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Opinion statement

Pericardial diseases have changed their epidemiology in the past few years. With the
aging population and decreasing incidence of communicable diseases, the causes of
pericardial diseases have significantly changed from infectious and malignant to
postradiation and cardiac surgery causes. Despite that, pericardial diseases remain
difficult to diagnose. The accurate and timely diagnosis of these diseases is essen-
tial to avoid the late sequela of pericardial constriction and pericardial cirrhosis.
Echocardiography remains the first test of choice for the assessment of patients
with suspected pericardial diseases. Most patients with acute pericarditis have a
self-limiting course and do not need further imaging. However, in the era of
multimodality imaging, other modalities, namely, computed tomography (CT) and
magnetic resonance imaging (CMR), are often utilized in complex cases. These two
modalities provide a wide-open view of the pericardium and adjacent structures.
They have high resolution to assess pericardial calcification, a hallmark of many
diseases especially tuberculous constrictive pericarditis. CMR is also unique in its
ability to assess pericardial late gadolinium enhancement (LGE) and edema. These
have been recently suggested to be very important in the progression from acute
pericarditis to constrictive pericarditis. In addition, they provide prognostic value to
assess which patients are at high risk of developing heart failure and resource


http://crossmark.crossref.org/dialog/?doi=10.1007/s11936-017-0590-y&domain=pdf

89 Page?2of11

Curr Treat Options Cardio Med (2017) 19: 89

utilization. Thus, in the current era, patients with suspected complex pericardial
diseases will need a multimodality approach rather than a single modality approach.

Introduction

Pericardial diseases are relatively common worldwide
and present an important cause of morbidity and mor-
tality among patients with heart failure symptoms [1].
However, these diseases are often underdiagnosed [2].
This is partially due to uncommon presentations of
pericardial pathologies ranging from acute inflammato-
ry diseases to chronic constrictive pericarditis, pericardial
masses, cysts, and diverticula as well as congenital ab-
sence of the pericardium [3].

The diagnosis of pericardial diseases may cause con-
siderable diagnostic dilemmas especially when the
symptoms are non-specific, the physical signs are equiv-
ocal and the initial tests of choice are non-diagnostic
[4]. In these clinical situations, multimodality imaging

Normal pericardial anatomy

has a clear valuable role in establishing the accurate
diagnosis and guiding the appropriate management of
these patients [4, 5]. However, the appropriate choice of
imaging tests requires familiarity with the key imaging
modalities needed for each patient to avoid unnecessary
testing, undesirable side effects, false-positive results,
and inappropriate utilization of resources [3]. More-
over, early diagnosis and prompt treatment increase
the likelihood of complete resolution of hemodynamic
complications of pericardial diseases. Therefore, the aim
of this article is to review the potential role of different
imaging modalities in the diagnosis and management
of different pericardial disorders and its impact on
guiding therapy.

The pericardium consists of two distinct layers that surround the heart. The
fibrous pericardium composes the outer sac, encircling the heart and extending
up to the proximal portions of the great vessels [6]. The serous pericardium is a
very thin layer of tissue that has two layers: the visceral layer, adjacent to the
myocardium, and a parietal layer, which is in contact with the inner surface of
the fibrous pericardium. Pericardial fat can be found on the surface of the
fibrous pericardium, within the pericardial space, or on the epicardial surface
between the heart and visceral pericardial layer [6]. The normal thickness of the
fibrous and parietal pericardium upon pathological inspection is 0.5-1 mm,
but due to partial volume averaging, cardiac motion, and chemical shift artifact,
the normal pericardium measures up to 4 mm by cardiac magnetic resonance
imaging (CMR) or computed tomography (CT). Table 1 summarizes the dif-
ferences between echocardiography, CT, and CMR in the assessment of peri-

cardial diseases.

Acute pericardial disease

Acute pericarditis (AP) is a common clinical syndrome encountered in clinical
practice. AP is characterized by infiltration of pericardium by inflammatory cells
due to primary or secondary pericardial process [7]. It usually lasts less than

3 months, after which time it can be referred to as chronic pericarditis [8]. The
common causes of AP include viral and bacterial infection (especially tubercu-
losis), renal failure, connective tissue diseases, neoplastic invasion of the peri-

cardium, acute myocardial infarction(MI) (25% in post MI patients), aortic
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Table 1. Comparison of different imaging modalities in the assessment of pericardial diseases

Availability

Portability

Real-time imaging
Flow measurement
Field of view
Pericardial thickness
Calcification

Tissue characterization
Utility of contrast
Loculated effusion

Echo CcT CMR
+++ ++ ++
+++ - -
+++ - ++
+++ - ++
+ ++ +++
+ ++ +++
+ +++ +

+ + +++
+ + ++
+ ++ +++

Degree of utility: (+++) Highly utilized, (++) Utilized, (+) Neutral, (-) Not utilized

Pericardial effusion

dissection, invasive procedures, and trauma [8]. In vast majority of patients, the
etiology is thought to be idiopathic or viral. Tuberculous pericarditis is a major
cause of pericarditis in developing countries and also in immunocompromised
patients.

The diagnosis of acute pericarditis can be easily made, based on the history
of chest pain, the presence of a pericardial rub, and the typical changes on
electrocardiogram and elevated inflammatory markers [8]. Imaging may not be
needed most of the times. In patients with significant clinical symptoms,
echocardiography is an essential imaging test for all patients with acute peri-
carditis and it should be done within 24 h of presentation. The common
abnormal findings on echocardiography include increased pericardial bright-
ness, pericardial thickening, “pericardial effusion, and abnormal septal bounce,
suggesting an early constriction. Although a pericardial effusion may be absent
in a majority of patients with acute pericarditis (up to 60%), it is useful to
confirm the diagnosis when a pericardial effusion is found [9, 10]. CT and CMR
should be considered in patients with poor prognostic features: high fever
> 38.8 °C, atypical presentations, suspicion of constriction, associated chest
trauma or concomitant chest and lung diseases [11], failure to respond to
therapy, and patients with inconclusive echocardiographic [12]. The 2015 ESC
guidelines state that CT and/or CMR are recommended as second-level testing
for diagnostic work-up in pericarditis (class I, level of evidence C) [13].

The physiologic amount of fluid in the pericardial space is usually less than
50 ml. The acute and rapid accumulation of fluid in the pericardium as in
trauma, ruptured myocardium, aortic dissection, coronary intervention, intra-
cardiac devices implantation, anti-coagulation, and thrombolytic therapy can
cause compression of the cardiac chambers, restrict diastolic filling, and cause
tamponade and cardiogenic shock [10], whereas larger volumes are needed to
cause hemodynamic compromise in subacute and chronic accumulations of
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Cardiac tamponade

pericardial fluid in conditions such as neoplastic involvement of the pericardi-
um, infectious disease (tuberculosis and viral infection), connective tissue
diseases, hypothyroidism, and renal failure [14]. Large pleural effusions alone
or in association with a small pericardial effusion can also lead to tamponade
physiology [10, 15].

Echocardiography remains the test of choice for the assessment of pericar-
dial effusions and their hemodynamic effects [16]. It has the advantage of being
a quick, cost-effective, and readily available technique at the patient’s bedside
[16]. Pericardial effusion appears as an echo-free space between the two layers
of the pericardium and its size can be estimated by echocardiography. However,
the volume of pericardial effusion does not necessarily correlate with the
clinical symptoms. The qualitative assessment of fluid characteristics by echo-
cardiographic is usually difficult. Nevertheless, echogenic densities seen in
complex exudates or hemopericardium with fibrin strands and clots can be
easily recognized by echocardiography [17]. This is especially important in
patients with associated aortic dissection. A left pleural effusion is distinguished
from pericardial fluid as pericardial fluid is anterior, while the pleural effusion is
posterior to the descending aorta. Compared to pericardial fluid, the epicardial
fat is brighter than the myocardium and moving in concert with the heart.
However, this distinction may not be easy and other modalities like CT is
needed to make this distinction [12]. CMR could also provide assessment of the
pericardial fluid characteristics [6, 18, 19] and help in differentiating exudates
from transudates (Table 2).

In addition, the 2015 ESC guidelines for the diagnosis and management of
pericardial diseases recommend that CT or CMR should be considered in
suspected cases of loculated pericardial effusion, pericardial thickening and
masses, as well as associated chest abnormalities [13] (class ITa, level of
evidence C).

Echocardiography remains the main test in the assessment of patients with
suspected tamponade, especially in hemodynamically unstable patients [17].
The most important echocardiographic findings include diastolic collapse of
right heart chambers, septal bounce, dilated inferior vena cava (IVC), abnor-
malities of the hepatic vein Doppler, and variability of Doppler flow velocity of
mitral and tricuspid valves with respiratory cycle. The right atrial collapse is
usually observed during early systole before ventricular collapse when the
intracavity pressure is lower and the atrial indentation of the thin-free wall is

Table 2. MRI characteristics of different pericardial effusions

Transudative
Exudative
Proteinaceous
Hemorrhagic

T1 weighted spin-echo CMR T2 weighted spin-echo CMR
Dark Bright

Medium Medium to bright

Bright Dark

Bright Bright
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seen. It is important to note that a brief collapse of the right atrium may occur
even in moderate size pericardial effusion in the absence of tamponade because
of its thin-walled structure. In addition, the right chamber collapse could be
delayed or absent in patients with high baseline right ventricular (RV) pressure
such as right ventricular hypertrophy, pulmonary hypertension, positive pres-
sure ventilation, severe LV failure, or some congenital cardiac conditions with
increased RV diastolic pressures. In addition, the dilatation of the IVC > 20 mm
(IVC plethora), although not very specific, is a very sensitive sign of cardiac
tamponade (92%).

Thus, one should keep in mind that there is a large variability in specificity
and sensitivity of some echo findings [10, 20]. Of all echocardiographic signs, the
absence of collapse of any of the cardiac chambers is the sign with a higher and
more consistent negative predictive value to rule out cardiac tamponade. Thus,
final decision and management of pericardial effusion should always be made
following a detailed physical examination and a proper clinical assessment.

Constrictive pericarditis

Constrictive pericarditis (CP) is characterized by non-compliant pericardium
due to focal or global scarring with or without calcification resulting in high
impedance to diastolic filling causing elevated systemic venous pressures and
right heart failure [21]. The causes of CP are numerous: tuberculous pericarditis
is the most common cause of CP in developing countries while idiopathic,
postcardiac surgery cases are common in developed countries (1%, 0.2-0.4%,
respectively). Less frequent etiologies include connective tissue diseases, ma-
lignancies, and radiation.

The diagnosis of CP requires high index of clinical suspicion and often
requires confirmation by other imaging modalities including CT, CMR, or
even invasive assessment. Echocardiography is the first imaging test in the
evaluation of CP [22]. 2D and Doppler echocardiography findings that may
suggest CP include increased pericardial thickness with or without calcification,
moderate biatrial enlargement, abnormal ventricular septal motion (septal
bounce), restrictive mitral and tricuspid inflow velocities with respiratory vari-
ation, preserved or increased medial mitral annulus early diastolic (e”) velocity,
dilatation of the inferior vena cava (IVC) with < 50% collapsibility with
respiration, and increased hepatic vein flow reversal with expiration [23].

However, echocardiography may not be enough to confirm the diagnosis of
CP, despite echo-contrast use [24ee, 25, 26]. Other modalities may be utilized
including CT or CMR. The current ESC guidelines suggest that CT and/or CMR are
indicated as second-level imaging techniques (after echocardiography and chest
X-ray) to assess calcifications (CT), pericardial thickness, and degree and exten-
sion of pericardial involvement [13, 27]. CT is a highly accurate method of
evaluating pericardial thickness and thus plays an important role in the diagnosis
and management of CP [28]. The normal pericardium is identified as 1 to 2 mm,
whereas in CP, the parietal pericardium is usually 4 to 20 mm thick. However,
28% of 143 surgically confirmed cases had normal pericardial thickness on CT,
and 18% had normal thickness on histopathologic examination [2, 29]. CT is
also an important tool to identify and quantify the extent of pericardial calcifi-
cation. About 50% of constriction cases show some degree of calcification [27].
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Other findings on CT that may suggest CP include a narrowing and tubular
deformation of the right or left ventricle, normal or small ventricular size, biatrial
enlargement, and straightening of the interventricular septum. Signs of impaired
diastolic filling of the RV include dilatation of the IVC, hepatic veins, and right
atrium; hepatosplenomegaly; ascites; and pleural effusions. It is important to
recognize that thickened pericardium by CT can be found in other conditions,
including the early postoperative period, uremia, rheumatic heart disease, sar-
coidosis, acute pericarditis with pericardial edema (in the absence of constric-
tion), or as a consequence of radiation therapy [30]. Increased thickness of the
pericardium per se does not constitute proof of constriction, but it is a helpful
sign if the clinical signs and symptoms of constriction are present. One should
also note that CP could be transient too [31].

Given the above, the 2015 ESC guidelines for the diagnosis and manage-
ment of pericardial diseases provide useful recommendations for the diagnosis
and management of pericardial disease which is largely based on expert con-
sensus [13]. CT is particularly important to improve diagnostic confidence
when other imaging studies are inconclusive for visualization and diagnosis of
pericardial disease. It is a quick test which is often done in few minutes. While it
involves exposure to ionizing radiation, routine low dose cardiac CTs are done
nowadays [32], [33]. In addition, incidental findings on CT may point to the
cause of the CP and have prognostic value [34].

Unlike cardiac CT, CMR does not involve exposure to ionizing radiation.
Gated CMR provides direct visualization of the normal pericardium, which is
composed of fibrous tissue and has a low CMR signal intensity [12]. CMR is
advocated by some as the diagnostic procedure of choice for the detection of
certain pericardial diseases, including CP [35]. Comprehensive CMR examina-
tions include bright blood cine images, dark blood edema imaging, tagged cine
images, and late gadolinium enhancement (LGE) inversion recovery images
[36]. One should note that many of these patients have reduced fitness and
advanced heart failure symptoms and could not tolerate the entire long exam;
thus, a customized approach is needed per patient [37]. These sequences
provide the ability to assess atrial and ventricular size and function, diastolic
restraint, diastolic septal bounce, conical deformity of the ventricles or tubular
shape of the RV, evidence of increased systemic venous pressure, pericardial
thickness, and myocardial fibrosis and inflammation, as well as pericardial
inflammation and edema which is seen as pericardial LGE (Fig. 1) [38].

Characteristic CMR features in patients with CP include increased pericardial
tethering, pericardial thickening/calcification, tubular/conical deformity of a
right ventricle, abnormal diastolic septal motion, and diastolic restraint of the
ventricles. CMR better differentiates small effusions from pericardial thickening
[39-41]. CMR of the pericardium commonly demonstrates LGE in some pa-
tients with CP; however, this is not a universal finding [42, 43]. Some patients
with CP do not have LGE. Patients with CP and pericardial LGE have greater
fibroblast proliferation, chronic inflammation, neovascularization, and peri-
cardial thickening compared with those without LGE [44]. Pericardial LGE
might also be a predictor of reversibility of CP after treatment with anti-
inflammatory agents [45, 46]. In a study of 29 CP patients received anti-
inflammatory medications after CMR, 14/29 patients had resolution of CP,
whereas 15/29 patients had persistent CP after 13 months of follow-up [45].
The best predictor of the resolution of CP is the presence of delayed
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Fig. 1. Late gadolinium enhancement in a patient with pericarditis. There is diffuse delayed enhancement in the pericardium.

enhancement. In addition, it has an additional prognostic value in predicting
clinical improvement and clinical remission [47ee, 48ee].

In addition, CMR myocardial tagging sequences can demonstrate
pericardial-myocardial adherence. Fibrotic pericardial adhesions are pres-
ent when tag deformation is absent [49, 50]. A recent study demonstrated
that real-time phase-contrast CMR acquired over 10 s of unrestricted
breathing and without ECG gating could demonstrate the characteristic
hemodynamic changes of constrictive physiology. Respiratory variation in
transmitral valve flow velocities exceeding 25% was seen in all patients
with CP, and a greater variation of 45% was seen across the tricuspid valve
in patients with CP. Although theoretically appealing, this sequence is not
easy to use in practice, because respiration changes the position of the
imaging slice with regard to the mitral and tricuspid valves, potentially
influencing inflow velocities or patterns. Calculation of the maximal septal
shift is easily achieved providing useful information with regard to ven-
tricular coupling.

Pericardial masses, cysts, and diverticula

Tumors of the pericardium are uncommon and divided into primary (benign
and malignant) and secondary (metastatic). Benign tumors can be found in
both the parietal pericardium and epicardium as discrete pedunculated or
sessile masses and may grow to sizable lesions before they produce compres-
sion of cardiac chambers or displacement of mediastinal structures. Even when
benign, primary pericardial neoplasms may cause significant cardiovascular
complications due to mass effect and hemodynamic effects. The most common
benign lesions are pericardial cysts and lipomas, followed by teratoma, fibro-
ma, and hemangioma and lymphangioma. Mesothelioma is the most common
primary malignancy of pericardium. Other primary malignant neoplasms
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include sarcoma (angiosarcoma, liposarcoma, undifferentiated) and lympho-
ma. Secondary tumors from either local invasion or metastases are by far more
common in the pericardium and most frequently occur from lymphoma,
melanoma, as well as lung and breast carcinoma. Pericardial tumors generally
do not invade into the myocardium except melanoma, which classically in-
volves the myocardium as well.

Although echocardiography is an appropriate initial study for evaluation of
cardiac tumors, or metastatic involvement and hemodynamic consequences of
pericardial involvement, it is limited by being operator-dependent, bone and
lung interference, narrow sector window and poor visualization in obesity,
chronic obstructive pulmonary disease, and postcardiac surgery patients.
Hence, cross-sectional imaging, either CT or CMR, is required for further tissue
characterization and involvement of adjacent structures. CT provides a good
assessment of the mass, its vascularity, and involvement of adjacent tissues.
CMR is the test of choice for tissue characterization and assessment of the
lesion.

Pericardial cysts and diverticula

Conclusion

Similarly, pericardial cystic lesions are rare and comprise 7% of the
mediastinal masses and 33% of mediastinal cysts [51]. Pericardial cyst
and diverticulum share similar developmental origin and may appear as
an incidental finding in chest X-ray in an asymptomatic patient. Peri-
cardial cysts are probably a remnant of a diverticulum whose commu-
nication to the pericardial cavity has been obliterated [15, 51, 52].

At chest X-ray, a pericardial cyst appears as a well-defined, smooth,
anterior mediastinal mass. On echocardiography, pericardial cyst appears
as a well-circumscribed, homogeneous echolucent space adjacent to the
cardiac border. The presence of echo-free space indicates its separation
from the cardiac chambers [52]. The common site of cyst is adjacent to
the right atrium and frequently compressing the atrium. The lack of flow
by color or PW Doppler supports the diagnosis of a cyst.

Pericardial diverticula appear similar on echocardiography to cysts.
The distinction between pericardial cysts and diverticulum is difficult as
both lesions have similar radiological findings and is based on identi-
fying a defect in the pericardial lining and the presence of communica-
tion between pericardium and the cystic cavity in the case of a
diverticulum.

Multimodality imaging is very helpful in the diagnosis of pericardial
disorders. While echocardiography is the initial test to make these
diagnoses, CT and CMR provide accurate measurement of the pericar-
dial thickness. In addition, CMR is the test of choice to diagnose
constriction, guide therapy, and provide prognostic information.
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