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Abstract

Purpose of Review To review the latest developments and the current role of the cardiac magnetic resonance (CMR) in pericar-

dial diseases and their complications.

Recent Findings Cardiac Magnetic Resonance (CMR) has the ability to incorporate anatomy, physiology, and “virtual histology”
strategies to achieve the most accurate diagnosis for even the most demanding, pericardial diseases.

Summary Acute, chronic, recurrent, and constrictive pericarditis as well as pericarditis related complications, pericardial masses
and congenital pericardial defects are commonly encountered in clinical practice with relatively significant morbidity and
mortality. Owing to the challenging diagnosis, CMR imaging is often employed in confirming the diagnosis and elucidating
the underling pathophysiology. In this review we outline the common CMR techniques and their expected diagnostic outcomes.

Keywords Pericarditis - Pericardial effusion - Tamponade - Cardiovascular magnetic resonance - T1 and T2 mapping - Late
gadolinium enhancement - Tagging - Real-time phase contrast - Cardiac masses

Introduction

The pericardium can be affected by inflammatory processes,
infectious, iatrogenic, and malignant diseases, metabolic dis-
orders as well as congenital disease. All the above can cause
pericarditis, fluid accumulation, tamponade or constriction, as
well as concomitant myocarditis [1]. Even though, over the
last decades, the mortality related to pericardial disease has
been constantly decreasing [2], morbidity has remained a con-
siderable and unconquered problem [3]. The main challenge
remains a prompt diagnosis and targeted management guided
by the underlying pathophysiology and mechanisms as well as
the activity of the disease, all of which requires an accurate
diagnostic method which can be safely applied serially to
allow monitoring of treatment [4, 5]. According to current
clinical practice, the diagnosis of the pericardial diseases, such
as pericarditis, is mainly based on the symptoms, the ECG,
and the echocardiography. Due to the fact that the above
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diagnostic techniques require considerable pericardial effu-
sion in order to uncover any pathology of the pericardium,
they lack of sensitivity especially in subclinical cases and
those cases with no or minimal pericardial effusion that unfor-
tunately represent the majority. Noninvasive imaging has a
great armamentarium for accurate diagnosis and treatment
guidance of pericardial diseases. In comparison to computed
tomography (CT), single photon emission tomography
(SPECT), and positron emission tomography (PET), cardiac
magnetic resonance (CMR) has major advantages. It is a very
powerful investigation tool which adds important information
in order to elucidate this, often complex and multifaceted dis-
ease [6]. In this review we will summarize the classic CMR
sequences that are used for this entity and review novel
methods which utilize both contrast and non-contrast tech-
niques in order to strengthen our diagnostic capacity.

Current and Novel CMR Sequences

1) Balanced Steady-State Free Precession (bSSFP) is the
sequence which is most frequently used for cine CMR
imaging. Owing to high spatial and temporal resolution,
it provides information about ventricular interdepen-
dence, pericardial rigidity as well as the anatomy of the
pericardium and the neighboring tissues [7]. bSSFP also
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has a T1/T2 signal providing considerable contrast be-
tween fluid and myocardium.

2) Mapping techniques like native T1 and T2 mapping se-
quences, are the most accurate way for tissue characteri-
zation. The generation of exact numbers and pixel-wise
color maps allows for discrimination of normal myocar-
dium, fibrous tissue, fat, and water, as well as uncovering
concomitant myocardial inflammation superimposed to
pericarditis [8, 9], (Fig. 1). Mapping techniques have al-
ready replaced many of the old-fashioned imaging ap-
proaches like the classic black-blood T1 weighted spin-
echo MR imaging as well as the T2 weighted spin-echo
imaging, by providing more information about the anato-
my and the histology of the pericardium and the neigh-
boring tissues [10, 11].

3) Inversion recovery prepared T1 weighted imaging with
intravenous gadolinium based contrast agent (GBCA) is a
contrast-enhanced imaging technique that detects masses
or inflammation of the pericardium as well as concomitant
pathologies of the myocardium or neighboring tissues. Due
to its strong contrast between normal tissue and regional
fibrosis, late gadolinium enhancement imaging (LGE) is
the most important classic technique for evaluating the
pericardial diseases followed by early enhancement
(EGE) and first pass perfusion imaging [12]. A novel ap-
proach reduces examination time, costs and contrast-agent
exposure by using a fast low-dose GBCA rest protocol,
such as with 0.1 mmol/kg of gadobutrol, with no signifi-
cant loss of information [13]. Phase sensitive inversion
recovery (PSIR) applied to LGE is widely used in clinical
practice by improving the contrast between the normal and
the inflamed pericardium. On PSIR reconstruction the fluid
has negative amplitude (it is total black) rendering it easily
distinguishable from any other tissue.

4) CMR myocardial tagging sequences and CMR real-time
phase contrast (RT-PC) flow measurement technique are
two techniques which add information about specific en-
tities like constrictive pericarditis [14, 15].

Normal Pericardium and CMR

On CMR the normal pericardium is indistinguishable from
pericardial fat unless thickened (more than 4 mm). On SSFP
cine CMR the normal pericardial fluid appears bright and
slightly more intense than pericardial fat. The normal pericar-
dium is only mildly enhanced by GBCA due to scarcity of
vessels to deliver the contrast media, although this can change
in case of an inflammatory process with neovascularization [6].
LGE with PSIR has the ability to depict even the smallest
amount of pericardial fluid as a black area which contrasts to
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the white pericardium when present. By using this technique
we are able to discriminate the fluid (black) from the fat (white).
A more recent approach is the use of native T1 and T2 mapping
techniques, which have replaced many of the classic ap-
proaches such as T1 weighted imaging and T2 weighted imag-
ing by offering a precise tissue discrimination [8]. Fat has very
low T1 times and appears as black in native T1 mapping. The
above information can be added in PSIR-LGE imaging to dif-
ferentiate the enhanced-inflamed pericardium from the normal
pericardial fat (both are white in PSIR-LGE imaging).

Pericarditis and CMR

Pericarditis is an inflammatory pericardial syndrome with var-
iable causes such as infections, autoimmune diseases, idio-
pathic, traumatic or iatrogenic damages, radiation or metabol-
ic diseases. The clinical diagnosis of pericarditis is mostly
based with two of the following criteria; (1) chest pain
(>85-90%), (2) pericardial friction rub (<33%), (3) electrocar-
diogram (ECG) changes (<60%), and (4) pericardial effusion
(£60%). Additional supporting findings include: (a) evidence
of markers of inflammation and (b) evidence of pericardial
inflammation by an image technique (CT, CMR) [5]. Given
the unspecific presentation which often could also been
assigned to myocarditis or coronary artery diseases, advanced
imaging is frequently used in clinical practice to decide on the
diagnosis. Although echocardiography is proposed as the first
diagnostic technique in patients with symptoms suggestive of
pericarditis, it is of doubtful help, as it cannot assess pericar-
dium, but infers the presence of pericarditis indirectly based
on the presence of pericardial effusion. More often than not
pericarditis happens without or with only minimal effusion —
hence ECG and echocardiography approaches of diagnosing
pericarditis should be considered with caution.

CMR is very effective in detecting pericarditis because
inflamed pericardium is enhanced by GBCA. Pericardial
LGE uptake for detection of pericardial inflammation has
been reported to range from 94% to 100%. The most common
cause in developed countries is viral infections (80% to 90%
of cases), whereas in developing countries and HIV patients
the leading cause is tuberculosis. Of all hospital admissions
and chest pain admissions, 0.1% and 5% respectively are at-
tributed to pericarditis [16]. Frequently pericarditis can be the
first clinical expression of a malignancy [17]. A more subclin-
ical course of pericarditis is often seen in patients with auto-
immune diseases, like systemic lupus erythematosus (SLE),
and which is accompanied by myocarditis [18]. LGE imaging
is also an effective CMR technique to guide treatment of peri-
carditis [19]. The presence of pericardial LGE despite standard
medical therapy in patients with ongoing symptoms should
prompt the clinician to consider either a dose increase or pro-
longation of the duration of the therapy [20], (fig. 2). Further
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Fig. 1 The contribution of native
T1 mapping techniques to
separate the fat from fluid. Four
chamber view, bSSFP imaging
(a) and Native T1 mapping
technique (b). Pericardial fat (a),
pericardial fluid (b), epicardial fat
(©

supportive signs are an increased thickness of the pericardium
to more than 4 mm in cine bSSFP imaging and pericardial
effusion, which is apparent in less than 40% of patients [21].
PSIR-LGE imaging is able to detect even minute amounts of
fluid not visible by echocardiography [14].CMR is able to
detect pericarditis in >20% of patients with chest pain and
exclusion of ischemia. The above further supports the notion
of providing CMR to patients with chest pain but no ischemia
to uncover the underlying pathophysiology of their chest pain
[22]. Pericarditis often superimposed on myocarditis as they
share the same causes like viruses and consequent auto-

Fig. 2 A patient with acute
pericarditis. LGE imaging (a, ¢)
shows pericardial enhancement as
a bright line which encircles the
heart. In Cine bSSFP imaging (b)
pericardium looks like a black
line and the fluid as a bright space
with slightly higher signal
intensity than the fat, pleural
effusion is also shown in this
image. In native T1 mapping (d),
fat is black and can be easily
differentiated from fluid which is
bright

immune responses. This is of major importance, as these two
entities need to be treated simultaneously. Myopericarditis
seems to be more frequent among men with pericarditis
(51% vs 25%) [23]. Detection of concomitant myocarditis is
highly relevant for prognosis and treatment. Over the last de-
cades, CMR is increasingly employed to address the question of
myocardial involvement due to the above-mentioned ability for
tissue characterization. While earlier reports have recommended
a “2 out of 3” Lake Louise criteria approach for detecting myo-
cardial inflammation, this approach has been challenged due to
the lack of standardization and inferior performance of edema

o
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imaging (T2-weighted) as well as the complexity of normaliz-
ing T1 weighted images to peripheral muscle. The newest rec-
ommendations support a variety of techniques and their combi-
nations for detecting inflamed myocardium. The highest accu-
racy has been reported from a combination of native T1 and T2
mapping. These techniques allow uncovering hidden myocar-
dial injury and inflammation as well as determining the severity
and acuity of the process, based on cut-off values, standardized
image acquisition, and post-processing [9, 24].

Pericardial Effusion, Tamponade and CMR

Pericardial effusion may be accompanied with or without
signs of pericardial inflammation. While most cases of peri-
cardial effusion and pericarditis share the same causes, about
20% of cases remain unexplained (idiopathic). Prominent and
persistent pericardial effusion is more frequent in malignan-
cies and systemic diseases. A lot of patients with chronic kid-
ney disease (CKD) demonstrate pericardial effusion as a part
of cardiovascular involvement with accompanied myocardial
remodeling that it is mainly detected on native T1 mapping
technique [25]. Based on 2-dimensional echocardiography,
the amount of pericardial effusion can be categorized as small
(<1 cm), moderate (1-2 cm), large (2-2,5 cm), or very large (>
2,5 cm) measured at end-diastole [26]. CMR criteria are based
on the total amount of fluid, if the fluid on cine-SSFP or PSIR-
LGE imaging is circumferentially with a width of <4 mm
anterior to RV it is considered small, with 5 mm or more
moderate (100500 ml) (Fig. 3). Even though CMR is not
the primary imaging modality for evaluation of pericardial
effusion, it provides information on the location and the exact
volume of the fluid [27]. By using the same volumetric tech-
niques as used to calculate left ventricular volumes based on a
full multi-slice cine SSFP image stack the amount of pericar-
dial fluid can be determined. CMR can also identify clot and
complex or loculated effusions. PSIR- LGE of the myo- or
pericardium may demonstrate concurrent inflammation of
these structures which contrasts with the low signal intensity

Fig. 3 A patient with
circumferential pericardial
effusion. LGE imaging (a) with
little pericardial enhancement,
fluid is depicted as a black space.
Native T1 mapping (b), fluid has
high native T1 values
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of the pericardial fluid (black) in the same sequence. CMR
tissue characterization may indicate loculated pericardial effu-
sion or pericardial masses with or without signs of malignancy
[28]. Due to the fact that transudates, exudates, hemorrhagic,
and proteinaceous pericardial effusions, have different native
T1 and T2 relaxation times, we are able to discriminate them
by using mapping techniques [14]. It is demonstrated that T1
mapping of the pericardial fluid can be used to provide infor-
mation about its composition. More specifically, a cut-off T1
value of 3013 ms can differentiate transudates from exudates
with a sensitivity 94%, specificity 79%, and AUC of 0.86
(95% CI 0.73-0.99), p<0.0001 [29] (Table 1). In addition
native T1 and T2 mapping of the myocardium may reveal
associated diffuse myocardial fibrosis or inflammation.
Importantly, all these latter techniques are regarded as optional
in the SCMR recommendations for standardized CMR due to
the main focus on visualizing the amount of fluid and tissue
characterization of the myocardium itself.

Cardiac tamponade is a life-threatening condition, which
occurs when the cardiac chambers are compressed due to ac-
cumulation of fluid in the pericardial space. It is characterized
by impaired cardiac filling and cardiac output. The amount of
fluid which needs to accumulate in order to compress the
cardiac chamber is related to the rate of its accumulation, as
well as the elastic properties of the pericardium itself [30].
Given that a cardiac tamponade is an emergency situation,
echocardiography is the preferred image modality for its diag-
nosis. Echocardiographic criteria of tamponade are; (a) pres-
ence of pericardial fluid, (b) dilated inferior vena cava, (c)
reduced stroke volume, (d) collapse of the right ventricle in
diastole, (e) right atrial collapse for more than one third of the
cardiac cycle, and (f) respiratory variation of the mitral and
tricuspid E velocity [31]. The use of CMR remains limited
despite its ability to provide information when hemodynamic
assessment with echocardiography is difficult and the diagno-
sis remains unclear [32]. CMR exam in case of tamponade
must be a minimalistic scanning because anything beyond
5 min may not be tolerated by the patient or even be fatal.
With cine SSFP imaging and real-time cine CMR imaging,
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Table1 A summary comparing different kinds of pericardial effusions
according to the signal intensity (S.I) on T1 weighted imaging (T1W), T2
weighted imaging (T2W), and the T1 time in milliseconds (ms) in T1
mapping sequence

TIW(S.D) T2W(S.D) T1 mapping
Exudates Medium Medium > 3013 ms
Transudates Low High <3013 ms
Hemorrhagic High High -
Proteinaceous High Low -

flattening of the interventricular septum, compression of the
coronary sinus, distention of the superior vena cava, and the
respiratory ventricular interdependence can be imaged.

Constrictive Pericarditis and CMR

Constrictive pericarditis (CP) occurs when the pericardium loses
its normal elasticity and compliance and therefor compromises
diastolic cardiac filling. All of the above may occur when the
pericardium is subjected to chronic fibrous thickening and scar-
ring as well as calcification [33]. Potential causes of constrictive
pericarditis are; virus pericarditis, tuberculosis pericarditis, puru-
lent pericarditis, cardiac surgery, radiotherapy, and idiopathic.
Most cases of CP in developed countries are idiopathic and post-
surgical CP, whereas worldwide tuberculosis CP is the main
presentation [34]. Constrictive pericarditis can be encountered
in several forms such as; acute inflammatory (transient CP),
effusive- constrictive pericarditis, and adhesive-constrictive peri-
carditis [35]. Acute inflammatory CP is commonly paired with
acute pericarditis. Effusive CP and adhesive CP are more chronic
processes [36]. In most cases, symptoms of CP are related to
right heart failure and have a late onset requiring surgical
pericardiectomy as the only therapeutic option. CMR can con-
tribute to early detection and prompt treatment in order to avoid
pericardiectomy or facilitate better surgical results.

Diagnosis of CP is challenging. Historically, cardiac cath-
eterization has been the gold standard approach demonstrating
equalization of diastolic pressures of the right and left ventri-
cles, square root sign, rapid x, and y descents of the atrial
pressure curves and ventricular interdependence using the left
ventricular and right ventricular pressures [37]. CMR is the
only non-invasive image technique with a similar diagnostic
accuracy as cardiac catheterization [38]. A thickened pericar-
dium >4 mm visualized with steady-state free precession
(SSFP) imaging or LGE is indicative of constrictive pericar-
ditis, when no active or ongoing inflammation is suspected
[39, 40]. Late gadolinium contrast enhancement of the peri-
cardium as well as the high signal intensity on T2 weighted
imaging or T1/T2 mapping are signs of ongoing inflammation
and may lead to anti-inflammatory therapy rather than

operation [6]. CMR may elucidate additional parameters of
constriction such as the characteristic S- shaped intraventric-
ular septal motion during the cardiac cycle (septal bounce)
using SSFP, dilated inferior or superior vena cava or coronary
sinus. Real time cine imaging may demonstrate the effect of
free breathing on ventricular interdependence, a unique sign
of constrictive pericarditis [41, 42]. Tagging has been pro-
posed as an additional diagnostic criterion using the absence
of slippage between the pericardium and the myocardium as a
sign of CP [43]. More recently, real-time phage contrast CMR
has been described to assess respiratory variations of E waves
similar to echocardiography [44]. Again, only cine-imaging
and LGE are regarded as mandatory in the SCMR recommen-
dations for standardized CMR.

Pericardial Masses and CMR

Masses of the pericardium can be divided into primary
masses (0.001% to 0.03% incidence found in autopsies)
or metastatic (1.7% to 14% incidence found in autopsies).
Metastatic tumors of the pericardium are the most
common, with an estimated incidence 100 times more than
the primary tumors [45]. Malignant processes of the peri-
cardium can be presented as pericardial effusion (with or
without tamponade), direct myocardial invasion, pericardi-
al constriction, or pericarditis. Effusion (predominantly
hemorrhagic) is being the most common [46]. Pericardial
cysts are the most common benign pericardial lesions other
benign tumors include fibroma, hemangioma, and lipoma.
Pericardial mesothelioma is the most common primary malig-
nant mass of the pericardium, accounting for approximately
50% of primary pericardial malignancies. Other primary malig-
nancies include pericardial sarcoma (angiosarcoma more often)
and primary pericardial lymphoma (usually diffuse large B cell
type) (Fig. 4). Metastases to the pericardium are usually second-
ary to malignancies of the breast or lung, or melanoma. Thymic
carcinoma, mediastinal teratoma or chest wall tumors are some
rare tumors that can direct invade pericardium. Non-neoplastic
pericardial masses include inflammatory pseudotumor (IgG4-
related disease) and tuberculosis pericarditis [47, 48].
Pericardial masses have a variant appearance on CMR ac-
cording to their etiology. Primary tumors of the pericardium usu-
ally appear as a mass within the pericardial space. Metastatic
disease is seen as discontinuation of the normal pericardium,
thickening of the pericardium, or as pericardial effusion.
Hematologic or lymphatic malignant spread, can be identified
as, frequently multiple, focal nodular lesions or thickening of
the pericardium, or as a pericardial effusion. Hemorrhagic or
serosanguinous pericardial effusions have high signal intensity
on T1 weighted sequences [45]. Apart from the anatomical in-
formation provided by CMR, it can also characterize the tissue
composition of cystic lesions using “virtual histology” and is able
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Fig. 4 A young lady with
lymphoma (red arrow) that
invades from myocardium to
pericardium. LGE imaging (a)
and T1 mapping technique (b)

to assess the perfusion status of a pericardial mass. By using data
from T1 weighted imaging and T2 weighted imaging as well as
the late gadolinium enhancement some pericardial tumors can be
defined with high confidence. Especially for pericardial lipomas,
fat suppression technique help to identify a fat containing mass.
In total, most of metastatic tumors have low signal intensity
on T1 weighted imaging, high signal intensity on T2
weighted imaging and heterogeneous LGE. Melanoma is
an exception to this rule as it demonstrates high signal
intensity in T1 weighted imaging. Some novel techniques
for differentiate the pericardial masses are dynamic con-
trast enhancement MRI as well as the mapping techniques.
Native T1 mapping as well as T2 mapping can differenti-
ate, with high accuracy, fat, thrombus, and fibrous contain-
ing masses [49] (Table 2). Of note, while CMR is strong in
the detection of fat, the diagnosis on the exact tumor often
remains unclear. CMR does provide important information
on the malignant/benign origin of a mass and helps to de-
fine surgical approaches [50].

Congenital Defect of the Pericardium
and CMR

Congenital absence of the pericardium is a rare disease with a
prevalence from 0.007-0.015% in autopsy reports to 0.044%
in surgical case. Congenital absence of the pericardium is clas-
sified into complete absence, complete right-sided absence,
complete left-sided absence, partial right-sided absence, and
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partial left-sided absence. One of the most hazardous compli-
cation, is sudden cardiac death due to cardiac strangulation
across the partial left-sided absence of the pericardium [7, 51].

CMR is useful to diagnose and classify congenital absence
of the pericardium. While some quantitative parameters have
been described based on small case series, e.g., whole-heart
volume change (WHVC) more than 13%, the main contribu-
tion of CMR is based on SFFP cine imaging visualizing atyp-
ical cardiac chamber movements and paradoxical septal mo-
tion due to the pericardial absence as well as the presence of
lung tissue between the proximal segment of aorta and pul-
monary artery [52, 53]. CMR imaging may uncover some
high-risk features that are potentially hazardous, like left ven-
tricular myocardial crease or hinge point [7].

Table 2 A summary comparing different kinds of pericardial masses
according to the signal intensity (S.I) in T1 weighted imaging (T1W), T2
weighted imaging (T2W), and the contrast media uptake in late
gadolinium enhancement imaging (LGE)

TIW (S.D) T2W (S.I) LGE (uptake)
Cysts Low High No
Lipomas High High No
Lymphomas Medium Medium No/minimal
Sarcomas Medium High Heterogeneous
Metastatic Low High Heterogeneous
Melanoma High High Heterogeneous
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Treatment for Pericarditis and CMR

The treatment of pericarditis requires monitoring of the thera-
py in order to achieve full recovery and minimum number of
relapses. The emphasis lies on chronicity of pericarditis,
which mandates a relatively long duration of treatment, and
as such the use of safe drugs in long-term therapy. Although,
Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) and col-
chicine are proposed as the mainstay of therapy, we specifi-
cally favor the use of colchicine in low doses, whereas
NSAIDs are best avoided due to nephrotoxic and cardiotoxic
effects. It is worth noting that many patients with chronic
perimyocarditis will also suffer from nephritis, as such
NSAIDs are best avoided and never considered for long-
term therapy, only used as per needed basis for acute pain.
The cornerstone of pericarditis treatment is colchicine in low
dose (usually 0.5 mg colchicine once a day). It is worthwhile
starting slowly with colchicine 0.5 mg every other day, which
largely avoids the gastrointestinal side effects. According to
the patient’s tolerance and the CMR follow up, colchicine
therapy may be up-titrated to 0.5 mg twice daily. Larger doses
are usually not permissible as a long-term therapy, as they may
cause severe diarrhea, nausea, cramping, abdominal pain, and
vomiting. In auto-immune conditions, and specially in associ-
ation with myocarditis, prednisone, and other disease-
modifying drugs may be considered [5].

CMR can help to monitor the response to therapy, identi-
fying the successful elimination of pericarditis, as well as the

Diagnosis of Pericarditis
CMR-evidence of pericarditis! and symptoms of
pericarditis

persistent cases where longer duration of colchicine may be
required [20]. According to the treatment response based on
follow-up CMR results, the clinical course of pericarditis can
be short with total remission of the disease in less than
4 months, or more resistant to the treatment with more persis-
tent and longer clinical course. The disease is also likely to
follow another pattern with remissions and exacerbations [10],
[12, 54]. Based on the fact that subclinical pericarditis and
perimyocarditis is common in clinical practice, especially in
autoimmune disease like Systemic Lupus Erythematosus
(SLE) [55], it is more efficient to guide the treatment based
on CMR results (Fig. 5).

CMR is also able to play a pivotal role in the management
of pericarditis due to specific conditions. The most represen-
tative example is the autoimmune myopericarditis [56]. By
using T1 and T2 mapping techniques as well as LGE an early
diagnosis of the heart involvement in autoimmune disease
such as SLE, Sarcoidosis or Rheumatoid Arthritis is possible
[19]. CMR can detect early myopericardial involvement and
suggest an up-titration of immunosuppressive therapy or
adding colchicine to the existing therapeutic scheme. [24].
The treatment response as well as the relapse or reactivation
of myopericardial autoimmune inflammation can be easily
evaluated by using LGE imaging and the exact and compara-
ble numbers of T1 and T2 mapping during patient’s follow up,
[18]. All in all CMR is able to be an important cardio-protector
for patients with autoimmune diseases and mypericardial in-
volvement as it can halt the ongoing inflammation of the heart

Diagnosis of autoimmune myopericarditis
known autoimmune disease and CMR evidence of
myopericarditis?
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Fig. 5 Proposed therapeutic algorithm for pericarditis based on the CMR
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and the pericardium in a very early stage by guiding the im-
munosuppressive therapy [24, 57].

Conclusion

Pericardial diseases and disorders are relatively common in
the everyday clinical practice with a multitude of clinical
implications. Regularly, the first approach is made by
echocardiography. On the other hand CMR, which is al-
ready used for some of these patients, is gaining ground in
the pericardial diseases and frequently demonstrates peri-
cardial abnormalities not detected by echocardiography.
The classic CMR sequences are able to accurately depict
the diseased and normal pericardium. Additional tech-
niques, like tissue tagging of the pericardium, real time
cine SSFP, native T1 and T2 mapping and real time phase
contrast flow are able to boost our diagnostic capacity for
all pericardial conditions. Especially the mapping tech-
niques have replaced a variety of T1/T2 weighted imaging
with and without fat suppression, as they provide a quan-
titative tissue analysis. Last but not the least, CMR pro-
vides a definitive diagnosis of pericarditis, constriction,
myopericarditis, or pericardial effusion in less than
30 min with a single image modality, thus replacing other
unnecessary imaging and diagnostic modalities such as
laboratory tests, echocardiography, X-rays, CT, and
catheterization.
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