EACVI position paper

Page 11 of 20

Figure 12: (A) On the left side, during inspiration, the mitral
inflow is reduced almost immediately and increased during expir-
ation (arrowheads) (B) On the right side, there is an increase of tri-
cuspid E-wave and a reduction during expiration (arrowheads).

Figure |3: Interventricular dependence in constrictive pericar-
ditis on real-time cine CMR. The interventricular septum bulges
towards the left ventricle on early inspiration (arrow).

Pericardiocentesis
Patients with tamponade
In patients with tamponade, pericardiocentesis may be life-saving and
should be performed quickly when the diagnosis of tamponade has
been made. The biggest advantage of echocardiography is that it is
a non-invasive bedside investigation and therefore, uniquely placed
for both the diagnosis and guidance of drainage of the effusion.
Other imaging modalities such as CMR may provide similar informa-
tion to echocardiography about the presence of effusion, but only
limited information about haemodynamics, which effectively consti-
tute the diagnosis of tamponade. In addition, they may delay a poten-
tially life-saving pericardial drainage and therefore, are not
recommended as first-line imaging modality in this setting.

Drainage of an acute or chronic effusion producing cardiac tam-
ponade may be performed with percutaneous pericardiocentesis

or subxiphoid pericardiotomy. Percutaneous pericardiocentesis
has been described in detail by several authors®~* who proposed
improvement of the technique from the blind procedure through
echo-guided and contrast echo-guided pericaridocentesis. The pre-
viously used subcostal blind puncture of the pericardium has been
abandoned because of the significant incidence of complications
and mortality.*® Numerous investigators have recognized the useful-
ness and safety of 2D echocardiography-guided pericardiocentesis to
reduce the risk of cardiac puncture. The addition of contrast echocar-
diography can further improve the safety of the procedure by redu-
cing the likelihood of heart puncture. During the procedure, the ideal
entry point (minimal distance from skin to pericardial fluid without
intervening structures) can be defined by echocardiography. The
subxiphoid approach has been used most commonly, with a long
needle with a mandrel (Tuohy or thin walled 18-gauged) directly to
the left shoulder at a 308angle to the skin. This route is extrapleural
and avoids the coronary, pericardial, and internal mammary artery.
The operator, under echo assistance, attempts to aspirate fluid and
inject immediately after 6 mL of agitated saline thus confirming that
the needle is entered into the pericardial sac (microbubbles should
clearly create contrast into pericardial fluid) (Figure 14). After the
correct introduction of the needle, a guidewire and a catheter (gen-
erally multi-holed pig-tail) may be advanced into the pericardial sac
and drainage may be performed. The Tuohy needle from the subxi-
foid approach thanks to its curved tip greatly facilitates guidance of
the wire and catheter to the posterior pericardial space so that the
standard Seldinger technique may be successful not only in massive
and diffused effusions, but also in loculated posterior ones.*’

Another alternative approach (vs. subxiphoid pericardiocentesis)
has been proposed either in acute medical or post-cardiac surgical
tamponade or for cardiac perforation complicating catheter-based
procedures.49 Two-dimensional echocardiography allows the exam-
inerto locate the largest collection of pericardial fluid in closest prox-
imity to the transducer. Accordingly the apical or anterior route may
be decided. The role of echo and contrast saline is the same as in the
previous described subxiphoid procedure.

Both in subxiphoid and apical approaches, echo-guided peri-
cardiocentesis may be further improved in terms of safety and mon-
itoring by fluoroscopic guidance.

Using an intrapericardial catheter for extended drainage (vs. peri-
cardiocentesis without pericardial catheter) is safe and may be effect-
ive in order to decrease recurrences; this has been demonstrated in
retrospective series (the majority with malignancies).>®*' Thus, a
complete and prolonged evacuation of the fluid may probably
enhance apposition of the visceral and parietal pericardium.

Surgical drainage of a pericardial effusion is usually performed
through a limited subxiphoid incision.>2~>® Generally, the moreinva-
sive technique (subxiphoid surgical pericardiotomy) may be selected
in cases in which percutaneous pericardiocentesis is unsuccessful or
when echocardiographic examination discourages a percutaneous
approach.

Complications of pericardiocentesis are rare when echo and
fluoroscopic guidance are used correctly. Echocardiographic moni-
toring throughout the procedure is very useful. Immediately after
the drainage signs of clinical tamponade (heart rate, arterial pressure)
should be monitored, as well as echo findings such as, changes in
cardiac chamber compression and mitral and aortic flow. Generally,
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Figure 14: Echocardiography without and with contrast injection before pericardiocentesis. RV, right ventricle; LV, left ventricle; LA, left atrium;

PE, pericardial effusion; Cath, drainage catheter; L, leaver.

signs of compression (both right atrial and ventricular collapse) and
inspiratory variation of left-side valve flow disappear immediately
after the initial drainage of the pericardial sac (even with a few milli-
litre of pericardial drainage). The complete or almost complete re-
duction of pericardial effusion may be continuously monitored by
echo using an ideal view (generally the four-chamber view during
the subxiphoid pericardiocentesis).

Depending on the clinical presentation and clinical findings, after
pericardial drainage, an individualized echo follow-up may be sched-
uled in each patient. Generally, inside the hospital, a daily check may
be performed to evaluate pericardial effusion recurrence. After
patient discharge, a weekly echocardiographic evaluation may be
useful to facilitate the clinician in choosing the correct medical strat-
egy. There are no rules to check changes in the quantity of pericardial
effusion (small, moderate, and severe), but digital storage of a

complete examination may certainly facilitate comparisons among
several echocardiograms.

Generally, echocardiography remains the method of choice for the
follow-up of pericardial diseases in the majority of cases. However, in
many clinical scenarios, echocardiography alone may be insufficient.
This is certainly true in the diagnostic process, but may be also con-
sidered in the follow-up of complex cases even though these consid-
erations are largely based on individualized approaches. Given that it
does not expose patients to ionizing radiation and that it provides
freely definable imaging planes, CMR is an ideal test for the longi-
tudinal follow-up of patients with pericardial disease.

Patients without tamponade
Pericardial drainage in the absence of cardiac tamponade or signs of
haemodynamic impairment is still controversial. However, nearly
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one-third of patients with large idiopathic pericardial effusions
develop cardiac tamponade unexpectedly.>® Routine pericardial
drainage procedures have a very low diagnostic yield in patients
with large pericardial effusion without tamponade or suspected
purulent pericarditis and no clear benefit is obtained with this ap-
proach.”” In general, outcomes depend on the underlying diseases
and are not influenced by drainage of pericardial fluid.*® However,
in many advanced malignancies, pericardial drainage may be asso-
ciated with instillation into the pericardial sac of different agents
with sclerosing or cytostatic activity, like tetracyclines, belomycin,
thiotepa, or radionuclides.> ¢

Imaging in specific conditions potentially requiring pericardiocentesis
Pericardial effusion after invasive procedures. The incidence of cardiac
perforation and pericardial tamponade is increasing in the era of
new coronary interventional devices. Tamponade after percutan-
eous coronary intervention is not rare (overall incidence 0.2%); it
can have a delayed off-set and thus, occur outside the catheterization
suite.*® The same is true for electophysiological procedures. There-
fore, echocardiographically guided rescue pericardiocentesis for
cardiac tamponade after catheter-based procedures has been exten-
sively studied. This method appears safe and effective for reversing
haemodynamic instability.*” The importance of an immediate drain-
age in different cardiac catheter-based procedures is further under-
lined in recent years due to several new ‘complex’ procedures
including left atrial appendage closure, mitral clip, transfemoral
aortic valve implantation, and others.

Haemopericardium is not rare after cardiac catheter-based
procedures and echo-guided pericardiocentesis is much more
important in this situation since the operator may immediately
exclude heart puncture. Ina patient population thatis reasonably rep-
resentative of that in most community hospitals in the USA,®* the
most common cause of bloody pericardial effusion in patients with
signs or symptoms of cardiac tamponade is now iatrogenic disease.
Of the noniatrogenic causes, malignancy, complications of acute
Ml, and idiopathic disease predominated. Fluoroscopy-guided
pericardiocentesis has also been demonstrated as a safe and effective
management strategy for cardiac tamponade developed in the cardiac
catheterization laboratory. A reduction in the excursion of cardiac
silhouette on fluoroscopy is an early diagnostic sign of cardiac
tamponade.®*

Pericardial effusion and cardiac tamponade dafter cardiac surgery.
Pericardial effusion is not a rare complication of cardiac surgery.*>¢®
Haemodynamic instability due to pericardial effusion occurs in
1.5% of patients, and symptoms are frequently non-specific. Virtu-
ally, all pericardial effusions are generally found by the fifth post-
operative day; they peak on the 10th day and resolve within 1
month. However, late cardiac tamponade has also been described®’
and haemodynamic impairment has several differences in compari-
son with ‘medical’ effusion. In fact loculated effusions are very fre-
quent (up to 58%) and 6% of cases may have isolated effusion
along the right atrial wall. Pericardial clots particularly at the level
of the right chambers may produce low-cardiac output soon after
open-heart surgery, with haemodynamic signs that are very similar
to constrictive pericarditis. Transoesophageal echocardiography
may be indicated in these cases to image adequately the right
atrium, the junction between the superior vena cava and the
atrium and the pericardial clot.®® Alternatively, CT or CMR may
be used. In all these cases echocardiography is very useful in

choosing the more correct approach to relieve cardiac tamponade
(percutaneous pericardiocentesis, subxiphoid surgical drainage, or
even pericardial inspection after sternotomy in cases in whom
bleeding is suspected). Figure 15 shows an example in which peri-
cardiocentesis was not appropriate (loculated haematoma com-
pressing the right atrium and LA), and urgent cardiac surgery was
performed to relieve cardiac compression.

Recommendations

Cardiac tamponnade and pericardiocentesis Class

TTE to confirm clinical diagnosis Recommended

TOE if poor TTE quality of imaging Recommended

TTE to indicate, contraindicate pericardiocentesis Recommended

TTE to guide and for follow-up of pericardiocentesis ~ Recommended

CT/CMR to confirm clinical diagnosis in case of high ~ Reasonable
suspicion of aortic dissection

CT/CMR to confirm the clinical diagnosis in case of Reasonable

trauma

CT/CMR to confirm clinical diagnosis if
echocardiography inconclusive

Not recommended

CMR for follow-up of pericardiocentesis Reasonable

Constriction

Chronic constriction

Constrictive pericarditis is a condition caused by a thick non-
compliant inflamed, fibrotic, and/or calcified pericardium, which
inhibits cardiac filling by preventing full transmission of respiratory
intrathoracic pressure changes to cardiac cavities. Constrictive
pericarditis is mainly related to cardiac surgery, pericarditis, and me-
diastinal radiation therapy in the developed countries.””® Immuno-
suppression and tuberculosis are other causes of constriction, in both
developed and underdeveloped countries.”" In chronic constriction,
there is no pericardial effusion. Perhaps the sign that is most obvious
and should alert the echocardiographer towards the diagnosis of
constriction is the abnormal ventricular septal motion to the left in
early diastole, in inspiration, as in pericardial tamponade due to the
ventricular interdependence (septal bounce). This is exaggerated
during inspiration where the RV fills ahead of the LV and pushes
the septum to the left. As in pericardial tamponade, the now thick-
ened pericardium prevents full transmission of respiratory changes
of intrapleural pressures to the intracardiac cavities, creating a
marked respiratory variation in the left-side pressure difference
between the pulmonary vein and the LA, which is reduced during in-
spiration (reduced EFG). Therefore, the mitral inflow and pulmonary
venous diastolic flow velocities decrease immediately after the onset
of inspiration and increase with expiration (>25% expiratory
increase in transmitral E-wave velocity). Changes in the right side
are the opposite and reciprocal with inspiratory increase of tricuspid
inflow (>40% inspiratory increase in transtricuspid E-wave velocity)
and outflow.”?

Otherechocardiographic findings include anormal ventricular sys-
tolic function and thickened pericardium. Although pericardial thick-
ening is not specific, it may be better visualized using TOE. With TTE,
thisis better seen either from parasternal long-axis projections at the
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Figure I5: Transoesophageal transversal view of pericardial post-operative clots before and after surgical removal.

back of the heart or better from parasternal short-axis projections
with the overall gains right down in order to enhance the echoes
arising from the posterior pericardium. When this is done, then the
pericardial layers may be seen as two bright lines moving in parallel
throughout the cardiac cycle. When this is vizualized, it is very specific
and together with the septal bounce; it will contribute to a positive
diagnosis of pericardial constriction. In addition, the inferior vena
cava is dilated with little respiratory variation indicative of elevated
right atrial pressures.

Mitral inflow velocities may not show respiratory variation in up
to 50% patients with constrictive pericarditis as the filling pressures
may be altered due to marked diuresis, which will tend to reduce
intrathoracic and intracardiac pressures. Therefore, the absence of
respiratory variation of mitral inflow in patients with clinical evidence
of significant systemic venous congestion does not exclude the
diagnosis of constrictive pericarditis.”*

The respiratory variation of Doppler velocities can also be seen in
other conditions such as chronic obstructive lung disease, right ven-
tricular infarct, sleep apnoea, asthma, and pulmonary embolism due
to increased intrapleural (intrathoracic) pressure drop with inspir-
ation not all transmitted to heart.

Systolic function is preserved in pericardial constriction and this can
also be demonstrated by the high mitral annular systolic velocities, but
also by the high systolic myocardial velocities, strain and strain rate.”>

Cardiac catheterization allows simultaneous right ventricular and
LV pressure recordings, demonstrating equalization of pressures at
end-diastole, which gives the typical ‘square root’ or ‘dip and
plateau’ sign (Figure 16). Although not specific to constriction, this
may add to the diagnosis in concert with other clinical and echocar-
diographic findings.

Thickened pericardium by CT can be found in a multitude of situa-
tions, including the early post-operative period, uraemia, rheumatic
heart disease, sarcoidosis, or as a consequence of radiation therapy
(Figure 17). Increased thickness of the pericardium per se does not
constitute proof of constriction.' About 20% of cases may display
constrictive features without pericardial thickening.72 Also, CT
cannot assess the haemodynamic relevance of a thickened pericar-
dium. Hence the appearance of ‘pericardial thickening’ on CT can
be supportive in cases of suspected constriction, but it does not
prove the condition. Similarly, a normal pericardial thickness
cannot rule out constriction.”* CT imaging can clearly delineate
the presence and the exact extent of pericardial calcification
(Figure 18).Inthe clinical setting of suspected constriction, pericardial
calcification should be considered a significant finding.?° However,
again, calcification alone does not allow making a diagnosis of ‘pericar-
dial constriction’. CMR can demonstrate the thickening and, although
less reliably than CT, calcification of the pericardium that are usually
associated with constrictive pericardial disease (Figure 19). Compar-
able with echocardiography, dilated RA, and an elongated RV can be
detected and real-time cine CMR demonstrates ventricular inter-
dependence.*' Pericardial adhesions between the thickened pericar-
dium and the epicardial surface of the myocardium with reduced
mobility of the myocardium may be highlighted by tagged cine
CMR imaging.”>”® CMR findings are used to plan invasive treatment,
such as pericardiectomy, complementing findings on echocardiog-
raphy and/or CT. CMR is frequently used to plan the management
of pericardial masses, in particular surgical interventions. Cardiac
mortality and morbidity at pericardiotomy is mainly caused by the
pre-surgically unrecognized presence of myocardial atrophy or myo-
cardial fibrosis. Using CMR for excluding patients with extensive
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Figure 16: Simultaneous right ventricular and left ventricular pressure recordings, demonstrating equalization of pressures at end-diastole (EDP)

which gives the typical ‘square root'.

A

Figure 17: Thickened pericardium—uwithout calcification—in a
non-contrast CT acquisition of a patient with constrictive
pericarditis.

myocardial fibrosis and/or atrophy significantly reduces the mortality
rate for pericardiotomy.”” Moreover, CMR pericardial LGE and in-
flammatory biomarkers could predict the reversibility of CP after
anti-inflammatory therapy.

Constriction vs. restriction

In most clinical scenarios, the distinction between constriction and
restriction will be guided by the patient’s history. (i.e. of surgery or
infection—tuberculosis). However, in some patients presenting
with elevated filling pressures (diastolic heart failure) and/or pulmon-
ary hypertension the differential diagnosis between pericardial

constriction and restrictive cardiomyopathy can be more challenging.
Inthe majority of patients with suspected restrictive cardiomyopathy,
the cause of their pathology is cardiac amyloidosis, which has specific
echocardiographic signs, including reduced contractility, so that in reality
the differential diagnosis from constrictive pericarditis is rarely an issue.
Other forms of restrictive cardiomyopathies, however, may be more
important for the differential diagnosis with constriction, including
post-radiotherapy, sarcoidosis, haemochromatosis, endomyocardial
fibroelastosis, and primary restrictive cardiomyopathy.

In constrictive pericarditis, the most striking findings are ventricu-
lar septal motion abnormalities, which do not occur in restriction.

Restrictive cardiomyopathy is characterized by the restrictive
Doppler physiology with increased E velocity, decreased A velocity,
E/A ratio greater than 2, and shortened deceleration time of E-wave.
Hepatic vein diastolic flow reversals occur with inspiration instead of
expiration.

Tissue Doppler recording of mitral annulus has become an im-
portant means to differentiate myocardial restrictive from pericardial
constrictive heart failure. Typically, mitral annular € velocity is well
preserved in constriction (often >7 cm/s) (unless mitral annulus
calcification and/or LV dysfunction) but significantly diminished in
restriction. Despite elevated LV filling pressures (restrictive transmi-
tral flow pattern) E/e’ remains low in constrictive pericarditis
(annulus paradoxus). Mitral inflow propagation velocity (PFV) mea-
sured by colour M-mode is also helpful in distinguishing restriction
(PFV <45 cm/s) from constriction (PFV >45 cm/s). However, it is
more difficult to perform than TDI.”?

As shown by Leitman et al.,”® LV rotation and torsion may be mark-
edly reduced in patients with acute inflammatory pericardial disease.
In these patients, there were also reductions in myocardial longitu-
dinal and circumferential strains. This is probably due to a mixed peri-
cardial and myocardial involvement in most patients with pericarditis.

The marked reduction in LV torsion in patients with perimyocar-
ditis probably reflects reduction in myocardial function predomin-
antly in the subepicardial layer which is composed of the spiral
oblique myocardial fibres which account for the normal counter-
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Figure 18: Pericardial calcification. In transaxial slices (A and B), the calcified pericardial sections can clearly be seen. Note the impression of the
right ventricle (double arrows in B), indicating the haemodynamic effects of the calcification. (C)An of-axis reconstruction, similar to a ‘short-axis’
view of the heart. Note the infiltration of the myocardium by pericardial calcification (arrow in C). A three-dimensional surface-weighted recon-

struction.

clockwise rotation of the LV apex and clockwise rotation of the
base. In addition, pericardial adhesions may limit the free motion of
the ventricle within the pericardium and thereby reduce LV twist.
The changes in LV torsion in constrictive pericarditis are in prin-
ciple similar to the findings in perimyocarditis, i.e. a marked decrease
in LV torsion, which is mainly due to a reduction in apical rotation.”
Constrictive pericarditis is also associated with reductions in LV lon-
gitudinal, circumferential, and radial strains.?° The reduction in sube-
picardial function in constrictive pericarditis may be attributed to
myocardial atrophy and fibrosis as well as calcium deposition due to
longstanding disease. In myocardial infiltration leading to restrictive
physiology, abnormal LV contraction is usually seen alongside charac-
teristic changes on LGE CMR, with diffuse signal enhancement.”®

Effusive-constrictive pericarditis and
transient constrictive pericarditis

Both pericardial effusion and constrictive pericarditis may co-exist in
effusive-constrictive pericarditis. There is a pericardial effusion and
evidence of increased filling pressure with constriction.2"#? Owing
to the decrease in intrapericardial pressure, pericardiocentesis can
solve the constrictive physiology but sometimes constrictive haemo-
dynamics can still persist even after the pericardial effusion is
removed. Pericardiocentesis is the treatment of choice of effusive-
constrictive pericarditis. In patients in whom constriction persists
despite fluid removal, it may be due to reversible inflammation that
may resolve with anti-inflammatory medications, this condition
has been termed transient constrictive pericarditis.®> Gadolinium
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enhancement of the pericardium has the ability to predict reversibil-
ity of the constrictive physiology.31 If the medical treatment is unsuc-
cessful after a few months of follow-up, a pericardiotomy has to be
planned. In this particular condition, a close follow-up with echo or
CMR to assess the decrease in typical signs and haemodynamics of
constriction is mandatory. The effusion can be followed on anatom-
icaland cine CMR images and inflammatory response to medications
at the level of the pericardium can be followed using contrast CMR.

Recommendations

A. Chronic constrictive pericarditis Class
TTE to confirm clinical diagnosis Recommended
TOE if poor TT quality of imaging (thickness of Recommended
pericardium)
CT/CMR to confirm clinical diagnosis if Reasonable
echocardiography inconclusive
CT for planning a pericardiotomy (calcification, Reasonable
coronary arteries, lung damage, previous
CT surgery, ...)
CMR for planning pericardiotomy (degree of Recommended
myocardial fibrosis and atrophy, lung damage,. . .)
TTE for follow-up Recommended
CMR for follow-up Reasonable

B. Effusive-constrictive pericarditis Class
TTE to confirm clinical diagnosis and for follow-up Recommended
post-pericardiocentesis
CT/CMR to confirm clinical diagnosis if Reasonable
echocardiography inconclusive
CMR with contrast to evaluate inflammation Reasonable
CMR for follow-up Reasonable

Figure 19: Pericardial thickening in constrictive pericarditis
(arrows).

Figure 20: Pericardial cyst in the typical location (right cardio-
phrenic angle) (arrows).

Pericardial tumours, cysts, and diverticula

Most pericardial tumours are secondary lesions due to the local
spread of lung and mediastinal tumours or due to metastatic
lesions from lung and breast cancers, lymphomas, and melanoma.
Primary malignant tumours are rare, 50% of them are mesothelioma.
Other causes are sarcoma, haemangioma, and teratoma. A pericar-
dial effusion is often associated. The most common cause of
benign tumour of the pericardium is a lipoma. Gossypibomas
(foreign-body granulomas) can also be seen following trauma or
surgery. Although TTE may serve as a screening and follow-up
tool, most neoplasms are best studied with CT or CMR for a
better characterization of the lesion and evaluation of the adjacent
structure of the tumour spread, and to assess the presence of calci-
fication and lymphadenopathy.® CMR does not provide a histological
diagnosis, but it can provide by its excellent soft tissue differentiation
and large field of view clues for diagnosis and tissue characterization
and can allow delineation, extent, and origin of tumour. Most
tumours will display contrast enhancement and delayed contrast
wash-out.*®*

Cysts are rare, benign, congenital, fluid-filled-loculated-free space
adjacent to cardiac border most of the time at the right costophre-
nic angle. The size may vary from 2 to 28 cm? and their rupture may
cause tamponade. In addition to echocardiography, CT and CMR
are techniques of choice to identify the thin walls of these oval,
homogeneous masses. Cysts have a density of 30-40 HU on CT
(Figure 20), showing no enhancement with contrast.?® With CMR,
these structures show intermediate to low-intensity T1-signal
and high T2-weighted signal intensity with no contrast enhance-
ment. Diverticula are out-pouching of the pericardial sac and may
be differentiated from cysts based on the presence of a communi-
cation with the pericardial space and the changes in size related
to the body position.®®
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Subcutaneous
Fat

Paracardiac Fat

Epicardial Fat

Figure 21: Epicardial fat (often referred to as ‘pericardial fat’), paracardiac fat, and subcutaneous fat in computed tomography. Epicardial fat is
correlated with coronary atherosclerosis and the amount of epicardial fat is predictive for future cardiovascular events.

Congenital disease

Congenital absence of the pericardium is very rare, but can also arise
after trauma. It is of a little clinical importance when complete but
may be fatal when it is partial because of a potential herniation of a
part of the heart. Most commonly, partial absence of the pericardium
is leftand is usually suspected when the posterior wall motion is exag-
gerated or when the right ventricle appears falsely enlarged due to
the left shift. Extreme levorotation and displacement of the apex
may be displaced in the axilla leading to a compressed appearance
of the atria. Interposition of lung tissue between aorta and pulmonary
artery or between the basis of the heart and the diaphragm is specific
signs. The potential associated malformations (such as bicuspid valve,
patent ductus arteriosus, atrial septal defect, and mitral stenosis)
should be explored.

Recommendations

TTE to confirm clinical diagnosis Recommended

TOE if poor TT quality of imaging Recommended
CT/CMR to confirm clinical diagnosis and for further ~ Recommended
evaluation of the mass and lymphadenopathy
detection

TTE to confirm clinical diagnosis and follow-up Recommended

Contrast echocardiography to exclude anomalous Reasonable
systemic vein

CT/CMR to confirm clinical diagnosis Recommended

CT for follow-up Not recommended

TTE to confirm clinical diagnosis and associated Recommended
malformation detection
CT/CMR to confirm clinical diagnosis and associated ~ Reasonable

malformation detection

Pericardial fat

The adipose tissue within the pericardium sac is called ‘epicardial fat’
(frequently, it is incorrectly referred to as ‘pericardial fat’, Figure 21).
An increasing evidence has been accumulated which demonstrates a
relationship between epicardial fat volume and coronary atheroscler-
osis.®” In the past decade, there has been growing interest in the rela-
tionship between epicardial fat and cardiovascular disease. Besides
computed tomography, which does not require the injection of con-
trast agent for this purpose, echocardiography and CMR can also be
used to quantify epicardial adipose tissue. With 2D-echocardiography,
epicardial fat is identified as the echo-free space between the epicardial
layers on 2D-images and its thickness is measured on the free wall of
the right ventricle from both parasternal long-axis and short-axis
views at end-diastole. The maximum value at any site is measured,
and the average value is considered. However, computed tomography
provides high-spatial resolution and true volume coverage of the heart
and, therefore, constitutes the most straightforward approach to
quantifying epicardial fat. The extent of epicardial fat and its differenti-
ation from extra-cardiac tissue or myocardial infiltration is usually
straight-forward with CMR. By combining T1-weighted images
withoutand with fat saturation preparation, fat can be confidently iden-
tified. Especially in suspectedinfiltration of the RV free wall on echocar-
diography, CMR can be a useful second-line investigation.

At the current time, pericardial fat quantification is not included in
recommended algorithms for risk stratification. However, the avail-
able data are intriguing enough to warrant further research.

Conflict of interest: none declared.
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