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Cardiac MRI

Cardiac MRI: Part 2,
Pericardial Diseases

OBJECTIVE. MRI plays an important role in the morphologic and functional evaluation
of pericardial diseases. MRI has the advantages of high spatiotemporal resolution, soft-tissue
contrast, wide FOV, and multiplanar imaging capabilities, making it a valuable tool in the
evaluation of pericardial disorders. In this article, the role of MRI in the evaluation of peri-
cardial disorders, including pericardial constriction, is described and illustrated.

CONCLUSION. MRI is a vital diagnostic tool in the evaluation of pericardial diseas-
es, particularly inflammation and constriction, because it can provide both morphologic and
functional information essential for determining the optimal therapeutic strategy. It is used
for the characterization and delineation of the extent of spread of pericardial masses. Various
imaging sequences are available, so the MRI protocol should be optimized and tailored to the
specific clinical condition that is being evaluated.

he pericardium is affected by var-

ious pathologic processes that re-

sult in variable clinical dysfunc-

tion [1]. Imaging modalities such
as echocardiography, CT, and cardiac cathe-
terization play a vital role in the diagnosis of
these abnormalities, particularly when the
clinical findings are equivocal. Echocardiog-
raphy is often the first-line imaging modality
because of its low cost, wide availability, and
portability. However, echocardiography is
challenging in the presence of limited win-
dows, obesity, obstructive lung disease, chest
wall deformities, and post surgical changes.
In addition, it is highly operator dependent,
has a narrow FOV, and has limited tissue
characterization.

Cardiac CT has good spatial and temporal
resolution, a wide FOV, and multiplanar re-
construction abilities. It is the ideal technique
for the evaluation of pericardial calcification
and is very useful in preoperative planning.
However, CT may be associated with compli-
cations related to radiation and iodinated con-
trast medium. In addition, functional evalua-
tion is limited unless a retrospective study is
performed, which is associated with a higher
radiation dose than conventional prospective
ECG gated study. The newer CT scanners can
perform retrospective ECG gated study with
a dose lower than a typical dose of conven-

tional chest CT. Imaging can be challenging
in patients with arrhythmia or poor breath-
holders and should be avoided in hemody-
namically unstable patients. Cardiac cathe-
terization is used for direct measurement of
ventricular pressures [1].

MRI is a valuable imaging tool—in both
the morphologic and the functional assess-
ments—for evaluating pericardial abnor-
malities. MRI has the advantages of be-
ing noninvasive and not using radiation or
potentially nephrotoxic iodinated contrast
agents. In addition, it also has good spatial
resolution, high inherent soft-tissue contrast,
a wide FOV, and multiplanar imaging capa-
bilities; these characteristics of MRI are
useful in the evaluation of pericardium, par-
ticularly for tissue characterization, assess-
ment of inflammation, and evaluation for
other potential cardiac abnormalities. MRI
is ideally suited for evaluation of small or
loculated pericardial effusions, pericardi-
al inflammation, and functional abnormali-
ties caused by pericardial constriction and
for characterization of pericardial masses.
The wide FOV enables assessment of sur-
rounding structures as well. However, MRI
cannot be performed in patients with contra-
indications, claustrophobia, or severe renal
dysfunction and is performed in hemody-
namically stable patients only. Imaging can
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be challenging in patients who cannot hold
their breath or in those with severe arrhyth-
mias who might require free-breathing tech-
niques. MRI is not suitable for the detection
of calcifications [2].

In this article, the MRI appearances of
various pericardial diseases are discussed
and illustrated. In addition, an MRI protocol
for the evaluation of pericardial diseases is
also described.

Pericardial Anatomy

The pericardium has an outer fibrous lay-
er and an inner serous layer that envelop not
only the heart, but also the proximal por-
tions of the ascending aorta, pulmonary ar-
tery, left pulmonary veins, and superior vena
cava (SVC). The fibrous layer is more dis-
tensible than the serous layer, although it is
attached to the diaphragm, sternum, cos-
tal cartilages, and external layer of the great
vessels [3]. The serous pericardium has an
outer parietal layer and inner visceral layer.
The parietal layer lines the inner surface of
the fibrous pericardium to which it adheres,
whereas the visceral layer envelops the epi-
cardial surface of the heart, separated from it
only by a layer of epicardial fat that contains
the coronary vessels. The pericardial cavity
is the space between the parietal and viscer-
al pericardial layers that typically contains
15-50 mL of clear serous fluid produced by
visceral pericardium, mostly plasma ultrafil-
trate [4] and cardiac lymph, that eventually
drains into the thoracic duct and right lym-
phatic ducts [2].

Rajiah

Pericardial Recesses and Sinuses

The pericardium has two main sinuses, the
transverse and oblique, and multiple recess-
es. The transverse sinus is anterosuperior to
the left atrium and separates an anterosu-
perior pericardial sleeve enclosing the aor-
ta and pulmonary artery from a posterosu-
perior pericardial sleeve enclosing the SVC
and pulmonary veins [2]. It has superior aor-
tic, inferior aortic, and right and left pulmo-
nary recesses. The superior aortic recess is
divided into posterior, right lateral, and ante-
rior components on the basis of its relation-
ship to the ascending aorta. The transverse
sinus is anterosuperior to the oblique sinus,
which is posterior to the left atrium, and is
separated from the left atrium by a reflection
of pericardium between the right and left su-
perior pulmonary veins [5-8]. The posterior
wall of the left atrium is separated from the
pericardial space; as a result, fluid collects in
this area only if the effusion is large [2]. The
posterior pericardial recess is the most crani-
al reflection of the oblique sinus. Pulmonary
recesses are located between the superior
and inferior pulmonary veins, and the post-
caval recess is located posterior and to the
right of the SVC [8]. Knowledge of these re-
cesses and sinuses is essential to avoid misin-
terpreting these normal structures as lymph
nodes, mediastinal masses, or dissection.

Pericardial Function

The pericardium serves various functions:
It fixes the position of the heart within the me-
diastinum, decreases the friction of cardiac

TABLE I: MRI Sequences and Planes Used to Evaluate the Pericardium

movements, and limits the spread of diseas-
es to the heart from adjacent structures. Re-
spiratory variations of intrathoracic pressure
are transmitted to the pericardial cavity and
subsequently to the cardiac chambers and are
more pronounced on the thin-walled right ven-
tricle. Atrial filling is supported by the negative
systolic pericardial pressure. The pericardium
limits acute cardiac chamber dilatation during
diastole, particularly of the thin-walled right
atrium and right ventricle, and prevents ven-
triculoatrial reflux when end-diastolic pressure
is elevated. The pericardium plays an impor-
tant role in the adaption of the right ventricular
stroke volume to the left ventricular stroke vol-
ume when systemic vascular resistance is ele-
vated and equalizing compliance between the
thin-walled right and thick-walled left ventricles,
resulting in interdependence of left and right
ventricular filling (ventricular coupling) [2, 9].

MRI Protocol

A standard MRI protocol used at our in-
stitution for imaging the pericardium, which
typically takes 30—40 minutes, is given in
Table 1. Sequences can be added or removed
depending on the disease process and patient
condition (e.g., breath-holding capacity, ar-
rhythmia, metal).

Scout Images

Scout images in the axial, coronal, and
sagittal planes are used in the planning of
subsequent cardiac views. In addition, sagit-
tal images are used to confirm that the heart
is positioned at the center of the coil.

Sequence

Planes

Information

Scouts
HASTE FSE
Cine SSFP

Myocardial tagging

T1and T2FSE
T2FSESTIR

Velocity-encoded? phase-contrast

Early contrast-enhanced T1-weighted FSE

Delayed enhancement

Real-time imaging

Axial, sagittal, coronal
Axial

Vertical long-axis, horizontal long-axis, short-axis,
four-chamber, LVOT

LV short-axis x 3 (i.e., base, mid, distal), vertical
long-axis, four-chamber, LVOT

Vertical long-axis, short-axis, four-chamber, LVOT
Vertical long-axis, short-axis, four-chamber, LVOT

Mid ascending aorta

Vertical long-axis, short-axis, four-chamber, LVOT

vertical long-axis, short-axis, four-chamber, LVOT

Short axis, mid ventricle

Localizing
Define anatomy and plan subsequent views

Evaluate function, volumes, masses

Evaluate pericardial movement

Assess pericardial morphology
Evaluate for pericardial edema due to inflammation

Assess aortic flow and flow pattern of SVC and
pulmonary vein

Evaluate for inflammation, masses

Evaluate for pericardial inflammation and fibrosis,
masses

Evaluate for ventricular interdependence

Note—FSE =fast spin-echo, SSFP = steady-state free precession, LVOT = left ventricular outflow tract, SPAMM = spatial modulation of magnetization, LV =

left ventricular, SVC = superior vena cava.
aVelocity encoding =200 cm/s.
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Axial Fast Spin-Echo (FSE) Images

Half-Fourier acquisition single shot tur-
bo spin echo (HASTE) images are acquired
through the chest (TR/TE, 1500/30; flip an-
gle, 160°; average number of slices, 16-20;
slice thickness, 8.0 mm; gap, 0.8 mm). These
are rapid acquisitions that do not require a
breath-hold but are performed with ECG
gating. These images can detect abnormal-
ities in the lungs and mediastinum, includ-
ing pleural effusion, ascites, and dilatation of
veins. In addition, they are used to plan sub-
sequent cardiac views.

Cine Steady-State Free Precession Imaging

Cine steady-state free precession (SSFP)
images (TR/TE, 2.8/1.4; flip angle, 70°; slice
thickness, 8 mm; gap, 2 mm; matrix, 240—
360 x 300-380 mm) should be obtained in ver-
tical long-axis, short-axis, four-chamber, and
left ventricular outflow tract (LVOT) planes.
Each image is typically acquired in one breath-
hold. Tissues with a high T2/T1 ratio such as
fluid, fat, and blood will appear bright in this
sequence, but tissues with low T2/T1 such as
myocardium appear dark to intermediate. This
sequence is ideal for evaluating global and re-
gional myocardial function, cardiac volumes,
and cardiac masses. The functional conse-
quences of pericardial constriction are best as-
sessed in these views. In addition, abnormal
diastolic filling can be quantified by assessing
ventricular volumes over time.

Mpyocardial Tagging With Spatial
Modulation of Magnetization

Myocardial tagging with spatial modula-
tion of magnetization (SPAMM) (TR/TE,
4.2/1.9; flip angle, 15°; slice thickness, 8
mm; gap, 10 mm; matrix, 256 x 256 mm)
should be performed in vertical long-axis,
short-axis, four-chamber, and LVOT pro-
jections. Tags are seen as dark bands in the
myocardium that fade over time. In healthy
persons, the continuity of the tags is lost be-
tween the visceral and parietal pericardium
during the cardiac cycle. However, this fea-
ture is altered in constriction, making this
sequence useful in the detection of pericar-
dial adhesion and myocardial involvement.

T2-Weighted Double-Inversion Fast
Spin-Echo Imaging

T2-weighted double-inversion FSE im-
ages (TR/TE, 2000/80; TR, 2 or 3 R-R in-
tervals; inversion time [TI], 150 ms; section
thickness, 8 mm; gap, 2 mm; matrix, 256 X
256; echo-train length, 20-32) should be ob-
tained in vertical long-axis, short-axis, four-
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chamber, and LVOT projections. In this se-
quence, the blood pool appears dark because
of double inversion, but myocardium and
pericardium have intermediate signal. This
sequence is used for morphologic assessment
of the pericardium, including evaluating for
thickening, effusions, and masses.

T2-Weighted Triple-Inversion Fast
Spin-Echo and STIR Imaging

T2-weighted triple-inversion FSE and STIR
images (TR/TE, 2000/80; TR, 2 or 3 R-R in-
tervals; TI, 150 ms; section thickness, 8 mm;
gap, 2 mm, matrix, 256 x 256; echo-train
length, 20-32) should be obtained in verti-
cal long-axis, short-axis, four-chamber, and
LVOT projections. These images are similar to
T2-weighted FSE images but with additional
fat suppression that enables detection of myo-
cardial edema and pericardial fluid or edema.

TI-Weighted Fast Spin-Echo Imaging
T1-weighted FSE sequences should be
performed approximately 15 seconds after
1V injection of 0.1-0.2 mmol/kg of contrast
material (TR/TE, 1000/25; TR, 1 R-R in-
terval; section thickness, 8 mm; gap, 2 mm;
matrix, 256 x 256) in vertical long-axis,
short-axis, four-chamber, and LVOT projec-
tions. These images are used in the detection
of pericardial contrast enhancement, which
is a feature of acute and chronic inflamma-
tory pericarditis. Contrast enhancement in
pericardial tumors can also be assessed.

Delayed Enhancement Imaging

Inversion recovery delayed enhanced im-
ages are acquired 8-10 minutes after in-
jection of 0.1-0.2 mmol/kg of gadolinium.
Before this sequence, a “Look-Locker” se-
quence is acquired (TR/TE, 8/3; flip angle,
12°; 1 slice repeated 32 times; slice thick-
ness, 10 mm) to identify the optimal inver-
sion time. A segmented phase-sensitive in-
version recovery gradient-echo sequence
(TR/TE, 6.5/3.2; trigger pulse, 2; flip angle,
15°; average number of slices, 8—12; slice
thickness, 8 mm; gap, 2 mm) is acquired in
vertical long-axis, short-axis, four-chamber,
and LVOT planes. This sequence enables
detection of pericardial and myocardial in-
flammation and masses. Delayed enhance-
ment imaging can also be performed using
2D, 3D, phase sensitive or single-shot inver-
sion recovery techniques.

Velocity-Encoded Phase-Contrast Imaging
Velocity-encoded phase-contrast images
(TR/TE, 5.0 /3.1; flip angle, 30°; slice thick-

ness, 6 mm; matrix, 240-360 x 300-380
mm) are acquired at the level of the mid as-
cending aorta. This sequence enables quan-
tification of flow in the aorta. In addition,
analyses of flow and velocity patterns in the
SVC and pulmonary veins at this same level
enable estimations of the right and left atrial
pressure curves.

Real-Time Cine Imaging

Real-time cine images (TR/TE, 2.3/1.1; flip
angle, 50°; slice thickness, 10 mm; matrix,
85-100 x 128—-150 mm) should be obtained
in the short-axis plane. This sequence has low
spatial resolution, but it has high temporal res-
olution that is useful in the assessment of rap-
id physiologic changes. This sequence enables
detection of respiratory variation of the septal
motion, which is very helpful in the diagnosis
of pericardial constriction.

MRI of Normal Pericardium

At MRI, normal pericardium is seen as
a smooth, curvilinear structure that is sur-
rounded on either side by high-signal epi-
cardial and mediastinal fat. Normal peri-
cardium has intermediate-to-low signal on
T1- and T2-weighted black blood FSE (Fig.
1) and SSFP sequences. The two pericardial
layers are not separately discerned. The pres-
ence of fat and fluid makes visualization of
pericardium easier. Although the pericardi-
um is prominently seen adjacent to the right
ventricular free wall, right atrioventricular
groove, inferior aspect of the left ventricle,
and left ventricular apex [10], it is visualized
less clearly adjacent to the lateral left ven-
tricular wall because of the paucity of fat and
low signal from adjacent lungs [2]. Normal
pericardium measures 0.4-1.0 mm thick in
autopsy studies [11], but normal pericardium
measures 1.2 mm in diastole and 1.7 mm in
systole on MRI studies [2]. The higher thick-
ness of normal pericardium on MRI results
from a combination of cardiac motion, low
spatial resolution with partial volume aver-
aging, and chemical-shift artifact [2]. Nor-
mal pericardium does not have early or de-
layed contrast enhancement.

MRI of Pericardial Abnormalities

The pericardium is affected by various
pathologic processes (Table 2) that result in
variable clinical dysfunction.

Pericardial Effusion

Pericardial effusion is an accumulation
of fluid in the pericardial sac beyond the nor-
mal physiologic amounts and results from a va-
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TABLE 2: Various Pericardial Diseases

Rajiah

Imaging Finding

Differential Diagnosis

Fluid collection
Inflammation
Pericardial constriction
Neoplasms

Benign

Primary malignant

Secondary malignant
Congenital

Miscellaneous

Metastases, lymphoma

Pericardial effusion, hematoma, cardiac tamponade
Pericarditis (acute inflammatory, chronic inflammatory, chronic fibrotic)

Classic type or variant type?

Lipoma, teratoma, hemangioma, paraganglioma

Sarcoma, mesothelioma, lymphoma

Pericardial cyst, congenital absence of pericardium

Pericardial diaphragmatic hernia

2 Focal, normal thickness, effusive, inflammatory, occult, radiation.

riety of causes including cardiac or renal fail-
ure, infection, neoplasm, trauma, radiation,
and myocardial infarction [12]. The accumu-
lated fluid can be serous, fibrinous, purulent,
or hemorrhagic. MRI is more sensitive than
echocardiography in the detection of small
collections, particularly those that are locu-
lated (fibrinous, purulent, or hemorrhagic). In
addition, MRI can assess the severity and lo-
cation of the fluid collection, characterize the
collection, assess its hemodynamic impact,
detect associated inflammation or masses, and
guide pericardiocentesis [2].

The earliest collection of pericardial fluid
occurs adjacent to the posterolateral left ven-
tricular wall or the inferolateral right ventricle
wall, after which pericardial fluid accumulates
in the superior recess [13]. Moderate-sized col-
lections of fluid (100-500 mL) tend to accumu-
late in the anterior aspect of the right ventricle
as well (> 5 mm) [2]. Large effusions are seen
anterior to the right atrium and right ventricle,
with an asymmetric ring of fluid around the
heart. However, there is no direct correlation
between the thickness of the pericardial cavity
and the actual volume of the fluid because fluid
does not spread homogeneously [2]. The vol-
ume of pericardial fluid can be quantified simi-
lar to quantification of ventricular volumes.

Simple, transudative effusions have low
signal on T1-weighted images and high sig-
nal on T2-weighted FSE and SSFP images
(Fig. 2). Complex effusions, such as exuda-
tive and hemorrhagic fluid, have high sig-
nal on TIl-weighted and intermediate sig-
nal on T2-weighted spin-echo images. On
SSFP images, fibrin strands or coagulated
blood, often associated with loculations, can
be seen. However, with the use of double—in-
version recovery in FSE sequences, the sig-
nal depends on the presence of flow within
the collection. Free-flowing collections such
as transudates have no signal, but complex
collections without flow have intermediate to
high signal (Fig. 3). High signal can be seen
on T1-weighted images even in simple effu-
sion because of the nonlinear motion of flu-
id [2]. Complex effusions are seen in infec-
tions, hemopericardium, hypothyroidism, or
malignancy. Hemopericardium may be seen
secondary to rupture of the ascending aorta,
acute aortic dissection, myocardial infarc-
tion, trauma, blood dyscrasia, anticoagulant
therapy, and malignancy.

Occasionally, differentiating a small peri-
cardial effusion from pericardial thickening
may be difficult. However, careful analy-
sis enables differentiation of these two MR

TABLE 3: MRI Features That Differentiate Thickening and Effusion

findings (Table 3). Effusions have signal
void on black blood sequences; show high
signal on SSFP and gradient-echo images;
have smooth margins; and follow a typical
distribution pattern, which changes in con-
figuration with decubitus positioning of the
patient. In addition, an effusion loses myo-
cardial tags with the cardiac cycle and does
not have any contrast enhancement within it.
Pericardial thickening is grayish to dark on
T1-weighted, SSFP, and gradient-echo im-
ages; has irregular or nodular margins; and
does not follow a typical distribution for ef-
fusion and shows no change with decubitus
position of the patient. Myocardial tags per-
sist throughout the cardiac cycle and may
show contrast enhancement if inflamed [2].

Pericardial Hematoma

Pericardial hematoma is rare and typical-
ly follows cardiac surgery, pericardiocente-
sis, chest trauma, or epicardial injury [8]. At
MR, the signal depends on the age of the he-
matoma. In the subacute phase, a pericardi-
al hematoma has heterogeneous high signal
on T1- and T2-weighted sequences (Fig. 4)
and low signal with a dark rim in the chronic
phase. No contrast enhancement is seen [14].
Large hematomas can cause pericardial con-
striction, cardiac tamponade, or cardiac fail-
ure. The differential diagnosis includes pseu-
doaneurysm, neoplasm, and pericardial cyst.

Cardiac Tamponade

Cardiac tamponade is caused by acute ac-
cumulation of pericardial fluid (simple fluid,
blood, pus), gas, or solid tissue, which re-
sults in an elevation of intrapericardial pres-
sure, that decreases left ventricular filling
and stroke volume. Common causes of car-
diac tamponade are pericarditis, rupture after
myocardial infarction, ruptured ventricular or
coronary aneurysm or aortic aneurysm, dis-
section, thrombolytic therapy, large anterior
mediastinal hematoma, blunt chest trauma,

Features Effusion Thickening
Signalin T1- and T2-weighted images Signal void Gray (exceptin calcification)
Signalin SSFP and GRE High Low
Margins Smooth Irregular or nodular

Location
Decubitus position
Tagging

Contrast enhancement

Follows distribution typical of effusion
Change in configuration

Loss of tags with cardiac cycle

Does not follow typical distribution of effusion
No change in configuration
Persistent lines throughout cardiac cycle

None May be present if associated with inflamation
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coronary artery bypass surgery, Dressler syn-
drome, endocarditis, and cardiac and paracar-
diac tumors [15].

The development of tamponade depends
not only on the volume, but also on the rate of
accumulation and the stiffness of the pericar-
dium. Although a large effusion can accumu-
late without tamponade if it is a slow process,
lesser amounts of fluid can cause tamponade
if the accumulation is rapid. Chest discomfort
and dyspnea are the common clinical symp-
toms. In the classic Beck triad, jugular venous
distention, hypotension, and muffled heart
sounds are present [1]. Tamponade is a clini-
cal diagnosis that is suspected in patients with
pulseless electrical activity or unexplained
cardiogenic shock [1].

Although MRI is not used in the diagno-
sis of cardiac tamponade, cardiac tamponade
may occasionally be encountered incidental-
ly on MRI. MRI shows the fluid, gas, or tu-
mor in the pericardial space. In addition, the
SVC, inferior vena cava (IVC), and hepatic
veins are dilated. The anterior surface of the
heart is flat with diminished anteroposterior
diameter (i.e., “flattened heart” sign). In se-
vere cases, there is diastolic inversion—that
is, collapse of the right ventricle free wall in
early diastole and collapse of the right atrium
free wall during late diastole and early systo-
le (Figs. 5A and S5B [Fig. S5B, a cine loop,
can be viewed from the online version of this
article at www.ajronline.org.]). Diastolic in-
version occurs in early diastole because there
is more blood in the right atrium than right
ventricle and the lower pressure in the right
ventricle makes it vulnerable against the high
pressure of effusion. In late diastole and sys-
tole, there is less blood in the right atrium,
making it vulnerable against the high-pres-
sure pericardial fluid collection. Because
right heart filling is reduced during expira-
tion, right-sided collapse is prominent during
this respiratory phase [1, 15]. In severe cases,
the cardiac chambers are compressed, along
with compression of the coronary sinus, pul-
monary trunk, or IVC. Septal rocking, sig-
moid interventricular septum (convexity to
the left ventricle), and exaggerated respira-
tory variation in cardiac inflow and outflow
patterns in the SVC and IVC are other signs
of cardiac tamponade [15].

Pericarditis

Pericarditis is inflammation of the pericar-
dium that can be idiopathic (30%) or caused
by various abnormalities, such as infections
(viral, bacterial, fungal, tuberculosis); con-
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nective tissue diseases (systemic lupus ery-
thematosus, rheumatoid arthritis, systemic
sclerosis); radiation; uremia; myocardial in-
farction (early [epistenocardiac] or Dressler
syndrome). The clinical symptoms depend on
the severity of inflammation. MRI is not re-
quired when the clinical findings are classic,
but it is required in atypical presentations, par-
ticularly when there is failure of response to
therapy; a complicated course, such as chronic
or recurrent pericarditis with or without con-
striction; a traumatic cause; or other specific
disease processes. MRI is also used to moni-
tor the response to antiinflammatory therapy,
particularly in patients with recurrence or con-
striction, to balance the risk of recurrence with
the risk of side effects of drug therapy. Even
if clinical and serologic tests are negative, the
presence of pericardial inflammation on MRI
warrants continued therapy [1].

Acute pericarditis—Acute pericarditis
is characterized pathologically by the pres-
ence of vascularized granulation tissue, fi-
brin, and fluid. Clinically, it presents with
pleuritic-type retrosternal chest pain that is
worse with inspiration and in supine posi-
tion and is often associated with a friction
rub on auscultation [1]. MRI shows pericar-
dial thickening and effusion. Thickening has
grayish signal and effusion has low signal on
T2-weighted FSE sequences. On SSFP im-
ages, intermediate signal is seen because
of pericardial thickening and high signal is
seen because of simple pericardial effusion.
STIR images show high signal of pericardi-
al fluid or pericardial edema. Immediate and
delayed contrast-enhanced images show con-
trast enhancement due to inflammation (Fig.
6), which may extend to adjacent epicardial
fat or myocardium [16, 17]. This inflamma-
tion may be diffuse or focal (Fig. 7).

Multiple images in various planes are
essential for a comprehensive evaluation
of the entire pericardium, particularly in
the evaluation of focal pericarditis. Occa-
sionally there is no significant pericardial
thickening, but there is contrast enhance-
ment of the pericardium or the epicardial
fat (Fig. 8).

Chronic inflammatory pericarditis—Chron-
ic inflammatory pericarditis is characterized
by accumulation of fibroblasts and of collagen
and by less fibrin deposition. MRI shows ir-
regularly thickened pericardium with mild ef-
fusion. Variable contrast enhancement is seen
(Fig. 9). Occasionally exuberant epicardial fat
is seen, which might be a chronic inflamma-
tory response (Fig. 10).

Chronic fibrosing pericarditis—Chronic
fibrosing pericarditis is characterized by the
presence of fibroblasts and collagen, which
eventually result in calcific and noncompli-
ant pericardium. MRI shows thick pericar-
dium, which has low signal on all the se-
quences because of fibrosis or calcification.
Pericardial fluid is either minimal or absent.
Contrast enhancement is absent except in a
few cases with residual inflammation. Fea-
tures of pericardial constriction, which are
discussed in the next section, may be present.

Pericardial Constriction

Pericardial constriction is caused by thick-
ened, fibrotic or calcified, nonelastic pericar-
dium that impairs left ventricle diastolic fill-
ing and results in elevated systemic venous
pressures and low cardiac output. It is a se-
quela of the various causes of pericarditis dis-
cussed in the previous section. Constriction
can develop acutely, but more often it is a slow
process (3—12 months) [1]. Although it typi-
cally affects the parietal pericardium, peri-
cardial constriction can occasionally involve
only the visceral layer [11]. Clinical features
are caused by low cardiac output (fatigue, hy-
potension, and tachycardia), elevated system-
ic venous pressure (jugular venous distention,
hepatomegaly, ascites, and edema), and pul-
monary venous congestion (dyspnea, orthop-
nea, and cough). The Kussmaul sign and dia-
stolic pericardial knock are present.

The diagnosis of pericardial constriction
can be challenging and it often requires the
use of multiple imaging modalities, of which
MRI plays a significant role. MRI can differ-
entiate constriction from the clinically similar
restrictive cardiomyopathy. In addition, MRI
can exclude other causes of right heart fail-
ure, such as pulmonary hypertension, shunts,
right ventricle dysplasias, and right ventricle
infarction; determine if thickened, inflamed,
or nonthickened pericardium is causing con-
striction; and evaluate whether the patient will
benefit from pericardial stripping [2].

Pericardial thickening (> 4 mm) is an indi-
cator of constriction in patients with the ap-
propriate symptoms and signs of right heart
failure. Pericardial thickening is more pro-
nounced on the right side, particularly sur-
rounding the right ventricle and the anterior
atrioventricular groove [2]. However, thicken-
ing does not always imply constriction. Thick-
ening can be seen after acute pericarditis or
cardiac surgeries without physiologic changes
of constriction [12]. Occasionally constric-
tion can be seen without thickening. Con-
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trast enhancement indicates the presence of
inflammation. Constriction is more common
on the right side because thickening is more
common on the right side and the right ven-
tricle has a thin wall. Long-standing con-
striction results in conical deformity of the
ventricles (Fig. 11A). Other findings of con-
striction due to elevated cardiac filling pres-
sures are seen: biatrial enlargement (Fig.
11B); narrow atrioventricular groove; dilated
SVC, IVC, and hepatic veins; pleural effu-
sion; and ascites. In the SVC, systolic flow is
decreased, absent, or reversed, but in diasto-
le, forward flow is increased with increased
late backflow (Fig. 11C).

In patients with constriction, pericardi-
al motion is reduced or is even absent dur-
ing the cardiac cycle, unlike healthy persons
where the pericardium moves synchronous
with the cardiac cycle. There is tethering
and restricted ventricular expansion adja-
cent to thickened areas. These findings can
also be shown using tagging. Tag lines are
typically displaced during the cardiac cycle
in healthy persons because of the free mo-
tion of the pericardium, whereas in patients
with pericardial constriction, the tag lines
are stretched and fail to break because of re-
stricted motion between the pericardial lay-
ers. Systolic myocardial contraction is usual-
ly normal [18, 19]. The following functional
abnormalities due to rigid fixed pericardial
volume are seen in patients with pericardial
constriction: dissociation between intratho-
racic and intracardiac pressures, increased
filling pressures with equalization of end-di-
astolic pressures in all chambers, increased
ventricular coupling influenced by respira-
tion, elevated systemic venous pressures, and
low cardiac output. Although ventricular fill-
ing is determined by compliance of cardiac
chambers in healthy persons, in patients with
pericardial constriction, ventricular filling is
limited by pericardial volume; once the con-
straining volume is reached, there is abrupt
cessation of diastolic filling. Ventricular fill-
ing can be detected visually on a four-cham-
ber (Fig. S11D [a cine loop]) or short-axis
cine image or can be quantified by plotting
ventricular volumes against time or by using
velocity-encoded phase-contrast MRI in the
form of increased early filling and decreased
or absent late filling.

Diastolic interventricular septal flatten-
ing is a finding that has a sensitivity of 62—
81% and specificity of 93-100% for con-
striction [20] in the diagnosis of constriction.
In healthy persons, the ventricular septum
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is not flat: It is convex to the right side be-
cause of higher left ventricular pressure, re-
sulting in a positive left-to-right transseptal
pressure gradient throughout the cardiac cy-
cle with only minimal respiratory variation.
In patients with pericardial constriction, out-
ward expansion of the right ventricle dur-
ing the early right ventricle filling (which
precedes left ventricle filling) is limited by
a noncompliant rigid pericardium, resulting
in increased right ventricle pressure; when
transmitted to the compliant septum, this
increased pressure produces septal flatten-
ing or even transient inversion to the left side
(“diastolic septal bounce”) in early diastolic
filing. However, rarely minimal septal flat-
tening may be seen in healthy persons. Di-
astolic bounce is also seen in conditions of
right ventricle volume overload and cor pul-
monale and in patients after cardiac surger-
ies due to bundle-branch blocks.

Respiratory variation in this septal move-
ment is a pathognomonic feature of pericar-
dial constriction. In healthy persons, inspira-
tion reduces the intrathoracic pressure that is
transmitted to the cardiac chambers, result-
ing in a constant driving pressure from the
lungs across the pulmonary veins into the left
atrium and across the mitral valve. However,
in patients with pericardial constriction, the
rigid pericardium results in dissociation be-
tween intrathoracic and intracardiac pres-
sures; the negative intrathoracic pressure is
not transmitted to the left heart chambers, so
there is less driving force from the lungs into
the left ventricle. Hence, with inspiration, the
negative intrathoracic pressure increases ve-
nous return turn more on the right side but
because of right ventricle outward motion
and filling, is impaired, resulting in septal
flattening and paradoxical motion of septum
to left [21]. With expiration, there is positive
intrathoracic pressure that reduces systemic
but increases pulmonary return, which will
result in septal bowing to the right side [22].
This finding can be detected on MRI using a
real-time imaging sequence in the short-axis
plane (Fig. S11E [a cine loop]) and has 81%
sensitivity, 100% specificity, 90% accura-
cy, 100% positive predictive value, and 83%
negative predictive value in the diagnosis of
pericardial constriction [23, 24]. A septal ex-
cursion of 11.8% was very useful in differen-
tiating constriction from restriction [24]. It is
best seen in the base and in the first heartbeat
after inspiration. This finding is not seen in
restrictive cardiomyopathy or cor pulmonale.
It may be absent in focal constriction [24].

Variants of Pericardial Constriction

Focal pericardial constriction—Strate-
gically located focal thickening, such as in
the atrioventricular groove and basal ven-
tricles, can also produce features of peri-
cardial constriction which may be subtle on
MRI (Figs. 12A and S12B [Fig. S12B, a cine
loop, can be viewed from the online ver-
sion of this article at www.ajronline.org.]).
A comprehensive evaluation of the pericar-
dium should include perpendicular views
through the entire pericardium in multiple
planes [2].

Constriction with normal-thickness peri-
cardium—In 18% of patients with pericar-
dial constriction, constriction is seen with a
normal-thickness but noncompliant pericar-
dium. These patients will also benefit from
pericardectomy [25] (Fig. 13).

Effusive constrictive pericarditis—Effu-
sive constrictive pericarditis is a rare syn-
drome in which there is tamponade caused
by tense effusion and constriction caused by
inflamed and noncompliant visceral peri-
cardium [1]. It can be idiopathic or seen in
malignancies and after radiation. Features
of constriction persist even after removal or
resolution of pericardial fluid. It is possibly
an intermediate phase in the transition from
acute pericarditis with effusion to pericar-
dial constriction. Patients with effusive con-
strictive pericarditis may have improvement
of symptoms, either spontaneously or after
treatment with antiinflammatory drugs [26].

Inflammatory constrictive form—Con-
striction is occasionally seen during the
resolution phase of acute idiopathic peri-
carditis because of a noncompliant pericar-
dium. There are no signs of clinical activity
with minimal residual or no pericardial ef-
fusion. This form of constriction is usual-
ly transient, subsides in a few months, and
is possibly an intermediate stage between
spontaneous resolution and evolution to
constriction [2].

Occult constrictive pericarditis—Occasion-
ally constriction is not obvious during rou-
tine examination but manifests when there is
a rapid fluid challenge [2].

Radiation pericarditis—Pericardial con-
striction and restrictive cardiomyopathy may
coexist in patients with radiation heart dis-
ease, which makes the diagnosis challeng-
ing. The presence of systolic failure in these
patients is a marker of poor prognosis after
pericardectomy.

Table 4 summarizes the salient character-
istics of various types of pericarditis.
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TABLE 4: Features of Various Types of Pericarditis
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MRI of Pericardial Diseases

Pericardial Neoplasms

Pericardial neoplasms are uncommon,
with secondary neoplasms more common
than primary neoplasms. MRI is useful in
the diagnosis, characterization, and delinea-
tion of the extent of disease and spread of
disease to adjacent structures. The follow-
ing findings indicate aggressive disease: dis-
rupted pericardium; hemorrhagic effusion;
invasion into epicardial fat, myocardium, or
cardiac chambers; and associated mediasti-
nal or pericardial lymphadenopathy [1]. He-
matoma and gossypiboma produce a mass-
like appearance.

Pericardial metastasis—Pericardium is
more often involved by metastatic disease
than primary pericardial neoplasms [2]. Peri-
cardial metastasis occurs in 10% of patients
with malignancies, particularly in those with
cancers of the lung, breast, esophagus, and
kidney and those with melanoma, leukemia,
multiple myeloma, lymphoma, and thymoma.
Spread to the pericardium can occur hematog-
enously or through lymphatics or by direct in-
vasion from adjacent structures. At MRI,
pericardial metastasis is seen as a large hem-
orrhagic pericardial effusion, irregular or
nodular pericardial thickening (Fig. 14A),
nodules, or masses (Fig. 14B). A malignant
effusion is often large and complex. Except
melanoma metastases, which have high signal
on T1-weighted images, nodules and masses
have intermediate signal on T1-weighted im-
ages and high signal on T2-weighted images.
Contrast enhancement is variable and hetero-
geneous. Spread into adjacent structures can
be noted. Cardiac failure is seen in one fourth
of patients, and death is usually secondary to
cardiac tamponade [27, 28].

Primary benign pericardial neoplasms—
Benign pericardial neoplasms include lipo-
ma, teratoma, fibroma, hemangioma, lymph-
angioma, neurofibroma, paraganglioma, and
granular cell myoblastoma.

Lipoma is a neoplasm of mature adult fat
cells that commonly occurs in middle-aged
and older adults. It originates either from the
subendocardial layer of the heart or from the
subepicardial or myocardial layer and ex-
tends into the pericardium. At MRI, lipoma
has homogeneous signal intensity similar to
fat on all the sequences—that is, high on T1-
weighted, intermediate on T2-weighted, and
signal dropout on fat-suppressed sequences
[27]. Large tumors can cause cavitary ob-
struction, compressive effects, and arrhyth-
mias. Teratoma has cystic or solid compo-
nents with areas of fat and calcification.

Hemangioma is characterized by prolif-
eration of vascular spaces that are lined by
an endothelial layer. At MRI, hemangioma is
seen as a heterogeneous mass, with interme-
diate-to-high signal on T1-weighted images
because of slow flow and high signal intensi-
ty on T2-weighted images (Fig. 15). Contrast
enhancement is heterogeneous and intense
except in low-flow lesions [29].

Paraganglioma is a functioning chromaf-
fin cell tumor originating from parasympa-
thetic ganglia in the roof of the left atrium
or in the interatrial septum. It is more com-
mon in young adults in the third and fourth
decades. At MRI, flow voids are seen on T1-
weighted spin-echo images because of in-
tense vascularity. High signal on T2-weight-
ed images and marked contrast enhancement
are also seen [28, 29] (Fig. 16).

Primary pericardial malignant neoplasms—
Malignant pericardial neoplasms include me-
sothelioma, sarcoma, lymphoma, malignant
teratoma, and hemangioendothelioma.

Mesothelioma accounts for 50% of prima-
ry pericardial malignancies and is believed
to arise secondary to asbestos exposure. At
MRI, it is seen as nodules, masses, diffuse
plaque, or hemorrhagic pericardial effusion.
Pericardium may be also be involved sec-
ondarily by a pleural mesothelioma. Sarco-
ma is occasionally seen in the pericardium
and could be angiosarcoma, fibrosarcoma,
malignant fibrous histiocytoma, or liposar-
coma. At MRI, sarcoma can be seen as an
irregular, nodular, broad-based mass with
heterogeneous enhancement and pericardi-
al thickening or complex effusion. Primary
cardiac lymphoma is less common than sec-
ondary cardiac involvement, accounting for
1.3% of cardiac neoplasms. It is usually of
the high-grade B-cell type and is secondary
to immunodeficiency such as in HIV infec-
tion. The commonly affected sites include
the right atrium, pericardium, subepicardi-
al fat, and atrioventricular groove. At MRI,
pericardial effusion, nodules, or masses can
be seen with heterogeneous enhancement.
Mediastinal lymphadenopathy may also be
present [29].

Pericardial Cyst

A pericardial cyst is a developmental ab-
normality that is caused by pinching-off of
a blindly ending parietal pericardial recess.
Pericardial cyst is asymptomatic, but it can
occasionally produce chest pain or dyspnea
when it compresses the heart. The right car-
diophrenic angle is the most common loca-

We627



Downloaded from www.ajronline.org by 209.249.112.1 on 11/13/20 from |P address 209.249.112.1. Copyright ARRS. For personal use only; all rights reserved

tion for a pericardial cyst (80% of cases),
although it can occasionally be seen in the
left cardiophrenic angle or in the mediasti-
num. At MRI, a pericardial cyst is seen as a
well-defined and sharply marginated, homo-
geneous unilocular cyst with low signal on
T1-weighted images and high signal on T2-
weighted images (Fig. 17A) with no contrast
enhancement. High signal may be seen on
T1-weighted images if the content is protein-
aceous, and very rarely a lobulated margin is
seen (Fig. 17B).

A pericardial diverticulum has an origin
similar to that of a pericardial cyst, but unlike
a cyst, a pericardial diverticulum communi-
cates with the pericardial cavity; as a result,
the wall is incomplete on the medial aspect.

Other common lesions that mimic a pericar-
dial cyst include enlarged lymph nodes, locu-
lated fluid collection, hematoma, and necrotic
tumor. Less common causes include broncho-
genic cyst, cystic teratoma, cystic neurogen-
ic tumor, cystic lymphangioma, thoracic duct
cyst, and thymic cyst [2, 8].

Congenital Absence of Pericardium

Congenital absence of pericardium is a
rare (0.002-0.004%) [2, 30] developmen-
tal abnormality that is caused by premature
atrophy of the left common cardinal vein,
resulting in loss of blood supply to the left
pleuropericardial membrane that forms the
left pericardium. Because the right common
cardinal vein typically persists as the SVC,
the right side of the pericardium is assured
of good blood supply, thus sparing the right
side [31]. Congenital absence is typically
partial, but occasionally it is complete. It is
more common in the left (70%) than the right
(17%) or inferior aspects [8]. It is usually as-
ymptomatic, but symptoms are seen when
complications develop. It is associated with
other malformations such as atrial septal de-
fect; tetralogy of Fallot; patent ductus arte-
riosus; mitral stenosis; and malformations of
the lung, chest wall, and diaphragm [8].

At MRI, there is absence of the entire
pericardium or a portion of it. However, ei-
ther finding alone is not sufficient to make
a diagnosis of congenital absence because
pericardium over the left atrial appendage
and left ventricle is not clearly identified
even in healthy individuals because of the
paucity of fat and low signal intensity from
adjacent lungs. A diagnosis of congenital ab-
sence should not be made without medias-
tinal shift or regional bulging. The heart is
displaced to the left and posterior aspects (le-
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vorotation). Levorotation can also be seen in
other conditions such as pulmonary steno-
sis, mitral valve disease, and cor pulmonale
and occasionally can be seen in cases of par-
tial absence. Pericardium might be absent in
young children with a complete defect.

Interposition of lung tissue between the aor-
ta and pulmonary artery or between the dia-
phragm and base of the heart is a characteristic
finding of congenital absence. The pulmonary
artery may be enlarged with a change in the
axis of the main pulmonary artery and left atri-
al appendage. A normal cardiac apex is rela-
tively stationary with the cardiac cycle, but in
congenital absence, there is excessive myocar-
dial mobility (15 mm instead of the normal 1.7
mm); excessive myocardial mobility can also
be observed on images acquired with the pa-
tient in left and right lateral decubitus positions.
In addition, the difference between end-systol-
ic and end-diastolic volumes (normal differ-
ence, 5-11%) is exaggerated [30].

The heart and lung can herniate through
the defect. Herniation of the left atrial ap-
pendage may result in strangulation, where-
as herniation of the left coronary artery may
result in myocardial ischemia or infarction.
The risk of traumatic aortic dissection is in-
creased because of cardiac displacement and
mobility. Surgical pericardioplasty is re-
quired in patients with large herniations and
in those with imminent strangulation [30].

Pericardial Diaphragmatic Hernia

Intrapericardial diaphragmatic hernia is a
rare condition in which the stomach, bowel, or
abdominal fat herniates into the pericardial sac.
This condition could be congenital, traumatic,
or iatrogenic. Blunt or penetrating trauma is the
most common cause (Fig. 18). Congenital de-
fects are caused by failure of the septum trans-
versum. latrogenic defects may be seen after
coronary bypass surgery and pericardial win-
dow or pacemaker insertion through an abdom-
inal approach. The clinical presentation is vari-
able. Complications include cardiac tamponade,
bowel strangulation, and ischemia [32].

Conclusion

MRI is a vital diagnostic tool in the evalu-
ation of pericardial diseases, particularly in-
flammation and constriction, providing both
morphologic and functional information (Ta-
ble 3) essential for determining the optimal
therapeutic strategy. It is used for the char-
acterization and delineation of the extent of
spread of pericardial masses. Various imag-
ing sequences are available, which should be

optimized and tailored to the specific clini-
cal condition that is being evaluated.
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Fig. 1—Appearance of normal pericardium on black
blood imaging. Four-chamber T2-weighted double—
inversion recovery black blood fast spin-echo image
of 34-year-old woman shows intermediate-signal
band of pericardium (straight arrows) situated be-
tween high signal of epicardial fat (curved arrows)
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A

Fig. 2—Pericardial effusion in 28-year-old man.
A, Four-chamber T2-weighted double—inversion recovery black blood image shows moderate circumferential pericardial effusion (arrows) with low signal intensity, most
over posterolateral aspect of left ventricle.
B, Four-chamber steady-state free precession image shows moderate pericardial effusion (arrows) with high signal intensity over lateral aspect of left ventricle.
C, Phase-sensitive inversion recovery delayed enhancementimage shows effusion (arrows) as dark collection.
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and mediastinal fat (arrowheads).
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Fig. 3—Complex pericardial effusion. Axial T2- A

weighted double—inversion recovery image of Fig. 4—Hemopericardium in 83-year-old man with history of recent myocardial infarction.

63-year-old woman who presented with chest pain A, Short-axis T2-weighted black blood image shows heterogeneous fluid collection with intermediate to high
and dyspnea after aortic valve replacement shows signal (straight arrows) between thickened layers of pericardium (curved arrow).

two loculated fluid collections (arrows) having het- B, Two-chamber steady-state free precession image shows heterogeneous hematoma (straight arrow) be-
erogeneously low signal intensity adjacent to right tween pericardial layers (curved arrow) caused by rupture of heart.

atrium and left ventricle.

Fig. 5—Focal cardiac tamponade. Figure S5B, cine Fig. 6—Diffuse acute pericarditis in 42-year-old

loop, can be viewed from online version of this ar- woman with systemic lupus erythematosus. Short-
ticle available at www.ajronline.org. Four-chamber axis phase-sensitive inversion recovery image shows
steady-state free precession image of 63-year-old diffuse enhancement of thickened parietal (straight
woman obtained after aortic valve replacement white arrows) and visceral (straight black arrows)
shows two loculated effusions (arrows) having high pericardium enclosing dark pericardial effusion
signal intensity adjacent to right atrium and left ven- (curved arrow); these findings are consistent with
tricle. In addition, there is collapse of right atrial wall acute pericarditis.

during diastole (arrowhead), which is indicative of
focal cardiac tamponade.
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Fig. 7—Focal acute pericarditis in 60-year-old wom-
an with chest pain.

A, Short-axis T2-weighted double—inversion recov-
ery black blood image shows focal pericardial thick-
ening (arrows) in inferior aspect of left ventricle.

B, Short-axis phase-sensitive inversion recovery
image shows marked enhancement of pericardium
adjacentto inferior wall (arrows); these findings are
consistent with focal acute pericarditis.

Fig. 8—Pericardial enhancement without thickening
in 39-year-old man presenting with chest pain.

A, Short-axis T2-weighted double—inversion recov-
ery black blood image shows pericardium with nor-
mal thickness (arrows).

B, Short-axis phase-sensitive inversion recovery
image shows diffuse circumferential high signal of
pericardium (arrows) and of epicardial fat layers;
these findings are suggestive of inflammation.

Fig. 9—Chronic inflammatory pericarditis in 45-year-
old man with chest pain.

A, Vertical long-axis T2-weighted double—inversion
recovery black blood image shows diffuse circum-
ferential pericardial thickening (arrows) without any
effusion.

B, Vertical long-axis phase-sensitive inversion re-
covery image shows marked diffuse circumferential
enhancement of pericardium (arrows) consistent with
chronic inflammation.
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A

Fig. 11—Secondary features of pericardial constriction. Figure S11D and S11E, cine loops, can be viewed from
online version of this article available at www.ajronline.org.

A, Four-chamber T2-weighted black blood image of 71-year-old man shows tubular deformity of left ventricle
(LV) and conical deformity of right ventricle (RV). In addition, there is severe biatrial (right atrium [RA], and left
atrium [LA]) enlargement.

B, Axial steady-state free precession image of 72-year-old man shows enlargement of right atrium (RA) and left
atrium (LA). There are also bilateral moderate pleural effusions (arrows). RV = right ventricle, LV = left ventricle.
C, Velocity-encoded phase-contrastimage of patient shown in B obtained through superior vena cava (green)
and right upper pulmonary vein (b/ue) show higher velocity and flow in systole (arrows) than diastole (arrow-
heads); these findings are indicative of elevated right and left atrial pressures.

Fig. 12—Focal constric-
tionin 49-year-old man.
Figure S12B, cine loop,
can be viewed from on-
line version of this article
available at www.ajron-
line.org. Four-chamber
T2-weighted double—in-
version recovery pre-
pared black blood image
shows focal thickening
of pericardium (arrows)
overlying right atrium
(RA) and right ventricle
(RV). Note the tubular
deformity of ventricles.
Cine images showed
diastolic restraintand
inspiratory septal flat-
tening. LA =left atrium,
LV =leftventricle.

W632

Fig. 10—Pericarditis with prominent fatin 57-year-
old woman with history of breast cancer who pre-
sented with chest pain.

A, Four-chamber T2-weighted black blood double—in-
version recovery image shows circumferential peri-
cardial thickening (straight arrows). In addition, there
is exuberant pericardial fat (curved arrow).

B, Short-axis phase-sensitive inversion recovery
image shows diffuse circumferential pericardial
enhancement (straight arrows). In addition, there is
exuberant epicardial fat (curved arrow) probably due
to inflammatory response.
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Fig. 13—Constriction
without thickening in
37-year-old patient
with chest pain and
generalized body wall
edema. Two-chamber
T2-weighted double—in-
version recovery black
blood image shows
normal-thickness
pericardium (arrows).
Diastolic restraintand
inspiratory septal flat-
tening were seenin cine
images.
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Fig. 14—Pericardial metastasis.

A, Short-axis T2 black blood image of 57-year-old
woman with history of breast cancer shows diffuse
circumferential intermediate-signal-intensity mass
(arrows) is encasing ventricles.

B, Two-chamber T2-weighted black blood image of
64-year-old man with history of synovial sarcoma
shows homogeneous intermediate-signal-intensity
metastatic mass (arrow) in pericardium. Mass is
indenting underlying anterior wall of left ventricle.
Note mild pericardial thickening.

Fig. 15—Pericardial hemangioma in 46-year-old
woman.

A, Axial four-chamber T2-weighted black blood image
shows homogeneous intermediate-signal-intensity
mass in right atrioventricular groove (arrow) encasing
right coronary artery (arrowhead).

B, Coronal T2 STIR image shows lobulated high-
signal-intensity mass in right atrioventricular groove
(arrows).

A ' B

Fig. 16—Pericardial paraganglioma in 37-year-old woman.

A, Axial four-chamber T2-weighted black blood image shows homogeneous intermediate-signal-intensity mass (arrow) in right interatrial groove with small areas of flow
void within it (arrowheads).

B, Axial T2 STIR image shows intensely high-signal-intensity mass (arrow) in right interatrial groove.

C, Sagittal phase-contrastinversion recovery gradient-echo sequence shows intense contrast enhancement within mass (arrows).
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A Fig. 18—Bowel in pericardium in 31-year-old man
Fig. 17—Pericardial cyst. with traumatic diaphragmatic hernia. Axial T2-
A, Axial T2-weighted STIR image of 44-year-old woman shows well-defined lesion with high signal intensity weighted black blood inversion recovery image
(arrows) in right cardiophrenic angle. shows pericardial defect (arrows), which has re-
B, Axial T2-weighted STIR image of 54-year-old woman shows lobulated cystic lesion with high signal intensity sulted in herniation of transverse colon into pericar-
(arrows), which is atypical appearance for pericardial cyst. dial cavity, is lined by normal-thickness pericardium

(arrowhead).
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