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Abstract

Purpose of Review The diagnosis of pericardial syndromes, while occasionally straightforward, includes a wide range of
pathologies and is often a well-recognized clinical challenge. The aim of this review is to highlight the key role of the various
imaging modalities for the diagnosis and management of the spectrum of pericardial diseases.

Recent Findings Cardiac imaging has become an integral part of the diagnostic process often beginning with echocardiography
and supported by advanced imaging modalities including computed tomography, magnetic resonance imaging, and positive
emission tomography. These modalities go beyond the simple identification of the pericardium, to identifying increased peri-
cardial thickness, active pericardial edema and inflammation, and its effect on cardiac hemodynamics.

Summary Multimodality imaging has significantly facilitated the diagnosis and long-term management of patients with pericar-
dial diseases. The role of these imaging modalities in overall prognosis and prevention remains to be investigated.

Keywords Acute pericarditis - Constrictive pericarditis - Tamponade - Effusive constrictive - Transient constrictive - Pericardial

effusion

Introduction

Diseases of the pericardium are frequently encountered in
clinical practice and include a wide range of pathologies from
acute inflammation to constrictive pericarditis [1]. The diag-
nosis of pericardial syndromes, while occasionally straightfor-
ward, is a well-recognized clinical challenge. Moreover, dis-
eases of the pericardium have been associated with significant
morbidity and mortality, re-enforcing the need for an accurate
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diagnosis [2]. An integrated multimodality imaging approach
has been proposed and emerging as the preferred strategy
when faced with pericardial pathology. The aim of this article
is to review the key role of the various imaging modalities for
the diagnosis and management of pericardial diseases.

The Normal Pericardium

The pericardium, composed of an outer fibrous sac and an
inner serous sac, surrounds the heart up to the proximal por-
tions of the great vessels. The inner serous sac has two distinct
layers: a visceral layer adjacent to the epicardium and a pari-
etal layer adjacent to fibrous pericardium. The potential space
between these two inner layers normally contains less than
50 ml of serous fluid [3, 4]. The normal thickness of the
pericardium described on autopsy is 0.5-1 mm; however,
the pericardium appears thicker on imaging. In fact, a normal
pericardium has been measured up to 4 mm in both CT and
MRI largely due to cardiac motion and volume averaging [5].
Only in the presence of significant thickening of the pericar-
dium (>5 mm) does it become visible by surface echocardi-
ography. Transesophageal echocardiogram, on the other hand,
provides more reliable measurements when compared to CT
imaging ( =0.95). A normal pericardium was found to be
1.2 mm=0.8 mm thick and rarely exceeded 2.5 mm [6].
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Gated computed tomography offers higher spatial resolution
and more accurate delineation of the pericardium particularly
when surrounded by fat. Cardiac magnetic resonance also
utilizes the contrast from adjacent adipose tissue. The pericar-
dium is easily visualized as a curvilinear line of low signal
intensity between the myocardium and the high-signal-
intensity pericardial fat when using black blood spin echo
and gradient echo sequences. A normal thickness on CMR
is typically less than 2 mm; however, the upper limit is not
clearly defined [7].

Acute Pericarditis (Echo, CT, and an MRI)

Acute pericarditis is the most common disease of the pericar-
dium and, when treated with appropriate anti-inflammatory
medications, resolves within days to weeks. In the Western
world, the most common form is idiopathic pericarditis. In a
small percentage of cases, specific etiologies can be identified
such as infectious, autoimmune, neoplastic, and iatrogenic
[8e¢, 9, 10]. Acute pericarditis often presents with pleuritic
chest pain (85-90% of cases), a pericardial friction rub (less
than 33%), diffuse ST elevations and PR depressions on elec-
trocardiogram (60% of cases), and a pericardial effusion
(60%). The presence of two or more of these features is re-
quired for the diagnosis of acute pericarditis. The diagnosis
can be further supported with the presence of elevated inflam-
matory markers, an elevated white blood cell count, or elevat-
ed troponin [11-13]. Cardiac imaging plays a key role if the
diagnosis remains unclear or a definitive diagnosis is required.

It is currently suggested that all patients with acute pericar-
ditis undergo an echocardiogram within 24 h of presentation
[14] (Table 1). While the most common finding is a normal
study, the presence of a pericardial effusion can aid in the
diagnosis of pericarditis. Echocardiography also allows for a
rapid risk stratification by assessing for the presence of a large
effusion and/or tamponade physiology and constrictive phys-
iology as well as regional anomalies of the ventricles sugges-
tive of myocardial involvement [15, 16] (Fig. 1a). In the pres-
ence of poor prognostic features such as fever, suspicion of
constriction, chest trauma, failure to respond to therapy, or an
inconclusive echocardiographic study, further imaging should
be considered [5].

CT is of particular utility in these circumstances. A non-
calcified thickened smooth pericardium with an associated
pericardial effusion and iodinated contrast enhancement of
the visceral and parietal surfaces is suggestive of acute inflam-
mation of the pericardium. The presence of irregular pericar-
dial contours signifies a more subacute or chronic inflamma-
tory process [17]. Similarly, with CMR imaging, the presence
of a thickened pericardium and a pericardial effusion on the
T1-weighted black blood sequence is suggestive of acute peri-
carditis. Moreover, the signal intensity on spin-echo images is
inversely related to chronicity of the pericardial inflammation
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[2, 7]. An increased signal on T2 weighted short tau inversion
recovery sequences (STIR) suggests ongoing edema which
confirms the acuity [18]. The presence of late gadolinium
enhancement (LGE), representing abnormal vascular perme-
ability and fibroblast proliferation, indicates active inflamma-
tion of the pericardium with a reported sensitivity of 94—100%
[19-21]. Tt has also been found to correlate with neo-
vascularization on histology (Fig. 1b, c). Lastly, dynamic
CMR tagging of the myocardium can further help in assessing
pericardial adhesions often seen with inflammation [22].
CMR, like echocardiography can aid in excluding other diag-
noses such as acute myocardial infarction, myocarditis, or
myopericarditis.

The treatment of acute pericarditis includes the use of non-
steroidal anti-inflammatory drugs (NSAIDs) or corticoste-
roids. Colchicine reduces the rate of recurrence after both
the initial event and any recurrence and is now a mainstay of
therapy. Immunosuppressive agents, anakinra, and
pericardiectomy are often reserved for frequently recurring
disease [23, 24]. Imaging has emerged as a tool to direct ther-
apy particularly when tapering or stopping anti-inflamma-
tories. The decision to taper anti-inflammatories is commonly
based on biochemical and clinical resolution of inflammation;
however, in case of doubt, CMR can inform the clinician if the
pericardium is still actively inflamed and can help with the
speed of tapering and the number of anti-inflammatory drugs

[1] (Fig. 1d-).
Chronic and Recurrent Pericarditis

After a first episode of acute pericarditis, the probability of
developing a first recurrence within 18 months is estimated to
range between 15 and 30%. After an initial recurrence of
pericarditis, additional recurrences occur in 25% to 50% of
patients [11, 25]. Echocardiography remains the initial imag-
ing modality in recurrent or chronic pericarditis (Table 1). The
findings are also similar to those in acute pericarditis; howev-
er, special attention to constrictive physiology is often war-
ranted. These would include respiro-phasic motion of the in-
terventricular septum or the presence of a septal bounce [26].
Both CT and MRI can confirm the presence of an inflamed
pericardium with contrast enhancement when the diagnosis is
in question. CMR also has a good negative predictive value
when assessing pericardial thickness and inflammation and
has clinical utility when following pericardial inflammation
longitudinally to guide therapy [26, 27].

Pericardial Effusion

The pericardial sac contains between 10 and 50 ml of plasma
ultra-filtrate that acts as a lubricant between the pericardial
layers. Various conditions including acute pericarditis and hy-
pothyroidism result in an accumulation of this fluid.
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Fig. 1 28-year-old gentleman
with clinical history suggestive of
idiopathic/viral pericarditis. a
Parasternal short-axis view of the
heart on transthoracic
echocardiogram without effusion
and a hyperechoic posterior
pericardium (arrow). b Short-axis
view of the left ventricle on T2
sequences with increased signal
intensity of the pericardium
(arrow) demonstrating edema of
the pericardium. ¢ Short-axis
view on late enhancement
sequences with increased signal
intensity from pericardium
(arrow) signifying ongoing
inflammation of the pericardium.
Post anti-inflammatory treatment
with NSAIDs and colchicine. d
Parasternal long-axis view of the
heart on transthoracic
echocardiogram with no effusion
or enhancement of the posterior
wall. e Short-axis view on T2
sequences with isointense signal
from pericardium (arrow)
demonstrating resolution of
edema of the pericardium after
treatment. f Absence of
enhancement of the pericardium
(arrow) on late gadolinium
images signifying resolution of
the inflammation

Moreover, depending on the underlying etiology, analysis of
the pericardial fluid can reveal it to be a transudative effusion,
an exudative effusion, hemopericardium, chylopericardium,
or pyopericardium. It is recommended that cardiac imaging
be pursued when there is suspicion of an effusion to make a
definitive diagnosis [16].

Echo remains the initial test of choice when diagnosing and
assessing a pericardial effusion [28] (Table 1). Pericardial ef-
fusions appear as an echo-free space between the two layers of
the pericardium on M-mode or 2D echocardiography. In the
parasternal long-axis views of the heart, fluid anterior to the
aorta is pericardial in nature while fluid posterior to the aorta is
pleural in nature. Echo can semi-quantify the amount of fluid
by measuring the separation of the two layers of the pericar-
dium in end diastole. When fluid is only seen in systole, it is
considered trivial in size. Less than 1 cm, labeled a small
effusion, corresponds to 50-300 ml. One to two centimeters
of pericardial fluid corresponds to 500 cc (moderate in size)
while more than 2 cm (large) generally exceeds 700 cc, the
extreme of which would be a swinging heart [29, 30].
Qualitative assessment of the effusion is more difficult.
Echogenic densities, fibrin stands, septations, and adhesions
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suggest an exudative effusion while the presence of a throm-
bus suggests a hemopericardium [16] (Fig. 2a).

CT and MRI have the added advantage of not only diag-
nosing a pericardial effusion but also accurately localizing and
characterizing the fluid. This is particularly useful when there
is suspicion of a loculated effusion, pericardial mass, or a
thrombus which is often incompletely evaluated by transtho-
racic echocardiography [31]. Aside from offering ancillary
data such as mediastinal adenopathy or presence of infection,
cardiac gated CT can characterize the effusion by measuring
its level of attenuation. Transudative effusions have a CT at-
tenuation similar to that of water, less than 10 Hounsfield units
(Hu)[1, 32, 33]. Attenuation above 10 Hu suggests an exudate
with high protein content. More specifically, CT attenuations
ranging from 20 to 60 Hu suggest a purulent, malignant, or
myxedematous exudative effusion and attenuation greater
than 60 Hu is best correlated with a hemorrhagic effusion
[17,34]. CMR, similar to CT, can quantify, localize, and char-
acterize the fluid. Quantitative evaluation of the effusion can
be determined using multi-slice volumetric quantification sim-
ilar to chamber volumes [7]. In addition, fat-suppression se-
quences can be utilized to delineate epicardial fat confirming
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Fig. 2 a Apical four-chamber view on 2D echocardiography with large
circumferential pericardial effusion (PE) and right ventricular chamber
collapse (arrow). b Parasternal short-axis view on 2D echocardiogram
with right ventricular chamber collapse (arrow). ¢ Plethoric IVC seen on

the presence of the effusion. Qualitative assessment is
achieved when comparing T1-weighed spin-echo images with
T2 spin-echo CMR images. Transudative effusions are dark in
the T1-weighted sequences and bright in T2-weighted se-
quences. In contrast, exudative effusions vary depending on
their composition. Proteinaceous effusions will be bright in
T1-weighted sequences and dark in T2-weighted sequences.
An exudative effusion will be medium intensity in T1 and
medium to bright in T2-weighted sequences. Hemorrhagic
effusions will be bright in both sequences, but can evolve to
a chronic hematoma with low signal intensity and dark foci
signifying hemosiderin deposition surrounded by a dark pe-
ripheral rim [2]. Lastly, CT and MRI can offer guidance when
a pericardiocentesis is entertained as a therapeutic option to
ensure feasibility and determine the safest trajectory when not
feasible using an echo-guided approach.

Cardiac Tamponade
Tamponade is a life-threatening condition characterized by

fluid accumulation in the pericardial sac which compresses
the cardiac chambers and inhibits diastolic filling. Systemic

subxyphoid views. d Near resolution of the pericardial fluid after
therapeutic pericardiocentesis and residual echo bright posterior
pericardium (arrow)

and venous pressures rise in order to maintain cardiac output.
When this compensatory response fails, preload is impaired
and cardiac output drops [1]. While cardiac tamponade is a
clinical diagnosis, transthoracic echocardiogram is the initial
modality of choice to corroborate clinical findings (Table 1).
The most notable findings include cavitary collapse of the
right atrium and right ventricle in early systole and early dias-
tole respectively, hepatic vein systolic flow reversal on expi-
ration, and a plethoric inferior vena cava (IVC) defined as an
IVC diameter greater than 2.1 cm and associated with less
than 50% reduction in its diameter with inspiration [3, 35]
(Fig. 2b, c). With a fixed intrapericardial volume and in-
creased pressures, one side of the heart fills at the expense of
the other causing a characteristic respiro-phasic septal shift as
well as mitral and tricuspid respiratory inflow variation that
can be quantified [36]. Various percentages of variation have
been suggested; however, a mitral inflow variation greater
than 30% and a tricuspid inflow variation greater than 60%
seem to correlate best with tamponade physiology [37, 38].
Once the diagnosis of cardiac tamponade is established both
clinically and supported with echocardiography, there is no
role for additional imaging [1]. Transesophageal

@ Springer
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echocardiography (TEE) plays a more central role in the post-
operative setting when trying to identify intrapericardial clots
or loculated effusions causing localized tamponade [39].

The limited role of cardiac gated CT is in the presence of an
acute aortic dissection complicated by hemopericardium, or
tamponade from a loculated effusion unidentifiable by echo-
cardiography. Indirect findings of cardiac tamponade on car-
diac CT include a “flattened heart” from compression as well
as a dilated SVC (superior vena cava) with a diameter similar
to the adjacent thoracic aorta dimensions) and dilated IVC
(with dimensions twice that of the adjacent descending aorta).
Evidence of increased right heart pressures as suggested by
reflux of contrast material into the IVC and azygous vein, and
dilated renal and hepatic veins, are also an indirect sign [40,
41]. Real-time gated cardiac CT and CMR are also able to
demonstrate the same respiratory variations seen by echo in-
cluding the septal shift and chamber collapse; however, this is
rarely, if ever, clinically indicated [2].

Constrictive Pericarditis (Echo, CT, and MRI)

Chronic inflammation of the pericardium can lead to a thick
non-compliant, fibrotic, and/or calcified pericardium which
limits the diastolic filling of the ventricles. The restrictive
nature of the pericardium causes a rapid early diastolic filling
followed by an abrupt stop. As this disease progresses, the
systemic venous pressures continue to rise to systemic venous
congestion and symptoms of right heart failure ensue.
Moreover, the constricting pericardium insulates the heart
from the respiratory intrathoracic pressure changes resulting
in less atrial filling and less trans-mitral inflow on inspiration.
Similar to tamponade physiology, with a fixed combined vol-
ume of the right and left ventricles and reduced left-sided
filling during inspiration, the septum shifts towards the left
ventricle. This phenomenon, known as ventricular interdepen-
dence, is a characteristic finding in constrictive pericarditis
[42, 43]. While the most common cause is idiopathic, con-
strictive physiology has been described post cardiac surgery,
post radiation therapy, or pericardial calcifications resulting
from tuberculosis [44]. The diagnosis of constrictive pericar-
ditis is often suggested during a transthoracic echocardiogram;
however, a more definitive diagnosis is often made with ad-
ditional imaging such as CT or CMR. Ancillary imaging can
also evaluate the presence of pericardial inflammation and
myocardial involvement as well as assess the cardiovascular
anatomy in view of a future intervention [45].

Echo remains the initial imaging modality of choice when
suspecting constrictive physiology [46] (Table 1). 2D echo-
cardiography can identify a thickened or even calcified peri-
cardium and bi-atrial enlargement, suggesting increased fill-
ing pressures from impaired filling. Ventricular interdepen-
dence can be objectified using various indices including the
presence of a septal bounce, respiro-phasic shifting of the
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septum, and respiratory variation of the mitral/tricuspid in-
flows upon Doppler interrogation. Also, characteristics of
constrictive physiology are the increased medial mitral annu-
lar velocities (“annulus reversus”) and the reversed linear re-
lation of the E/e' ratio to LA pressure (‘“annulus paradoxus’)
[36, 47] (Fig. 3a, b). Finally, increased venous congestion
leads to a plethoric IVC and hepatic vein flow reversal with
expiration [46, 48, 49] (Fig. 3¢). One of the newer techniques,
myocardial strain analysis, shows reduced circumferential
strain, reduced early diastolic twisting, and LV torsion while
global longitudinal strain is often preserved [50]. When inter-
rogating regional strain, however, Kusunose et al. were able to
demonstrate decreased LV anterolateral wall and right ventric-
ular free wall strain with preserved septal strain (“strain
reversus”) best explained by myocardial tethering which is a
common complication of constrictive pericarditis (CP) [45].

Cardiac-gated CT (CCT) is the most accurate method for
evaluating pericardial thickness which has been previously
described to vary between 4 and 20 mm in the presence of
inflammation or constrictive physiology [3]. CCT is also the
most accurate method in evaluating the presence of calcium
(seen in 50% of cases) including the degree and extension [51]
(Fig. 3d). Due to the constrictive nature of the pericardium,
there is often a tubular deformation of the ventricles associated
with bi-atrial enlargement along with straightening of the in-
terventricular septum. Dilatation of the IVC and hepatic veins
along with the presence of hepato-splenomegaly, ascites, and
pleural effusions suggests impaired atrial filling [3]. The
aforementioned findings in the presence of a thickened peri-
cardium are practically diagnostic of CP [52]. Moreover, fail-
ure of the adjacent regional pulmonary structure to pulsate
during the cardiac cycle in the presence of a thickened peri-
cardium strongly suggests CP [16]. Lastly, CT also has the
added advantage of offering additional information to a sur-
geon preparing for a pericardiectomy. Identifying features as-
sociated with a high risk of bleeding such as proximity of
bypass grafts, the location of both the ascending aorta and
innominate arteries, and the position of the right ventricle in
relation to the back of the sternum are of particular importance
[1].

To some, CMR is the diagnostic modality of choice for
constrictive pericarditis [53]. Much like cardiac-gated CT,
CMR can assess the thickness of the pericardium, the presence
of a pericardial effusion and demonstrate the tubular shape
deformation of the RV due to the constricting pericardium
(Fig. 3¢) [54]. CMR’s increased temporal resolution permits
a proper evaluation of cardiac function and hemodynamics.
Abrupt cessation of diastolic filling of the ventricles is readily
seen on steady-state free precession images, and an abnormal
diastolic septal motion can be identified with real-time free
breathing sequences (sensitivity 81%; specificity 100%) [55,
56]. Real-time phase-contrast sequences acquired over 10 s
during unrestricted breathing can identify a respiratory
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Fig. 3 52-year-old woman with
calcific constrictive pericarditis. a
Tissue Doppler velocity of the
lateral mitral annulus and b tissue
Doppler velocity of the medial
mitral annulus demonstrating
annulus reversus. ¢ Pulsed wave
Doppler sampling of the hepatic
veins demonstrating expiratory
end-diastolic flow reversal on
expiration. d Coronary CT with
pericardial calcifications along
the anterolateral wall of the left
ventricle and the free wall of the
right ventricle. e Four-chamber
view of the heart on cardiac MRI
with mild pericardial thickening
and pericardial fluid (arrow). f
Delayed gadolinium
enhancement of the pericardium
on cardiac MRI (arrow)

variation exceeding 25% in the transmittal valve flow and
respiratory variation exceeding 45% across the tricuspid valve
further confirming ventricular interdependence [3]. CMR tag-
ging sequences, which apply a grid-like pattern over cine im-
ages, can quantify grid deformation over time and can help
tease out pericardial-myocardial tethering, a common finding
in CP [57]. What sets CMR apart from the other modalities is
its ability to characterize the pericardium and determine both
the presence and the stage of inflammation. Recall that the
presence of LGE in the pericardium signifies continued fibro-
blast proliferation and neo-revascularization and an increased
T2 STIR signal represents edema (Fig. 3f) [20]. Therefore, an
increased signal on a T2 STIR with prominent LGE represents
an acutely inflamed pericardium. A normal T2 STIR signal
with an increased LGE suggests a subacute phase of inflam-
mation with resolution of edema. Absence of both LGE and
T2 signal represents the chronic phase in which there is no
longer any active inflammation [26]. This is a particularly
important clinical tool, as the presence of ongoing

inflammation has been found to be the best predictor of re-
versibility with anti-inflammatory treatment. Active inflam-
mation of the pericardium also has prognostic value in
predicting clinical remission [56, 58]. Finally, CMR can con-
tribute to the perioperative planning. The presence of exten-
sive myocardial fibrosis and/or atrophy increases the associ-
ated mortality rate for pericardiectomy and should be taken
into consideration when evaluating the various therapeutic
strategies [59].

Effusive Constrictive Pericarditis

Effusive-constrictive pericarditis is an uncommon form of
pericardial disease and should be suspected in patients who
present with pericardial tamponade and fail to improve after
removal of the pericardial fluid. This disease occurs when
there is pericardial fluid accumulation between a thickened,
edematous, or fibrotic parietal and visceral pericardium. After
the pericardial fluid is removed, the cardiac chambers remain
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constricted within the thickened pericardium and demonstrate
elevated RA, end-diastolic ventricular pressures, a dip and
plateau ventricular waveform, and respiratory ventricular in-
terdependence. Not surprisingly, the diagnosis was tradition-
ally established on cardiac catheterization with a failure of
right atrial pressures to drop to more than or equal to 50%
after pericardiocentesis [60]. Now more than ever, the diagno-
sis is made by non-invasive imaging. Echocardiography per-
formed shortly after the pericardiocentesis may demonstrate
early signs of constrictive physiology and is therefore recom-
mended as the initial modality when suspecting this patholo-
gy. Effusive constrictive pericarditis can be viewed as a spec-
trum from an acute pericarditis and tamponade phase to a
more chronic constrictive physiology phase, and the echocar-
diographers’ interpretation of the images should reflect this
evolution. The primary role of additional imaging with CT
or CMR is to identify pericardial thickening or inflammation
as this holds important prognostic information. More specifi-
cally, late gadolinium enhancement of the pericardium on
CMR has been shown to predict reversibility of the inflamma-
tory process and reversibility of the constrictive physiology.
The late enhancement can also be followed clinically to ascer-
tain response/adequate therapy [30, 61, 62, 63¢¢].

Transient Constriction

Transient constrictive pericarditis is a form of “temporary”
constrictive physiology, frequently resulting in permanent res-
olution either spontaneously or with medication. After the
initial insult, often of viral nature, there is pericardial inflam-
mation, pericardial edema, and fibrin deposition. The in-
flamed pericardium is less compliant resulting in constrictive
physiology [64]. Clinical experience has suggested that this
entity may be an early reversible and treatable stage on the
spectrum leading to eventual chronic constrictive pericarditis
and therefore needs to be recognized. Echocardiography re-
mains the initial imaging modality of choice when suspecting
transient constrictive pericarditis. Findings consistent with
acute pericardial inflammation such as a pericardial effusion
and/or thickening of the pericardium along with early signs of
constrictive physiology previously mentioned are suggestive
of transient constriction. The addition of CMR, currently en-
dorsed by the European Society of Cardiology (ESC), remains
a pivotal investigation to identify active pericardial inflamma-
tion in addition to corroborating the various elements of con-
strictive physiology previously described [65]. Similar to con-
strictive pericarditis and effusive constrictive pericarditis
wherein pericardial enhancement predicts response to therapy,
a novel technique using Positron emission tomography imag-
ing with fluorodeoxyglucose as a tracer can successfully pre-
dict response to steroid therapy and may find its role in the
pericardial imaging arsenal in the future [66°¢].
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Pericardial Masses (Echo, CT, and MRI)

Pericardial masses are uncommon and can sometimes go un-
noticed until the underlying disease is advanced [1]. They can
present as primary benign tumors or primary malignant tu-
mors or secondary metastatic tumors. The most common pri-
mary benign lesion in order of frequency includes cysts and
lipomas, teratomas, fibromas followed by hemangioma and
lymphangiomas. Amongst the primary malignant tumors,
melanoma is the most common and the only one found to
invade the myocardium [67]. Others include sarcomas and
lymphomas [3]. Secondary metastatic tumors commonly
found in the pericardium include breast and lung cancer
followed by renal cell carcinoma, lymphomas, and melano-
mas [68]. They have been found to spread by hematogenous
spread, lymphatic spread, or direct invasion [69]. Although
cytology from pericardiocentesis may yield a diagnosis in
secondary malignant tumors, complete resection of the peri-
cardial masses remains the treatment of choice as well as the
gold standard for histopathological diagnosis of both primary
benign and primary malignant pericardial tumors [16, 70].
Echocardiography is often an initial modality when identi-
fying the presence of a pericardial mass; however, its ability to
characterize, differentiate, or evaluate adjacent structures in-
volved is limited [2] (Table 1). Masses on echocardiography
can appear nodular with or without a thickened pericardium.
They are often non-mobile with a homogenous or heteroge-
nous appearance. Otherwise, echocardiography allows for
evaluation of the presence of an effusion and to assess for
any hemodynamic involvement caused from either the tumor
and/or the effusion. Further characterization usually requires
ancillary imaging with cardiac gated CT and/or CMR. CT can
better define the mass’s dimensions, vascularity, and tumor
spread. Moreover, invasion of the adjacent structures can be
evaluated [2]. CT has the added advantage of being able to
evaluate other structures in the chest wall or lungs including
mediastinal lymphadenopathy. CMR is the test of choice
when attempting to characterize a pericardial mass [70]. The
images can be suggestive of a particular etiology based on T1-
weighted sequences, T2-weighted sequences, and fat suppres-
sion as well as early and late contrast enhancement sequences.
Pericardial fibromas will appear well-defined and encapsulat-
ed and will demonstrate low signal intensity on T2-weighted
images due to its fibrous content. Liposarcoma will have a
high T1 signal intensity because of its fatty composition, and
our ability to suppress the fat using suppression techniques
confirms the diagnosis. Malignant tumors will often be
isointense to the myocardium with T1-weighted sequences
with the exception of melanoma which has a high signal in-
tensity due to the paramagnetic materials bound by melanin
[70]. Other features suggestive of malignant tumors are irreg-
ular borders and the presence of a loculated pericardial effu-
sion. Malignant tumors will frequently enhance on early
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Fig. 4 45M with angiosarcoma of the pericardium. a, b Axial four-
chamber views of the heart on contrast-enhanced CT demonstrating a
heterogenous enhancing soft tissue mass in the right atrioventricular
groove (long arrow) and a heterogenous nodularity on the anterior and
diaphragmatic pericardium suggestive of a pericardial mass (short
arrow). ¢ Subxyphoid view on 2D echocardiography showing a
hyperechoic, heterogenous mass within the pericardium compressing
the RV free wall (arrow). d T1-weighted sequence on CMR showing a
heterogenous mass in the right atrioventricular (AV) groove and

contrast enhancement due to their increased vascularity.
Moreover, late contrast enhancement is typically heteroge-
neous (Fig. 4) [71]. Thrombus, which is often considered
within the differential diagnosis, will usually fail to enhance
with all sequences and will have no enhancement on early and
delayed contrast enhancement sequences and sequences with
a long inversion time. Nevertheless, the gold standard current-
ly remains a histopathological diagnosis [30].

extending into the right atrium with intermediate signal intensity (long
arrow). There is a second mass lesion anterior to the right ventricle free
wall with high signal intensity and has the appearance of loculated fluid
collection within the pericardium (short arrow). e T2-weighted sequence
of the mass within the AV groove (long arrow) and the outer portion of
the fluid-like collection within the pericardium (short arrow) showing an
isointensity with the myocardium. f Late enhancement sequences with a
mild enhancement of the pericardium (arrow) suggestive of pericardial
involvement

Congenital Malformations/Absence
of the Pericardium

Pericardial cysts and pericardial diverticula are rare, be-
nign congenital malformations. Pericardial diverticula
are felt to be the result of an outpouching or herniation
through a defect of the parietal pericardium while a cyst
may be a remnant of the diverticulum which has lost

Fig. 5 a Parasternal long-axis view of the heart on transthoracic
echocardiogram showing abnormal orientation of the heart with an
elongated RV. b Axial four-chamber views of the heart on contrast-
enhanced CT demonstrating a leftward apex/levocardia and interposition of

lung between aorta and the pulmonary artery (arrow). ¢ T1-weighted cine
sequence on CMR showing leftward apex/levocardia with partial agenesis of
the pericardium (*). There remains a normal portion of the pericardium near
the RV free wall (arrow). RV = Right ventricle
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communication with the pericardium [2, 16, 72]. A peri-
cardial cyst on echocardiography appears as a well-
circumscribed, homogenous echolucent structure typical-
ly adjacent to the right atrium. Pericardial cysts are
better defined on cardiac CT or CMR. On CT, the cyst
appears as thin-walled non-enhancing structure with
near water attenuation (30-40 HU). When imaging with
CMR, cysts will have a low signal intensity with T1-
weighted sequences and a high signal intensity with T2-
weighted STIR sequences without enhancement on de-
layed contrast imaging [5, 73]. Diverticula distinguish
themselves from cysts if an open communication to
the pericardial sac can be identified, usually best
ascertained on CT and CMR [74].

Congenital absence of the pericardium is a rare con-
genital disorder that can occur in isolation in the pres-
ence of other congenital pathologies [75]. It can mani-
fest as complete or partial, left sided or right sided, and
is often suspected on echocardiogram. Typical findings
include an unusual echo window, falsely appearing di-
lated RV, excessive motion of the heart, and an abnor-
mal septal motion [76]. Although spatial resolution is
improved with CT and CMR, the diagnosis can remain
a challenge. As such, the diagnosis is established based
on indirect findings (Table 1). Leftward cardiac dis-
placement or excessive levorotation is one finding while
the presence of lung tissue between the aorta and the
pulmonary artery or between the diaphragm and the
base of the heart is another [77] (Fig. 5).

Conclusion

Pericardial diseases are a spectrum of pathologies that are
commonly encountered and remain a diagnostic conundrum
in day-to-day practice. Echo remains the initial modality of
choice when imaging the pericardium, but the role of comple-
mentary imaging with CCT and CMR is well established.
Moreover, new imaging techniques offer important diagnostic
and prognostic information that can guide therapy, making
their role invaluable in the management of patients with peri-
cardial diseases. Knowing how these modalities complement
each other is central to efficient and effective utilization of
these imaging techniques.

Compliance with Ethical Standards

Conflict of Interest Michael Chetrit, Bo Xu, and Beni R. Verma declare
that they have no conflict of interest. Allan L. Klein has received hono-
raria from Sobi and a research grant from Kiniksa.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

@ Springer

References

Papers of particular interest, published recently, have been
highlighted as:
¢ Of major importance

1. Verhaert D, Gabriel RS, Johnston D, Lytle BW, Desai MY, Klein
AL. The role of multimodality imaging in the management of peri-
cardial disease. Circ Cardiovasc Imaging. May 2010;3(3):333—43.

2. Yared K, Baggish AL, Picard MH, Hoffmann U, Hung J.
Multimodality imaging of pericardial diseases. JACC Cardiovasc
Imaging. 2010;3(6):650-60.

3. Al-Mallah MH, Almasoudi F, Ebid M, Ahmed AM, Jamiel A.
Multimodality imaging of pericardial diseases. Curr Treat Options
Cardiovasc Med. 2017;19(12):89.

4. Levy-Ravetch M, Auh YH, Rubenstein WA, Whalen JP, Kazam E.
CT of the pericardial recesses. AJR Am J Roentgenol. 1985;144(4):
707-14.

5. Wang ZJ, Reddy GP, Gotway MB, Yeh BM, Hetts SW, Higgins
CB. CT and MR imaging of pericardial disease. Radiographics.
2003;23:S167-80.

6. Ling LH, Oh JK, Tei C, Click RL, Breen JF, Seward JB, et al.
Pericardial thickness measured with transesophageal echocardiog-
raphy: feasibility and potential clinical usefulness. ] Am Coll
Cardiol. 1997;29(6):1317-23.

7. Sechtem U, Tscholakoff D, Higgins CB. MRI of the normal peri-
cardium. AJR Am J Roentgenol. 1986;147(2):239—44.

8.e« Xu B, Harb SC, Cremer PC. New insights into pericarditis: mech-
anisms of injury and therapeutic targets. Curr Cardiol Rep.
2017;19(7):60 Review on the pathophysiology of pericarditis.

9. Imazio M, Gaita F, LeWinter M. Evaluation and treatment of peri-
carditis: a systematic review. Jama. 2015;314(14):1498-506.

10. Dudzinski DM, Mak GS, Hung JW. Pericardial diseases. Curr Probl
Cardiol. 2012;37(3):75-118.

11. Lange RA, Hillis LD. Clinical practice. Acute pericarditis. N Engl J
Med. 2004;351(21):2195-202.

12.  LeWinter MM. Clinical practice. Acute pericarditis. N Engl J Med.
2014;371(25):2410-6.

13.  Adler Y, Charron P, Imazio M, Badano L, Baron-Esquivias G,
Bogaert J, et al. 2015 ESC guidelines for the diagnosis and man-
agement 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 Association for
Cardio-Thoracic Surg. Eur Heart J. 2015;36(42):2921-64.

14. Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB, Aguinaga
L, et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE expert con-
sensus statement on catheter and surgical ablation of atrial fibrilla-
tion. Heart Rhythm. 2017;14(10):¢275-444.

15. Spodick DH. Acute pericarditis: current concepts and practice.
Jama. 2003;289(9):1150-3.

16. Klein AL, et al. American Society of Echocardiography clinical
recommendations for multimodality cardiovascular imaging of pa-
tients with pericardial disease: endorsed by the Society for
Cardiovascular Magnetic Resonance and Society of
Cardiovascular Computed Tomography. J] Am Soc Echocardiogr.
2013;26(9):965-1012.e15.

17.  O’Leary SM et al., Imaging the pericardium: appearances on ECG-
gated 64-detector row cardiac computed tomography, Br J Radiol,
vol. 83, no. 987. 36 Portland Place, London, W1B 1AT, (2010) pp.
194-205

18. Eitel I, et al. Clinical characteristics and cardiovascular magnetic
resonance findings in stress (takotsubo) cardiomyopathy. JAMA.
2011;306(3):277-86.



Curr Cardiol Rep (2019) 21: 41

Page 11 0of 12 41

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

Young PM, Glockner JF, Williamson EE, Morris MF, Araoz PA,
Julsrud PR, et al. MR imaging findings in 76 consecutive surgically
proven cases of pericardial disease with CT and pathologic correla-
tion. Int J Card Imaging. Jun. 2012;28(5):1099—-109.

Zurick AO, Bolen MA, Kwon DH, Tan CD, Popovic ZB,
Rajeswaran J, et al. Pericardial delayed hyperenhancement with
CMR imaging in patients with constrictive pericarditis undergoing
surgical pericardiectomy: a case series with histopathological cor-
relation. JACC Cardiovasc Imaging. 2011;4(11):1180-91.

Taylor AM, Dymarkowski S, Verbeken EK, Bogaert J. Detection of
pericardial inflammation with late-enhancement cardiac magnetic
resonance imaging: initial results. Eur Radiol. 2006;16(3):569-74.
Kojima S, Yamada N, Goto Y. Diagnosis of constrictive pericarditis
by tagged cine magnetic resonance imaging. N Engl J Med.
1999;341(5):373-4.

Imazio M, Cecchi E, Demichelis B, Ierna S, Demarie D, Ghisio A,
et al. Indicators of poor prognosis of acute pericarditis. Circulation.
2007;115(21):2739-44.

Imazio M, Spodick DH, Brucato A, Trinchero R, Adler Y.
Controversial issues in the management of pericardial diseases.
Circulation. 2010;121(7):916-28.

Imazio M, Brucato A, Rovere ME, Gandino A, Cemin R, Ferrua S,
et al. Contemporary features, risk factors, and prognosis of the post-
pericardiotomy syndrome. Am J Cardiol. 2011;108(8):1183—7.
Cremer PC, Kumar A, Kontzias A, Tan CD, Rodriguez ER, Imazio
M, et al. Complicated pericarditis: understanding risk factors and
pathophysiology to inform imaging and treatment. J Am Coll
Cardiol. 2016;68(21):2311-28.

Srichai MB. CMR imaging in constrictive pericarditis: is seeing
believing? J Am Coll Cardiol Img. 2011;4(11. United States):
1192-4.

Ristic AD, et al. Triage strategy for urgent management of cardiac
tamponade: a position statement of the European Society of
Cardiology Working Group on Myocardial and Pericardial
Diseases. Eur Heart J. 2014;35(34):2279-84.

Weitzman LB, Tinker WP, Kronzon I, Cohen ML, Glassman E,
Spencer FC. The incidence and natural history of pericardial effu-
sion after cardiac surgery—an echocardiographic study. Circulation.
1984:69(3):506—11.

Cosyns B, Plein S, Nihoyanopoulos P, Smiseth O, Achenbach S,
Andrade MJ, et al. European Association of Cardiovascular
Imaging (EACVI) position paper: multimodality imaging in pericar-
dial disease. Eur Heart J Cardiovasc Imaging. 2015;16(1):12-31.
Bogaert J, Francone M. Pericardial disease: value of CT and MR
imaging. Radiology. 2013;267(2):340-56.

Hall WB, Truitt SG, Scheunemann LP, Shah SA, Rivera MP, Parker
LA, et al. The prevalence of clinically relevant incidental findings
on chest computed tomographic angiograms ordered to diagnose
pulmonary embolism. Arch Intern Med. 2009;169(21):1961-5.
Oyama N, Oyama N, Komuro K, Nambu T, Manning WJ,
Miyasaka K. Computed tomography and magnetic resonance im-
aging of the pericardium: anatomy and pathology. Magn Reson
Med Sci. Dec. 2004;3(3):145-52.

Tomoda H, Hoshiai M, Furuya H, Oeda Y, Matsumoto S, Tanabe T,
et al. Evaluation of pericardial effusion with computed tomography.
Am Heart J. 1980;99(6):701-6.

Himelman RB, Kircher B, Rockey DC, Schiller NB. Inferior vena
cava plethora with blunted respiratory response: a sensitive echo-
cardiographic sign of cardiac tamponade. J] Am Coll Cardiol.
1988;12(6):1470-7.

Appleton CP, Hatle LK, Popp RL. Superior vena cava and hepatic
vein Doppler echocardiography in healthy adults. ] Am Coll
Cardiol. 1987;10(5):1032-9.

Picard MH, Sanfilippo AJ, Newell JB, Rodriguez L, Guerrero JL,
Weyman AE. Quantitative relation between increased

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

intrapericardial pressure and Doppler flow velocities during exper-
imental cardiac tamponade. J Am Coll Cardiol. 1991;18(1):234-42.
Calkins H, et al. 2012 HRS/EHRA/ECAS expert consensus state-
ment on catheter and surgical ablation of atrial fibrillation: recom-
mendations for patient selection, procedural techniques, patient
management and follow-up, definitions, endpoints, and research
trial design. Eur. Eur: pacing, arrhythmias, Card. Electrophysiol.
J. Work. groups Card. pacing, arrhythmias, Card. Cell
Electrophysiol Eur Soc Cardiol. 2012;14(4):528-606.
Berge KH, Lanier WL, Reeder GS. Occult cardiac tamponade de-
tected by transesophageal echocardiography. Mayo Clin Proc.
1992;67(7):667-70.

Baxi AJ, Restrepo C, Mumbower A, McCarthy M, Rashmi K.
Cardiac injuries: a review of multidetector computed tomography
findings. Trauma Monthly. 2015;20(4):e19086.

Xu Y, Xu Z, Wang Y. Cardiac tamponade due to
pneumopericardium. Pakistan J Med Sci. 2014;30(4):924-6.
Shabetai R, Fowler NO, Guntheroth WG. The hemodynamics of
cardiac tamponade and constrictive pericarditis. Am J Cardiol.
1970;26(5):480-9.
Porta-Sanchez A, Sagrista-Sauleda J, Ferreira-Gonzalez I, Torrents-
Fernandez A, Roca-Luque I, Garcia-Dorado D. Constrictive peri-
carditis: etiologic spectrum, patterns of clinical presentation, prog-
nostic factors, and long-term follow-up. Rev Espaiiola Cardiol
(English Ed). 2015;68(12):1092—-100.
Bertog SC, Thambidorai SK, Parakh K, Schoenhagen P, Ozduran
V, Houghtaling PL, et al. Constrictive pericarditis: etiology and
cause-specific survival after pericardiectomy. J Am Coll Cardiol.
2004;43(8):1445-52.

Kusunose K, Dahiya A, Popovi¢ ZB, Motoki H, Alraies MC,
Zurick AO, et al. Biventricular mechanics in constrictive pericardi-
tis comparison with restrictive cardiomyopathy and impact of
pericardiectomy. Circ Cardiovasc Imaging. 2013;6(3):399-406.
Welch TD, Ling LH, Espinosa RE, Anavekar NS, Wiste HJ, Lahr
BD, et al. Echocardiographic diagnosis of constrictive pericarditis:
Mayo Clinic criteria. Circ Cardiovasc Imaging. 2014;7(3):526-34.
Ha JW, Oh JK, Ling LH, Nishimura RA, Seward JB, Tajik AJ.
Annulus paradoxus: transmitral flow velocity to mitral annular ve-
locity ratio is inversely proportional to pulmonary capillary wedge
pressure in patients with constrictive pericarditis. Circulation.
2001;104(9):976-8.
Klein AL, Cohen GI, Pietrolungo JF, White RD, Bailey A, Pearce
GL, et al. Differentiation of constrictive pericarditis from restrictive
cardiomyopathy by Doppler transesophageal echocardiographic
measurements of respiratory variations in pulmonary venous flow.
J Am Coll Cardiol. 1993;22(7):1935-43.
von Bibra H, Schober K, Jenni R, Busch R, Sebening H, Blomer H.
Diagnosis of constrictive pericarditis by pulsed Doppler echocardi-
ography of the hepatic vein. Am J Cardiol. 1989;63(7):483-8.
Sengupta PP, Krishnamoorthy VK, Abhayaratna WP, Korinek J,
Belohlavek M, Sundt TM 3rd, et al. Disparate patterns of left ven-
tricular mechanics differentiate constrictive pericarditis from re-
strictive cardiomyopathy. JACC Cardiovasc Imaging. 2008;1(1):
29-38.
Veress G, Ling LH, Kim KH, Dal-Bianco JP, Schaff HV, Espinosa
RE, et al. Mitral and tricuspid annular velocities before and after
pericardiectomy in patients with constrictive pericarditis. Circ
Cardiovasc Imaging. 2011;4(4):399-407.
Talreja DR, Edwards WD, Danielson GK, Schaff HV, Tajik AJ,
Tazelaar HD, et al. Constrictive pericarditis in 26 patients with
histologically normal pericardial thickness. Circulation.
2003;108(15):1852-7.
Aljizeeri A, Sulaiman A, Alhulaimi N, Alsaileek A, Al-Mallah MH.
Cardiac magnetic resonance imaging in heart failure: where the
alphabet begins! Heart Fail Rev. 2017;22(4):385-99.

@ Springer



41

Page 12 of 12

Curr Cardiol Rep (2019) 21: 41

54.

55.

56.

57.

58.

59.

60.

61.

62.

Rienmuller R, Groll R, Lipton MJ. CT and MR imaging of pericar-
dial disease. Radiol Clin N Am. 2004:42(3):587-601.

Giorgi B, Mollet NRA, Dymarkowski S, Rademakers FE, Bogaert
J. Clinically suspected constrictive pericarditis: MR imaging assess-
ment of ventricular septal motion and configuration in patients and
healthy subjects. Radiology. 2003;228(2):417-24.

Francone M, Dymarkowski S, Kalantzi M, Rademakers FE,
Bogaert J. Assessment of ventricular coupling with real-time cine
MRI and its value to differentiate constrictive pericarditis from
restrictive cardiomyopathy. Eur Radiol. 2006;16(4):944-51.
Thavendiranathan P, Verhaert D, Walls MC, Bender JA,
Rajagopalan S, Chung YC, et al. Simultaneous right and left heart
real-time, free-breathing CMR flow quantification identifies con-
strictive physiology. JACC Cardiovasc Imaging. 2012;5(1):15-24.
Kumar A, Sato K, Yzeiraj E, Betancor J, Lin L, Tamarappoo BK,
et al. Quantitative pericardial delayed hyperenhancement informs
clinical course in recurrent pericarditis. JACC Cardiovasc Imaging.
2017;10(11):1337-46.

Reinmuller R, Gurgan M, Erdmann E, Kemkes BM, Kreutzer E,
Weinhold C. CT and MR evaluation of pericardial constriction: a
new diagnostic and therapeutic concept. J Thorac Imaging.
1993;8(2):108-21.

Sagrista-Sauleda J, Angel J, Sanchez A, Permanyer-Miralda G,
Soler-Soler J. Effusive-constrictive pericarditis. N Engl J Med.
2004;350(5):469-75.

Feng D, Glockner J, Kim K, Martinez M, Syed IS, Araoz P, et al.
Cardiac magnetic resonance imaging pericardial late gadolinium
enhancement and elevated inflammatory markers can predict the
reversibility of constrictive pericarditis after antiinflammatory med-
ical therapy: a pilot study. Circulation. 2011;124(17):1830-7.
Klein AL, Cremer PC. Ephemeral effusive constrictive pathophys-
iology. J Am Coll Cardiol Img. 2018;11(4. United States):542-5.

63.+« Kim KH, Miranda WR, Sinak LJ, Syed FF, Melduni RM, Espinosa

64.

65.

RE, et al. Effusive-constrictive pericarditis after pericardiocentesis:
incidence, associated findings, and natural history. JACC
Cardiovasc Imaging. 2018;11(4):534—41 Insights into effusive
constrictive pericardiris from one of the largest series of
patients.

Xu B, Harb SC, Klein AL. Utility of multimodality cardiac imaging
in disorders of the pericardium. Echo Res Pract. 2018;5(2):R37-48.
Gentry J, Klein AL, Jellis CL. Transient constrictive pericarditis:
current diagnostic and therapeutic strategies. Curr Cardiol Rep.
2016;18(5):41.

@ Springer

66.0« Chang S-A, et al. [(18)F]Fluorodeoxyglucose PET/CT predicts re-

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

71.

sponse to steroid therapy in constrictive pericarditis. ] Am Coll
Cardiol. 2017;69(6):750-2 United States. Early experience with
the use of PET/CT and response to therapy in patients with
constrictive pericarditis.

Godar M, Liu J, Zhang P, Xia Y, Yuan Q. Primary pericardial me-
sothelioma: a rare entity. Case Rep Oncol Med. 2013;2013:283601.
Sripariwuth A, Xu B, Shih-lin HS, Berry RS, Murthy S, Pettersson
G, et al. Multimodality cardiac imaging assessment of a large met-
astatic pericardial leiomyosarcoma. CASE. 2018;2:156-62.

Klatt EC, Heitz DR. Cardiac metastases. Cancer. 1990;65(6):1456-9.
Lancellotti P, Nkomo VT, Badano LP, Bergler-Klein J, Bogaert J,
Davin L, et al. Expert consensus for multi-modality imaging eval-
uation of cardiovascular complications of radiotherapy in adults: a
report from the European Association of Cardiovascular Imaging
and the American Society of Echocardiography. Eur Heart J
Cardiovasc Imaging. 2013;14(8):721-40.

Funari M, Fujita N, Peck WW, Higgins CB. Cardiac tumors: as-
sessment with Gd-DTPA enhanced MR imaging. J Comput Assist
Tomogr. 1991;15(6):953-8.

Patel J, Park C, Michaels J, Rosen S, Kort S. Pericardial cyst: case
reports and a literature review. Echocardiography. 2004;21(3):269-72.
Demos TC, Budorick NE, Posniak HV. Benign mediastinal cysts:
pointed appearance on CT. J Comput Assist Tomogr. 1989;13(1):
132-3.

Bogaert J, Francone M. Cardiovascular magnetic resonance in peri-
cardial diseases. J Cardiovasc Magn Reson. 2009;11:14.

Garnier F, Eicher JC, Philip JL, Lalande A, Bieber H, Voute MF,
et al. Congenital complete absence of the left pericardium: a rare
cause of chest pain or pseudo-right heart overload. Clin Cardiol.
2010;33(2):E52-7.

Connolly HM, Click RL, Schattenberg TT, Seward JB, Tajik AJ.
Congenital absence of the pericardium: echocardiography as a di-
agnostic tool. ] Am Soc Echocardiogr. 1995;8(1):87-92.

Xu B, Betancor J, Asher C, Rosario A, Klein A. Congenital absence
of the pericardium: a systematic approach to diagnosis and manage-
ment. Cardiology. 2017;136(4):270-8.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Multimodality Imaging for the Assessment of Pericardial Diseases
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	The Normal Pericardium
	Acute Pericarditis (Echo, CT, and an MRI)
	Chronic and Recurrent Pericarditis
	Pericardial Effusion
	Cardiac Tamponade
	Constrictive Pericarditis (Echo, CT, and MRI)
	Effusive Constrictive Pericarditis
	Transient Constriction
	Pericardial Masses (Echo, CT, and MRI)
	Congenital Malformations/Absence of the Pericardium

	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: •• Of major importance



