4. RV early diastolic collapse. . . . . . .
Pericardiocentesis and the cytology of pericardial fluid
5. LA compression. or pericardial biopsy are essential for the definitive
o . diagnosis of malignant pericardial disease. In almost two-

6. LV diastolic compression. . . . . . .
thirds of the patients with known malignancy, pericardial
7. Abnormal inspiratory increase in blood flow velocity through the effusion is caused by nonmalignant inflammatory or
tricuspid valve and pulmonic valves and abnormal inspiratory infectious processes (eg, radiation pericarditis, pericarditis
decrease of mitral and aortic valves’ flow velocity. due to chemotherapy, or opportunistic infections).5'6
8. Respiratory variations of pulmonary and hepatic venous flow. Culture, cytology, adenosine deaminase (for tuberculous

pericarditis), and polymerase chain reaction of the
9. Plethora of the IVC: dilated IVC with lack of inspiratory collapse. pericardial fluid and tissue can be helpful if indicated
with a reasonable pretest probability. High white blood

. Swinging heart. . . s
10-Swinging cell count with high polymorphonuclear neutrophils is

Abbreviations: IVC, inferior vena cava; LA, left atrial; LV, left ventricular; suggestive of inflammation, particularly bacterial and
RA, right atrial; RV, right ventricular. rheumatologic. High monocytes is suggestive of malignancy
and hypothyroidism.
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(A)

Figure 4. A CT scan and subcostal 4-chamber echocardiogram showing a loculated effusion adjacent to the RV. The patient is the same patient as in
Figure 2, several months later after pericardiocentesis. Abbreviations: CT, computed tomography; RV, right ventricle.

Management

The management of neoplastic pericardial effusion involves
the relief of symptoms and the prevention of recurrences.
Symptomatic pericardial effusions are managed with
percutaneous drainage.?® No randomized controlled studies
have established the optimal initial approach to the
management of symptomatic pericardial effusion. In
most cases, pericardiocentesis is both therapeutic and
diagnostic.3>37-39 If the neoplastic pericardial effusion is
associated with new-onset atrial fibrillation, a rhythm-
control strategy is preferred, especially in the setting of
hemorrhagic pericardial effusion secondary to metastases,
to avoid anticoagulation and prevent thromboembolism.

Pericardiocentesis is the technique of catheter-based
aspiration of pericardial fluid. It serves as a diagnostic modal-
ity via fluid analysis and a therapeutic modality especially
with hemodynamic compromise in patients with pericarditis
with pericardial effusion, pericardial effusion with pericardial
tamponade, and effusive-constrictive pericarditis. Pericar-
diocentesis is also ill-advised when the effusion is very small
or loculated. Malignant effusions are usually a marker of
advanced malignancy. Thus, recurrence is a major issue.
Pericardiocentesis alone is inadequate for long-term pallia-
tion, with recurrence rates as high as 90% within 90 days.>

Percutaneous balloon pericardiotomy offers a nonsurgical
management of pericardial effusion.*? Itis particularly useful
for critically ill patients with advanced malignancy and
limited to palliate malignant pericardial disease successfully
for the duration of their survival.

Percutaneous balloon pericardiotomy should be consid-
ered if pericardial fluid recurs after primary pericardiocen-
tesis.

Surgery has also shown to be effective in managing symp-
tomatic neoplastic pericardial effusions. Consideration has
to be made about the patient’s prognosis and life expectancy
before proceeding with surgery. Creating a window for
fluid to drain to another reabsorptive cavity, such as the
pleura, peritoneum, or preperitoneal subcutaneous space,
may provide palliation.*2=4> Subxyphoid pericardiotomy
with percutaneous balloon pericardial window has shown

to produce immediate relief of symptoms and prevention of
local recurrences.**

There have been suggestions of obliteration of the
pericardial space by maintaining pericardial drains on suc-
tion for between 3 and 28 days to effect fusion of parietal
and visceral pericardium.*® Since then there have been
studies with sclerosing agents, especially tetracycline.?®
Other agents such as bleomycin, cisplatin, nitrogen mus-
tard, fluorouracil, teniposide, thiotepa, mitomycin-C, or even
radionuclides also have been studied. Systemic antineoplas-
tic treatment as baseline therapy can prevent recurrences
in up to 67% of cases (European Society of Cardiology
guidelines, level of evidence B, class I indication).”

Prognosis

Cardiac symptoms are mainly related to the presence
of tamponade, which is present in a significant number
of patients. In previously asymptomatic patients, cardiac
tamponade was the immediate cause of death in about 85%
of patients in a case series.? Pericardial cytology remained
an independent predictor of death. Pericardial effusions due
to lung cancer or solid tumors other than breast cancer were
associated with limited survival compared with effusions due
to breast cancer or hematologic malignancies.

There are no randomized controlled trials regarding
optimal treatment for patients with malignant and symp-
tomatic pericardial effusion. Clinicians and investigators
must continue to search for safe, flexible, and durable
modes to palliate these patients while simultaneously con-
taining costs and preserving the quality of their limited
remaining life span.

Conclusion

In summary, the neoplastic pericardial effusion is a serious
and common problem. It may develop from direct extension
or metastatic spread of the underlying malignancy via lym-
phatics or blood into the pericardium, from an opportunistic
infection, or from a complication of radiation therapy or
chemotherapeutic toxicity. The clinical presentation varies,

Clin. Cardiol. 34, 10, 593-598 (2011)

M.M. Refaat and W.E. Katz: Neoplastic pericardial effusion
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.20936 © 2011 Wiley Periodicals, Inc.



and the patient may be hemodynamically unstable in the
setting of constrictive pericarditis and cardiac tamponade.
The management depends on the patient’s prognosis and
varies from pericardiocentesis and balloon pericardiotomy
to cardiothoracic surgery.
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