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Over the past 20 years, I have been teaching cardiology to physicians and
other health care professionals. When I ask my trainees to provide me with a
disease that they are not comfortable managing, they almost always have the
same reply: pericardial disease. The realization of this gap in training has
motivated me to create this book which is specifically devoted to Pericardial
Disease.

Pericardial disease is a broad term that describes a wide range of patholo-
gies. The clinical aspects of pericardial disease encompass acute and recur-
rent pericarditis, pericardial effusion and pericardial tamponade, constrictive
pericarditis, and effusive-constrictive pericarditis. These disorders differ not
only in clinical presentation but also in the timeline of their development.
Thus, management of pericardial disease can be challenging for many clini-
cians. To assist medical professionals with this often complex area, this book
provides an extensive review of pericardial disease evaluation and manage-
ment using a unique stepwise pathway-based approach.

Management of Pericardial Disease contains a selection of defining clinical
images for guiding the identification and management of pericardial disease.
Fellows, residents, cardiologists, thoracic medicine physicians, cardiothoracic
surgeons, radiologists, and intensive care and emergency medicine physicians
alike will find this book to be an essential resource for developing the skills and
knowledge applicable to managing pericardial disease in patients.

Because pericardial disease is often life threatening, it is my hope that this
book will serve as an instrumental guide for helping physicians to save the
lives of patients with pericardial disease.

New York, NY, USA Eyal Herzog, MD
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Anatomy and Physiology
of the Pericardium

Martin Y. Tabaksblat, Dan G. Halpern,
Edgar Argulian, and Eyal Herzog

Anatomy
Pericardium

The pericardium is a membranous sac surround-
ing the heart and the roots of the great vessels that
is composed of both fibrous and serosal layers
(Fig. 1.1). The fibrous layer of pericardium forms
a conical-like sac surrounding the heart; superi-
orly, the fibrous pericardium is attached to and is
continuous with the adventitia of the great ves-
sels as well as with the pretracheal fascia. The
pericardium is attached anteriorly to the manu-
brium and xiphoid process by the sternopericar-
dial ligaments, posteriorly to the vertebral column
and inferiorly to central tendon of the diaphragm.
The pericardium is separated from the anterior
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thoracic wall by the lungs and pleura but is in
direct contact with it at the lower left half of the
sternum and the sternal abutments of the left
fourth and fifth costal cartilages [1]. The phrenic
nerves contained within the pericardiophrenic
bundles pass laterally along each side of the heart
between the fibrous pericardium and mediastinal
pleura. The serosal pericardium consists of two
layers, a serous visceral layer (epicardium) that is
adherent to the heart and epicardial fat and a
serous layer which lines the internal surface of
the fibrous pericardium together forming the
parietal pericardium.

Fig. 1.1 Human heart with pericardium splayed (black
arrows) revealing epicardial fat (asterisk)

DOI 10.1007/978-3-319-06124-5_1, © Springer International Publishing Switzerland 2014
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Mesothelium

Collagen fibers

Elastic fibers
(black color)

Fig. 1.2 Parietal pericardium. (a) EVG stain of parietal
pericardium displaying the serosal (mesothelial) layer and
fibrous layers composed of collagen and elastic fibers. (b)
H&E stain of parietal pericardium displaying serosal

The normal pericardial thickness is less than
2 mm as seen on imaging studies and less than
1 mm on anatomical studies [2]. The pericardial
space between the visceral and parietal layers nor-
mally contains less than 50 ml of serous fluid which
in normal hearts is contained in the pericardial
recesses and sinuses mostly over the atrial-ventric-
ular and inter-ventricular grooves [3] (Fig. 1.1).

Serosal Pericardium

The serosal layer is composed of a surface layer
of flattened mesothelial cells whose luminal sur-
face is completely lined with surface microvilli
and few cilia which are thought to serve as both
specialized friction-bearing surfaces as well as to
increase the cell surface area available for fluid
transport [4]. Histologic examination of the sero-
sal pericardium suggests the capability of the
luminal surface to modify its configuration as
well as the ability to permit both transport through
intercellular spaces and across the cytoplasm by
vesicular transport [4].

Fibrous and Parietal Pericardium

The parietal pericardium is composed of the
serosal and fibrosal layers as well as an outer

(mesothelial) layer and collagen fibers (Courtesy of Dr.
Shweta Gera and Dr. Pushpa Kancherla, Mt. Sinai St.
Luke’s Pathology Department, New York, NY)

layer of epipericardial tissue. The fibrous pericar-
dium is composed of connective tissue cells,
microvasculature, lymphatics, collagen fibers,
and small elastic fibers. The epipericardial layer
is composed of connective tissue as well as neu-
ral elements and blood vessels [4]. Coarse col-
lagenous bundles in the epipericardial layer form
the sternopericardial ligaments. Mast cells, lym-
phocytes, and histiocytes can be found in both the
fibrosal and epipericardial layers [4]. The varied
orientation and the wavy arrangement of the col-
lagen fibers in the fibrous layer are such that they
allow for some degree of multidirectional stretch
to occur. However, given the inextensible nature
of collagen fibrils, once the collagen fibrils are
straightened out, further stretching of the fibrous
layer is limited [4]. It has also been shown that
the waviness of the pericardial collagen is maxi-
mal in young adulthood and decreases thereafter
with age [4] (Fig. 1.2).

Pericardial Sinuses and Recesses

The visceral pericardium envelopes the heart
and its attached vessels and is reflected into the
parietal pericardium forming a sac around the
heart. This reflection creates two invaginations
one enclosing the aorta and pulmonary trunk
and the other enclosing the venae cavae and



1 Anatomy and Physiology of the Pericardium

Fig. 1.3 Anatomic locations
of the pericardial recesses and
sinuses. Ao aorta, LPA, RPA
left and right pulmonary
arteries respectively, SVC,
1VC superior and inferior
venae cavae respectively
(Courtesy of Adult Congenital
Heart group, Boston
Children’s Hospital and
Brigham and Women’s
Hospital, Harvard Medical
School, Boston, MA)

pulmonary veins. At these reflections about the
vessels the pericardial cavity forms the pericar-
dial sinuses and recesses which are continuous
with the pericardial cavity. Normally, much of
the pericardial fluid is contained within these
sinuses and recesses. Familiarity with the anat-
omy of the sinuses and recesses may prove help-
ful in diagnostic and therapeutic procedures.
For example, for patients requiring physiologic
(atrial-ventricular) pacing who have limited
venous access, placement of epicardial pace-
maker leads through the pericardial reflections
has been shown to be effective [5].

The transverse sinus is a passage between
these two invaginations with the aorta and pul-
monary trunk anteriorly and the atria and veins
posteriorly. Bachmann’s bundle, a source of cer-
tain atrial arrhythmias, lines the floor of the trans-
verse sinus (roof of the left atrium) and can be a
target for radiofrequency ablation (RFA) [6]. The
oblique sinus is a cul-de-sac like space that lies
behind the left atrium and formed about the pul-
monary veins and the inferior vena cava. The
oblique vein of Marshall, also a potential source
of arrhythmia, lies within the oblique sinus and is
amenable to RFA via an epicardial approach [6].

Smaller spaces formed by reflections of peri-
cardium between adjacent structures are called
pericardial recesses. These recesses are named
according to the structures that delineate them.

Superior
pericardial recess

Left pulmonic recess

Transverse sinus

Left pulmonary
venous recess

veins

Oblique sinus

The superior (aortic) pericardial recess is an
extension of the transverse sinus that lies anteri-
orly, posteriorly and to the right of the ascending
aorta and is bordered posteriorly by the superior
vena cava. The superior pericardial recess can be
misinterpreted as an aortic dissection, lymphade-
nopathy, or a cystic mediastinal mass on com-
puted tomography (CT) imaging [7]. The inferior
aortic recess is an extension of the transverse
sinus that lies between the lower part of the
ascending aorta and the right atrium. The anterior
left ventricular outflow tract (LVOT) and proxi-
mal aorta (and aortic valve cusps) can be accessed
for RFA via the inferior aortic recess [6]. The
post caval recess lies behind the superior vena
cava and is separated from the transverse sinus
above by the right pulmonary artery and below
by the right upper pulmonary vein. The left and
right pulmonic recesses are lateral extensions of
the transverse sinus that lie inferior to the left and
right pulmonary arteries respectively. The left
and right pulmonary venous recesses lie behind
the left atrium between the upper and lower pul-
monary veins (Fig. 1.3).

Pericardial Fat

Fat deposits are found around the heart as
epicardial fat (Fig. 1.1) covered by the visceral
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pericardial layer and as fat deposits on the outer
surface of the fibrous pericardium. The epicar-
dial fat predominantly overlies the atrioventricu-
lar and interventricular grooves and the right
ventricle and contains the coronary arteries and
veins, lymphatics, and nervous tissue. The epi-
cardial fat serves as both a mechanical and
immune barrier for the heart, a regulator of vas-
cular flow by vasocrine mechanisms and as a
local source of fatty acids during periods of high
myocardial demand. Epicardial fat is associated
with cardiovascular disease [8] which may be
mediated by its paracrine effects, locally secret-
ing cytokines which can accelerate the athero-
sclerotic process by means of endothelial
dysfunction, smooth muscle proliferation, and
oxidative stress [9].

Lymphatic Drainage

The pericardium has an extensive network of
lymphatics providing active turnover of pro-
tein and various other substances from within
the pericardial space. This turnover is medi-
ated by lymphatics in both the epicardium and
parietal pericardium. The lymphatic vessels of

Paratracheal
lymph nodes

the anterior pericardium either travel upwards
along the phrenic nerves terminating in the ante-
rior right and left mediastinal nodes or travel
downwards terminating at the diaphragm or
prepericardial lymph nodes. The lymphatics of
the lateral pericardium drain into the anterior
mediastinal, tracheobronchial, lateropericardial,
prepericardial and paraesophageal lymph nodes.
The lymphatics of the posterior pericardium
drain into the paraesophageal and tracheobron-
chial lymph nodes. Lymphatics of the inferior or
diaphragmatic part of the pericardium drain into
the right lateropericardial, right prepericardial,
paraesophageal, and tracheobronchial lymph
nodes [10] (Fig. 1.4).

Vascular Supply

The pericardium receives its blood supply from
branches of the internal thoracic (mammary) and
musculophrenic arteries and the descending tho-
racic aorta [11]. The pericardial veins vary in
number and drain into the left innominate, azy-
gous, and internal thoracic veins. The lymphatic
system is also thought to play an important role
in venous drainage of the myocardium.

Phrenic nerves

ol
Anterior »'5?
mediastinal éﬁ"
lymph nodes _
Fig. 1.4 Lymphatic drainage | gieral (:
of the pericardium (Courtesy  pericardial
of Adult Congenital Heart lymph nodes

group, Boston Children’s
Hospital and Brigham and
Women'’s Hospital, Harvard
Medical School, Boston, MA)

Prepericardial
lymph node
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1 Anatomy and Physiology of the Pericardium

Innervation

Parasympathetic nerve fibers branching from the
vagus, left recurrent laryngeal, and esophageal
plexus innervate the pericardium. Sympathetic
innervation is supplied from the first dorsal gan-
glion, stellate ganglion, and the aortic, cardiac,
and diaphragmatic plexuses [11]. Additionally,
the pericardium secretes prostaglandins with
which increased levels have been shown to mod-
ulate sympathetic nerve effects and potentially
suppress the development of arrhythmias in vari-
ous situations [12].

Physiology of the Pericardium

The pericardium serves several functions for the
heart which includes shielding the heart from
physical and biologic insults, promotion of effi-
cient cardiac function, and limitation of excessive
cardiac displacement (Table 1.1). Despite these
beneficial functions of the pericardium, those
without a pericardium either due to congenital
[complete] absence of the pericardium or surgi-
cal removal of the pericardium (pericardiectomy)
suffer minimal consequences.

As mentioned above, the fibrous pericardium
is capable of stretching but, once the collagen
fibrils that compose it are straightened out, fur-
ther stretching of the fibrous layer is limited [4].
This limited degree of stretch translates into a
non-linear pressure-volume relation of the
pericardium. Initially an increase in pericardial
fluid volume minimally affects the pericardial
pressure until the reserve volume of the pericar-
dium is exceeded and a critical pressure is met at
which point small increases in pericardial fluid
volume result in significantly greater changes in
pressure (Fig. 1.5 curve a). On the other hand,
when the pericardium is removed the pressure-
volume curve is less steep and the heart is capa-
ble of dilating approximately 50 percent greater
than it would with an intact pericardium (Fig. 1.5
curve b) [11]. The pericardium thus acts as a rela-
tively inelastic envelope which serves to limit
excessive acute cardiac dilatation, protect against
excessive ventriculoatrial regurgitation, and

Table 1.1 Functions of the pericardium

Mechanical
Limits excessive acute cardiac distention
Protects against excessive ventriculoatrial
regurgitation
Maintains ventricular function and compliance
relationships
Reduces friction to the heart
Serves as a barrier to infection

Biologic
Secretes immunologic factors protecting the heart
Fibrinolytic activity of the mesothelial layer
Modulates sympathetic tone
Aids venous and lymphatic drainage of the heart
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Fig. 1.5 Pressure-volume curves of canine hearts. (A)
Isolated canine heart with intact pericardium. (B) Isolated
canine heart after pericardiectomy. (C) Chronically
dilated canine heart with intact pericardium (Adapted
from Freeman and LeWinter [13] and Hort [14])

maintains normal and uniform ventricular func-
tion and compliance relationships [15]. Since the
right heart is thin-walled and less resistant com-
pared to the left ventricle, the pericardium affects
right heart hemodynamics to a greater degree
than the left side. At least 50 % of the normal
right-sided diastolic pressures are due to the peri-
cardial influence [16]. In acute right ventricular
dilation, the effect of pericardial constraint can
affect left-sided filling pressures due to ventricu-
lar interdependence. In chronic volume overload
states the pericardium adapts to these higher vol-
umes and pressures and the pericardial pressure-
volume curve shifts to the right and flattens to a
small degree, allowing for greater increases in
fluid volume with attenuated increases in pres-
sure (Fig. 1.5 curve c) [13]. Similar changes and
shift of the pressure-volume curve can be seen



with slowly enlarging pericardial effusions and
explains why tamponade physiology is not
observed in many cases of large, slowly accumu-
lating pericardial effusions.

The relatively inelastic nature of the pericar-
dium enhances ventricular interaction, wherein
changes in pressure or volume of the right heart
influence pressure-volume characteristics of the
left heart. Sudden distention of the left ventricle
increases pericardial pressure which in turn
increases right ventricular resistance, and reduces
right ventricular stroke volume thereby reducing
venous return to the left ventricle and left ven-
tricular stroke volume. In the absence of the peri-
cardium, this interventricular relationship is
diminished. An example of this physiologic rela-
tionship can be seen with positive end-expiratory
pressure (PEEP) and intermittent positive pres-
sure breathing. Both of these ventilation modali-
ties typically increase the pulmonary artery
transmural pressure, resulting in increased right
ventricular size. Because of the interventricular
relationship which is enhanced by the pericar-
dium, left ventricular chamber size and compli-
ance subsequently decrease in-turn decreasing
cardiac output. It is for this reason that PEEP and
positive pressure ventilation is contraindicated in
cardiac tamponade [15].

Normal intrapericardial pressure is usually
subatmospheric and is nearly equal to intrapleu-
ral pressure (pericardial transmural pressure of
zero), whereas intracardiac pressures are nor-
mally supraatmospheric. Intrapleural pressure
varies depending on the location within the tho-
rax. Given that the heart is enclosed by the peri-
cardium the two are intimately related; that is,
fluctuations in intracardiac pressure reflect on
intrapericardial pressure and visa versa.
Therefore, intrapericardial pressure is greatest at
end diastole and falls during systole. Myocardial
transmural pressure (distending pressure) which
is closely related to preload, is equivalent to the
intrapericardial cavity pressure subtracted from
the cavity or chamber pressure [15, 17].

Since the intrapericardial pressure is affected
by intrapleural pressure, respiration affects car-
diac hemodynamics. Inspiration reduces intra-
pleural pressure thereby reducing pericardial,

M.Y. Tabaksblat et al.

right atrial, right ventricular, pulmonary capillary
wedge, and systemic pressures. With inspiration
the pericardial pressure decreases more than
atrial pressure, the right atrial transmural pres-
sure increases thereby increasing right heart fill-
ing and hence right ventricular preload. Also,
there is a physiologic fluctuation in systolic blood
pressure explained by phasic variation in the fill-
ing of the right- and left-sided cardiac chambers
related to intrathoracic pressure changes with
respiration. Normally, this fluctuation does not
exceed 10 mmHg but it can be exaggerated by
accumulating pericardial effusion that restricts
cardiac filling and makes the respiratory variation
in the right and left ventricular filling more pro-
nounced and interdependent. This phenomenon
of ‘pulsus paradoxus’ is one of the clinical cor-
relates of pericardial tamponade.
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Anatomy and Physiology of the
Pericardium-For Patients and
their Families

The pericardium is a sac-like covering around
the heart and the attachments of the blood ves-
sels to the heart (Fig. 1.1). The pericardium
serves several functions for the heart which
include shielding the heart from physical and
biologic insults, promotion of efficient cardiac
function, and limitation of excessive movement
of the heart. Despite these beneficial functions
of the pericardium, those without a pericardium
either due to congenital [complete] absence of
the pericardium or surgical removal of the peri-
cardium (pericardiectomy) suffer minimal
consequences.

The pericardium has attachments to surround-
ing structures within the chest cavity (mediasti-
num) and is bordered by the sternum, spine,
diaphragm, and lungs. The pericardium is in
direct contact with the chest wall at the lower left
part of the sternum where it is connected to the
left fourth and fifth ribs. This area is important as
it is a common area to perform a pericardiocente-
sis, or sampling of the pericardial fluid with a
needle. The phrenic nerves, which send and
receive signals to and from the diaphragms, pass
along the right and left sides of the heart.

The pericardium folds about the blood vessels
attached to the heart forming the pericardial space.
At the locations where the pericardium folds or

M.Y. Tabaksblat et al.

reflects there are small pockets of space called
sinuses and recesses that are connected to the
pericardial cavity. Normally, much of the pericar-
dial fluid is contained within these sinuses and
recesses (Fig. 1.3). Familiarity with the anatomy
of the sinuses and recesses may prove helpful to
doctors in both diagnostic and therapeutic proce-
dures. It is also important for doctors to be famil-
iar with the normal anatomy so as not to confuse
these sinuses or recesses with other important
structures or dangerous findings.

The pericardium is composed of specialized
cells that serve as friction bearing surfaces as well
as to transport certain substances across the peri-
cardium. Collagen fibers within the pericardium
are wavy in appearance and straighten out when
stretched (Fig. 1.2). The orientation and structure
of the pericardial tissue components allow for the
pericardium to stretch to some degree before it
reaches a limit at which point small increases in
stretch result in significantly higher pressures
within the pericardial space. When the pericar-
dium is absent due to congenital absence or surgi-
cal removal the heart is capable of expanding
more than it can with an intact pericardium. When
the heart is chronically overloaded the heart
slowly dilates and the pericardium adapts to the
higher pressures. It is for this reason that slowly
enlarging pericardial effusions (excessive pericar-
dial fluid volume) do not necessitate an emer-
gency whereas, rapidly growing effusions can
potentially be life threatening.
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Introduction

There is a wide spectrum of conditions that affect
the pericardium, including congenital defects and
cysts, infectious, immune-mediated, metabolic,
traumatic, neoplastic and drug-related causes [1]
(Table 2.1). Most of these disorders result from
an extrapericardial process (e.g., viral infections,
uremia, chest radiation therapy), whereas a
minority are isolated to the pericardium itself
(e.g., cysts). Pathologically, the two most com-
mon disease processes are pericarditis (i.e.,
inflammation) and pericardial effusion. A less
frequent development is pericardial constriction,
a consequence of inflammatory insults that results
in thickening, fibrosis and calcification [2].
Clinically, the presentation of pericardial disease
is primarily determined by the degree and chro-
nicity of the inflammatory process, the rate and
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amount of effusion accumulation, and the degree
of pericardial thickening and fibrosis. The etiol-
ogy of most cases of acute pericarditis is deemed
“idiopathic” as no specific diagnosis is actively
sought [3, 4]. The majority of such episodes are
believed to be of viral origin.

Important questions in the history of patients
with suspected pericardial diseases should focus
on recent febrile illnesses, prior pericarditis epi-
sodes, recent procedures involving the chest,
myocardial infarction (MI), the medication his-
tory (e.g., those associated with drug-induced
lupus), tuberculosis exposure, travel history, a
history of malignancy, previous radiation expo-
sure, renal function, thyroid disease and the
patient’s immune status.

Infectious Pericardial Diseases
Viral Pericarditis

Viruses are the most common infectious agents
that cause pericarditis. They may invade the peri-
cardium directly, or may indirectly elicit an
immune response. The most common viruses to
cause pericarditis are echovirus and coxsackievi-
ruses. Other important viral causes in the adult
population include cytomegalovirus (CMV), her-
pesvirus (HSV), human immunodeficiency virus
(HIV), and Ebstein-Barr virus (EBV). CMV peri-
carditis is more common in immune-compromised
individuals including post-transplant and HIV
patients [5]. In viral pericarditis, there is
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Table 2.1 Etiologies of diseases of the pericardium

1. Idiopathic (acute and recurrent pericarditis)
2. Infectious

D.G. Halpern et al.

(i) Viral — Coxsackie A/B, echovirus, CMV,EBV, HSV, HBV, HCV, HIV/AIDS, Influenza, adenovirus,

varicella, rubella, mumps, parvovirus, B19, HHV6

(i) Bacterial — Staphylococci, Streptococci, Coxiella burnetti, Borrelia burgdorferi, Haemophilus influenzae,
meningococci, Chlamydia, Mycoplasma, Legionella, Leptospira, Legionella, Listeria, rickettsiae

(iii)

Mycobacterial — Mycobacterium tuberculosis, Mycobacterium avium-intracellulare complex (MAIC)

(iv) Fungal - histoplasmosis, coccidioidosis, aspergillosis, blastomycosis, candidiasis

(v) Parasitic — Chagas disease, African tripanosomiasis, echinococcosis, toxoplasmosis, amebiasis,

schistosomiasis
3. Systemic inflammatory and autoimmune diseases

(i) Connective tissue diseases — systemic lupus erythematosus, rheumatoid arthritis, scleroderma, ankylosing
spondylitis, mixed connective tissue disease, dermatomyositis

(ii) Vasculitides — Takayasu arteritis, polyarteritis nodosa, Kawasaki disease, temporal arteritis, Churg-Strauss

disease, Wegener granulomatosis

(iii) Rheumatic fever
(iv) Granulomatous disease — sarcoidosis

(v) Autoinflammatory diseases — Familial Mediterranean Fever, inflammatory bowel diseases, TNF

receptor-1 associated periodic syndrome (TRAPS)

4. Pericardial diseases secondary to diseases of surrounding organs — pericarditis early after myocardial
infarction, congestive heart failure, myocarditis, aortic aneurysm, pulmonary embolism, pulmonary
hypertension, pneumonia, esophageal disease, paraneoplastic

5. Post cardiac injury syndrome — Dressler syndrome (late post myocardial infarction syndrome), post-
pericardiotomy syndrome, post heart transplant, pulmonary embolism

6. Neoplastic

(i) Primary tumors — mesothelioma, angiosarcoma

(ii) Secondary tumors — metastatic or by direct extension e.g., lung cancer, breast cancer, Hodgkin’s
lymphoma, mesothelioma, gastric and colon cancer, melanoma and sarcoma

7. Mediastinal radiation therapy
8. Hemopericardium and pericardial trauma

(i) Direct injury — penetrating thoracic injury, procedure related trauma (e.g., pacemaker, ablation, PCI,

device placement), esophageal perforation

(i1) Indirect injury — cardiopulmonary resuscitation, blunt trauma (e.g., automobile chest impact)

9. Aortic dissection
10. Renal Disease — uremic and dialysis pericarditis

11. Metabolic/Endocrine — hypothyroidism (myxedema), scurvy, ovarian hyperstimulation syndrome

12. Congenital — pericardial cysts, absence of pericardium

13. Drug induced pericarditis — procainamide, hydralazine, isoniazid, methyldopa, phenytoin, penicillin,

doxorubicin, daunorubicin, tetracyclines

14. Miscellaneous — cholesterol pericardium, chylopericardium

commonly an upper respiratory tract infection
prodrome preceding evidence of pericarditis.
Assessment for rising serum viral titers has a lim-
ited role in diagnosis as it does not prove causal-
ity and most patients will have recovered before
the results of such testing is available. Viral peri-
carditis is usually self- limiting, but may involve
the myocardium (myopericarditis), or may lead
to effusive or constrictive physiology.

HIV-Related Pericardial Disease

HIV may act on the pericardium by direct inva-
sion, by related opportunistic pathogens, by an
indirect immune response and by associated neo-
plastic involvement (e.g., Kaposi sarcoma and
lymphoma). The most common pericardial pre-
sentation in HIV patients is simple pericardial
effusion, which is present in 10-20 % of cases
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and has been linked to shorter survival and lower
CD4 counts [1-3]. The effusions are usually
small, asymptomatic and non-progressive.
Pericardial effusion in HIV patients can also
result from severe hypoalbuminemia due to AIDS
related cachexia or capillary leak syndrome. The
latter results from elevated cytokines (IL-2 and
tumor-necrosis factor) that cause a systemic
inflammatory response syndrome. HIV treat-
ments, including nucleoside reverse transcriptase
inhibitors (e.g., abacavir, lamivudine, zidovu-
dine) and protease inhibitors (e.g., saquinavir,
ritonavir) may additionally cause lipodystrophy;
manifested by increased pericardial fatty tissue,
visualized by echocardiography or MRI.

Bacterial Pericarditis

The most common pyogenic bacterial pathogens
to invade the pericardium are staphylococci and
streptococcal species [4—6] (Fig. 2.1). Less com-
monly implicated are Haemophilus influenzae,
Salmonella enteritidis, Niesseria meningitidis,
Legionella pneumophila, Chlamydia pneu-
moniae, Coxiella burnetii, Treponema pallidum,
Borrelia burgdorferi, Mycoplasma pneumoniae,
gram negative bacteria and rarely anaerobes.
Bacterial pericarditis typically results in the

Fig. 2.1 Purulent pericarditis. The parietal pericardium
has been removed to expose the purulent material cover-
ing the visceral pericardium (Courtesy of Dr. Stephen
Sanders, Boston Children’s Hospital, Harvard Medical
School, Boston, MA)

accumulation of purulent fluid in the pericardial
sac ranging from a thin layer to large quantities of
frank pus. It is a life-threatening condition that
presents as an acute febrile illness commonly
complicated by tamponade. Though its preva-
lence has decreased since the advent of antibiot-
ics, purulent pericarditis may result from local
extension of suppurative pneumonia or cardiac
ring abscess from endocarditis, following chest
surgery or trauma, esophageal perforation, sub-
diaphragmatic abscess, or from hematogenous or
lymphatic spread from a distant focus. In the
developing world, tuberculous pericarditis
remains the most common cause of chronic peri-
cardial purulence. Patients with uremia, connec-
tive tissue disease and immune deficiency are
more prone to this condition.

The most common organism cultured in bac-
terial pericarditis is Staphylococcus aureus and
its route of spread is typically hematogenous.
Streptococcus pneumoniae is the most common
organism causing purulence by direct extension
from an adjacent pneumonia with empyema.
Although suppurative foci complicating endocar-
ditis may infiltrate the pericardial space, sterile
pericardial effusion is more common in this situ-
ation. Salmonella enteritidis has been reported as
a cause of purulent pericarditis in patients with
HIV, lupus, malignancy and cirrhosis [7].
Esophageal perforation or mediastinal extension
of peritonitis is associated with gram negative
bacterial pericarditis, and penetrating trauma to
the chest (e.g., knife wound) is often polymicro-
bial. The diagnosis of bacterial pericarditis is
confirmed via pericardiocentesis and identifica-
tion of the responsible pathogen by microscopy
and culture. Effusion characteristics are exuda-
tive with high protein and low glucose concentra-
tions. Treatment includes drainage of the purulent
effusion and systemic antimicrobial therapy.
Pericardiocentesis may serve both diagnostic and
therapeutic purposes, but a thick effusion with
fibrin stranding may prevent the complete drain-
age of purulent material [6]. Irrigation of the
pericardial space with fibrinolytic agents such as
urokinase or streptokinase may aid in drainage
[8]. The creation of a window via the subxiphoid
approach allows a surgeon to mechanically lyse
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adhesions and more completely evacuate the
effusion. In rare instances, a complete open peri-
cardiectomy is required to disrupt adhesions and
loculations to allow complete drainage.

Mycobacterial Pericardial Disease

Tuberculous pericarditis arises in approximately
4 9% of patients with pulmonary tuberculosis
(TB), and while now uncommon in the developed
world, it remains an important cause of constric-
tive pericarditis in developing countries [9],
where it is commonly diagnosed in association
with AIDS. Mycobacterium tuberculosis infects
the pericardium by direct invasion from adjacent
tissues (primarily the lungs and the tracheobron-
chial tree), by hematogenous spread, or from
reactivation from an extra-cardiac source.
Pathologically four stages of development of
pericardial disease occur: (1) granuloma forma-
tion with fibrinous exudation containing high
concentrations of tuberculous bacilli; (2) sero-
sanguinous effusion with a low concentration of
bacilli, high protein and lymphocytic predomi-
nant exudate; (3) caseation of granulomas with
early pericardial constriction including fibrosis
and thickening; and (4) full pericardial constric-
tion, scarring and calcification [10]. Progression
among the stages is variable and generally the
acute pericardial phase lasts between 2 to 4 weeks
and the constriction component may take several
years to develop.

Classically patients with tuberculous pericardi-
tis present with fever, weight loss, night sweats
and symptoms of right heart failure in the chronic
phase, but at any stage may experience chest dis-
comfort, cough and shortness of breath. Constri-
ctive pericarditis can be dry or effusive and
subsequently its presentation may vary from right-
sided heart failure to tamponade, respectively.

Suspicion of mycobacterial disease starts by
recognizing a history of TB exposure or HIV infec-
tion. Screening testing (e.g., tuberculin skin test or
interferon gamma) may disclose exposure, but
does not prove active disease. The diagnosis of TB
pericarditis [11, 12] requires the identification of
acid-fast bacilli (AFB) by stain or culture (40-60 %
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sensitive), a positive polymerase chain reaction for
the DNA of Mycobacterium tuberculosis in the
pericardial effusion, or demonstration of caseating
granulomas in biopsied pericardial tissue (80-90 %
sensitivity). The diagnostic yield is highest during
the effusive stage. An increased level of adenosine
deaminase (ADA) >40 units/l in pericardial effu-
sion is 88 % sensitive and 83 % specific for TB.
Imaging studies of the chest with CT or MRI may
help detect pulmonary and other organ involve-
ment. The mainstay of treatment is multidrug anti-
tuberculous therapy, which should be empirically
administered when clinical suspicion is high in
endemic areas of TB while awaiting conclusive
diagnosis. Corticosteroid therapy for tuberculous
pericarditis is controversial [13]. While such ther-
apy may shorten the duration of symptoms, there
has been no demonstrated survival benefit or pre-
vention of progression to constriction. Surgical
treatment of constrictive pericarditis with pericar-
diectomy is reserved for patients who exhibit per-
sistent hemodynamic findings of constriction.

Fungal Pericarditis

Fungal pericarditis in the immune-competent
patient is seen in endemic areas for Histoplasma
capsulatum and Coccidioides immitis. Conversely,
in the immunocompromised patient, candidiasis,
aspergillosis and blastomyces infections are
major fungal pathogens. Other patients predis-
posed to fungal infections are those who have
chronic indwelling catheters, dialysis patients,
alcoholics, burn victims and in individuals after
prolonged antimicrobial therapy [14]. Diagnosis
is made by fungal staining, positive cultures from
pericardial effusion or tissue, and by measure-
ment of serum titers of anti-fungal antibodies.
Other than uncomplicated localized histoplasmo-
sis, treatment usually requires antifungal antimi-
crobial therapy [15].

Parasite-Related Pericardial Disease

Protozoans and helminthes may affect the peri-
cardium during their migration in the body, or as
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a target organ [16]. The most common parasitic
infection that involves the heart is Chagas disease
(American  trypanosomiasis)  caused by
Trypanosoma cruzi, which is endemic to central
and south America. It causes myopericarditis
acutely and cardiomyopathy in the chronic phase.
Conversely, the African form of trypanosomiasis
(“sleeping sickness”) caused by T. gambiense or
T. rhodesiense may incite pericarditis even
months to years following the initial infection.
Toxoplasma gondii may result in acute pericardi-
tis in the immune-compromised and progress to
constrictive pericarditis. Other rare parasitic
causes of pericarditis include Entamoeba histo-
lytica (amebiasis), Echinococcus granulosus,
Trichinella spiralis and Schistosoma species.

Pericardial Involvement in Systemic
Inflammatory Diseases

Systemic inflammatory diseases encompass
rheumatogic diseases, vasculitides, granuloma-
tous conditions, and autoinflammatory diseases.
Although pericardial involvement is not uncom-
mon in these disorders, only rarely do patients
present with primary cardiac symptoms.
Pericardial conditions that can arise during the
course of these systemic diseases include acute
and recurrent pericarditis and pericardial effu-
sions. Usual screening tests include antinuclear
antibodies (ANA) and rheumatoid factor. The
overall prognosis of pericardial involvement in
systemic inflammatory diseases is good, and only
rarely is there progression to cardiac tamponade
or constrictive pericarditis.

Rheumatologic Diseases (Connective
Tissue Diseases)

Systemic Lupus Erythematosus

Cardiac involvement in systemic lupus erythema-
tosus (SLE) can occur in multiple forms, includ-
ing premature and accelerated coronary
atherosclerosis, venous thromboembolism and
cardiac inflammation [17]. Pericardial involve-
ment is common and usually benign. Although
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pericardial effusion develops in >40 % of patients
during the course of disease, symptoms of peri-
carditis occur only occasionally, usually when
the systemic disease involves other serosal sur-
faces (e.g., pleuritis) [18].

Rheumatoid Arthritis

Clinical acute pericarditis arises in approximately
25 % of patients with rheumatoid arthritis (RA)
[19]. When present, pericarditis usually occurs
with active rheumatoid disease and other extra-
articular manifestations. Symptoms typically
respond to high dose aspirin and other NSAIDs.

Systemic Sclerosis

Systemic sclerosis is characterized by the excess
production of collagen, which results in fibrosis
of involved organs. Although the most common
cardiac manifestations are the development of
systemic or pulmonary hypertension, it can also
directly affect the myocardium, pericardium
and conduction system. Symptomatic pericardi-
tis occurs in up to 20 % of patients with sys-
temic sclerosis, while evidence of pericardial
involvement is found in >50 % of patients at
autopsy [20]. Late constrictive pericarditis can
also occur.

Acute Rheumatic Fever

Although rarely seen in the developed world,
acute rheumatic fever remains prevalent in devel-
oping countries. Acute pericarditis is commonly
seen in the first week of acute rheumatic fever,
and is a sign of active rheumatic carditis. It usu-
ally manifests with a loud pericardial rub, and
although pericardial effusion is commonly seen,
pericardial tamponade is rare.

Other Rheumatologic Conditions

In patients with polymyostitis and dermatomyo-
sitis, pericardial involvement is not as common
as other connective tissue disorders, occuring in
<10 % of patients [21]. Pericarditis is more com-
mon (10-30 %) in patients with mixed connec-
tive tissue disorder, but complications such as
pericardial tamponade are unusual [21].



16

Vasculitides

Vasculitides are characterized by inflammation
and damage of vessel walls. Large vessel vasculi-
tides include Takayasu arteritis and giant cell arte-
ritis, while medium vessel vasculitis includes
polyarteritis nodosa and Kawasaki disease. Small
vessel vasculitides includes Churg-Strauss syn-
drome and Wegener’s disease. Pericardial involve-
ment is rare in the large vessel disorders compared
to those with medium and small vasculitides [21].

Granulomatous Diseases

Sarcoidosis is the predominant granulomatous
disease with clinically significant pericardial
involvement. Although mild to moderate pericar-
dial effusions are commonly detected, symptom-
atic pericarditis is rare [22].

Autoinflammatory Diseases

Familial Mediterranean fever (FMF) is an auto-
somal recessive disorder that occurs in specific
ethnic groups of Mediterranean countries and
presents with recurrent attacks of serositis,
including pericarditis. TNF receptor-1 associ-
ated periodic syndrome (TRAPS) is a rare auto-
somal dominant disorder that arises from
mutations in the gene that codes for a TNF
alpha receptor. Protracted fever, eye, muscle,
and pericardial inflammation are clinical mani-
festations [23].

Pericardial Diseases Secondary
to Diseases of Surrounding Organs

Pericardial abnormalities may result from condi-
tions that arise in adjacent structures such as the
myocardium (e.g., heart failure, myocardial
infarction, myocarditis), the great vessels (e.g.,
aortic dissection), the lungs (pneumonia and pul-
monary embolism), the thoracic duct (e.g., chylo-
pericardium) and the esophagus.
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Congestive Heart Failure

Both pericardial and pleural effusions are com-
monly present in congestive heart failure and
myocarditis. Pericardial effusions are related to
increased right atrial pressure promoting transu-
dation into the pericardial space [24].

Post Myocardial Infarction
Pericarditis

Post myocardial infarction (MI) pericarditis
exists in two forms. The first form presents in
the first few days after a transmural infarction as
a direct extension of inflammation to the peri-
cardium [11, 25]. The incidence of post-infarc-
tion pericarditis has decreased to <5 % since the
introduction of reperfusion therapies and limita-
tion of infarct size. The classic ECG changes of
pericarditis are usually not apparent and the
diagnosis is based on clinical suspicion, fever,
pleuritic chest pain, and the presence of an
effusion by echocardiography. Recommended
treatment is aspirin, as other nonsteroidal anti-
inflammatory agents and steroids have been
associated with delayed infarct healing [26].
The second form of pericarditis after MI occurs
later and is known as Dressler syndrome. When
present, it arises weeks after the MI and is pre-
sumed to have an autoreactive immune mecha-
nism similar to the post-cardiac injury syndrome
described later.

Pulmonary Hypertension

Pericardial effusion arises in up to 25 % of
patients with group I pulmonary hypertension
(i.e., idiopathic or primary). Larger effusions are
associated with right heart failure, elevated right
atrial pressures, poor hemodynamic status and
worse prognosis [27-29]. These effusions are
rarely of hemodynamic significance. Treatment
should focus on the primary process and not on
the pericardial effusion.
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Post Cardiac Injury Syndrome (PCIS)

In addition to Dressler syndrome, pericarditis may
occur weeks to months after other forms of cardiac
injury including patients who have undergone car-
diac surgery (postpericardiotomy syndrome), per-
cutaneous cardiac procedures (e.g., percutaneous
coronary interventions, pacemaker lead insertion,
electrophysiology ablation procedures), or who
have sustained chest trauma [25, 30, 31]. It is pre-
sumed that these conditions share a common path-
way in which cardiac injury (ischemic, traumatic
or iatrogenic) exposes myocardial antigens which
incites a systemic inflammatory response. PCIS
presents with fever, acute pleuritic chest pain, peri-
cardial effusion and pleural infiltrates and effu-
sions, with elevated inflammatory markers. Of
note, colchicine was shown to prophylactically
reduce the incidence of PCIS after cardiac surgery
in the prospective randomized Colchicine for Post-
Pericardiotomy Syndrome (COPPS) trial [32].

Pericardial Trauma

Injury to the pericardium can occur from blunt
trauma (e.g., steering wheel impact during a
motor vehicle accident or cardiopulmonary
resuscitation) or penetrating trauma (e.g., stab or
bullet wound, or iatrogenic during medical pro-
cedures). In such cases blood accumulates rap-
idly within the pericardial space such that a small
volume of effusion can result in tamponade phys-
iology (as little as 100-200 ml) [33]. In direct
injuries to the pericardium with hemodynamic
compromise, thoracotomy with surgical explora-
tion is required for survival. As with all types of
pericardial injury, PCIS may develop later in the
course, and constriction may develop following
an organized intra-pericardial hematoma.
Tatrogenic injuries to the pericardium have risen
in frequency as the number and complexity of per-
cutaneous interventions increase [11, 33]. Trans-
septal puncture to access the left heart appears to
hold a high risk of wall perforation (1-3 %), espe-
cially if not performed under biplane fluoroscopy
or intra-cardiac echocardiogram guidance. Other
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procedures or hardware that may traumatize the
pericardium include pacemaker leads (0.3-3.1 %),
guidewires for stent or other hardware placement
(0.1-3 %), rotablation (0.1-5.4 %), atherectomy
(02 %), high pressure stenting (<2 %), mitral
valvulopasty (14 %), pulmonary artery catheters,
endomyocardial biopsies (0.3-5 %), atrial fibril-
lation ablation (1-6 %) and atrial septal occluder
(1.8-3 %). Rescue pericardiocentesis in these situ-
ations has a very high success rate (95 %) and the
mortality rate is low (<1 %).

Aortic Dissection and
Hemopericardium

Hemopericardium is a life-threatening complica-
tion of ascending aortic dissection (type A) and
pre-operative tamponade is a leading cause of
mortality in this condition. A presentation of acute
aortic regurgitation with pericardial effusion
should raise the suspicion of an ascending aortic
dissection, the presence of which can be confirmed
by CT or transesophageal echocardiography [34].
Prompt surgical repair of the dissection is required.
Preoperative pericardiocentesis with control of
intravascular volume has been performed success-
fully in patients who could not otherwise survive
awaiting surgical intervention [35].

Neoplastic Pericardial Disease

Pericardial tumors are uncommon, with meta-
static involvement occurring more frequently
than primary neoplasms. Neoplastic effusions
tend to be large and hemorrhagic. In general
autopsy studies of cancer patients, malignant
involvement of the pericardium is detected in up
to 20 % [36] (Fig. 2.2).

Primary Tumors of the Pericardium
Mesothelioma is the most common primary

malignant neoplasm of the pericardium, account-
ing for ~50 % of all primary pericardial tumors.



Fig. 2.2 Metastatic disease. MRI delayed enhancement
image demonstrating mesothelioma penetrating the peri-
cardium through a pericardial patch (Courtesy of Dr.
Michael L. Steigner, Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA)

As compared to pleural mesothelioma, no defi-
nite association with asbestos exposure has been
established. It may arise in children or adults,
with a preponderance for males (2:1 male: female
ratio) [37]. Typically at presentation, patients
present with diffuse pericardial involvement and
signs and symptoms of constrictive pericarditis
may be present. Other primary malignant pericar-
dial tumors include sarcomas (fibrosarcoma and
liposarcoma), lymphoma and malignant terato-
mas. These malignancies usually present as large
masses with hemorrhagic pericardial effusion.
Benign pericardial tumors include lipomas, tera-
tomas, and fibromas.

Secondary or Metastatic Malignant
Pericardial Disease

Metastases to the heart and pericardium are far
more common than primary tumors and portend
a poor prognosis. Noncardiac tumors may invade
the heart and pericardium by means of lymphatic
or hematogenous dissemination or local exten-
sion. Pulmonary primary tumors are the most
common source of pericardial neoplastic disease,
accounting for approximately 40 % of malignant
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effusions [38, 39]. Other primary tumors that
spread to the pericardium include breast, mela-
noma, and hematologic malignancies, including
lymphoma and leukemia. Tumors below the dia-
phragm, such as from the gastrointestinal tract
and the renal system, rarely extend to the peri-
cardium. Pericardial Kaposi sarcoma or lym-
phoma may appear in patients with HIV
disease.

Radiation Pericarditis

Therapeutic radiation for malignancy is an
important cause for acute pericarditis, pericardial
effusion and constrictive pericarditis (Fig. 2.3).
Most cases are secondary to irradiation of the
chest for Hodgkin lymphoma, breast or lung can-
cer [40]. Pericardial inflammation may present
during acute radiation treatment or findings of
constrictive pericarditis may arise many years
thereafter. Constriction related to radiation ther-
apy increases the surgical risks of pericardiec-
tomy and worsens post-operative outcomes.

Renal Related Pericardial Disease

Pericardial involvement in advanced renal disease
includes uremic pericarditis (610 % of patients,
prior to initiation of dialysis), dialysis-related peri-
carditis, large pericardial effusions and rarely con-
strictive pericarditis [11, 41]. The incidence of
pericarditis rises with greater levels of azotemia
and uremic pericarditis is an indication for acute
initiation of dialysis. Pericarditis arising in patients
already on dialysis may result from inadequate
intensity of dialysis treatments. Pathologically,
there are adhesions bridging a thickened pericar-
dium in a “bread and butter” appearance. The peri-
cardial effusion may range from serous fluid to
hemorrhagic. Although most patients present with
pleuritic chest pain and fever, others may remain
asymptomatic and afebrile. Clinically, the hemo-
dynamic response to cardiac compression may be
blunted (i.e., absence of tachycardia) in patients
with renal failure, due to accompanying autonomic
dysfunction [42]. Pericardial rubs are common but
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Fig. 2.3 Radiation pericarditis. (a) CT 3D volume ren-
dering of substantial calcification of the pericardium in a
patient with radiation induced constrictive pericarditis.
(b) Radiation induced constrictive pericarditis in a patient
with Hodgkin’s disease. The thickened and calcified pari-
etal pericardium is artificially folded outward to demon-
strate an elaborate network of adhesions and thickening

are often transient. Pericardial effusions are found
by imaging in the majority of patients and may be
accompanied by pleural effusions. Typical ECG
findings of pericarditis are often absent. Treatment
requires intensive dialysis, which typically results
in rapid improvement of symptoms and size of the
effusion. However, vigorous dialysis should not be
initiated until cardiac compression has been ruled
out, as a rapid decrease in intravascular volume
could result in tamponade physiology in that set-
ting. Furthermore, it is preferable to consider non-
heparinized hemodialysis, or peritoneal dialysis,
in the setting of a significant pericardial effusion to
avoid the possibility of intrapericardial hemor-
rhage. NSAIDS and systemic corticosteroids have
been used in cases of dialysis failure with limited
efficacy.

Subxiphoid pericardiotomy is reserved for
non-resolving effusions, and at some centers is
accompanied by instillation of a nonabsorbable
steroid. Full pericardiectomy is rarely needed for
refractory cases.

between the parietal and visceral pericardium (Image a:
Courtesy of Dr. Michael L. Steigner, Brigham and
Women’s Hospital, Harvard Medical School, Boston,
MA. Image b: Courtesy of Dr. Stephen Sanders, Boston
Children’s Hospital, Harvard Medical School, Boston,
MA)

In renal transplant patients [43], CMV peri-
carditis should be excluded as a cause of pericar-
dial effusion. An effusion may also appear as a
rare side effect of sirolimus immunosuppressant
therapy in this population (<2 % of patients).

Congenital Anomalies
of the Pericardium

Total and Partial Absence
of the Pericardium

Congenital defects of the pericardium are rare
(1/10,000 of autopsies), and are divided into
total absence of the pericardium (heart and lung
in the same cavity) and partial absence (Fig. 2.4).
The defects are the result of failure of the pleuro-
pericardial membranes to fuse in utero. The peri-
cardium develops during the third to seventh
weeks of embryonic life from the lateral meso-
dermal plate that lines the pleural, pericardial



20

D.G. Halpern et al.

Fig. 2.4 Partial absence of the pericardium. (a) CT 3D
volume rendered image depicting the lateral displacement
of the heart to the left. The exposed great vessels cause the
lung to abnormally occupy the space between the aorta
and pulmonary artery (arrow). (b) Axial CT image depict-
ing the extreme lateral rotation of the heart with its apex
pointing posteriorly. (c¢) Pathological specimen — the peri-

and peritoneal spaces. There is predominance of
such defects of the left side (70 %) versus the
right (17 %) or bilateral partial absence (13 %)
[44, 45]. Two theories have been raised to explain
this phenomenon. Perna et al. suggested that pre-
mature atrophy of the left duct of Cuvier that
gives rise to the left superior vena cava (connect-
ing the left innominate vein to the coronary sinus)
may cause absorption of the pericardium on the
left because of decreased blood supply.
Alternatively, Sunderland et al. proposed that
defects are the consequence of dyssynchrony
between growth of the heart and the enveloping
pericardium, especially on the left side where
structures increase to a greater volume [46].

cardium is missing over the lateral left border of the heart
and the proximal great vessels. The existing pericardium
has a thickened and smooth edge (Images a, b: Courtesy
of Dr. Michael L. Steigner, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA. Image c:
Courtesy of Dr. Stephen Sanders, Boston Children’s
Hospital, Harvard Medical School, Boston, MA)

Associated congenital abnormalities exist in
approximately 30 % of patients, including patent
ductus arteriosus, bronchogenic cysts, tricuspid
insufficiency, atrial septal defects, left diaphrag-
matic hernia and pulmonary sequestration.
Although most patients with total absence of the
pericardium are asymptomatic, torsion and
increased stress between the base of the heart and
the great vessels might explain reports of chest
pain and dyspnea. This is in contrast to partial
defects of the pericardium that may pose clinical
risk because of displacement or herniation of
heart structures (e.g., atria or partial ventricle).
There is also an increased risk of traumatic aortic
dissection due to increased structure mobility.
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Fig. 2.5 Pericardial cyst. (a) Steady state free procession
(SSFP) acquisition showing bright fluid filled cyst adher-
ent to the lateral wall of the right ventricle (b). T1
weighted double inversion recovery sequence demonstrat-

Diagnostically, most cases are detected inciden-
tally (during imaging or surgery).

In congenital absence of the pericardium, the
heart’s apex may shift to the mid-axillary line with
cardiomegaly on chest X-ray and the ECG exhibits
rightward axis and incomplete right bundle branch
block. On echocardiography, the lateral apical shift
causes right-sided predominance on the apical
long-axis view (and may be incorrectly interpreted
as right ventricular enlargement). MRI is the
modality of choice for the detection of pericardial
defects and possible herniation of heart structures
[47]. Surgical pericardioplasty is indicated when
there is a high risk of mechanical complication.

ing hypointense fluid. (¢) Delayed enhancement image
showing no uptake of gadolinium in the cyst (Courtesy of
Dr. Michael L. Steigner, Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA)

Pericardial Cysts

Pericardial cysts may be congenital or acquired;
with an incidence of 1/100,000 individuals
(Fig. 2.5). Congenital cysts are usually benign,
asymptomatic and incidentally discovered [48,
49]. They are usually located at the right costo-
phrenic angle (51-70 %) or left costophrenic angle
(28-38 %) and rarely elsewhere in the medias-
tinum. Histologically they contain a single layer
of mesothelial cells surrounded by connective tis-
sue. Acquired types of cysts include inflammatory
(e.g., rheumatic, post-cardiotomy or traumatic)
and infectious (e.g., bacterial, echinococcal or
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tuberculous). They can be divided into unilocu-
lar or multilocular types, with a diameter typi-
cally ranging from 1 to 5 cm. Symptomatology of
chest pain, cough and dyspnea may arise from the
mass effect of a cyst and in rare cases from hem-
orrhagic eruption of the cyst into the pericardial
space causing tamponade. On echocardiography a
cyst is imaged as a hypoechoic structure with distal
acoustic enhancement because of its fluid content.
Calcification of the cyst and pericardial effusion
are rare. CT and MRI can distinguish cysts from
other entities such as hematoma, a prominent fat
pad, a large left atrial appendage or tumor [50].
Congenital cysts are usually treated conservatively
unless there is evidence of structural compression.
When treatment is necessary, percutaneous aspira-
tion and ethanol sclerosis can be attempted prior to
thoracotomy and surgical excision. Hydatid cysts
are aspirated and the cyst is injected with ethanol or
silver nitrate after pre-treatment with albendazole.

Hypothyroidism Related Pericardial
Effusion

Pericardial effusion in clinical hypothyroidism is
seen in up to 30 % of patients, is often large, but
rarely progresses to tamponade due to its slow
accumulation [51, 52]. Other cardiac manifesta-
tions of hypothyroidism include impaired ven-
tricular contractility, bradycardia, and non-pitting
edema. The ECG typically demonstrates sinus
bradycardia, decreased voltage and mild prolon-
gation of the QT interval. Therapy consists of

Table 2.2 Drug and toxin induced pericardial disease

D.G. Halpern et al.

thyroid hormone replacement therapy, and the
degree of hypothyroidism determines the route of
administration (i.e., intravenous versus oral).
Thyroid hormone enhances the absorption of the
pericardial effusion and thus unless hemodynam-
ically compromising, there is no urgency to drain
hypothyroid-induced effusions.

Drug/Toxin Induced Pericarditis

Many drugs and toxins may precipitate pericardial
inflammation and effusion [11] (Table 2.2). The
mechanisms by which the pericardium is affected
include drug-induced lupus reactions, hypersensi-
tivity, “serum sickness”, foreign substance reac-
tion and immunopathy. Procainamide, hydralazine,
anti-tumor necrosis factor (TNF)- o therapies, iso-
niazid, reserpine, methyldopa and phenytoin are
examples of drugs that may induce a lupus-like
response with manifestations that include pericar-
dial effusion. Penicillin, L-tryptophan and cromo-
lyn sodium can induce hypersensitivity reactions.
Minoxidil, amiodarone, cyclosporine, and anthra-
cyclines (e.g., doxorubicin) may result in idiosyn-
cratic pericardial reactions. “Serum sickness” may
arise after administration of blood products and
foreign antisera (e.g., anti-tetanus). Venomous
scorpion fish sting is an example of a toxin that has
been reported to cause pericarditis. Additional
foreign-substance reactions can occur from direct
contact with the pericardium by talc, asbestos, sili-
cones, tetracycline and inhalation of Teflon
(polytetrafluoroethylene).

1. Drug induced lupus erythematosus (positive anti-nuclear antibody (ANA) and anti-histone antibody)
— Procainamide, hydralazine, methyldopa, isoniazid, reserpine, anti-tumor-necrosis factor (TNF)-alpha agents,

phenytoin, tocainide, mesalazine

2. Hypersensitivity reactions (eosinophilic) — penicillin, L-tryptophan, cromolyn sodium

[S§]

. Idiosyncratic reaction — amiodarone, minoxidil, streptokinase, cyclophosphamide, cyclosporine, thiazides,

streptomycin, thiouracils, sulfa, GM-CSF, vaccines, 5-fluorouracil, bromocriptine, polymer fume inhalation,
cytarabine, p-Aminosalicylic acid, mesalazine, practolol, psicofuranine, methylsergide

Venom — scorpion venom

. Anthracycline derivatives — doxorubicin, daunorubicin

. Serum sickness — blood products, foreign antisera (antitetanus)

. Foreign body reaction — Talc (Mg silicate), tetracycline, asbestos, sclerosant, Iron
. Hemopericardium — anticoagulants and thrombolytic agents



2 Etiologies of Pericardial Diseases

Cholesterol Pericarditis

Cholesterol pericarditis is an uncommon condi-
tion manifested by elevated cholesterol levels in
the pericardial effusion, with crystal formation in
chronic cases. It most often results from a chronic
pericardial effusion as may occur in rheumatoid
arthritis, tuberculosis infection, hypothyroidism
and rarely with pericardial trauma [53, 54].
Classically the associated effusion is large, has a
“gold paint” hue and the cholesterol concentra-
tion is high (>500 mg/dl) with a cholesterol to
triglyceride ratio >1. Crystal formation does not
usually develop in myxedema. The pathophysiol-
ogy of the disease is unknown, but is presumed to
be related to cholesterol debris accumulation
from lysed pericardial or red blood cells with
thickening and scarring of the pericardial tissue.
Therapy is based on treating the underlying sys-
temic disease, and when needed for chronic scar-
ring, pericardiectomy.

Chylopericardium

Chylopericardium is a rare condition that arises
from an abnormal communication between the
thoracic duct and the pericardial space [11, 55].
This may occur by direct injury to the thoracic
duct from chest trauma or surgery, or indirectly by
congenital malformations or tumors (lymphangio-
mas, aplasia of the cisterna chyli, lymphangioma-
tous hamartomas, lymphangiectasis and Gorham’s
disease) as well as acquired conditions that cause
obstruction (subclavian vein thrombosis, pancre-
atitis, infections (e.g., TB) and mediastinal
tumors). Chylous pericardial effusions appear
milky-opaque on aspiration, and have a high con-
centration of triglycerides (>500 mg/dl), protein
(>3 g/dl), a high specific gravity (1.010-1.021)
and a cholesterol to triglyceride ratio <1. There is
usually lymphocytic predominance and the effu-
sion is positive for Sudan III stain for fat globules.
A diet devoid of triglycerides would cause the
effusion to lose its milky appearance. CT lym-
phangiography may identify the responsible tho-
racic duct abnormality. Radionuclide imaging
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with 99mTechnicium labeled red blood cells
24 hours after oral administration of 131-I-triolein
has been shown to identify chylous effusions.

The clinical presentations of chylopericar-
dium include acute pericarditis, a large pericar-
dial effusion with or without tamponade
physiology, or constrictive pericarditis. The first
line of treatment is pericardiocentesis (which is
typically required for diagnosis) and dietary
modification with a medium chain enriched tri-
glyceride diet. If the effusion reaccumulates, sur-
gical correction or shunt placement between the
pericardium and the peritoneum (where the chyle
can be reabsorbed) is required [56].

Pericardial Diseases During
Pregnancy

Pericardial effusions are common during preg-
nancy, occurring in up to 20 % of women in the
first and second trimester and up to 40 % in the
third trimester [57]. Such effusions are usually
small in size and are almost always clinically
silent. Effusions during pregnancy have been
associated with increased weight (fluid reten-
tion), hypertension and nonspecific ST-T abnor-
malities on the ECG. The effusion usually
resolves spontaneously by 2 months after
delivery.

Acute pericarditis during pregnancy is similar
in etiology and outcomes to the general popula-
tion, but its treatment requires caution as aspirin
and other NSAIDs may cause premature closure
of the ductus arteriosus and can compromise fetal
renal function after the 20th week of gestation.
Generally, colchicine treatment is avoided during
pregnancy because of demonstrated teratogenic-
ity in animals. If needed, low-dose corticoste-
roids are considered safe during pregnancy (e.g.,
prednisone <25 mg/day, with a downward taper).
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Etiologies of Pericardial Diseases-
For Patients and their Families

Pericardial diseases commonly present as peri-
carditis (inflammation of the pericardium) or as
pericardial effusions (fluid accumulation within
the pericardial space). Rarely, repeated bouts of
pericarditis may result in scarring and thickening
of the pericardium, a condition termed constric-
tive pericarditis. While there are many possible
causes of pericarditis, it is often hard to identify
the exact cause. On the other hand, in case of a
significant pericardial effusion, a sample of fluid
can be withdrawn through a needle and analyzed
to aid in the diagnosis. When no definite diagno-
sis for pericarditis is made, it is termed idiopathic
pericarditis. Most of the idiopathic cases of peri-
carditis are presumed to be secondary to a viral
infection.

Other infections which can cause pericarditis
include bacterial infections, tuberculosis, fungal,
and parasitic infections. Patients with underlying
AIDS frequently develop infections which can
produce pericarditis as well as pericardial effu-
sions. Pericarditis can also develop in association
with underlying autoimmune diseases (diseases
in which the body attacks itself), including but
not restricted to rheumatoid arthritis, systemic
lupus erythematosus, scleroderma, sarcoidosis
and various vasculitides (e.g., Takayasu arteritis,
Kawasaki disease). Some medications, like pro-
cainamide, hydralazine, phenytoin, and isonia-
zid, can also produce pericarditis, although this is
not very common.

Also, there is a higher risk of developing peri-
carditis after a major heart attack. This appears in
two forms, the first is early on and in conjunction
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with the acute infarct and a later form that
involves a whole body inflammatory response
(Dressler syndrome). In addition, there is a
greater risk of developing pericarditis after inva-
sive procedures of the heart and this is termed
post-cardiac injury syndrome (PCIS). PCIS may
be seen after heart surgery or percutaneous inter-
vention, such as cardiac catheterization or radio-
frequency ablation for rhythm disorders.
Occasionally blood may accumulate in the peri-
cardial space (hemopericardium) due to a tear in
the large blood vessel leaving the heart (aortic
dissection), after injury to the chest (e.g., motor
vehicle accident or knife wound) or when proce-
dures are performed on the heart, including open
heart surgery, insertion of devices in the heart and
other interventional procedures to the heart.

In addition, the pericardium can be involved
when a disease process affects the heart muscle or
the surrounding organs. Pericardial effusions are
commonly seen in heart failure and lung diseases
such as pneumonia or chronic disease of the lung
with elevated lung pressures. Cancer may also
infiltrate the pericardium and is one of the leading
causes of pericardial effusion development.
Occasionally pericardial effusions could be
detected during pregnancy, usually without clini-
cal significance. Additional causes of pericardial
diseases include kidney disease, thyroid disease,
after radiation exposure to the chest and genetic
diseases such as Familial Mediterranean Fever.
Rarely, a cyst (sac filled with fluid) may develop
in the pericardial space, which may be present
from birth (congenital) or at a later stage
(acquired). Very rarely, the pericardium may
either be completely or partially absent, causing
the heart to shift its position inside the chest.
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Acute Pericarditis
Background

Acute pericarditis as its name indicates is a fairly
sudden inflammation of the pericardial sac that
encases the heart. It accounts for 5 % of non-
ischemic chest pain visits to the Emergency
Department annually [1, 2].

The diagnosis and treatment for acute pericar-
ditis is mostly empirical and one that needs a sys-
tematic approach, so that one does not overlook a
more serious, life-threatening condition.

History and Presentation

The clinical presentations of acute pericarditis
may vary depending on the underlying etiology
with the majority (85-90 %) of cases being idio-
pathic [3-5]. Many patients will endorse having a
nonspecific antecedent respiratory or gastrointes-
tinal infection.

A history of viral or bacterial infection, neo-
plasm, autoimmune disorder, previous chest radi-
ation, recent myocardial infarction and certain
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medications (such as hydralazine, isoniazid, phe-
nytoin, doxorubicin, procainamide) may predis-
pose the patient to an increased risk of acute
pericarditis [6].

Nonspecific symptoms may include malaise,
cough, and fever [7]. As seen in cases of pleurisy,
the respirations may be shallow and rapid due to
the pain, causing a sensation of shortness of
breath. Fever >38 °C is rare and one should be
suspicious for purulent pericarditis necessitating
the need for an emergent echocardiogram [6].

Most patients present with chest pain (>98 %)
that is sharp, sudden in onset, retrosternal and
pleuritic in nature that is exacerbated by cough-
ing or inspiration and can be quite severe and
incapacitating [5, 8]. In some cases, however,
there may be absence of pain, as often seen in
those with rheumatologic diseases [8]. The chest
pain of pericarditis may radiate to the arms, neck
or left shoulder similar to those patients having
an acute coronary syndrome. However, if the
dull, overbearing pain radiates to one or both of
the trapezius muscle ridges, it is likely irritation
of the phrenic nerve, which traverses the pericar-
dium and also innervates this muscle group [6, 8].
Patients may also report relief of chest discom-
fort when sitting up and leaning forward as this
decreases pressure on the parietal pericardium
and worsens when lying supine.

This chapter will primarily focus on the patient’s history
and key physical examination findings that will allow
clinical recognition of the diagnosis.
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Physical Examination

On initial evaluation, low grade fever and tachy-
cardia may be present.

Upon auscultation, the pathognomonic find-
ing in acute pericarditis is a pericardial friction
rub that is heard at some point in the course of
85 % of cases [3]. Friction rubs are thought to be
generated by the contact between the inflamed
parietal and visceral pericardium. However, it is
important to note that they can still be heard in
the presence of a pericardial effusion [8].

Friction rubs can be localized or widespread
in location but typically best heard as the patient
leans forward with the diaphragm of the stetho-
scope using firm pressure at the left sternal bor-
der or apex. While friction rubs are audible
throughout the respiratory cycle, they are heard
best when respiration is suspended. This is done
to avoid confusion with a concomitant pleural or
pleuropericardial friction rub, which are absent
when respirations are suspended [6].

The classic friction rub often sounds like a
high-pitched squeaky or scratchy quality.
Frequently, it has three components (about 50 %
of the time) which corresponds to the movement
of the heart [1, 2]. As seen in Fig. 3.1, there is a
presystolic or atrial rub that precedes S1 (which
is not heard in patients with atrial fibrillation),
ventricular systolic rub that occurs between S1
and S2, and the faintest and most difficult early
diastolic rub from the rapid ventricular filling
after S2. Biphasic rubs are present a third of the
time and are due to atrial and diastolic rubs. The
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rarest is the monophasic rubs which are due to
ventricular systole and can occur in those with
atrial fibrillation [1, 2, 6, 7]. The rubs are dynamic
and can disappear and reappear in the same day
so it is prudent to perform multiple examinations
to confirm its presence if initially absent [6, 7].

Pericardial Effusion Without
Compression

Background

Pericardial effusion is an accumulation of fluid in
the pericardial space between the visceral and
parietal pericardium that is in excess of what is
normally present (15-50 mL) [6].

History and Presentation

Pericardial effusions have various etiologies but
it is typically suspected based n history and phys-
ical exam, supported by an electrocardiogram
and chest x-ray and confirmed by an imaging
modality such as an echocardiogram. They are
often found incidentally on evaluation of sus-
pected cardiopulmonary disease.

Most patients, unless there is cardiac tampon-
ade, characteristically are asymptomatic even
with large (>1 liters), slow developing pericar-
dial effusions [7]. If symptoms do develop, they
usually arise from the compression of surround-
ing structures such as the stomach, lung and

Fig.3.1 A classic three
component friction rub and its
timing within the cardiac
cycle

Ventricular
systolic rub

Ventricular Presystolic or
diastolic rub atrial rub
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phrenic nerve and include dysphagia, nausea,
abdominal fullness, dyspnea and orthopnea [6,
9]. Those with fever are often related to the
underlying cause such as pericarditis.

Physical Examination

The exam is often unremarkable with a small
effusion. However, those with a large effusion
can have distant or muffled heart sounds on aus-
cultation. There is also dullness beyond the point
of maximal impulse upon percussion in the
absence of lung disease to the left lower lobe.

While it is not routinely performed today, the
combination of dullness to percussion, bronchial
or tubular breath sounds and egophany in a trian-
gular area at the tip of the left scapula is known as
the Ewart’s or Bamberger-Pins-Ewart sign
described in 1896 [10].

Cardiac Tamponade
Background

Cardiac tamponade is a medical emergency that
occurs with the collection of material such as
fluid, blood, pus, or clots due to various etiologies
such as infection, malignant disease, renal failure,
radiation therapy, anticoagulant therapy, invasive
cardiac procedures with perforation, cardiovascu-
lar surgery, chest trauma and aortic dissection.
This leads to increased intrapericardial pressure
causing compression of all cardiac chambers and
ultimately hemodynamic collapse [9].

History and Presentation

Cardiac tamponade can be the consequence of
any etiology of pericardial disease and most
symptoms are nonspecific, therefore tamponade
is an elusive clinical diagnosis.

The clinical presentation and hemodynamic
effect of patients with cardiac tamponade prin-
cipally depends upon the volume of the effu-
sion, rapidity of accumulation and the clinical

circumstances. Acute cardiac tamponade typically
occurs within minutes in patients with mechanical
complication of the heart or great vessels such as
cardiac or aortic rupture, trauma, or complica-
tion of an invasive procedure and present with the
characteristic Beck’s triad of hypotension, ele-
vated jugular venous pressure (JVP) in addition
to dyspnea, tachypnea and chest pain [9]. It is a
clinical syndrome in which there is impairment of
diastolic filling leading to low cardiac output from
the rapid accumulation of fluid in a relatively stiff
pericardium that can be life-threatening if not
quickly recognized and treated.

In subacute cardiac tamponade, the rate of
growth of the pericardial effusion tends to be slower,
filling the pericardial space up to 2 liters and allow-
ing pericardial stretch and compensatory mecha-
nisms to take place with a gentler rate of increase in
pericardial pressures [6]. Early in their course,
patients lack symptoms but as the pericardial
reserve volume is met, there is poor organ perfusion
causing confusion, cool extremities and worsening
renal function. They also develop fatigue, chest
pressure, peripheral edema and dyspnea progress-
ing to orthopnea until it reaches the critical point
causing life-threatening tamponade [9, 11, 12].

Low-pressure cardiac tamponade is a phe-
nomenon that occurs in patients with severe
hypovolemia due to hemorrhage, overdiuresis, or
hemodialysis with intracardiac diastolic pres-
sures that are only 6-12 mmHg [9, 13]. Most
common symptoms include weakness and dys-
pnea on exertion.

Large pericardial effusions can lead to atypi-
cal presentations by means of localized compres-
sion. There can be compression of the phrenic
nerve as it traverses the pericardium leading to
hiccups, diaphragm causing nausea, esophagus
producing dysphagia, and left recurrent laryngeal
nerve triggering atypical Ortner’s Syndrome
causing hoarseness [7].

Physical Examination
Physical examination is crucial in patients with

cardiac tamponade as it is considered a clinical
diagnosis.
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The combination of the classic Beck’s triad of
hypotension, elevated JVP and distant heart
sounds is infrequently present (10-40 %) in acute
cardiac tamponade. Patients with cardiac tam-
ponade can be hypotensive, normotensive or even
hypertensive [9, 14—16]. Hypotension is not uni-
versally seen in patients with subacute or low-
pressure cardiac tamponade. In fact, hypertension
(even over 200 mmHg) with characteristic fea-
tures of tamponade, while infrequent, is not rare
and has been described as a tamponade variant
due to excessive sympathetic activation in the
setting of subacute cardiac tamponade and is typ-
ical in patients with preexisting hypertension [9,
14]. One of the key physical findings is jugular
venous distension (JVD) that is almost always
present and with clear lungs to distinguish it from
left-sided heart failure. While it may be difficult
to appreciate, it is important to detect abnormal-
ity in the waveforms of the jugular pulsations. In
normal patients, jugular pressure falls twice, first
during ventricular ejection (x descent) and again
during early rapid ventricular filling (y descent).
The two descents are parallel with two peaks in
venous return. In cardiac tamponade, the x
descent is preserved because cardiac size dimin-
ishes during ventricular ejection, which is more
rapid than cardiac filling allowing the lowering of
intrapericardial pressure causing the venous
return to peak. However, due to the abnormally
elevated intrapericardial constraint from the effu-
sion, there is reduced diastolic compliance lead-
ing to the lack of the y descent. The y descent is
diminished in mild cases and absent in moderate
or severe cases of cardiac tamponade [8, 9].
However, there can be a normal or low JVP in
cases of rapidly developing cardiac tamponade,
particularly with hemorrhagic cardiac tamponade
because of the shortage of time for compensatory
increase in venous pressure [8].

Traditionally, most patients (77 %) will exhibit
sinus tachycardia (a heart rate of more than 90
beats per minute) to partially maintain cardiac
output and tachypnea (80 %) [9, 16, 17].
Furthermore, tachycardia may not be seen in
patients with early cardiac tamponade despite
evidence of hemodynamically significant effu-
sion. However, exceptions to the rule include

S. Patel and I. Kronzon

those with hypothyroidism and uremia that can
be bradycardic [7, 9]. It is also important to note
that patients with sudden accumulation of fluid in
the pericardial space can also lead to bradycardia
due to increased vagal tone. Contrary to common
belief, an audible friction rub may be heard espe-
cially in patients with inflammatory pericarditis

[7].

Pulsus Paradoxus

The hallmark physical examination finding of
cardiac tamponade is a paradoxical pulse, which
is found in over three-quarters of moderate to
severe cardiac tamponade cases [16—18]. Pulsus
paradoxus is an inspiratory decline in systolic
blood pressure of more than 10 mmHg resulting
from two physiologic phenomenons that reduces
left ventricular stroke volume on inspiration.
First, there is compression and poor filling of the
left ventricle caused by increased venous return
to the right side of the heart referred to as ven-
tricular interdependence. In addition, inspiratory
drop in blood pressure is due to the incomplete
transmission of negative intrathoracic pressures
to the left side of the heart (left ventricular dia-
stolic pressure) while maintaining this decrease
in the pulmonary capillary bed and pulmonary
veins, thus decreasing the gradient between the
pulmonary veins and the left atrium and the left
ventricular diastolic pressure. On physical exam-
ination, the pulsus paradoxus can be appreciated
as a decreased force of the pulse synchronous
with inspiration. In extremely severe cases, the
pulse dissipates completely during inspiration. A
regular heartbeat but an irregular peripheral
pulse is the paradox. Using a sphygmomanome-
ter, it is typically the first audible blood pressure
sound during expiration but disappears with
inspiration. As the cuff pressure is deflated,
blood pressure sounds are audible throughout
the respiratory cycle. The difference in pressure
between the two sounds allows an estimation of
the severity of pulsus paradoxus. Essentially this
can be best illustrated, as seen in Fig. 3.2, with
an arterial line showing a decreased blood pres-
sure on inspiration. This finding can be difficult
to recognize in severe shock in the radial pulse
but will still be apparent in the femoral or carotid
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Fig. 3.2 Pulsus paradoxus
demonstrating an exaggerated
decline in systolic blood
pressure during inspiration,
resulting from an increase in
negative intrathoracic
pressure

Inspiration

Fig. 3.3 Pulsus alternans
illustrating beat-to-beat
alternation that is seen more
commonly with severe left
ventricular dysfunction but
can also be seen in cardiac
tamponade

pulse. Pulsus paradoxus may be absent in car-
diac tamponade in patients with chronic hyper-
tension leading to elevated ventricular diastolic
pressures, low-pressure tamponade, atrial septal
defects or aortic insufficiency [9, 17-19]. This
phenomenon can also be seen in extracardiac
diseases such as pulmonary embolism and intrin-
sic lung disease such as chronic obstructive pul-
monary disease and severe asthma. While more
commonly associated with severely impaired
left ventricular function, there may be the pres-
ence of pulsus alternans, a fluctuation of a weak
pulse and a strong pulse in the presence of a
regular rhythm as seen in Fig. 3.3. This is pri-
marily thought to be due to alteration in end-
diastolic pressure that affects the efficiency of
the Frank-Starling mechanism.

A physical examination finding of decreased
tactile fremitus, diminished breath sounds, and
dullness to percussion of lung fields with clinical
signs of cardiac tamponade but without a
pericardial effusion suggests a large pleural effu-
sion causing cardiac tamponade which will
resolve after thoracentesis [20].

Inspiration
Expiration

Constrictive Pericarditis
Background

Constrictive pericarditis is a clinical and pathoa-
natomical syndrome associated with global com-
pressive disease of the heart due to a
non-compliant, chronically inflamed, thickened
and often calcific pericardium restricting dia-
stolic filling and leading to biventricular heart
failure.

History and Presentation

Obtaining important history of any illness com-
monly linked with pericarditis such as radiation
therapy (typically many years after treatment),
post-cardiac surgery (may occur as early as
2 weeks or as late as several years after surgery,
the majority appearing 3—12 months postopera-
tively), autoimmune disorder (systemic lupus
erythematosus, rheumatoid arthritis), infections,
malignancy, and uremia is greatly important in
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considering this diagnosis [21]. The constrictive
process is usually gradual, and most patients, by
the time they visit a physician, have had estab-
lished and incapacitating disease [22]. Therefore,
the diagnosis is typically made in the chronic
phase of the disease and patients classically
present with debilitating chronic right-heart fail-
ure [21]. The symptoms include dyspnea on
exertion, fatigue, palpitations as well as signs of
volume overload manifesting as weight gain,
increased abdominal girth, ascites, pleural effu-
sions, peripheral edema and anasarca [7, 20].
Not uncommonly, patients with clinical symp-
toms of constriction are misdiagnosed with liver
or gastrointestinal diseases, often undergoing
extensive workup [23]. While right-heart failure
predominates over left, patients may develop
left-sided systolic dysfunction as a major com-
plication of chronic constrictive pericarditis due
to myocardial fibrosis/atrophy [7]. A key differ-
ential diagnosis with a similar clinical presenta-
tion that needs to be ruled out is restrictive
cardiomyopathy that is often due to an infiltra-
tive process.

Physical Examination

There are several physical examination clues to the
clinical diagnosis of constrictive pericarditis, most
importantly JVD. The jugular venous pressure can
be >20 cm H,O in severe cases and often needs to
be examined with the patient sitting upright due
to dampening of jugular pulsations if in the semi
recumbent position. As seen with tamponade, the
x descent is preserved. However, the y descent
(early diastolic filling) becomes steeper, sharper
and deeper with inspiration [21]. The prominent
y descent is due to the faster than normal early
rapid decline in the ventricular diastolic pressure
allowing early diastolic filling. Verification of this
finding can be performed by palpating the con-
tralateral carotid artery allowing confirmation of
an inward venous pulsation that is asynchronous
with the carotid pulse. In 50 % of cases, the sud-
den interruption of the early diastolic filling by a
rigid pericardium leads to an accentuated heart
sound (like a high-pitched S;) called a pericardial
knock. The timing of pericardial knock correlates
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to the nadir of the y descent illustrated in Fig. 3.4
[23]. While less commonly seen in constriction,
pulsus paradoxus (seen in Fig. 3.2) can be present
in one-third of cases.

The lack of expected inspiratory decline in
JVP due to the failure of transmitting the negative
intrathoracic pressure to the intrapericardial
chambers that leads to the failure of caval and
right atrial pressures to decline is known as
Kussmaul’s sign seen in Fig. 3.5 [7, 23]. In severe
cases, the JVP increases with inspiration. It is
important to note that Kussmaul’s sign is not
diagnostic of constrictive pericarditis as it can be
seen in restrictive cardiomyopathy, right heart
failure and severe tricuspid regurgitation.

In most cases of constrictive pericarditis, there
is greater systemic than pulmonary congestion.
Peripheral edema can be extensive in severe and
chronic cases, leading to scrotal edema and ana-
sarca but less frequently pulmonary edema.
There is greater presence of right-heart than left-
heart failure due to the equalization of diastolic
pressures as well as that of right and left atrial
pressures. The abdominal examination will dem-
onstrate hepatic congestion with jaundice (differ-
entiated from cirrhosis by the presence of JVD
and hepatomegaly), ascites and in severe cases,
hepatomegaly with pulsatile liver synchronized
with the jugular pulse.

Effusive-Constrictive Pericarditis
Background

Effusive-constrictive  pericarditis (ECP) is
defined as the presence of pericardial disease that
is consistent with constrictive pericarditis while
simultaneously having a pericardial effusion. The
constrictive physiology persists with an elevated
right atrial pressure despite drainage or disap-
pearance of the effusion and decreased intraperi-
cardial pressure [8, 24]. The constriction seen in
ECP is that of the visceral pericardium, unlike
chronic constrictive pericarditis that is due to the
parietal pericardium [8]. ECP had been relatively
uncommon from limited published data; how-
ever, it has now become a more widely docu-
mented clinical condition [24, 25].
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Opening of the

/ tricuspid Valve

Normal

Constrictive
pericarditis

S1 S2 Pericardial
knock

Fig.3.4 Constrictive pericarditis central venous pressure tracing with an ECG and phonocardiogram illustrating rapid
y descent after opening of the tricuspid valve with a “dip and plateau” appearance and a pericardial knock

History and Presentation profile demonstrates a reduction in intrapericar-

dial pressure but the disturbance now resembles
Patients with ECP initially present with the constriction. Patients will therefore display
hemodynamic profile of cardiac tamponade. clinical features of pericardial effusion, con-
After pericardiocentesis, the hemodynamic striction or both.
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Fig. 3.5 Kussmaul’s sign in constrictive pericarditis
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Eric M. Bader, Edgar Argulian, Emad F. Aziz,
Eyal Herzog, and Henry Greenberg

Since Willem Einthoven coined the term electro-
cardiogram (EKG) at the turn of the twentieth
century [1], the EKG has become an increasingly
central tool in the clinician’s armamentarium.
The goal of this chapter is to examine the role of
the EKG in the diagnosis and staging of pericarditis.
Additionally, we will address the pathophysiology
of the findings behind the EKG changes in pericar-
dial disease which allows for a more complete
understanding of the processes involved and leads
to a more flexible approach to interpreting the EKG.
A reflection of the electrical activity of the heart,
the measured EKG is influenced by the electrical
rhythm of the heart, its conductive properties and
the nature of its depolarization and repolarization

P

Fig. 4.1 The EKG complex:

/N

[2]. Contributing significantly to this picture are the
conductive or insulating properties of the thorax in
which the heart sits. In acute pericarditis there are a
number of simultaneously occurring processes,
depending on the etiology of the condition. This
may result in changes in the heart’s rthythm, its con-
ductive properties as well as the degree of conduc-
tion or insulation in the surrounding thorax.

The similarity of symptoms and the nature of
presentation make it imperative to differentiate
acute pericarditis from acute coronary syndromes.
A correct diagnosis prevents unnecessary inter-
ventions with their associated risks, misallocation
of resources and ensures timely, appropriate inter-
vention when necessary (Fig. 4.1).
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discussed in the main text
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EKG Findings in Acute Pericarditis

The pericardium is a fibrous sac that is composed
of both a visceral and parietal layer that sur-
rounds the heart and extends onto the proximal
great vessels. When inflamed, be it as part of an
infectious, inflammatory or oncologic process,
pericarditis is present. At times, the underlying
myocardium may be involved as well and this
leads to a condition termed myopericarditis. This
inflammatory process causes changes in the tis-
sue of the pericardium and, when involved, the
myocardium. Additionally, it may increase the
amount of fluid present in the pericardial space.

Low Voltage EKG Signal

One of the hallmarks of acute pericarditis is
the pericardial effusion. While it may be of vary-
ing size and hemodynamic significance, the
short-circuiting effect of this effusion, as well as
the electrically insulating properties of the con-
tained fibrin are thought by many to result in low
voltage recordings on the EKG. Others suggest
that the low voltage seen in pericarditis is specifi-
cally a marker of cardiac tamponade [3].
Electrocardiographically, low voltage is defined as
an amplitude of less than 0.5 mv (or 5 mm) on the
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limb leads and less than 1 mv on the precordial
leads (10 mm) [4]. Anatomically, there is a larger
amount of space available for fluid to collect
around the anterior heart structures, as the pericar-
dial reflections behind the atria limit the posterior
potential space. This results in a low amplitude
QRS complexes, while the P wave amplitude will
be spared in the limb leads due to the relative pau-
city of fluid around the posterior atria.

While the finding of low voltage occurs in
many patients with pericardial disease, it is nei-
ther a sensitive nor a specific finding and occurs in
any condition in which the amplitude of the ven-
tricular signal is decreased. The differential diag-
nosis of low voltage therefore includes systemic
conditions including myxedematous involvement
of myocardium as seen in hypothyroidism, even
in absence of effusion [5], cardiac amyloidosis,
scleroderma, and in chronic ischemic heart dis-
ease. Other conditions such as obesity, chronic
obstructive pulmonary disease, a pneumothorax
or pleural effusions may also increase the imped-
ance across the chest wall, decreasing the EKG
amplitude (Table 4.1, Fig. 4.2).

Table 4.1 Differential diagnosis of the low voltage EKG

Hypothyroidism — myxedematous involvement of
myocardium

Chronic obstructive pulmonary disease

Infiltrative heart disease: ex. amyloidosis, scleroderma
Chronic ischemic heart disease

Pleural effusion

Pneumothorax

Obesity

e !
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Fig.4.2 Low voltage EKG: note the low amplitude of the signal in both the limb and precordial leads relative to normal

gain signal at the beginning of the tracing
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PR Deviation

Changes in the PR segment are present in
approximately 80 % of patients with acute peri-
carditis, PR deviation is a particularly sensitive
sign of pericardial effusion [6], and often per-
sists after the ST segment changes have resolved
and are not subject to the same confounding
variables that affects ST segments. It is of diag-
nostic utility even in the presence of existing
bundle branch block, acute myocardial infarc-
tion and LVH [7, 8]. Typically, in pericardial
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disease PR depressions are seen in both the limb
and precordial leads. Particularly suggestive of
pericarditis is PR elevation, occasionally in V1,
but most commonly in AVR. These findings are
thought to represent pressure mediated atrial
injury of a mechanism similar to the ventricular
injury associated ST elevations [9]. Measuring
PR deviation can be challenging particularly
due to the need for an appropriate electrocardio-
graphic isoelectric reference baseline to mea-
sure against. This is evidenced by the fact that
the persistent PR depression is often confused
with continued ST segment elevation in these
patients [6].

The differential diagnosis of PR deviation is
more limited; in addition to pericarditis, it is
rarely seen in patients with early ventricular
repolarization (Fig. 4.3).

Lead

aVR

Fig. 4.3 PR deviation in

acute pericarditis: note the I/\-"\'k/\'\jv/\’\-' /‘\"\4 J

depression of the PR segment
below the baseline in leads I
and II, and the PR elevation
in aVR
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Electrical Alternans

The accumulation of fluid around the heart
releases the heart from its usual anatomic con-
straints and allows the heart free range to oscil-
late in the chest cavity. Typically, this will cause
a varying QRS amplitude and vector, alternating
from beat to beat, known as electrical alternans.
In addition, in the presence of a pericardial effu-
sion, respiratory variation in axis becomes more
pronounced. This change is not seen from beat
to beat, but rather gradually over a series of QRS
complexes. It is important to note however, that
while complete alternans of all components of
the EKG is suggestive of cardiac tamponade, it is
a specific but not highly sensitive sign [9]. Other
conditions that can cause electrical alternans
include [10] alternating bundle branch blocks
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causing differential patterns of myocardial depo-
larization, atrio-ventricular reentry utilizing an
accessory pathway, ventricular bigeminy, where
every alternate beat is ventricular in origin, alter-
nans pre-excitation in which a supraventricular
rhythm is alternately conducted via the atrioven-
tricular node and via an accessory pathway, and
the presence of a severe ventricular cardiomy-
opathy. Bidirectional ventricular tachycardias, as
seen in patients with digitalis toxicity, catechol-
aminergic polymorphic ventricular tachycardia
and Anderson-Tawil, or long QT seven syn-
drome, may also mimic electrical alternans [11,
12] (Table 4.2, Fig. 4.4).

Table 4.2 Differential diagnosis of electrical alternans
on EKG

Differential patterns of conduction caused by varying
block

AV reentry with accessory pathway

Ventricular bigeminy

Alternans pre-excitation

Alternans bundle branch block

Severe cardiomyopathy

Bidirectional ventricular tachycardia
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Fig. 4.4 Electrical alternans in acute pericarditis: note the alternating amplitude and axis of consecutive beats in the

inferior and lateral leads
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ST Segment Deviation

Deviation of the ST segment, specifically ST ele-
vation, is present in approximately 90 % of patients
with acute pericarditis. This is thought to represent
myocardial injury, similar to that seen when direct
pressure is applied to the myocardium when plac-
ing a pacing wire, and is termed a “current of
injury”. The axis of these changes is predomi-
nantly inferior and anterior, very rarely involving
the right sided leads or V1. The mechanism of this
injury is multifactorial and is postulated to be due
to the increased pressure exerted by the pericardial
fluid on the epicardial aspect of the myocardium as
well as inflammation of the myocardium. It is
important to note the possibility of generating
transient ST elevation in patients with pericarditis
who exercise, and therefore the ST segment
changes seen in these patients may vary based on
heart rate. The differential diagnosis for ST eleva-
tion is quite broad as ST elevation is seen in a large
number of normal and pathological processes.

Normal Variant

There is a normal variant of repolarization which
is common in younger males, a demographic fre-
quently affected by pericarditis. To differentiate
this from pericardial disease, it is important to
note that normal variant ST elevation is usually
only present in the precordial leads and not in the
limb leads. Additionally the QRS amplitude in the
left lateral leads is greater in the “normal variant”
than in pericarditis [13, 14].

Early Repolarization

The pattern of early ventricular repolarization
has similar changes to the first stage of pericardi-

a

tis [14]. Early studies suggested that in patients
with early repolarization, these changes vanish
or greatly diminish with the administration of
isoproterenol or with exercise, while the changes
get worse with the same maneuvers in patients
with pericarditis. However, it is important to note
that exercising patients with pericarditis has been
shown to worsen outcomes [15]. Additionally, a
report by Saviolo et al. demonstrates that these
findings are not universally true [16].

Neurological Injury

Spinal cord injury, specifically damage to the
C5 and C6 segments which provide sympa-
thetic innervation to the heart can also cause
elevation of the ST segment. Significantly
however, these changes reverse with the admin-
istration of isoproterenol, demonstrating how
sympathetic tone modulates ventricular repo-
larization [17].

Cardioversion

ST elevations may be seen in patients immedi-
ately after direct current cardioversion. These
changes will resolve with time.

Acute Coronary Syndrome

Among the many conditions that mimic acute
pericardial disease, it is perhaps most important to
differentiate between pericardial disease and acute
myocardial injury. Typically, the changes seen in
acute myocardial injury are confined to the distri-
bution of individual coronary arteries, while the
changes of pericarditis are more global, reflecting
the global pressure of the surrounding fluid on the
chambers of the heart. Additionally, the terminal
component of the QRS may merge directly into
the ST segment elevation in acute ischemia, as
opposed to pericardial disease, where the QRS
morphology remains unchanged, but is followed
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by an elevated ST segment. Most importantly, per-
haps is the morphology of the ST segment which
in acute coronary syndrome is convex, with efface-
ment of the T wave, while in pericardial disease
the ST segment is concave and preserves the mor-
phology of the T wave [18] (Table 4.3, Fig. 4.5).

Table 4.3 Partial list of differential diagnosis of etiolo-
gies of ST segment elevation

Normal variant

Early repolarization

Acute ischemia

Spinal cord injury

Post cardioversion

Channelopathies ex: brugada syndrome

Ventricular aneurysm

E.M. Bader et al.

T Wave Changes

Acute myocarditis, that may be superficial —
sub-epicardial or, less commonly, transmural is
often associated with pericarditis. These
changes are reflected in the pattern of ventricu-
lar repolarization demonstrated in the T wave.
As opposed to the vector generated in the ST
segment, the vector generated in the T wave is
rightward, upward and posteriorly oriented. One
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Fig. 4.5 ST elevation in acute pericarditis: note the diffuse,
distribution of any single coronary artery

concave elevations in the ST segment, not respecting the
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of the challenges of differentiating myocarditis
from myocardial ischemia is the similarity
between the T wave changes of the two entities.
Significantly however, the changes seen in myo-
pericarditis, tend to be lower amplitude, are
more global and do not respect the territories of
individual coronary arteries. Classically these T
waves will be incompletely inverted, with only
terminal T wave inversion. Additionally, in
approximately 40 % of cases demonstrate a
small negative inflection at the peak of the T
wave [18]. In contrast the T wave changes in
myocardial ischemia are of greater amplitude,
are more completely inverted and typically
localize to the distribution of a single artery
(Fig. 4.6).
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Evolution of EKG Changes

The evolution of EKG changes described above
in acute pericarditis has been classically described
to take place in four stages [18]. In this scheme,
the leads are divided into “epicardial” leads rep-
resenting epicardial electrical activity and “cav-
ity” leads such as aVR that represent endocardial
activation [19]. In stage 1, there is diffuse
ST-segment elevation in the epicardial leads,
with corresponding depression in the “cavity”
leads. In Stage 2, the ST segments return to
baseline and the T wave amplitude decreases,
either simultaneously with the decrease in
ST-segment normalization or subsequently. At
this point the PR changes should be evident as

Lead
V3
i
V4
V5
Fig.4.6 T wave changes in
acute myopericarditis: note
terminal inversion of T waves
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well. In Stage 3, the T waves begin to invert,
either forming shallow or completely inverted T
waves. In Stage 4, the EKG returns to baseline.
While the patient’s EKG may transition directly
from stage 1 to stage 3 or 4, this is thought gen-
erally to represent a sampling error in a rapidly
progressing or resolving process. Patients who
so progress are said to have “typical variant”
patterns [6] (Table 4.4, Figs. 4.7, 4.8, 4.9, and
4.10).

Table 4.4 Stages of evolution of EKG changes [19]

Cardiac Arrhythmias in Pericardial
Disease

Cardiac arrhythmias are uncommon in acute
pericarditis, with an incidence of 7 %. These
arrhythmias, when seen, are most commonly
supraventricular in origin, predominantly atrial
fibrillation/flutter. These arrhythmias typically
occur in patients with underlying structural heart
disease [20].

Stage All leads except for V1 and AVR V1 and AVR
PR segment ST segment T waves PR segment ST segment T waves

1 Depressed or Elevated Upright Elevated or Depressed Inverted
isoelectric isoelectric

2 Depressed or Isoelectric Upright Elevated or Isoelectric Inverted
isoelectric isoelectric

2 (Late) Depressed or Isoelectric Decreased or  Elevated or Isoelectric Upright, possibly
isoelectric inverted isoelectric decreased

3 Isoelectric Isoelectric Inverted Isoelectric Isoelectric Upright

4 Isoelectric Isoelectric Upright Isoelectric Isoelectric Inverted
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Fig. 4.7 Stage 1 pericarditis: for description of evolution of EKG changes please refer to the main text and Table 4.4.
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Fig. 4.8 Stage 2 pericarditis: for description of evolution of EKG changes please refer to the main text and Table 4.4
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Fig.4.10 Stage 4 pericarditis: for description of evolution of EKG changes please refer to the main text and Table 4.4

Chronic Pericardial Disease

Chronic pericarditis may be caused by many
pathological processes. Any of the EKG mani-
festations of acute pericarditis described above
may be present in patients with chronic peri-
carditis. It has been suggested that a normal
EKG excludes the presence of chronic con-
strictive pericarditis. In this condition, common
findings include low voltage, present in the
majority of patients, which is thought to be
caused by a combination of myocardial atro-
phic and fibrotic involvement as well as the
previously described short circuiting insulating
properties of the effusion [21,22]. Additionally,
flattening, notching and or inversion of the T
waves are present in more than 90 % of patients
[23, 24].

Conduction abnormalities within the atrium
are common in patients with chronic pericardi-
tis, leading to a widened P wave mimicking a
left atrial abnormality. Similarly, the presence
of myocardial fibrosis can lead to abnormali-
ties of ventricular myocardial depolarization,
typified by seemingly pathological Q waves

[21]. RV dysfunction is suggested by a right
ventricular hypertrophy pattern. Right axis
deviation is also seen in constrictive pericardi-
tis [25].

As opposed to acute pericarditis where
arrhythmias are uncommon, in chronic pericardi-
tis atrial arrhythmias are common, being present
in up to 50 % of patients, most frequently atrial
fibrillation, followed by atrial flutter [24].
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EKG in Pericardial Disease-For
Patients and their Families

Pericarditis is a condition when the pericardium,
a tissue layer that envelopes the outer, or epicar-
dial surface of the heart becomes inflamed. This
may cause fluid to build up around your heart.
In some cases, this inflammation may extend into
the heart muscle as well. In this case the condi-
tion is termed myocarditis.

There are many ways to diagnose pericarditis.
Your doctor will first develop a careful under-
standing of your symptoms and the progression of
your illness. Symptoms of pericarditis include
chest pressure, chest pain, and shortness of breath.
You may recently have had an influenza like ill-
ness with aches and fevers. After gathering the
history of your condition, one of the first diagnos-
tic steps is to have a test called an electrocardio-
gram, or EKG. The EKG measures the electrical
activity of your heart and can help your doctor
differentiate pericarditis from other conditions.

Patients with pericarditis may have irregular
heart rhythms, as well as changes in the way the
electrical system in the heart functions. By record-
ing your heart’s electrical activity, your doctor
may be able to assess for inflammation, as well as
the presence of fluid around your heart, and the
pressure that the fluid exerts on your heart. While
your doctor will be able to interpret the EKG on
the spot, in many medical systems the EKG will
be subsequently reviewed by a specialist to con-
firm its findings. EKG’s are often stored in your
secure medical record. This allows your doctor to
compare changes over time.

E.M. Bader et al.

In order to obtain your EKG, your healthcare
provider will attach 10 leads by means of stickers
placed in pre-defined standardized locations.
These leads connect to a small computer that
analyzes the signal and graphs it both on the
screen and on calibrated paper. As the EKG does
not apply any electrical current to you, and is
completely passive, you should not experience
any discomfort.

The EKG complex is divided into a number of
components, or segments that begin with the P
wave and conclude with a U wave. Your physi-
cian will be paying special attention to your PR
segment, the height and axis of your QRS com-
ponent, as well as the shape of your ST segment
and T wave. The inflammatory changes caused
by pericarditis can cause depression of the PR
segment, elevation of the ST segment and a low
voltage QRS signal, among other changes.

There are classically defined changes seen in peri-
carditis. These changes typically involve four
“stages”, representing the underlying processes
affecting your heart. Typically, when pericarditis has
resolved, the EKG will return to normal. If however,
your doctor tells you that your EKG remains abnor-
mal, it is advisable to retain a copy to carry around on
your person. This assures that in an emergency, a
copy of your EKG is available for your next medical
provider to assess and compare to your current EKG.

It is important to note that while the EKG is
very helpful in diagnosing pericardial disease, it
may be the first of several tests that your doctor
orders. Based on the findings of your EKG, your
doctor may subsequently order an echocardio-
gram, CT scan, or MRL.
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Introduction

Echocardiography is used extensively in the diag-
nosis and management of all forms of pericardial
disease spanning from congenital anomalies of
the pericardium to acute pericarditis, pericardial
effusion, tamponade, constrictive pericarditis and
pericardial tumors.

Due to its widespread availability, portability,
safety, and ability to provide both anatomic and
hemodynamic data, echocardiography is typi-
cally the initial imaging modality of choice for
visualization of pericardial disorders as well as
for guidance of pericardiocentesis. Additional
imaging with computed tomography (CT) and
cardiac magnetic resonance (CMR) may be nec-
essary in selected cases, typically to overcome
limitations of echocardiography as in patients
with difficult echocardiographic windows, when
there is a need for more precise measurement of
pericardial thickness or when tissue characteriza-
tion and/or relationship to structures surrounding
the pericardium is required.

Dedicated guidelines of the European Society
of Cardiology (ESC) [1] and the American
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E. Herzog (ed.), Management of Pericardial Disease,

Society of Echocardiography (ASE) [2] pro-
vide in-depth recommendations on proper use
of echocardiography in pericardial disorders.
Echocardiography is also an integral part of the
CHASER pathway for the management of peri-
cardial disease [3].

Normal Echocardiographic
Appearance of the Pericardium

A brief overview of pericardial anatomy as it spe-
cifically relates to echocardiography is provided
below.

Pericardial Thickness: Pericardium is a sac-
like structure consisting of a parietal and a visceral
(epicardial) layer. Normal pericardial wall thick-
ness is approximately 1-2 mm. Unfortunately,
transthoracic echocardiography (TTE) does not
have sufficient image resolution and therefore is
not recommended for measurements of pericar-
dial thickness. In contrast, pericardial thickness
can be measured by transesophageal echocar-
diography (TEE) [4] and such measurements
approach the gold standard of CT and CMR.

Pericardial Fluid: Normally there is only a
very small amount of physiologic pericardial
fluid (<50 mL) and separation between parietal
and visceral layers is either imperceptible on
echocardiography or occurs only during ven-
tricular systole, when a slit like echo lucent area
between the two layers may be seen.

Pericardial Fat: A variable amount of fat may
accumulate in and around the pericardial sac.
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Fig.5.1 Pericardial anatomy. Panel a: Pericardial fat pad
on transthoracic echocardiogram in the parasternal long-
axis view. Note the heterogeneous appearance of the two
layers of pericardial fat (arrows); one layer is intrapericar-
dial (epicardial; #1), and the other is extrapericardial
(mediastinal; #2). Panel b: Transesophageal echocardio-
gram demonstrates effusion in the transverse sinus
(arrow) of the pericardium adjacent to the ascending

Intrapericardial (epicardial), fat tends to accu-
mulate in the atrioventricular groove and along
the coronary arteries. Additional fat tissue is seen
extrapericardially in the surrounding mediasti-
num, especially anterior to the right heart. The
epicardial and mediastinal fat layers should not
be mistaken for a loculated pericardial effusion
(Fig. 5.1, Panel a). Echocardiographically, peri-
cardial fat is heterogeneous, non-circumferential
and moves in concert with the heart. In contrast,
pericardial effusion is typically echo lucent, sta-
tionary and circumferential rather than restricted
to the region around the right heart.

Intra vs Extrapericardial Structures: For a
full understanding of pericardial physiology and
pathology, it is important to recognize which car-
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aorta. This finding should not be mistaken for a type A
aortic dissection. Panel ¢: Transesophageal echocardio-
gram demonstrates effusion in the transverse sinus
(arrows) of the pericardium adjacent to the left atrial
appendage which is filled with dense spontaneous echo
contrast (‘smoke’) in this patient with atrial fibrillation.
Abbreviations: AV aortic valve, LA left atrium, LAA left
atrial appendage, LV left ventricle, RV right ventricle

diac structures are within and which are outside
the pericardial sac. The proximal portions of the
great vessels (the ascending aorta and the main
pulmonary artery) are within the pericardial sac.
Thus injuries or dissections of proximal portions
of these vessels may lead to pericardial effusion.
In contrast, superior portion of the left atrium and
the ostia of the pulmonary veins are not within the
pericardial sac. This anatomic fact contributes to
exaggerated respiratory variations in tamponade
and constrictive pericarditis as further discussed
in appropriate sections of this chapter.
Pericardial Extensions: The main pericar-
dial space communicates with several extensions
referred to as sinuses and recesses. Transverse
sinus (Fig. 5.1, Panels b, c¢) is located around
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the origins of the great vessels and the left atrial
appendage while the oblique sinus surrounds the
ostia of the pulmonary veins. Pericardial effu-
sion may occasionally be restricted to one or
more of these sinuses and recesses. These local-
ized pericardial effusions should not be mistaken
for other pathologies such as the type A aortic
dissection in the case of fluid accumulation in
the transverse sinus.

Congenital Absence
of the Pericardium

Partial or complete absence of the pericardium
is a rare congenital disorder that could not reli-
ably be diagnosed in vivo prior to advent of
modern cardiac imaging. Congenital absence
of the pericardium was first undoubtedly
described in 1793 on autopsy by the Scottish
physician and pathologist Matthew Baillie
(1761-1823) [5] although an earlier and likely
erroneous description might have been made
by the Italian anatomist Realdo Colombo
(1516-1559) [6]. The reported occurrence of
congenital absence of the pericardium is 1 per
14,000 autopsies [7].

Key Anatomic Features

Since partial absence of the pericardium sur-
rounding the left heart is the most common form,
excessive displacement of the cardiac apex to the
left (levoposition and levorotation of the heart) is
the key anatomic feature.

Echocardiography Indications

Congenital absence of the pericardium may be an
incidental finding or the patient may present with
nonspecific symptoms such as chest pain, palpi-
tations or shortness of breath.

Echocardiography Findings

Echocardiographically, congenital absence of the
pericardium cannot be visualized per se but is
rather deduced from indirect signs. Because the
cardiac apex is displaced laterally in the partially
absent left-sided pericardium, standard echocar-
diographic imaging windows provide unusual
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images of the heart. In the parasternal views,
the right ventricle, although typically normal
in size, appears enlarged. Additionally, there is
increased cardiac motion due to absence of peri-
cardial constraint and paradoxical interventricu-
lar septal motion (Fig. 5.2, Panel a). On the apical
4-chamber view the cardiac apex is displaced to
the left and the heart has an unusual tear-drop
shape.

Patients in whom the pericardium was sur-
gically removed (Fig. 5.2, Panel b) may have
echocardiographic findings similar to those in
patients with congenitally absent pericardium
(e.g. patients post pericardiectomy for constric-
tive pericarditis).

Alternative Imaging

Congenital absence of the pericardium may
be suspected from an unusual shape to the
cardiac silhouette on chest X ray (Fig. 5.2,
Panel c). Definitive diagnosis of congenitally
absent pericardium is usually established by
CT or CRM.

Pericardial Cysts and Diverticula

Congenital pericardial cysts and diverticula may
be considered as accessory pericardial spaces.
Pericardial cysts are thin-walled unilocular struc-
tures filled with clear, watery fluid; they do not
communicate with the pericardial sac. In con-
trast, pericardial diverticula are abnormal exten-
sions that communicate with the main pericardial
space.

In general, pericardial cysts are rare, typically
benign and congenital in nature with a prevalence
of 1 per 100,000 cases [8]. Congenital pericar-
dial cysts arise from the primitive coelum, the
progenitor of pericardial, pleural and peritoneal
cavities. Their exact embryogenesis is uncertain.
Acquired cysts, such as pericardial hydatid cysts,
may be seen in parts of the world where para-
sitic infections with Echinococcus species are
common. Like congenital cysts, hydatid cysts are
filled with a watery fluid, thus the name (from
Greek #daric; stem hdarié- meaning ‘a drop of
water’).
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Fig. 5.2 Absence of the pericardium. Panel a: M mode
recording shows paradoxical interventricular septal motion
(arrow) in a patient with congenital absence of the pericar-
dium. Panel b: Transthoracic echocardiogram in the apical
4-chamber view demonstrates characteristic lateral dis-
placement of the cardiac apex (arrow) in a patient with
absent pericardium after surgical stripping (pericardiec-

Key Anatomic Features

Congenital pericardial cysts are typically located in
one of the cardiophrenic angles, more often in the
right than the left cardiophrenic angle. Their size var-
ies from small fluid collection in the cardiophrenic
angle to large masses filling the mediastinum.

Echocardiography Indications

Pericardial cysts and diverticula may be an inci-
dental finding or the patient may present with
nonspecific symptoms such as chest pain, palpi-
tations or shortness of breath.

tomy). Panel ¢: Chest X ray demonstrates an unusual cardiac
silhouette with lateral and cranial displacement of the car-
diac apex (arrow) in a patient with congenital absence of the
pericardium (Courtesy of Dr. Robert Donnino, Department
of Radiology and Division of Cardiology, New York
University Langone Medical Center). Abbreviations: LA left
atrium, LV left ventricle, RA right atrium, RV right ventricle

Echocardiography Findings

On ultrasound imaging, pericardial cysts were
first characterized by M mode echocardiography
in 1975 [9], and then by 2D echocardiography in
1983 [10]. The key echocardiographic findings
of a pericardial cyst include an echo lucent, thin-
walled structure located adjacent to the heart and
above the diaphragm (most often in and around
the right atrioventricular groove), filled with
clear, stationary fluid and without obvious com-
munications to any of the surrounding structures
(Fig. 5.3, Panel a).
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Fig.5.3 Pericardial cyst. Panel a: Transthoracic echocar-
diogram in the subcostal view demonstrates a small peri-
cardial cyst (asterisk) adjacent to the right atrium (RA).
Abbreviations: IVC inferior vena cava, LA left atrium, LV
left ventricle, RA right atrium, RV right ventricle. Panel b:
Chest X ray demonstrates a pericardial cyst in the right

Differential Diagnosis
Other echo lucent structures adjacent to the heart
such as pericardial and pleural effusion or ascites
may be mistaken for a pericardial cyst. Pericardial
effusions tend to be circumferential and often
show signs of organization. Unlike pericardial
cysts, left and right pleural effusions follow the
anatomic boundaries of respective pleural spaces.
Vascular anomalies (especially in and around
atrioventricular grooves) such as coronary artery
aneurysms, coronary artery fistulas and enlarged
coronary sinus may be differentiated from pericar-
dial cysts with the intravenous administration of
echocardiographic contrast agents. Unlike vascular
anomalies, pericardial cysts do not communicate
with the vascular pool and thus they do not opacify
after echocardiographic contrast administration.
To differentiate pericardial cysts from coronary
artery aneurysms and coronary artery fistulas,
microbubble contrast agents (such as perflutrane)
should be used while agitated saline can be used
for the diagnosis of enlarged coronary sinus due to
persistence of the left superior vena cava.

Alternative Imaging
The diagnosis of a pericardial cyst is often sus-
pected on a chest X ray as a mass like density,

cardiophrenic angle (arrow). Panel b: Chest X ray demon-
strates a pericardial cyst in the right cardiophrenic angle
(arrow) (Courtesy of Dr. Robert Donnino, Department of
Radiology and Division of Cardiology, New York
University Langone Medical Center)

typically located in the right cardiophrenic angle
(Fig. 5.3, Panel b). The definitive diagnosis of
pericardial cysts and diverticular is usually estab-
lished by CT or CMR.

Pericardial Effusion

Pericardial effusion is an accumulation of fluid
in the pericardial sac between the visceral and
parietal layer of the pericardium. There are
numerous causes of pericardial effusions includ-
ing infectious, metabolic, rheumatologic, trau-
matic, neoplastic and idiopathic etiologies. In the
developed countries, the predominant causes of
pericardial effusion are idiopathic and traumatic
(especially iatrogenic following surgical or per-
cutaneous procedures).

The hemodynamic spectrum of a pericardial
effusion spans from asymptomatic to tamponade,
cardiovascular collapse and death.

Key Anatomic and Hemodynamic
Features

The pericardial sac envelopes the entire heart
except the cranial portion of the left atrium
around the ostia of the pulmonary veins. The
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proximal portions of the ascending aorta and
the main pulmonary artery are also within the
pericardial sac. In contrast, the descending tho-
racic aorta lies outside the pericardial sac; this
anatomic feature helps differentiate a pericar-
dial effusion from a left pleural effusion (see
below).

The primary determinant of hemodynamic
significance of a pericardial effusion is not the
volume of intrapericardial fluid per se but rather
the intrapericardial pressure exerted by that vol-
ume. This is further discussed in the Tamponade
section below.
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Echocardiography Indications

Pericardial effusion may be an incidental finding
on an echocardiogram ordered for a different rea-
son, or the patient may present with chest pain,
shortness of breath or hypotension and shock.

Echocardiography Findings
Here the general echocardiographic features of
pericardial effusions will be discussed (Fig. 5.4).
Tamponade findings are described separately in a
section below.

Pericardial effusions are typically circumfer-
ential (around the entire heart) but not necessarily

Fig. 5.4 Pericardial effusion. Transthoracic echocardio-
gram demonstrates a large pericardial effusion (asterisks)
in a 47-year-old woman with breast cancer. Panel a:
Parasternal long axis view demonstrates typical interposi-
tion of the pericardial effusion (asterisks) between the
heart and the descending thoracic aorta. This finding dif-
ferentiates a pericardial effusion from a left pleural effu-
sion in which there is no such interposition between the
heart and the descending thoracic aorta. Panel b:
Parasternal short axis at the level of the papillary muscles

demonstrates that the pericardial effusion (asterisks) is
larger posterior to the left ventricle that anterior to the
right ventricle. This is due to gravity in this supine patient.
Panel c: In the apical 4-chamber view, note that the peri-
cardial effusion (asterisks) surrounds the cardiac apex.
This feature helps distinguish a pericardial effusion from
a pleural effusion. Panel d: Subcostal view demonstrates a
large pericardial effusion (asterisks). Abbreviations: AV
aortic valve, LA left atrium, LV left ventricle, RA right
atrium, RV right ventricle
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symmetrical; a larger amount of fluid tends to
occur in more dependent areas compared to less
dependent ones. In a supine patient, circumfer-
ential pericardial effusions tend to be larger pos-
terior to the left heart than anterior to the right
heart. Loculated pericardial effusions may occur
in any portion of the pericardial sac.

The consistency of pericardial fluid var-
ies from clear, water like collections to partly
organized (with strands spanning the two lay-
ers of the pericardium) to fully organized, tumor
like densities (as in the case of hemorrhagic
effusion).

On an echocardiography report, the size, loca-
tion (circumferential vs. loculated) and fluid
characteristics (clear vs. organized) should be
described. The size of a circumferential peri-
cardial effusion may be expressed and the end-
diastolic effusion thickness (the distance between
epicardial and parietal layers of the pericardium).
Small pericardial effusions have end-diastolic
thickness of <1 cm; moderate between 1 and
2 cm; and large >2 cm as described in the latest
ASE guidelines [2].

The volume of pericardial fluid can roughly
be estimated using the so-called cube rule which
assumes that the heart is a prolate ellipsoid and
that a volume of a cardiac chamber is the cube
of its short-axis diameter [11]. In practical terms,
one obtains 2D echocardiographic images of the
heart in the parasternal long or short axis and
then measures the end-diastolic thickness of the
pericardial fluid (PF), end-diastolic diameters of
the left (LV) and right ventricles (RV), and end-
diastolic thickness of the right ventricular free
wall (RVF), interventricular septum (IVS) and
inferolateral wall (IL).

The end-diastolic diameter of the heart is RVF
+ RV +IVS + LV + IL; this diameter cubed gives
the volume of the heart. The end-diastolic diam-
eter of the pericardial sac is the sum of anterior
and posterior pericardial effusion thickness plus
the end-diastolic diameter of the heart; the cube
of the end-diastolic pericardial sac diameter rep-
resents the volume of the pericardial sec. The
volume of pericardial effusion is then the differ-
ence between the pericardial sac volume and the
volume of the heart.
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Example:

The patient has a pericardial effusion that
measures 1.0 cm both anterior to the right
heart and posterior to the left heart at end dias-
tole; RVF=0.3 cm; RV=1.7 cm; IVS=0.7 cm;
LV=39cm; IL=0.6 cm.

Heart:

End — diastolic diameter of the heart =
0.3+1.74+0.7+3.9+0.6 =7.2cm

End — diastolic volume of the heart =

(7.2) =373mL

Pericardial sac:

End —diastolic diameter of the pericardial sac =
1.0+1.0+7.2=92cm

End —diastolic volume of the pericardial sac =
(9.2) =779mL

Pericardial effusion:

Pericardial effusion =779 —-373 =405 mL.

It must be emphasized that this calculation
method gives only a rough estimate of pericardial
effusion volume and might overestimate effusion
volume especially if cardiac diameters are large.

When pericardial effusions are very large, one
may observe a swinging motion of the heart with
the cardiac apex moving toward and then away
from the anterior chest wall. In such instances,
one may notice the electrical alternans (a change
in QRS voltage) on simultaneous EKG tracings
which should accompany any echocardiographic
recording. Additionally, overall EKG voltage
may be diminished [12].

Differential Diagnosis

Typically, the differential diagnosis of pericardial
effusion includes pericardial fat, pericardial cyst,
pleural effusion and ascites.

Pericardial fat is typically non-circumferential
and most prominent along the right heart border; it
is heterogeneous in appearance, and moves in con-
cert with the heart (Fig. 5.1, Panel a). In contrast,
pericardial effusion is typically echo lucent, immo-
bile and circumferential with the largest amount of
fluid in dependent areas closest to the ground.
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Fig. 5.5 Differential diagnosis of a pericardial effusion.
Panel a: Left pleural effusion — Transthoracic echocardio-
gram in the parasternal long axis view demonstrates a left
pleural effusion (asterisk) and a very small pericardial
effusion (arrow). Note that unlike the pericardial effusion,
the left pleural effusion does not create an echo lucent
area of separation between the descending thoracic aorta
and the heart. Panel b: Right pleural effusion —
Transthoracic echocardiogram in the subcostal view dem-
onstrates a left pleural effusion (asterisk) and a pericardial

Pericardial cysts are thin-walled structures
containing clear, stationary fluid; they tend to
occur in the right atrioventricular groove and
have no direct communication with any sur-
rounding structure (Fig. 5.3, Panel a).

Left pleural effusion is located posterior to the
left ventricle on parasternal views or lateral to the
left ventricle on apical views (Fig. 5.5, Panel a).
To differentiate a left pleural effusion from a peri-
cardial effusion, one should pay a special atten-
tion to the relationship between the descending
thoracic aorta and the left heart border on e.g.,
parasternal views. The larger the pericardial effu-
sion, the more separation between the descending
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effusion (arrow). Note that the right pleural effusion fol-
lows the contours of the diaphragm which lies just cranial
to the liver boundary. Panel ¢: Ascites — Transthoracic
echocardiogram in the subcostal view demonstrates asci-
tes (asterisk) between the liver and the heart. The presence
of the falciform ligament (arrow) helps differentiate asci-
tes from a pericardial effusion. Abbreviations: AV aortic
valve, IVC inferior vena cava, LA left atrium, LV left ven-
tricle, RA right atrium, RV right ventricle

thoracic aorta and the left heart border there is.
In contrast, left pleural effusion does not create
an echo lucent area of separation between the
descending thoracic aorta and the heart. Because
there is no communication between the left and
right pleural spaces at the cardiac apex, periapi-
cal fluid collection seen on apical views are more
likely to be pericardial than pleural in origin.
Right pleural effusion is best differentiated
from the pericardial effusion in the subcostal
view; a right pleural effusion follows the con-
tours of the diaphragm (Fig. 5.5, Panel b).
Ascites is a subdiaphragmatic fluid collection
containing the falciform (sickle-shaped) ligament
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which anchors the liver to the diaphragm (Fig. 5.5,
Panel ¢).

Alternative Imaging

Echocardiography is typically sufficient to estab-
lish the diagnosis and hemodynamic significance
of a pericardial effusion.

Imaging with CT and CMR may provide
additional anatomic details; particularly related
to extracardiac structures and their relationship to
pericardial effusion (e.g. type A aortic dissection,
mediastinal hematoma post cardiac surgery, tho-
racic tumor extension into the pericardial space
etc.).

EKG has low sensitivity for detection of peri-
cardial effusion; low voltage and electrical alter-
nans are seen only infrequently [12].

Tamponade

Tamponade, originally a French word mean-
ing ‘plugging’, refers to a clinical syndrome of
impaired cardiac filling due to elevation of intra-
pericardial pressure in the setting of a pericardial
effusion. As a clinical entity, cardiac tamponade
resulting from a pericardial effusion was first
described in the 1930s [13].

Cardiac tamponade is a form of diastolic heart
failure. It is important to emphasize that tampon-
ade is not a discrete point in time but rather a pro-
cess of progressive impairment in cardiac filling
extending from an asymptomatic phase to exer-
cise intolerance to hypotension, shock and death.
An increase in intracardiac pressures and tachy-
cardia are compensatory mechanisms that delay
the progression of tamponade physiology.

Key Anatomic and Hemodynamic
Features

The primary determinant of hemodynamic sig-
nificance of a pericardial effusion is not the size
of a pericardial effusion but rather the magnitude
of intrapericardial pressure. Cardinal features of
tamponade are cardiac chamber collapse (due to
extrinsic compression of cardiac walls by peri-
cardial effusion), ventricular interdependence
(manifested as exaggerated respiratory variations
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in cardiac filling), and frequently intracardiac
pressure elevation including right atrial pressure
elevation leading to a plethoric inferior vena cava.

A normal intrapericardial pressure is close
to 0 mmHg or even negative (subatmospheric).
In tamponade, intrapericardial pressure exceeds
intracardiac pressures for at least part of the car-
diac cycle.

The intrapericardial pressure (P) is a product
of intrapericardial volume (V) and pericardial
stiffness (AP/AV):

p=y=2L
AV

Pericardial stiffness, an inverse of pericardial
compliance, is the slope of the intrapericardial
pressure-volume curve; it demonstrates a nonlin-
ear relationship between the volume of pericar-
dial effusion and the intrapericardial pressure.

At low effusion volumes, the slope if rather
flat; initial increases in the size of pericardial
effusion lead to only a modest rise in intraperi-
cardial pressure. However, the slope becomes
subsequently very steep; at this portion of the
curve even a small increase in the size of peri-
cardial effusion leads to marked increases in
intrapericardial pressure which, in turn, may
precipitate tamponade physiology. Conversely,
in a patient with tamponade, even removal of a
relatively small amount of pericardial effusion,
may promptly relieve signs and symptoms of
tamponade.

The location of this pressure-volume curve
relative to the x axis (pericardial effusion vol-
ume) is dependent on the rate of pericardial fluid
accumulation. With acute pericardial effusion
(such as with a hemorrhagic effusion in a patient
with type A aortic dissection) the curve and the
inflection point occur at low volumes; in other
words, a relatively small amount of acute pericar-
dial effusion may lead to tamponade physiology.
In contrast, with chronic effusion, pericardial
stiffness is lower because pericardium has time to
adapt to slowly increasing amounts of pericardial
fluid and the pressure-volume curve is shifted to
the right.

Once the intrapericardial pressure exceeds
the intracardiac pressure, extrinsic compression
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by the pericardial fluid leads to invagination of a
cardiac wall into its respective chamber (cham-
ber collapse). Aside from chamber collapse,
tamponade physiology is also characterized by
exaggeration of normal respiratory variations in
cardiac filling. Normally, left and right ventricle
fill during diastole away from each other and not
at the expense of each other; consequently, the
interventricular septum stays in the middle dur-
ing inspiration and expiration.

Pericardial fluid, like any other fluid, is
uncompressible. Thus, pericardial effusion
constrains ventricular filling and forces the
two ventricles to fill at each other’s expense;
the impact on each ventricle is dependent on
the respiratory phase. During inspiration, the
right ventricle fills at the expense of the left
ventricle while during expiration the opposite
is true. These respiratory variations in cardiac
filling are the cardinal feature of tamponade
physiology and together with signs of chamber
collapse they provide the basis for echocardio-
graphic diagnosis of tamponade.

Echocardiography Indications

Primary indications for echocardiography imag-
ing in a patient with tamponade include clinical
signs and symptoms of heart failure, hypotension
and shock. Heart failure, when present, is typi-
cally diastolic with predominance of signs and
symptoms of right heart failure (clear lungs, hep-
atomegaly, ascites, and lower extremity edema).

Echocardiography Findings

Echocardiographic diagnosis of tamponade is
based on visualization of the three cardinal fea-
tures of tamponade physiology in the setting of
a pericardial effusion: chamber collapse, respira-
tory variations and elevation of right atrial pres-
sure. Chamber collapse is relatively specific for
tamponade physiology, while respiratory varia-
tions are also seen in constrictive pericarditis and
several other conditions such as labored breath-
ing, pulmonary embolism, obesity and chronic
obstructive lung disease (COPD). Because an
increase in intracardiac pressures is a compensa-
tory mechanism in both tamponade and constric-
tion, plethora of the inferior vena cava, a sign of
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right atrial pressure elevation, is frequently seen
in tamponade and constriction.

Chamber collapse: Free walls of cardiac
chambers invaginate into the chamber when
intrapericardial pressure exceeds intracardiac
pressure. Because intracardiac pressures are
lower in diastole and since the right heart has
thinner walls the left heart, it is the collapse of
the right ventricular and right atrial free wall
that is typically seen is tamponade. Because in
cardiac timing ventricular events are used, the
ventricular wall collapse is said to occur during
ventricular diastole and the atrial wall collapse
during ventricular systole [14].

Right atrial collapse: Right atrial collapse
(Fig. 5.6, Panels a, b) is more sensitive but less
specific than right ventricular collapse for the
diagnosis of tamponade. When clinically sig-
nificant, the right atrial collapse typically lasts at
least 1/3 of ventricular systole; this finding was
first described in 1983 on 2D transthoracic echo-
cardiography [15].

Right ventricular collapse: Right ventricular
collapse (Fig. 5.6, Panels c, d) is more specific
but less sensitive than right atrial collapse for the
diagnosis of pericardial effusion. Historically,
this echocardiographic finding was described
earlier than right atrial collapse. It was first
reported in 1979 on M mode echocardiography
[16] and then in 1982 on 2D transthoracic echo-
cardiography [17].

Because right ventricular diastolic pressures
are lowest at the onset of diastole, early diastolic
collapse of the right ventricular free wall is an
echocardiographic sign of tamponade physiol-
ogy. The longer the duration of right ventricular
collapse, the more pronounced tamponade physi-
ology is.

Left heart collapse: Because the left ventric-
ular wall is the thickest of all cardiac walls its
invagination is not commonly seen in tamponade.
Because only the distal portion of the left atrium
is intrapericardial, it is only this portion that can
be involved in tamponade-related collapse. When
compression of the extrapericardial portions of
the left atrium around the ostia of the pulmonary
veins is seen, an alternative diagnosis should be
considered.
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Diastole

Fig. 5.6 Tamponade: 2D echocardiographic findings.
Transthoracic echocardiogram demonstrates tamponade
physiology in a young woman with metastatic breast can-
cer and a large pericardial effusion (asterisks). Panels a,
b: Apical 4-chamber views demonstrate right atrial physi-
ology in tamponade. Characteristic bucking (collapse) of
the right atrial free wall occurs during ventricular systole
(Panel b) but not during ventricular diastole (Panel a).

Respiratory variations: Changes in filling
patterns that are phasic with respiration can
be observed by both 2D and Doppler echo-
cardiography. All modern ultrasound systems
are capable of recording respiratory cycles
(respirometry), typically by measuring chest
impedance from existing EKG leads used dur-
ing echocardiography. Alternatively, an add-on
respirometer clipped to the nasal orifice and
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Diastole

Note that the mitral and tricuspid valves are closed when
right atrial buckling occurs. Panels ¢, d: Parasternal views
demonstrate right ventricular physiology in tamponade.
Characteristic buckling (collapse) of the right ventricular
wall occurs during ventricular diastole. Note that the
mitral valve is open when right ventricular buckling
occurs. Abbreviations: LA left atrium, LV left ventricle,
RA right atrium, RV right ventricle

connected to the ultrasound system may be
used. It is important to emphasize that respi-
ratory variations described below refer to nor-
mal breathing (negative pressure ventilation)
and cannot be applied when patients are intu-
bated and mechanically ventilated (positive
pressure).

On 2D, one observes the location of the inter-
ventricular septum relative to the respiratory
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Fig. 5.7 Tamponade: Doppler and M mode findings.
Transthoracic echocardiogram demonstrates tamponade
physiology in a young woman with metastatic breast can-
cer. Panel a: Mitral inflow — Spectral Doppler recordings
at the level of mitral leaflet tips with simultaneous respi-
rometry demonstrates marked respiratory variations in the
peak velocity of the mitral E wave. Note that the E wave
velocity is lower during inspiration (Ins) than during expi-
ration (Exp). Panel b: Mitral inflow — Spectral Doppler
tracings at faster sweep rate demonstrates morphology of

cycle. In tamponade, there is a marked move-
ment of the interventricular septum toward the
left ventricle during inspiration. In contrast, the
septum moves toward the right ventricle during
expiration. Because respiratory rate is typically
lower than the heart rate, this septal shift phasic
with respiration does not occur with each car-
diac beat.

Doppler recordings of mitral and tricuspid
inflow, left ventricular outflow, as well as pulmo-
nary and hepatic vein flow may be used to dem-
onstrate respiratory variations in tamponade.

individual mitral inflow flow velocity pattern. Note the
abnormal relaxation filling pattern in this young woman;
this is consistent with the diagnosis of tamponade as tam-
ponade impedes early diastolic filling of the left ventricle.
Panel c: Plethora of the inferior vena cava — M mode
recording through the inferior vena cava (/VC) demon-
strates an almost completer absence of respiratory varia-
tions in the IVC diameter; this is indicative of an elevated
right atrial pressure in this patient with tamponade

Mitral inflow: Flow velocity recording at the
level of mitral valve may be obtained by either
pulsed or continuous wave Doppler. Continuous
wave Doppler is preferred when there is exces-
sive translational movement of the heart in large
pericardial effusions. On mitral inflow record-
ings one pays particular attention to the changes
in the peak E wave velocity that are phasic with
respiration (Fig. 5.7, Panel a) as well as to the
overall mitral filling pattern of individual cardiac
cycles. It tamponade, the peak E wave velocity
is the lowest at the first inspiratory beat and the
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highest at the first expiratory beat. The percent
respiratory variation in the peak mitral E wave in
calculated as follows:

Mitral Respiratory Variation
E

expiration

-E
— inspiration % 1 00 %

expiration

Arbitrarily, a respiratory variation of >30 % is
considered significant and consistent with tampon-
ade physiology. It is important to emphasize that
these respiratory variations are indicative of ven-
tricular interdependence; thus they may be seen in
both tamponade and constrictive pericarditis.

One common explanation for these respira-
tory variations in mitral inflow in based on the
anatomic fact that pulmonary veins are outside
the pericardial sac. In normal individuals, inspi-
ration is mediated by a drop in intrathoracic pres-
sure. This drop in pressure affects equally the
pulmonary veins and the left heart; thus there is
no net change in the pulmonary vein to left heart
pressure gradient, and no significant change in
peak E wave velocities.

In tamponade and constriction, there is still
normal drop in pulmonary vein pressures dur-
ing inspiration. However, there is no concomitant
lowering of intracardiac pressures during inspira-
tion because either pericardial fluid (in tampon-
ade) or inelastic pericardium (in constriction)
isolates the heart from the intrathoracic pressure
changes. This results in a decreased pulmonary
vein to left heart pressure gradient and lower E
wave velocities during inspiration. Decreased
filling of the left ventricle then facilitates the shift
of the interventricular septum toward the left ven-
tricle during inspiration.

In addition to respiratory variations in the peak
velocity of the mitral E wave, one should also
pay attention to the overall mitral filling pattern.
In tamponade, the impediment to left ventricular
filling occurs in early diastole. In constriction, on
the other hand, the impediment is in late diastole.
Consequently, tamponade (Fig. 5.7, Panel b) is
characterized by an impaired relaxation filling pat-
tern (prolonged isovolumic relaxation time, E/A
<1 and prolonged deceleration time). In contrast,
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constriction is characterized by a restrictive filling
pattern (short isovolumic relaxation time, E/A >2;
short deceleration time, typically <150 ms).

Left ventricular outflow tract: Respiratory
variations in peak LVOT velocities are also
seen in conditions of ventricular interdepen-
dence including tamponade. Just as with mitral
inflow recordings, the highest LVOT velocity is
observed with the first expiratory beat and the
lowest LVOT velocity with the first inspiratory
beat. Although there are respiratory variations in
LVOT velocities, no specific cutoff value is given
in current guidelines.

Tricuspid Inflow: Respiratory variations in
the tricuspid inflow are more pronounced and
opposite of those in mitral inflow. The highest
tricuspid E wave velocity typically occurs with
the first inspiratory beat and the lowest with the
first expiratory beat. The percent respiratory vari-
ation in the peak tricuspid E wave in calculated
as follows:

Tricuspid Respiratory Variation
E -E

__ " expiration inspiration . 1 OO (7
= ©0

expiration

Arbitrarily, a respiratory variation with an
absolute value of >60 % is indicative of cardiac
tamponade. Note that the above tricuspid respi-
ratory variation formula results in negative num-
bers, while the mitral formula results in positive
numbers.

Hepatic veins: A normal hepatic flow veloc-
ity pattern consists of two antegrade and two
retrograde waves. The two antegrade waves are
S (systolic) and D (diastolic) waves. Between
S and D, there is a small ventricular retrograde
(VR) wave. After the D wave and concomitant
with the atrial contraction, there an atrial reversal
wave (AR) wave. With inspiration, there is aug-
mentation of both S and D waves.

In conditions of ventricular interdependence
such as tamponade and constriction, there is
a drop in systemic vein to right heart pres-
sure which results in (1) diminished augmenta-
tion of antegrade waves during inspiration; D
wave is especially affected and may disappear
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completely in advanced tamponade; and (2) there
is an enhancement of diastolic flow reversal that
is most prominent on the first expiratory beat
(expiratory flow reversal).

Right atrial pressure elevation: As cardiac
compression by pericardial effusion progresses,
there is a compensatory increase in all diastolic
pressures in the heart (this is referred to as equal-
ization of diastolic pressures on invasive intra-
cardiac pressure recordings). Plethora of the
inferior vena cava (IVC) is the primary echocar-
diographic manifestation of this phenomenon
(Fig. 5.7, Panel c). In advanced tamponade, IVC
is dilated (>2.1 cm) and collapses less than 50 %
with inspiration; this is indicative of elevated
right atrial pressure (>15 mmHg).

Differential Diagnosis

Differential diagnosis of tamponade includes
other conditions with either chamber collapse
or ventricular interdependence. Chamber col-
lapse may be seen when there is extrinsic com-
pression of a cardiac chamber by a surrounding
structure (such as tumor or aortic aneurysm).
Unlike tamponade, these extrinsic compressions
occur throughout the cardiac cycles. Ventricular
interdependence with respiratory variations
is a feature of both tamponade and constric-
tion. Pericardial effusion is present in tampon-
ade but absent in pure constrictive pericarditis.
Respiratory variations may also be seen in con-
ditions of labored breathing such as pulmonary
embolism, obesity and COPD. IVC plethora is a
nonspecific finding and is observed in any con-
dition that leads to right atrial pressure elevation
(including right heart failure, constriction and
significant tricuspid stenosis or regurgitation).

Alternative Imaging

Echocardiography is the imaging modality of
choice for the diagnosis of tamponade and for
guidance of pericardiocentesis [18]. There is
typically no role for either CT or CMR in the
diagnosis of acute cardiac tamponade since echo-
cardiography is usually the fastest way to diag-
nose tamponade and identify the need for prompt
and potentially lifesaving pericardiocentesis.
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Acute Pericarditis

Acute pericarditis is an inflammatory disorder
with numerous etiologies including infections
(especially viral), connective tissue disorders and
malignancies; it may be idiopathic or may occur
after myocardial infarction, cardiac surgery and
radiation therapy to the chest. Acute pericarditis
is characterized by a combination of chest pain,
abnormal auscultatory findings, EKG changes
and pericardial effusion. Chest pain is posi-
tional and worsens with inspiration (‘pleuritic’ in
nature). On auscultation, there is pericardial rub.
EKG may demonstrate diffuse ST segment eleva-
tions and PR depressions (Fig. 5.8, Panel a).

Echocardiography Indications

Patients with acute pericarditis are referred for
echocardiography primarily because of chest
pain.

Echocardiography Findings

Primary echocardiographic finding of acute peri-
carditis is pericardial effusion which may vary
from trace to large. There may be fibrin strands
or other signs of organization in the pericardial
space (Fig. 5.8, Panel b).

Differential Diagnosis

Differential diagnosis of acute pericarditis is
essentially the differential diagnosis of pericar-
dial effusion.

Alternative Imaging

CT and CMR may demonstrate not only the pres-
ence of pericardial effusion but they may also
show active inflammation in thickened and non-
calcified walls of the pericardium.

Constrictive Pericarditis

Constrictive pericarditis (often simply referred to
as constriction) is a form of chronic pericarditis
that leads to impaired cardiac filling due progres-
sive thickening and calcification of the pericar-
dial wall. Worldwide, tuberculosis is the leading
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Fig. 5.8 Acute pericarditis. Panel a: Electrocardiogram
(EKG) of a patient with acute pericarditis demonstrates
diffuse PR depressions and ST elevations (arrows). Panel
b: Transthoracic echocardiogram in the parasternal long-

cause; however, in the developed countries most
cases are either idiopathic or related to prior
cardiac surgery. Like tamponade, constrictive
pericarditis presents clinically as diastolic heart
failure with predominance of signs and symp-
toms of right heart failure (clear lungs, hepato-
megaly, ascites, and lower extremity edema).

With respect to concomitant presence of peri-
cardial effusion, constrictive pericarditis may be
either noneffusive or effusive. Noneffusive con-
strictive pericarditis is much more common; thus
the terms ‘constrictive pericarditis’ and ‘nonef-
fusive constrictive pericarditis’ are often used
interchangeably.

Noneffusive Constrictive Pericarditis

Key Anatomic and Hemodynamic
Features
Thickened and calcified pericardium with fusions
between the visceral and parietal layers of the
pericardium is the key anatomic features of con-
strictive pericarditis. Free walls of the ventricles
which are adjacent to the abnormal pericardium
are more constrained in their movement than the
interventricular septum which anatomically is
not covered by the pericardium.
Hemodynamically, in both tamponade
and constrictive pericarditis the heart is con-
strained by the pericardium which then leads to
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axis view demonstrates a small pericardial effusion (aster-
isks) that contain fibrin strands (arrows). Abbreviations:
AV aortic valve, LA left atrium, LV left ventricle, RV right
ventricle

ventricular interdependence and respiratory vari-
ations in cardiac flows. The major hemodynamic
difference between tamponade and constrictive
pericarditis is the mechanism and the timing of
maximum pericardial constraint.

In tamponade the constraint is due to peri-
cardial fluid, while in constrictive pericarditis is
due to inelastic pericardium. In tamponade, the
constraint is most prominent during early dias-
tole leading to an abnormal relaxation filling pat-
tern. In constrictive pericarditis, the impediment
occurs during late diastole resulting in the so-
called restrictive filling pattern. Both tamponade
and constrictive pericarditis are characterized by
intracardiac pressure elevations.

Another difference between the two is the
presence or absence of chamber collapse. In tam-
ponade, the effusion leads to chamber collapse
while in constrictive pericarditis the inelastic
pericardium does not.

Echocardiography Indications

Patient with constrictive pericarditis are referred
for echocardiography primarily because they
presents with signs and symptoms of heart failure.

Echocardiography Findings

The role of echocardiography is to demonstrate
the cardinal anatomic and hemodynamic features
of constrictive pericarditis: a thickened and cal-
cified pericardium, ventricular interdependence
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with respiratory variations in cardiac flows, the
so-called restrictive mitral filling pattern, ele-
vated right atrial pressure leading to inferior vena
cava plethora, and regional differences in myo-
cardial motion and deformation.

Pericardial thickness & calcifications: As
previously noted, transthoracic echocardiogra-
phy does not have sufficient image resolution to
allow for reliable measurements of pericardial
wall thickness. In contrast, transesophageal echo-
cardiography may provide measurements of peri-
cardial thickness that are comparable to reference
techniques of CT and CMR.

Ventricular interdependence & Respiratory
variations: Marked respiratory variations
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resulting from ventricular interdependence is
a cardinal feature of constrictive pericarditis.
As described above in the Tamponade sec-
tion, ventricular interdependence and respi-
ratory variations are not pathognomonic for
constrictive pericarditis as they also occur in
tamponade. Furthermore, respiratory variation
may also occur in several conditions of labored
breathing such as COPD, asthma, obesity and
pulmonary embolism.

On M mode and 2D imaging, there is
characteristic interventricular septal motion
phasic with respiration (Fig. 5.9, Panels a, b).
As described in details in the Tamponade sec-
tion above, the interventricular septum moves

[EEERE  180mm
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Fig. 5.9 Constrictive pericarditis: echocardiographic &
CT findings. Panel a: M mode recording in a patient with
constrictive pericarditis demonstrates characteristic respi-
ratory variations in the right and left ventricular chamber
sizes due to abnormal interventricular septal motion pha-
sic with respiration. Note that interventricular septum
bounces (arrow) toward the left ventricle (LV) during
inspiration (Ins) and toward the right ventricle (RV) dur-
ing expiration (Exp). Panel b: Transthoracic echocardio-
gram in the parasternal long-axis view demonstrates
characteristic diastolic septal bounce of the interventricular
septum (arrows) toward the left ventricle during inspira-

tion. Panel ¢: M mode recordings through a dilated infe-
rior vena cava (/VC) demonstrate complete absence of
respiratory variations in the IVC diameter; this is indica-
tive of an elevated right atrial pressure and consistent with
the diagnosis of constriction. Panel d: 3D CT rending of
the heart demonstrates large area of pericardial calcifica-
tions (arrows) (Courtesy of Dr. Pierre Maldjian,
Department of Radiology, University of Medicine and
Dentistry, Newark, NJ). Abbreviations: AV aortic valve,
Exp expiration, ILW inferolateral wall, Ins inspiration, LA
left atrium, LV left ventricle, MV mitral valve, RV right
ventricle
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Fig. 5.10 Constrictive pericarditis: Doppler findings.
Panel a: Mitral inflow — Spectral Doppler recordings at
the level of mitral leaflet tips with simultaneous respirom-
etry demonstrates marked respiratory variations in the
peak velocity of the mitral E wave. Note that the E wave
velocity is lower during inspiration (/ns) beat than during
expiration (Exp). Panel b: Mitral inflow — Spectral
Doppler tracings at faster sweep rate demonstrates mor-
phology of individual mitral inflow flow velocity pattern.
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toward the left ventricle during inspiration and
toward the right ventricle during expiration. This
then results in cyclical changes in the size of the
two ventricles phasic with respiration (the right
ventricle is largest and the left ventricle is the
smallest at the first inspiratory beat; the opposite
occurs in expiration).

On Doppler recordings, respiratory variations
in the peak velocity of the E wave of at least 25 %
at the level of the mitral valve and at least 40 %
at the level of the tricuspid valve, and are consis-
tent with the diagnosis of constrictive pericarditis
(Fig. 5.10, Panel a).

Restrictive mitral filling pattern: In constric-
tive pericarditis, the overall mitral filling pattern
is restrictive (short isovolumic relaxation time;
E/A >2; short deceleration of the E wave [typi-
cally less than 150 ms]) as shown in Fig. 5.10,
Panel b. The short deceleration time of the mitral
E wave is the Doppler equivalent of the rapid y
decent on central venous pressure recordings.

Inferior vena cava plethora: In both tampon-
ade and constriction, there is a compensatory
increase in all diastolic pressures in the heart (this
is referred to as equalization of diastolic pres-
sures on invasive intracardiac pressure record-
ings). Plethora of the inferior vena cava (IVC) is
the primary echocardiographic manifestation of
this phenomenon (Fig. 5.9, Panel c). In advanced
constrictive pericarditis, IVC is dilated (>2.1 cm)
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Note the restrictive filling pattern (E/A >2; rapid E wave
deceleration time (arrow)) as well as respiratory varia-
tions in the peak velocity of the mitral E wave which is
higher during expiration (Exp) than during inspiration
(Ins)). This is consistent with the diagnosis of constriction
as constriction impedes preferentially the late diastolic
filling of the left ventricle. Panel c¢: Hepatic vein spectral
Doppler tracing demonstrates pronounced expiratory
(Exp) flow reversal

and collapses less than 50 % with inspiration;
this is indicative of elevated right atrial pressure
(=15 mmHg). IVC plethora is consistent with but
not pathognomonic for constrictive pericarditis as
it may occur whenever the right atrial pressure is
elevated (such as tamponade, significant tricuspid
stenosis or regurgitation and right heart failure).

Hepatic vein flow velocities: In constrictive
pericarditis, there is enhancement of expiratory
flow reversal in spectral Doppler tracings of
hepatic vein flows (Fig. 5.10, Panel c).

Abnormal mitral annular velocities: In con-
strictive pericarditis, one pays attention to the
ratio between the lateral and medial peak e’
velocities as well as to absolute mitral annular
tissue e’ velocities.

Tissue Doppler e’ ratio (Annulus reversus):
Normally, the peak velocity of the mitral annu-
lar tissue Doppler e’ wave is higher at the lateral
compared to the medial (septal) annulus. In other
words:

Normal individual : Lateral ¢’ >Medial e’

In constrictive pericarditis, pericardial adhe-
sions to the underlying myocardium typically
lead to decreased mobility of the lateral annulus;
this then leads to lowering of lateral e’ velocity
below those of the medial e’. Since this is reversed
from what is normally seen, the phenomenon is
referred to as annulus reversus [19]:
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Constrictive pericarditis : Lateral ¢’ < Medial ¢’
[Annulus reversus]

Absolut e’ velocities: It is important to note
that despite lowering of lateral e’ velocities, both
lateral and medical e’ velocity may still be within
normal limits in constrictive pericarditis. This is
in contrast to restrictive cardiomyopathy where
mitral annular velocities are low.

Abnormal left ventricular strain: Normally,
subendocardial fibers are primarily responsible
for the left ventricular longitudinal strain, while
subepicardial layers are primarily responsible for
the circumferential strain. Given that pericardial
adhesions in constrictive pericarditis lead to rela-
tive immobilization of epicardial layers of the left
ventricle while leaving the subendocardial layers
unaffected, the typical strain pattern of constric-
tive pericarditis consists of (1) diminished cir-
cumferential strain; and (2) preserved longitudinal
strain. This is in contrast to restrictive cardiomy-
opathy where longitudinal strain is preferentially
affected [20].

Differential Diagnosis

Differential diagnosis of constrictive peri-
carditis includes tamponade, restrictive car-
diomyopathy, other forms of respiratory
variations in cardiac flows, and other causes of
heart failure. Constrictive pericarditis shares
marked respiratory variations with tampon-
ade, obesity, pulmonary embolism, COPD
and asthma. Lack of pericardial effusion dif-
ferentiates noneffusive constrictive pericardi-
tis from tamponade. Furthermore, constrictive
pericarditis has a restrictive mitral filling pat-
tern while tamponade has an abnormal relax-
ation pattern.

Restrictive cardiomyopathy typically does
not demonstrate respiratory variations in
mitral inflow. Furthermore, mitral annular tis-
sue Doppler velocities are low in restrictive
cardiomyopathy but normal in constrictive
pericarditis. Unlike constrictive pericarditis,
restrictive cardiomyopathy is not character-
ized by annulus reversus. The E/e’ ratio is typi-
cally elevated in restrictive cardiomyopathy
(indicative of elevated left atrial pressure) but
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frequently normal in constrictive pericarditis.
With respect to left ventricular strain, restric-
tive cardiomyopathy typically shows dimin-
ished longitudinal strain while constrictive
pericarditis typically demonstrates diminished
circumferential strain.

Alternative Imaging

CT and CMR are the gold standard for measuring
pericardial thickness. CT is the gold standard for
detection of pericardial calcifications (Fig. 5.9,
Panel d).

Effusive Constrictive Pericarditis

Effusive constrictive pericarditis is a rare form
of constrictive pericarditis in which there is pres-
ence of both pericardial effusion and increased
pericardial thickness. The patient presents ini-
tially with pericardial effusion. After removal of
pericardial fluid via pericardiocentesis or surgi-
cal drainage, the patient remains symptomatic
and echocardiography demonstrates findings
typical of constrictive physiology described
above.

Pericardial Tumors

Primary pericardial tumors are rare and typically
benign. Most common benign tumors of the peri-
cardium are lipomas, fibromas, hemangiomas,
lymphangiomas and teratomas. Primary malig-
nancies of the pericardium include mesothelioma
and various forms of sarcoma.

Secondary tumors of the pericardium are
much more common than the benign tumors;
metastatic seeding of the pericardium may be
seen with lymphomas and melanomas as well as
with malignancies of the breast, lung, stomach or
colon.

Echocardiography Indications

Pericardial tumors may be an incidental find-
ing or the patient may present with nonspecific
symptoms such as chest pain, palpitations or
shortness of breath.
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Fig. 5.11 Pericardial tumors. Panel a: Benign lymphan-
giomas of the pericardium — Transthoracic echocardiogram
in an off-axis parasternal view demonstrate a large cystic
tumor (arrows). The findings are consistent with but not
pathognomonic for lymphangiomas (Courtesy from Dr.
Adam Skolnick , Division of Cardiology, New York
University Langone Medical Center). Panel b: Malignant

Echocardiography Findings

Benign pericardial tumors typically present as
circumscribed masses adherent to the pericar-
dium. Lipomas and fibromas are typically solid
in appearance while teratomas, hemangiomas
and lymphangiomas may demonstrate cysts and
septations (Fig. 5.11, Panel a).

Malignant pericardial tumors are often diffuse
and typically present with pericardial effusion
that demonstrates signs of organization. These
tumors typically are confined to the pericardium
and do not infiltrate the myocardium. Melanomas
are a notable exception as they demonstrate wide-
spread myocardial involvement.

Circumscribed pericardial tumors may cause
extrinsic compression of surrounding cardiac
chambers while diffuse tumors may lead to con-
strictive physiology (Fig. 5.11, Panel b) [21].

Differential Diagnosis

Pericardial tumors need to be differentiated
from other mediastinal masses; identification of
points of mass attachment to the pericardium is
an important clue that may differentiate pericar-
dial from mediastinal tumors. Differential diag-
nosis of pericardial malignancies often includes
pericardial effusion, tamponade and constrictive
pericarditis.

metastatic adenocarcinoma of the pericardium — Note the
diffuse infiltration of the pericardium (arrows) by adeno-
carcinoma. This resulted in pericardial constriction as dem-
onstrated by the diastolic interventricular septal bounce
toward the left ventricle during inspiration. Abbreviations:
LA left atrium, LV left ventricle, RA right atrium, RV right
ventricle

Alternative Imaging

CT and CMR provide incremental value in local-
ization and tissue characterization of pericardial
tumors.
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Echocardiography in Pericardial
Disease-For Patients and
their Families

Information regarding the echocardiographic
exam in general as well as regarding the findings
specific to individual disorders is provided below.

Echocardiogram: You doctor may order an
echocardiogram to examine the heart and the
envelope that surrounds the heart called the peri-
cardium. Echocardiogram uses ultrasound wave
to create an image of the heart. Ultrasound wave
are similar to regular sound waves except that
human ears cannot hear them. Ultrasound imag-
ing has been performed for more than 50 years
and diagnostic ultrasound waves have not been
shown to cause any harm to humans.

Typical echocardiogram is called transtho-
racic echocardiogram, often abbreviated as TTE.
During TTE you will be lying on a bed. A tech-
nologist or a physician will apply a small amount
of nontoxic gel to your skin and then place a
small probe to various points of your chest. The
exam is not painful.

If TTE imaging is not sufficient, your doctor
may order a different type of echocardiogram
called transesophageal echocardiogram, often
abbreviated as TEE. During a TEE, you will be
lying on a bed. First you will be given medica-
tions through your veins; these medications will
make you sleepy and will numb the pain. You
will then be asked to swallow a small ultrasound
camera mounted on a cable that is attached to
the ultrasound machine. After swallowing, the
camera will be placed into your food pipe (also
called esophagus) and the stomach. Overall, TEE
is considered a safe procedure and complications
are unusual.

TTE and TEE may demonstrate a completely
normal pericardium or may demonstrate one of
the abnormal findings described below.

Congenital absence of the pericardium:
Normally, the heart is surrounded by a protec-
tive envelope called pericardium. Very rarely, a
person may be born without some or all parts
of the pericardium. Doctors and other medi-
cal professionals call this condition ‘congenital
absence of the pericardium’. With this condition
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you may not feel anything unusual and the absent
pericardium is often detected by chance, for
instance on a pre-employment chest X ray or on
an echocardiogram ordered for a different reason
(heart murmur, for instance). Based on echocar-
diogram and other forms of heart imaging, your
doctor will be able to tell you if any treatment is
necessary.

Pericardial cyst: Echocardiogram may show
that you were born with a pouch filled with clear
fluid called pericardial cyst. It is located near the
heart. This is a rare condition and often causes
no harm. Occasionally, people who have a peri-
cardial cyst may notice shortness of breath, chest
pain or abnormal heartbeat. If your discomfort is
significant, your doctor may consider referring
you to a surgeon who may need to perform a sur-
gery to remove the cyst.

Pericardial effusion: Normally there is no
significant amount of fluid inside the pericardial
sac, the space between the heart and the enve-
lope of the heart called pericardium. When fluid
accumulates inside the pericardial sac, doctors
and other medical professionals refer to that
fluid as pericardial effusion. There are many
causes of pericardial effusion; medical profes-
sionals taking care of you will tell you what the
most likely cause of your pericardial effusion is.
Sometimes, if you have a pericardial effusion
you may feel nothing unusual (doctors would say
that your pericardial effusion is asymptomatic).
In other instances, pericardial effusion may lead
to shortness of breath, chest pain, rapid heartbeat
and low blood pressure.

It is important that you consult your doctor
when you are diagnosed with a pericardial effu-
sion; although you may originally feel nothing
unusual, pericardial effusion is some instances
may lead to a more serious condition called
tamponade.

Tamponade: Tamponade is a very serious con-
dition in which the fluid around the heart called
pericardial effusion (see above) interferes signifi-
cantly with your heart function. In tamponade,
you may feel your heart racing or your blood
pressure may be low and you even may pass out.
If you are diagnosed with tamponade, please
take that finding very seriously as you may die
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without prompt treatment. To treat tamponade,
doctors may need to remove the pericardial fluid
promptly from your chest. Fluid removal can be
accomplished by placing a needle through the
chest into the pericardial sac; this procedure is
called pericardiocentesis. If pericardiocentesis is
not successful, you may need to undergo chest
surgery to create a hole in the pericardium; this is
called a pericardial window procedure.

Acute pericarditis: After undergoing an echo-
cardiogram you may be told that you might have
pericarditis. This condition has many causes and
in many instances it resolves with no lasting
effects.

Constrictive pericarditis: Your echocardio-
gram may show that you have constrictive peri-
carditis. This condition develops over months
or even years and leads to thickening and cal-
cium deposits in the pericardium. You may have

M. Saric

been referred for an echocardiogram because
you experienced swelling of your legs, fatigue
and shortness of breath. If your echocardiogram
showed findings of constrictive pericarditis, you
doctors may decide to wait and watch or they may
refer you to surgeon who will consider surgical
removal of diseased pericardium during an open
heart surgery.

Pericardial tumor: Your echocardiogram may
demonstrate a mass inside the envelope of the
heart called the pericardium. Such a mass could
be a benign tumor or may represent a malig-
nancy. Sometimes your echocardiogram will
show abnormal fluid around the heart called peri-
cardial effusion. In other instances, the echocar-
diogram may show thickening of the pericardium
called constrictive pericarditis. Pericardial effu-
sion and constrictive pericarditis are described in
more detail above.
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For Physicians and Other
Healthcare Providers

Introduction

Differentiating between pericardial constriction
and restrictive myocardial disease can be extremely
difficult, and the cardiac catheterization labora-
tory provides a number of powerful ways in which
pericardial disease can be evaluated, or in which a
suspected diagnosis can be confirmed. In fact, all
cath lab operators should be well versed in the inter-
pretation of invasive hemodynamic data. While a
comprehensive constriction study involves several
measurements that are made using simultaneous
(duel-transducer) left and right heart catheters, it is
equally important to be alert to the signs and symp-
toms of acute pericardial disease, which may be
noticed during other, routine cath lab procedures.
Cardiac tamponade can rarely but rapidly develop
during different procedures in the catheterization
laboratory like coronary artery perforation during
a percutaneous intervention (PCI), right ventricular
injury during a myocardial biopsy or pacing wire
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insertion, or an injury during transseptal catheter-
ization or electrophysiology procedures like abla-
tion or lead extraction. Failure to quickly make a
diagnosis may potentially delay otherwise life sav-
ing interventions. Thus, this section will focus on
the normal hemodynamic relationships of the heart
and pericardium, the steps required to perform a
dedicated study to differentiate pericardial constric-
tion from restrictive myocardial disease, and the
hemodynamic findings of acute cardiac tamponade.

Indications for Catheterization

The most common indication for diagnostic refer-
ral to the catheterization laboratory is to differenti-
ate constrictive pericardial disease from restrictive
myocardial disease. In the process, it is also possi-
ble to exclude other conditions that may enter into
the differential diagnosis of such patients, includ-
ing coronary artery disease, pulmonary arterial
hypertension, or congestive heart failure. Some
patients may come to the cath lab with a suspected
diagnosis of pericardial disease based on other
imaging modalities such as echocardiography or
MRI, but require confirmatory data before decid-
ing on an open-chest, pericardial stripping proce-
dure. Others simply require coronary angiography
to exclude the need for concurrent coronary artery
bypass grafting (CABG) during surgery.

Patients will also be referred to the cardiac
catheterization laboratory for the management of
acute cardiac tamponade. Although each medi-
cal center will have its own procedures in place
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for performing pericardiocentesis, in many cen-
ters this is a procedure that is done primarily in
the cardiac catheterization lab (please see section
on management of pericardial effusion and tam-
ponade). It is important to recognize that cardiac
tamponade is a clinical diagnosis that can be con-
firmed by echocardiography or right heart cath-
eterization. Echocardiography is primarily used
in most situations except in patients decompen-
sating fast in the cardiac catheterization labora-
tory with suspected tamponade, where right heart
catheterization can be very useful for making a
quick diagnosis.

Contraindications

There are several relative contraindications to
cardiac catheterization. Most importantly, as a
general rule, patients with correctible medical
conditions should be stabilized prior to any elec-
tive procedure. Coagulopathies or platelet dis-
orders should be corrected, and anti-coagulant
medications should be discontinued at an appro-
priate interval prior to the procedure. There are
no firm guidelines for anticoagulation manage-
ment during elective catheterization procedures,
and bleeding complications will vary based on
body habitus and vascular access strategy. In
general, an INR <1.8 and platelet count >50,000
are often used as minimum, safe values. Radial
access for the artery and brachial or even femoral
access for the veins can be safely performed in
therapeutically anticoagulated patients. In elec-
tive patients with no contraindication to stopping
anticoagulation, warfarin is usually discontinued
3-5 days prior to the procedure. Heparin infu-
sions should be discontinued >2 h prior to the
procedure. The newer, oral, direct thrombin
inhibitors (dabigatran, rivaroxaban, apixaban)
should be discontinued at least 48 h prior to the
procedure, but there is limited experience with
these agents and some would consider a longer
drug free interval.

Impaired renal function and contrast aller-
gies must be considered if coronary angiography
is planned, although a full hemodynamic study
can be completed without contrast dye. Various
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protocols for pre-procedural hydration or con-
trast allergy pre-medication can be employed.
Many studies have evaluated strategies for mini-
mizing the risk of contrast-induced nephropathy
in patients who are thought to be at risk. These
include using iso-osmotic contrast agents, pre-
hydration with saline or sodium bicarbonate, or
administration of N-acetylcystine prior to the
procedure [1,2]. Much of the data surrounding
this topic has been controversial, and is beyond
the scope of this chapter, but in general we feel
that minimizing the use of contrast along with
appropriate peri-procedural hydration are the
most effective ways to limit injury [3].

Prior to Catheterization

A careful history should be obtained with spe-
cial attention to conditions that may impact the
ability to perform the procedure safely, including
respiratory problems such as COPD, inability to
lay flat due to orthopnea, and detailed review of
allergies and current medications.

A physical exam should include cardio-
pulmonary evaluation to exclude decompensated
heart failure, and a careful study of the vascular
structures. The femoral pulses should be palpated
and auscultated for bruits, and distal pulses should
be documented. If the radial artery approach
is considered, the Allen’s test or Barbeau test
should be completed to confirm adequate collat-
eral circulation from the ulnar artery [4]. A brief
airway inspection can identify patients at risk for
difficult intubation in case of respiratory emer-
gencies, and in some cases should prompt more
careful preparation.

Routine pre-procedural testing should include
creatinine, hemoglobin, platelet count, and in
patients with history of bleeding or on anticoag-
ulant medications, a PTT and/or INR. A 12-lead
EKG should be completed recently enough to
be an adequate comparison in the case of sus-
pected ischemic or arrhythmic complications
during the procedure. Special attention should
be paid to bundle branch blocks as a patient
with a LBBB could develop complete heart
block if the right bundle becomes irritated by the
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Fig. 6.1 Pulmonary artery or “Swan-Ganz” catheter

pulmonary artery catheter. Conversely, given the
fact that there is an anterior and posterior branch
of the left bundle, the LV catheter is less likely
to induce complete heart block in a patient with
pre-existing RBBB.

Informed consent should be obtained in all
patients before administration of procedural seda-
tion. This should include a discussion of the pur-
pose of the study, what the patient should expect,
methods used for ensuring patient safety and
comfort, and the potential risks of the procedure.

Hemodynamic Assessment by Right
Heart Catheterization

A right heart catheterization is completed with
a balloon tipped catheter termed a pulmonary
artery catheter or a “Swan-Ganz” catheter [5].
The catheter has multiple lumens and ports.
The distal port is used to connect to a pressure
transducer and obtain hemodynamic waveforms.
Proximal ports are used for administration of

Medication port

-

st

medications, or for injection of cold saline as is
used to measure cardiac output by the thermodi-
lution technique (Fig. 6.1).

Once venous access is obtained, the catheter
is advanced with the balloon inflated to the right
atrium, then the right ventricle, the pulmonary
artery, and finally into a pulmonary capillary
wedge position. Advancing the catheter can be
done under fluoroscopy, or by simply watching
the pressure tracings as they transition from each
chamber of the heart until an appropriate wedge
tracing is identified. Pulmonary artery catheters
are frequently placed in ICU settings where
fluoroscopy equipment is not available, but fluo-
roscopy can be especially helpful in situations
where the cardiac anatomy or valvular pathology
make passage of the catheter into the pulmonary
artery difficult, such as is frequently the case with
severe tricuspid regurgitation. The careful use of
a guidewire (0.018-0.025 in.) under fluoroscopy
is sometimes needed to augment stiffness and
achieve correct placement of the catheter in the
pulmonary artery.
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As the catheter passes first into the right
atrium, a normal pressure waveform should
be identified (Fig. 6.2). The a-wave represents
atrial contraction, followed by the x-descent as
the atrium relaxes. The c-wave represents the
period of brief, isovolumetric contraction of the
right ventricle where the tricuspid valve briefly
bows upward under RV systolic pressures, prior
to the opening of the pulmonic valve, at which
point the RV empties and the tricuspid pulls away
from the RA allowing the x-decent to continue.
The v-wave represents venous return to the RA as
the pressure gradually rises. Finally, the y-decent
represents passive filling of the RV due to open-
ing of the tricuspid valve, just prior to atrial con-
traction. The easiest way to correctly identify the
a-wave is to note that it occurs slightly after the
p-wave on the EKG.

Y-descent

X-descent
X-descent

Fig. 6.2 Normal right atrial pressure

Fig. 6.3 Normal right atrial
to right ventricular pressure
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As the catheter passes into the RV, an obvi-
ous change in the pressure tracing will be noted as
systolic pressures rise (Fig. 6.3). RV end-diastolic
pressure should closely approximate the mean RA
pressure, and should be measured at the end of dias-
tole, just prior to isovolumetric contraction.

Just like the pressure waveform that is mea-
sured in the systemic arterial circulation, the
pulmonary artery waveform will have a rise in
pressure during systole, followed by a gradual
decrease in pressure during diastole (Fig. 6.4).
Systolic pressure should closely approximate
RV systolic pressure. A dicrotic notch during
diastole occurs at the time of closure of the pul-
monic valve, and interrupts the otherwise smooth
descent of the pressure tracing. This is analogous
to the dicrotic notch seen in an arterial line trac-
ing due to closure of the aortic valve.

Once the balloon passes distally enough in
the pulmonary artery to completely occlude the
vessel, the pressure transducer will no longer
be able to measure the normal pulmonary artery
pressures waveforms behind it. At this point, a
continuous column of blood exists between the
tip of the catheter, through the pulmonary cap-
illaries, and all the way through the pulmonary
veins. Thus, once in correct wedge position, the
hemodynamic tracing will approximately trans-
duce the pressure waveform of the left atrium.
Understanding this phenomenon will help one to
troubleshoot when the waveform does not appear
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Fig. 6.4 Normal right
ventricular to pulmonary
arterial pressure

as would be expected. One common mistake
is made when the catheter is incompletely in a
fixed position, and the tracing represents partial
wedge and partial pulmonary artery pressures.
When this happens, it can be helpful to wedge
the catheter under fluoroscopy, as the normal sys-
tolic and diastolic movement of the balloon will
terminate, and the balloon will hold its position
when correctly wedged. Another way to confirm
that the catheter is in a correct position (although
it is very rarely required) is by the very slow and
careful drawing back of blood from a wedged
catheter. Checking the oxygen saturation of this
blood should reveal a normal arterial concentra-
tion (as it is drawn back across the capillaries
from the pulmonary veins). Pressure tracings of
the left atrium will appear similar to that of the
right atrium, other than being somewhat higher.
A PCWP tracing will differ somewhat from a
directly measured left atrial pressure due to the
column of fluid that separates the two, and this
often leads to dampening of the waveform and a
larger delay between events seen on the EKG and
events measured on the pressure waveform (i.e.
the delay between the p-wave and a-wave will
be shorter on the RA tracing and longer on the
PCWP tracing).

Given that all of the measurements made
during a right and left heart catheterization are
done within the thoracic cavity, it is important
to remember the normal relationship between

Dicrotic Notch

intra-thoracic pressures and the respiratory cycle.
Frequently, the pressure tracings will rise and fall
by a substantial amount during the respiratory
cycle, and it is often confusing to decide the cor-
rect point to make measurements. The key is to
understand that pressures in the thoracic cavity
always return to “normal” at the end of expira-
tion. In a person breathing independently, inspi-
ration causes a small amount of negative pressure
within the thoracic cavity, and this returns to
normal during expiration. In a patient on a posi-
tive pressure ventilator though, the opposite will
occur, and the pressure will rise as air is forced
into the lungs during inspiration, and return to
normal during expiration. Thus, measurements
should always be taken at the end of expiration,
which is the point at which the pressure in the
lungs is equal to the pressure in the atmosphere,
and is also referred to as the Functional Reserve
Capacity (FRC) of the lungs. In patients who are
on ventilators with substantial positive end expi-
ratory pressure (PEEP), the measured pressure
at end-expiration may slightly over-estimate the
patient’s normal physiologic pressures.

Hemodynamic Assessment by Left
Heart Catheterization

Routine pressure measurements can also be made
in the arterial circulation and in the left ventricle.



76

Systemic arterial blood pressure can be mea-
sured peripherally at the site of an arterial sheath
or a dedicated arterial line. Pressure can also be
measured at the tip of the cardiac catheter as it is
placed in the aorta. There are several techniques
for crossing the aortic valve with a catheter, but
for the purpose of a dedicated hemodynamic
study, a pigtail catheter will give the most accu-
rate data.

Using a 0.035 in J-wire, the pigtail catheter
is advanced to the aortic valve level. Using a
30° RAO projection, the pigtail should be ori-
ented so that it forms a “6” and faces the aortic
valve. From this position, the J-wire should be
placed just inside the distal orifice of the cath-
eter, and the catheter advanced. At this point, the
catheter may fall easily into the ventricle. More
commonly though, the catheter bends upwards
until it forms a “9” in the ascending aorta. At
this time, slowly withdrawing the catheter may
allow it to fall forward through the open valve
during systole. In some cases, the catheter may
prolapse into the ventricle but the pigtail portion
remains above the valve. This can usually be
corrected by pushing the J-wire forward briefly,
which will stiffen the distal portion of the cath-
eter and advance it. Crossing a stenotic or pros-
thetic valve will provide additional challenges
that may require different catheters and wires,
but once successfully inside the left ventricle, a
pigtail can typically be placed over an exchange-
length wire. Crossing a mechanical valve is
rarely attempted.

Normal Pericardial Physiology

In a normal heart the pericardium is relatively
non-compliant, and functions to prevent disten-
tion of the ventricles, and to couple the ventricles
throughout the cardiac cycle. Normally, inspira-
tion leads to a decrease in intra-thoracic pressure,
which in turn leads to a decrease in the pressures
in the cardiac chambers. Given that the majority
of the systemic venous system remains outside
the thorax, this leads to a corresponding increase
in pressure difference between the vena cavae
and the right atrium, and blood return to the heart
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is augmented. The same is not true for the blood
return to the left atrium however as the pulmo-
nary veins are located within the thoracic cavity,
so left sided filling remains fairly stable through-
out the respiratory cycle. The right ventricle is
very compliant, so the increase in volume does
not affect the reduction in pressure that is expe-
rienced during inspiration, but it does cause the
septum to bow slightly toward the LV, causing a
small reduction in LV filling and systolic pres-
sure. This normal phenomenon is called a pul-
sus. Under normal conditions, the effect is small
though, and the difference between the high-
est and lowest recorded systolic pressure over
several respiratory cycles should be less than
12 mmHg. Thus, a normal patient will experience
a slight decrease in right atrial pressure during
inspiration, and the RV and LV pressures should
move in concert with each other, demonstrating a
slight reduction during inspiration, and rise with
expiration.

Hemodynamic Findings of Pericardial
Constriction

Many of the hemodynamic findings of pericardial
constriction are similar to those found in cardiac
tamponade and/or restrictive myocardial disease,
so it is important to understand where the differ-
ences can be noted. The following section will
focus mainly on the hemodynamic changes that
are characteristic of pericardial constriction, but
will also describe which findings are similar
to or different from those seen in other disease
processes.

As the pulmonary artery catheter is floated
towards the right atrium, the pressure trac-
ing will demonstrate elevated pressures. In the
case of cardiac tamponade, external compres-
sion of the right ventricle will lead to blunting
of the y-descent, as the right atrium is unable
to empty quickly during tricuspid valve open-
ing. In severe or late tamponade, there may be
loss of normal RA waveforms entirely. This is
distinct from the pattern seen in constrictive
pericardial disease, characterized by an under-
filled RV and a non-compliant atrium, leading
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Fig.6.5 RA Tracing in a patient with pericardial constriction demonstrating a steep y-descent and a positive Kussmaul’s

sign

to a steep y-decent as the atrium rapidly empties
into the RV. Also in constriction, a Kussmaul’s
sign can be seen, where there is a paradoxical
increase in RA pressure and JVP with inspira-
tion. Engorged abdominal veins empty into the
right atrium due to increased abdominal pres-
sure during inspiration, but the constricted heart
is unable to accommodate the increase in vol-
ume, which results in elevated pressures. This
phenomenon is not specific for constriction and
may be seen in cases of RV hypertrophy or fail-
ure, but is not present in the majority of patients
with cardiac tamponade where abdominal veins
are not chronically engorged. In general, the
hemodynamic findings of restrictive heart dis-
ease as measured in the right atrium will be
indistinguishable from those of pericardial con-
striction (Fig. 6.5).

Next, pass the catheter into the RV. In patients
with pericardial constriction, there is early rise
of the diastolic pressure as the constricted ven-
tricle quickly fills, then a plateau, followed by
a normal, sharp rise during systole. This pat-
tern is often referred to as a “square-root sign”
because diastole resembles the mathematic sym-
bol (\/) for the square root. Also, the RV-end
diastolic pressure (mmHg) is usually more than

Cardiac Output(ml/min)

one third of the RV-systolic pressure in the set-
ting of constriction. Tamponade will present with
RV diastolic pressures that are elevated, closely
approximate the RA and PA diastolic pressures,
and the RV pulse pressure may be reduced due
to depressed cardiac output. The hemodynamic
findings of restrictive heart disease are indistin-
guishable from constriction in the right ventricle.
In general, any condition that leads to impaired
diastolic filling of the right ventricle can present
with a “square-root” sign (Fig. 6.6).

A pulmonary artery and pulmonary capillary
wedge pressure should be measured in order to
have a complete hemodynamic study. In tampon-
ade, there can be equalization of diastolic pres-
sures across all chambers of the heart, so RA, RV
diastolic, PA diastolic, and wedge pressures may
all be nearly equal.

The cardiac output and index should be mea-
sured while the catheter is in the pulmonary
artery. It is important to verify that the cardiac
output and index are normal prior to a study to
evaluate for pericardial constriction because
low output states may interfere with the study.
Cardiac output and index may be measured by
thermodilution or by the Fick formula for calcu-
lating cardiac output:

Oxygen consumption (VO2)
AVO?2 difference
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Fig. 6.6 RV Tracing in a patient with pericardial constriction showing the characteristic dip-and-plateau or “square-

root” sign

An accurate Fick calculation requires an accu-
rate measurement of oxygen consumption (VO2),
which can be completed in many catheterization
laboratories using a metabolic or respiratory ana-
lyzer. If a measured VO2 is not available, it can be
estimated, but this can result in substantial error.
Some of the most simplified methods for estimating
VO2 include using the patient’s weight in kg and

Cardiac Output (L/min) =

multiplying by 3, or taking the BMI and multiply-
ing by 125 to give a value that is reported in mL
O2/min. The AV O2 difference is the oxygen con-
tent in arterial blood (mL O2/mL blood) minus the
oxygen content in the pulmonary artery. As most
of the oxygen content is bound to hemoglobin, the
full formula for AV O2 difference can be simplified,
resulting in the following, simplified calculation:

Vo2

—PA O2 sat

Cardiac Index (L /min/m> )

Once the basic right heart measurements have
been made, advance the pigtail catheter into the left
ventricle, and bring the swan-ganz catheter back
into the right ventricle. At this time, both catheters
should be carefully flushed with normal saline, and
each should be connected to a separate and dedi-
cated pressure transducer. Be careful to re-zero

((Arterial 02 sat

Jngb(g/dl)xl3.4)

_ Cardiac Output (L/min)

BSA (m’)

both catheters before making any measurements.
The first finding that will be noted is that there is
elevation and equalization of the LV and RV end-
diastolic pressures, which can be seen in constric-
tion, restriction, or tamponade. To best appreciate
this, put pressure waveforms on 40-scale and focus
on diastolic pressures (Fig. 6.7).
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Fig.6.7 Simultaneous LV and RV tracings in a patient with pericardial constriction showing elevation and equalization

of LV and RV end-diastolic pressure

Ventricular interdependence is the cardinal
feature of pericardial constriction that differ-
entiates it from restrictive myocardial disease.
This is the phenomenon by which inspiration
leads to paradoxically elevated RV systolic
pressures with a simultaneous decrease in LV
systolic pressures. Thus, to distinguish between
constrictive and restrictive disease, the pressure
scale should be changed to include the entire
systolic waveform (usually 100- or 200-scale),
and several respiratory cycles will be measured
to determine ventricular interdependence based
on calculating the Systolic Area Index (SAI)
as described by Dr. Nishimura and colleagues
(Mayo Clinic, Rochester MN) [6]. Per Dr.
Nishimura’s protocol, patients need to be in a
regular rhythm, and patients in atrial fib require
overdrive ventricular pacing for an accurate
study. Patients with RA pressures <15 mmHg
were given 1 L normal saline so as not to miss
ventricular interdependence due to inadequate
filling of the right ventricle. At this point, sev-
eral waveforms were recorded during exagger-

ated respiration. It should be noted that PVC’s
are not uncommon due to catheter irritation
of the ventricle, and respiratory cycles should
only be sampled if they are free of premature
beats. An example of one such tracing follows
(Fig. 6.8):

Note that the first arrow represents the high-
est LVEDP during expiration and the subsequent
beat is thus selected. The second arrow represents
the lowest LVEDP during inspiration and the
subsequent beat is thus selected. Visually, in this
case, it seems quite obvious that the area under
the curve (AUC) for the RV pressure tracing
(lightly shaded) increases substantially during
inspiration, and this correlates with the increased
RV volume and pressure that is seen in patients
with pericardial constriction during inspiration.
Similarly, it is visibly obvious that the LV vol-
ume and pressure as represented by the darkly
shaded AUC decreases substantially during this
same inspiratory cycle. Thus, it would be con-
cluded that the patient has clear signs of ventricu-
lar interdependence consistent with constriction.
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Fig. 6.8 Calculation of the systolic area index

Rarely however is the result as obvious as this
example, and thus, computer software can be
used to calculate the systolic area index by the
following formula.

Inspiratory Expiratory
SAI=| RV AUC |[/| RV AUC
/LVAUC /LV AUC

A positive study for constriction is one in
which the calculated SAI ratio is greater than
1.1 as averaged over at least three high fidelity
tracings. The example above yielded a calcu-
lated SAI of 2.08 and is highly consistent with
pericardial constriction. Dr. Nishimura and
his colleagues reported a 97 % sensitivity and
100 % predictive accuracy of their technique in
correctly identifying constrictive pericarditis vs.
restrictive myocardial disease using the systolic
area index.

Hemodynamic Findings Specific
to Tamponade

Several changes will occur when the heartbecomes
constrained by an acute, hemodynamically
significant pericardial effusion. The most obvi-
ous initial changes can also be noted on clinical
exam, and include elevation of right sided pres-
sures (jugular vein distention), tachycardia, and
hypotension. In addition to hypotension, the arte-
rial pulse pressure (difference between systolic
and diastolic pressure) may narrow as the stroke
volume decreases. A right heart catheterization
will demonstrate elevation and equalization of
end diastolic pressures across chambers of the
heart reflecting the transmission of intrapericar-
dial pressures.

The most characteristic hemodynamic finding
of cardiac tamponade is the exaggerated inspi-
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Fig. 6.9 Pulsus paradoxus, as could be seen in cardiac tamponade

ratory pulsus. Although better known for the
sign that bears his name, this phenomenon was
first described by Adolf Kussmaul, who noticed
“Diminution or complete absence of the radial
pulse during inspiration.” It was felt to be a para-
dox because heart sounds could still be auscul-
tated despite the loss of a radial pulse, and hence
Kussmaul termed this the “pulsus paradoxus.”
The finding of a pulsus paradoxus can be chal-
lenging to confirm with only a stethoscope and
blood pressure cuff, but is very easy to assess
with a continuous arterial waveform. Observe the
arterial line tracing through several normal respi-
ratory cycles. The difference between the high-
est systolic pressure (seen during expiration) and
the lowest systolic pressure (seen during inspi-
ration) is the “pulsus,” and values >12 mmHg
are considered positive. A pulsus paradoxus is
not specific for tamponade, and can sometimes
be observed in constrictive disease (~50 % of
patients), emphysema, bronchial asthma, hypo-
volemic shock, pulmonary embolism, pregnancy,
or severe obesity. Other conditions may cause the
pulsus to be absent such as severe LV dysfunc-
tion, positive pressure ventilation, severe aortic
regurgitation, atrial septal defect, or a regional-
ized pericardial effusion as could be seen in post-
operative cardiac surgery patients (Fig. 6.9).

Coronary Artery Disease in Patients
with Pericardial Disease

It is not uncommon to find other cardiac abnor-
malities in patients with pericardial disease.
Patients with radiation heart disease for example
represent a population that is at particularly high
risk for having valvular dysfunction, arrhythmias
or heart block, and coronary artery disease. A full
catheterization procedure should almost always
include cine coronary angiography, as there
is rarely a compelling reason to omit this step.
Even patients with relative contraindications to
contrast administration such as moderate renal
insufficiency or contrast allergies can be safely
investigated given adequate preparation. Patients
with radiation heart disease will more often pres-
ent with proximal vessel or left main disease than
the general population.

Radiographic Findings

While most patients presenting to the cath lab
will already have a dedicated chest x-ray or
CT study, some features of chronic pericardial
disease may be noted on simple fluoroscopy of
the cardiac silhouette. Calcific deposition of the
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Fig. 6.10 Calcium deposition of the pericardium sur-
rounding the RV

pericardium can be frequently seen. Patients
may also have mitral annular calcifications or
calcification of other valve structures, which
would be equally easy to identify, and should

be commented upon in the catheterization report
(Fig. 6.10).

Conclusion

Cardiac catheterization, especially a dedicated
hemodynamic investigation, can be a very use-
ful tool for diagnosing or confirming pericardial
disease. Pericardial constriction and restrictive
heart disease have very similar physiology in
many respects, but can be distinguished in most
cases by demonstrating ventricular interdepen-
dence. The most sensitive and specific way to
demonstrate ventricular interdependence is to
calculate a systolic area index (SAI) greater
than 1.1 as averaged over at least three exag-
gerated respiratory cycles. Finally, cardiac
tamponade is a true emergency that requires
immediate treatment, so it is important to be
attentive to the clinical and hemodynamic char-
acteristics of tamponade, and make a rapid diag-
nosis (Table 6.1).

Table 6.1 Hemodynamic response to inspiration in different pericardial disease conditions

Normal heart Cardiac tamponade

Right atrium Decrease in Usually no change
RA pressure given blunting of

RA waveform

Right ventricle ! l

systolic pressure

Left ventricle ) \)

systolic pressure

Systolic area index  <1.1 <I.1

Arterial pressure Normal pulsus  Pulsus paradoxus
<12 mmHg >12 mmHg

Pericardial constriction Restrictive heart disease

Increase in pressure,
“Kussmal’s sign”

Increase in pressure,
“Kussmal’s sign”

T 1

| 1

>1.1 <11

Pulsus may be abnormal ~ Normal pulsus
up to 50 % of patients <12 mmHg
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Cardiac Catheterization Evaluation
of a Patient with Pericardial
Disease-For Patients and

their Families

Introduction

Patients who are suspected of having pericardial
disease are sometimes asked to have a procedure
in the cardiac catheterization laboratory. Usually,
this test is requested after your doctor has already
developed a strong suspicion of pericardial dis-
ease based on taking a detailed history, complet-
ing a physical exam, and perhaps having obtained
other imaging tests such as an x-ray, CT scan, or
cardiac MRI. Usually, the reason for the test is
to confirm a diagnosis of pericardial disease, and
to exclude other diseases that may have similar
features. Patients who are very symptomatic from
their pericardial disease are sometimes considered
for open-heart surgery to remove the pericardium,
and thus a catheterization procedure is sometimes
requested in order to confirm the diagnosis. Also,
most patients who are going to have open-heart
surgery will need to first have their coronary arter-
ies evaluated with a catheterization procedure to
ensure that they won’t need any coronary artery
bypass grafts at the time of surgery. The catheter-
ization laboratory is very similar to an operating
room with regards to how it is set up, and this will
be explained in detail below.

Prior to Your Procedure

Before you are scheduled to come to the cath-
eterization laboratory, your doctor will complete
a detailed review of your current symptoms and
other medical conditions, and perform a physical
examination. Notify your doctor of any bleeding
disorders or if you are taking any blood thinning
medications. Notify your doctor of any allergies
you have, especially allergies to contrast dye,
narcotic medications (morphine, fentanyl, etc.),
or benzodiazepines (lorazepam, midazolam,
etc.). Notify your doctor of any problems with
your breathing, or inability to lay flat. In most
cases, it is required that you have some simple
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blood work done prior to the procedure to ensure
that you have adequate kidney function and
blood counts. Also, if you are on blood thinning
medications, it is common to check the level of
these medications on the day of the procedure.

In general, warfarin (also called Coumadin) is
discontinued 5 days prior to the procedure. The
newer, oral anti-coagulation medications (dabi-
gatran, rivaroxaban, apixaban) should be discon-
tinued at least 48 h prior to the procedure, but
some doctors may request that you stop these
even earlier. Depending on the reason why you
are taking a blood thinner, your doctor may ask
that you substitute another medication for a few
days while your oral blood thinners clear out of
your system. Most often, this involves taking
injections of a heparin product called enoxaparin
(also called Lovenox), which is given as an injec-
tion under the skin every 12 h.

Your doctor will ask about any other medi-
cations you are taking, and advise you if you
should stop any of them prior to the procedure.
Generally speaking, there is no reason to stop
taking aspirin, clopidogrel (also called Plavix), or
any other routine medications. Some doctors may
ask that you not take one type of blood pressure
medication called an ACE-inhibitor (lisinopril
(Zestril), ramipril (Altace), enalapril (Vasotec),
Benazepril (Lotensin), Captopril, etc.) on the
morning of your procedure. If you take medica-
tions for diabetes, you should ask how to manage
your insulin or your diabetes pills on the day of
your procedure. In some cases, your doctor will
ask you to reduce the amount of insulin you take
in the morning because you will be asked not to
eat breakfast. Also, it is not uncommon for doc-
tors to ask you to skip taking Metformin on the
morning of the procedure, and perhaps for a few
days after.

The Day of Your Catheterization

Usually, your doctor will ask that you not have
any food or drink after midnight on the night
before your procedure. Sometimes, if the proce-
dure is scheduled for the afternoon, a light break-
fast is permitted. Medications can be taken with
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small sips of water. Once you arrive to the labo-
ratory, you will be asked to change into a medi-
cal gown. One or more IV lines will need to be
started so that you can be given fluids or other
medications during the procedure as needed.
Your normal vital signs (blood pressure, heart
rate, etc.) will be documented. If your doctor has
not gone over the procedure in the clinic, some-
one will discuss it with you at this time. This
conversation should include the reason for the
procedure, what the doctors intend to do, how
it will be done, and what the risks and expected
benefits are of having the procedure. Generally
speaking, a diagnostic cardiac catheterization
procedure is felt to be very safe, but given that
the doctor will be placing small instruments near
to, and in some cases inside your heart, there are
several important risks to discuss.

The most common complication of having the
catheterization procedure is bruising or minor
bleeding at the site where the catheters enter the
blood vessel. This is slightly more common if the
groin vessels are used as compared to the wrist
or the neck. Up to 5 % of patients may experi-
ence enough bleeding to cause swelling which is
called a hematoma and this may lead to discom-
fort that persist for a few days. Bleeding that is
serious enough to require a blood transfusion is
rare, and occurs less than 1 % of the time. There
is a small risk of infection due to introducing
instruments through the skin, but the use of ster-
ile technique limits this risk substantially. As the
catheters are placed inside the aorta, there is the
potential that they may come into contact with
atherosclerotic “plaques” which are abnormal
areas in the walls of blood vessels, which may
contain calcium or fat molecules. Some people
have small areas of blood clot that adhere to the
wall of the arteries as well. If any of these plaques
become disrupted by the catheter, they may break
loose and flow into smaller blood vessels that are
“down-stream” from the larger aorta, potentially
causing a small artery to become blocked. This is
very uncommon, but could be potentially serious
if it occurred near the head or the heart, where it
could cause a stroke or heart attack. Fortunately,
this type of complication occurs in less than
1 in 1,000 procedures. When the catheters enter

the chambers of the heart, it is very common to
induce several extra heartbeats, and the patient
may notice a fluttering sensation or palpitations.
It is very uncommon to have serious or persistent
heart thythm problems during a catheterization
procedure. The risk of death from a diagnostic
catheterization procedure is less than 1 in 2,000.
After the doctor explains the procedure, and
you have had a chance to ask questions, you
will likely be asked to sign a form giving your
informed consent to undergo the procedure.

How a Catheterization Is Done

A catheterization procedure is done by a cardiol-
ogist with specific training. Not all cardiologists
do these procedures, and you may be referred to a
different doctor to have the procedure completed,
than the one who you see in the clinic. In simple
terms, the procedure involves placing a small,
flexible, plastic tube called a “catheter” inside
your blood vessel. The doctor will get access to
the blood vessels by placing a needle through the
skin, very similar to how an IV line is placed.
For the purpose of a pericardial constriction
study, the doctor will need to place one catheter
in the artery and one in the vein. Usually, this is
done by gaining access to the femoral artery and
femoral vein, which pass right next to each other
as they course through the groin just next to the
hip. Some cardiologists may choose to use the
artery in the wrist or the elbow, and may choose
to use the large vein in the neck called the Jugular
Vein. Regardless of the location used to place the
catheter, the doctor will give plenty of numbing
medication at that location so as to minimize
discomfort.

A catheterization procedure will initially
seem very similar to the process of having out-
patient surgery to those who have had any simple
surgical procedure, but you shouldn’t be con-
cerned, as it does not involve any cutting into the
skin. Once you arrive in the procedure room, you
will notice that it appears similar to an operating
room. There is a table in the middle of the room
for the patient, a table with sterile equipment for
the doctor, several television screens and moni-



86

tors, and several nurses, technicians, and doctors.
The main difference is the x-ray equipment that
is present in the catheterization laboratory, and
you will notice a large robot that is controlled
by the doctor. Also, you may notice that some
of the staff are sitting behind a large window in
a control room. Initially, you will be asked to lie
on your back on the table in the middle of the
room. Usually the pubic hair is then shaved on
each side of the groin, and the appropriate areas
are carefully cleaned with antiseptic solution. A
large sterile drape is then placed over the patient,
and at this time it is very important to remain still
so as not to contaminate the sterility of the pro-
cedure room. At this time, the x-ray machine is
brought over the table, and you will notice that it
moves in all directions to give the doctor differ-
ent views of the catheters as they pass inside your
blood vessels. The x-ray machine may at times
move near your head, but will not touch it.

Typically, the patient is given some medica-
tion for light sedation prior to beginning. This
will usually be a combination of an opioid pain
medication such as fentanyl, and a benzodiaz-
epine such as midazolam (versed). Once you
are comfortable and the doctor is ready, he/she
will give numbing medication under the skin.
The numbing medication will initially sting for
approximately 30 s (varies) but once it has taken
effect, you shouldn’t feel any more pain. The
doctor will place a needle into the blood vessel,
then pass a wire into the vessel through the nee-
dle. The needle will then be taken out, and a short
“sheath” which is a small, short, plastic tube, will
be placed into the vessel. It is through this sheath
that the longer catheters that reach up to the heart
are placed. There are no nerves inside the blood
vessels, so you will not feel anything as the cath-
eters pass up to the heart.

Once the catheters are in place, the doctor
will take several pictures with the x-ray machine,
and take several measurements of the pressures
inside your heart from the tip of the catheters.
During the procedure, you may be asked to hold
your breath, or do certain breathing exercises
such as taking several deep breaths in and out.
Sometimes, the doctors or nurses will ask you to
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cough. In rare cases, the catheter may irritate the
heart’s electrical system which can lead to extra
heart beats, missed heart beats, or other rhythm
problems. Coughing can sometimes help to
return your heart rhythm to normal in these cases.

Once the Procedure Is Over

When the procedure is done, all the catheters will
be removed from the sheaths. These sheaths will
next need to be removed. The veins have rela-
tively low pressure, so the sheath in the vein can
be removed and bleeding will usually stop fairly
easily with several minutes of holding light pres-
sure over the site. Arteries however have high
pressure, and require slightly more attention at
the time of sheath removal. If the arterial sheath
was placed in the radial artery in the wrist, the
doctor will frequently place a type of “bracelet”
around the wrist. This bracelet has a balloon
that inflates with air to put pressure over the site
where the artery was punctured. It stays in place
over approximately 2 h while the air is slowly
let out. Once the air is completely removed and
there is no bleeding noted, the patient is usually
able to go home. If the femoral artery in the groin
is used, there are several options. The doctor may
elect to remove the sheath and hold pressure over
the site until there is no bleeding noted. This may
take as little as 5 min or sometimes more than
30 min depending on the diameter of the cath-
eter and the tendency of the patient to bleed.
Once bleeding is controlled, the patient is usually
asked to remain flat in bed for between 3 and 4 h
(sometimes more) to make sure that there are no
bleeding complications. Bending the leg, cough-
ing, laughing, or raising the head or torso (sitting
up) in the bed all put pressure on the artery in the
groin, and may cause the artery to start bleeding
again.

In some cases, the doctor may elect to put a
“closure device” in the artery at the end of the
procedure. There are several types of closure
devices. Some involve putting an absorbable plug
under the skin, just over the top of the hole in the
artery. Some involve placing a stich or suture in
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the artery to tie the hole closed. In general, the
types of devices used will depend on several fac-
tors including where in the artery the needle went
in, and which devices the cardiologist feels most
comfortable using. Each have their benefits and
possible complications, but in general, the overall
benefit to the patient is that you will be able to get
out of bed and ambulate considerably sooner than
if you have your sheath removed and simple pres-
sure held. The doctor may not be able to know

until the procedure is complete if you are a good
candidate for a closure device.

Finally, the doctor will discuss the findings of
the procedure with you, and/or with your fam-
ily if you so choose. The results will also be dis-
cussed or reported to the doctor that asked you to
have the procedure. Usually, patients are allowed
to go home the same day as the procedure, assum-
ing there are no complications that would require
more prolonged observation in the hospital.



Vikram Agarwal, Seth Uretsky,
and Amgad N. Makaryus

Introduction

The accurate diagnosis of pericardial diseases is
frequently challenging, and requires an integration
of medical history, physical examination, imaging,
invasive hemodynamic measurements, hemato-
logical testing, pericardial fluid evaluation, and
characterization of pericardial biopsy specimens.
With the rapid advances in technology, multimo-
dality noninvasive cardiac imaging has assumed a
central role in the diagnosis and management of
various pericardial conditions, particularly when
the clinical findings are equivocal.
Echocardiography is often the initial car-
diac imaging modality because of its low cost,
wide availability, portability, and lack of ion-
izing radiation. The role of transthoracic echo-
cardiography (Fig. 7.1) to help diagnose and
manage pericardial disease is well established.
However, under certain conditions, the utility of
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echocardiography may be limited by subopti-
mal acoustic windows. Such conditions include,
but are not limited to obesity, obstructive lung
disease, chest wall deformities, and post-surgical
changes. Pericardial effusions in unusual loca-
tions, especially loculated pericardial effusions
may be difficult to detect on echocardiography.
In addition, echocardiography is highly operator
dependent, has a narrow field of view, and has
limited tissue characterization.

In spite of the ever increasing armamentarium of
more detailed and sophisticated imaging modali-
ties, chest x-ray (CXR) remains a simple, easy, and
inexpensive imaging modality which invariably
provides valuable information as the crucial first
step in the differential diagnosis of pericardial dis-
eases. Often, incidental pericardial findings are
found on chest x-rays performed for unrelated rea-
sons which spur further investigations. Occasionally,
it is also useful in following the progression of the
disease, and with its wide field of view may reveal
additional mediastinal and pulmonary pathology.

Cardiac CT (CCT) has good spatial and tem-
poral resolution, a wide field of view, and images
that can be reconstructed for a particular view
during post processing. It is the ideal technique
for the evaluation of pericardial calcification and
is very useful in preoperative planning. Although
recent advances in scanner technology and soft-
ware have significantly decreased the radiation
exposure to patients undergoing CCT, the use of
CCT exposes patients to ionizing radiation and
iodinated contrast medium. In addition, func-
tional evaluation is limited unless a retrospective
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Fig.7.1 (a) Apical four chamber echocardiographic view
in a 37 year old man with pericarditis revealing a large cir-
cumferential pericardial effusion. (b) Subcostal echocardio-
graphic view in the same patient as in (a) with pericarditis

study is performed, which is associated with a
higher radiation dose than CCT studies acquired
with prospective ECG gating. The newer genera-
tion CT scanners can now perform retrospective
ECG gated cardiac studies using radiation doses
lower than a typical dose of conventional chest
CT. Performing CCT can be challenging in
patients with irregular heart rates or those who
are unable to lay flat or hold their breath.
Cardiovascular MR (CMR) is a valuable
imaging tool—for both morphologic and func-
tional assessments—to evaluate pericardial
abnormalities. CMR has the advantages of being
noninvasive and not exposing patients to ionizing
radiation. In addition, CMR has good spatial res-
olution; can differentiate among types of soft tis-
sue; has a wide field of view; and multiplanar

again revealing a large circumferential pericardial effusion.
Intrapericardial effusion stranding is noted (arrowheads).
(c) Parasternal short axis echocardiographic view revealing
the same large circumferential pericardial effusion

imaging capabilities. These characteristics of
CMR are useful in the evaluation of the pericar-
dium, particularly for tissue characterization,
assessment of inflammation, and to evaluate pro-
cesses that may affect the myocardium. CMR is
ideally suited for evaluation of small or loculated
pericardial effusions, pericardial inflammation,
and functional abnormalities caused by pericar-
dial constriction and for characterization of peri-
cardial masses. The wide field of view enables
assessment of surrounding structures as well.
However, acquiring good quality CMR images
can be challenging, with prolonged study times,
in patients with underlying cardiac arrhythmias
and inability to co-operate during prolonged
breath holding maneuvers. In the presence of
significant arrhythmias, nongated CMR images
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can still provide valuable information about the
underlying morphological and structural abnor-
malities. Until recently, CMR was contraindi-
cated in patients with implanted cardiac devices.
However, with newer devices and protocols based
on device selection, appropriate programming,
and monitoring, CMR can be performed in a safe
fashion [1]. CMR is also not ideally suitable for
the detection of calcifications [2, 3].

Normal Pericardial Anatomy
Pericardial Anatomy

The pericardium is an avascular flask-shaped fibrous
sac which surrounds the heart and the origin of the
large blood vessels, the ascending aorta, pulmonary
artery, left pulmonary veins, and superior vena cava.
It consists of two layers: the inner serosal layer and
the outer fibrous pericardium. The inner serosal
layer is further comprised of a visceral and parietal
pericardium [4]. The parietal layer lines the inner
surface of the fibrous pericardium to which it
adheres, whereas the visceral layer envelops the epi-
cardial surface of the heart, separated from it only by
a layer of epicardial fat that contains the coronary
vessels. In autopsy studies, the normal pericardium
measures 0.4—1.0 mm in thickness [4]. A potential
space separates the visceral and the parietal serosal
layers and normally contains up to 50 ml of serous
fluid distributed mostly over the atrioventricular and
interventricular grooves. Like visceral abdominal
fat, the thickness of the epicardial fat is generally
increased in obesity. This epicardial fat distribution
is typically asymmetric, with three to four times
more epicardial fat present along the right ventricle
(RV) than along the left border of the heart [5].

Appearance on Cardiac Imaging

of the Normal Pericardium

CXR (Fig. 7.2)

The normal pericardium is frequently identified

on a lateral plain chest radiograph as a thin, linear
opacity between the anterior subxiphoid medias-

Fig. 7.2 Radiographic view from a lateral chest roent-
genogram revealing calcified pericardium (arrows) on the
anterior portion above the apex of the heart (asterisk)

tinal fat and subepicardial fat [6]. In the postero-
anterior (PA) view, the pericardium may be seen
along the left heart border.

CCT (Figs.7.3,7.4,and 7.5)

For pericardial imaging by means of CT equipped
with multidetector technology, use of high-
resolution volumetric acquisition with a section
thickness >3 mm generally yields excellent ana-
tomic depiction of the pericardium [7]. With
CCT, the normal pericardium is best imaged in
systole and appears as a line with an average
thickness of 1.3-2.5 mm (almost always <4 mm;
Fig. 7.3). The pericardium is a bright, linear
structure that is easily detectable in both contrast-
and noncontrast enhanced CCT examinations
because of its visibility against the low attenua-
tion of the surrounding epicardial fat [8—11].
Hence, visualization of the pericardium varies
with location and amount of pericardial fat. It is
sometimes difficult to visualize the pericardium
against the lateral, posterior, and inferior left ven-
tricular wall. Although dynamic evaluation of the
ventricular septum to evaluate constrictive physi-
ology is theoretically possible with ECG gated



V. Agarwal et al.

Fig. 7.3 (a) Transaxial CT tomogram of the heart in the
horizontal long axis of the left ventricle (LV) at a level
halfway between the cranial and caudal ends of the heart.
Pericardium of normal thickness (arrows) is noted in the
typical location over the free wall of the right ventricle
(RV) between the subpericardial (double asterisk) and
mediastinal (asterisk) layers of fat. Also noted in this
image is the right coronary artery which courses within
the subpericardial fat layer (arrowhead). (b) Sagittal CT
tomogram of the heart in the short axis at the level of the
mid portion of the RV. Normal thickness pericardium
(arrows) is seen extending from near the diaphragm over
the RV to above the level of the pulmonary valve (PV).
The normal subpericardial layer of fat is also noted adja-
cent to the right ventricle (asterisk)

CT, real time functional imaging is much easier
and more accurately assessed by using echocar-
diography or CMR [3].

CMR (Figs.7.6,7.7,7.8,7.9,and 7.10
and Table 7.1)

Normal pericardium is seen as a smooth, curvilin-
ear structure that is surrounded by high-signal
epicardial and mediastinal fat. The normal peri-
cardium, composed primarily of fibrous tissues,

Fig. 7.4 Transaxial CT tomogram image of the heart at
the level of the coronary sinus (CS). Water-density fluid
(asterisk) is present posterior to the left ventricle (LV) and
adjacent to the right atrium (RA) and right ventricle (RV),
consistent with pericardial effusion separating the exter-
nal fibrous and serous inner layers of the pericardium

has intermediate-to-low signal on TI1- and
T2-weighted black blood fast spin-echo (FSE)
and steady-state free precession (SSFP) sequences
[12] (Fig. 7.6). The two pericardial layers are not
separately discerned. The presence of fat and fluid
makes visualization of pericardium easier.
Although the pericardium is prominently seen
adjacent to the right ventricular free wall, right
atrioventricular groove, inferior aspect of the left
ventricle, and left ventricular apex, it is visualized
less clearly adjacent to the lateral left ventricular
wall because of the paucity of fat and low signal
from adjacent lungs. On CMR, the normal peri-
cardium measures 1.2 mm in diastole and 1.7 mm
in systole [2]. The higher thickness of normal
pericardium on MRI results from a combination
of cardiac motion, low spatial resolution with par-
tial volume averaging, and chemical-shift artifact.
The normal pericardium does not have early or
delayed contrast enhancement [2, 13].

Pericardial Pathology and Its
Appearance on Cardiac Imaging

Pericardial Effusion
Asymptomatic pericardial effusions may be ini-

tially detected by chest radiography performed for
other reasons. To augment the cardiac silhouette
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Fig. 7.5 Noncontrast CT tomogram in the coronal view (a) and sagital view (b) showing the left ventricle (LV). These
views shows extensive calcification (arrowheads) of the pericardium in a patient with constrictive pericarditis

Fig. 7.6 Gradient echo MRI sequence in the horizontal
long axis of the heart showing normal pericardium and
minimal subpericardial fat in the right atrioventricular
groove (arrowheads). Note that fat appears bright in this
MRI sequence

on chest x-ray, a minimum of about 250 ml of
fluid collection is required, and consequently
smaller effusions may be occult [14]. On CXR, a
water-bottle configuration with generalized sym-
metric cardiac enlargement with increased cardio-
thoracic ratio may be seen [15]. However, on
CXR, it may be difficult to distinguish this from

cardiomyopathy. Occasionally, in patients with
pericardial effusion, the “fat pad” sign, a soft tis-
sue stripe >2 mm between the epicardial fat and
the anterior mediastinal fat can be seen anterior to
the heart on the lateral view [16]. Occasionally,
serial studies can be done to aid in the diagnosis,
especially if rapid changes in the size of the heart
shadow are observed. Transthoracic echocardiog-
raphy is the first line imaging modality to evaluate
pericardial effusion (Fig. 7.1), based on some of
the reasons mentioned earlier. However, CCT and
CMR imaging are useful adjuncts to transthoracic
echocardiography especially since they provide a
wider field of view and facilitate a more compre-
hensive evaluation of pericardial effusions. These
modalities are useful in detection of small locu-
lated effusions, especially those in anterior loca-
tions. When echocardiography findings are
inconclusive, CCT (Fig. 7.4) and CMR (Fig. 7.8)
can better localize the effusions, and also help
quantify the amount of accumulated fluid [2, 17,
18]. Although varying degrees of fluid collections
can have certain characteristic patterns of fluid
accumulation, since fluid does not spread homo-
geneously, there is no direct correlation between
the thickness of the pericardial cavity and the
actual volume of the accumulated fluid [19]. The
volume of pericardial fluid can be quantified simi-
lar to quantification of ventricular volumes. In
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Fig.7.7 Coronal (a) and axial (b) double inversion recov-
ery spin echo MRI images of a patient with a history of
pericarditis 4 months prior during a trip to Asia. The peri-
cardial effusion was treated with anti-inflammatories and

Fig. 7.8 Gradient echo MRI image of the heart in the
horizontal long axis of the left ventricle (LV) noting a
large predominately posteriorly-located pericardial effu-
sion (arrows)

addition, epicardial fat is readily identified on
CCT and CMR, which is especially useful when
fibrin is adherent to the cardiac surface.

A limited characterization of pericardial fluid
can be achieved on CCT by measuring attenua-
tion values and on CMR by measuring signal

decreased in size, but the patient continued to have dys-
pnea on exertion and peripheral edema. The MRI shown
revealed a remaining small pericardial effusion and dif-
fusely thickened pericardium (arrows)

Fig. 7.9 Gradient echo MRI image of the heart in the
short axis view of the left ventricle (LV) noting a loculated
pericardial effusion adjacent to the lateral portion of the
LV (arrows)

intensity on MR images. CCT and CMR can also
readily identify hemopericardium when it com-
plicates aortic dissection, and thereby prevent
inappropriate and potentially catastrophic peri-
cardiocentesis [13, 20]. On CCT, pericardial fluid
with attenuation close to that of water (<10
Hounsfield units) is likely to be a simple effusion,
while attenuation value greater than that of water
is more likely to be due to purulent exudate,
malignancy, or related to hypothyroidism (20-60
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Fig. 7.10 Coronal MRI spin-echo sequence revealing a
mass (arrowheads) contained within the pericardial space
with a disordered and multi-signal appearance which was
diagnosed as a pericardial fibrosarcoma

Hounsfield units). Hemorrhagic collections have
higher attenuation values (>60 Hounsfield units).
Effusions with attenuation less than water have
been reported with cases of chylopericardium
(=60 to —80 Hounsfield units) [8, 9, 11]. On
CMR, simple transudative effusions manifest
with low signal intensity on T1-weighted images
and high signal intensity on T2-weighted images.
Complex effusions, such as exudative effusions
with high protein and cell content, and hemor-
rhagic fluid, have high signal intensity on
T1-weighted and intermediate signal on
T2-weighted images [2, 8, 13]. However, some-
times because of motion artifacts, the character-
ization of the pericardial fluid is not always
possible. Often, the use of bright-blood dynamic
cine MR imaging facilitates the better visualiza-
tion of intrapericardial contents, including coag-
ulated blood and fibrinous strands, which are
often found in loculated pericardial effusions.

Table 7.1 Assessment of the pericardium with MR imaging [2, 8, 10, 12, 13]

Target

Pericardial width/localization/extent
Pericardial delineation

Pericardial layer and fluid characterization

MR sequences

T1 and T2 weighted imaging, cine imaging

T1 and T2 weighted imaging, cine imaging, gadolinium enhanced imaging
T1 and T2 weighted imaging, cine imaging, contrast agent enhanced

T1-weighted or late gadolinium enhanced imaging

Pericardial function

Cine imaging, myocardial tagging (to assess fusion of pericardial layers

and adherence to myocardium)

Pericardial masses

T1 and T2 weighted imaging, double inversion recovery with fat

saturation, triple inversion recovery, cine imaging, late gadolinium
enhanced imaging

Cardiac morphology
Ventricular size and shape
Myocardial morphpology

Cardiac systolic function

Regional and global systolic ventricular
function

Cardiac filling (diastolic function)
Ventricular coupling

Ventricular septal shape

Septal motion patterns

Respiratory-related septal shift
Other findings

Myocardial processes (myocarditis,
myocardial infarction, myocardial
infiltrative or storage disease)

Vena caval size

imaging

Mediastinal and pulmonary processes
Ascites and pleural fluid

Cine imaging

Phase contrast

T1 weighted imaging, cine imaging

Real-time cine, phase contrast

T1 and T2 weighted imaging, cine imaging, late gadolinium enhanced
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Table 7.2 CCT and CMR features that differentiate thickening and effusion [2, 8, 11-13]

Features

Location

Decubitus position
Margins

Contrast enhancement
Tagging

CMR

Dynamic changes

T1- and T2-weighted imaging
Steady state free precision imaging

Effusion

Follows distribution typical
of effusion

Change in configuration with
change in posture

Smooth
Absent

Loss of tags with cardiac cycle

Mobility of fluid and changes in the
regional dimension of the pericardial
sac throughout the cardiac cycle
Signal void

High

Thickening
Does not follow typical distribution,
usually anteriorly located

No change in configuration with
change in posture

Irregular or nodular with increased
attenuation

May be present if associated with
inflammation

Myocardial tags persist throughout
cardiac cycle

No mobile component and no
changes in the regional dimension
of the pericardial sac

Gray/dark (except in calcification)
Low

and gradient-echo sequences

Both CCT and CMR (Table 7.2) provide addi-
tional assessment of the pericardial layers,
including thickness, composition and inflamma-
tion. In conditions like pericardial effusion
secondary to malignancy, an irregularly thick-
ened pericardium or pericardial nodularity may
be seen on CMR images, further allowing the dif-
ferentiation between simple pericardial effusions
from inflammatory effusive pericarditis or malig-
nant pericardial diseases [8, 10]. Sometimes, on
CCT and CMR, differentiating a small pericar-
dial effusion from a thickened pericardium can
be difficult. However, certain features can help
differentiate the two pathologies (Table 7.2).
Additionally, since almost the entire chest is
visualized during CCT or CMR, associated medi-
astinal and pulmonary abnormalities can also be
detected during the examination.

Cardiac Tamponade

The diagnosis of acute life threatening cardiac
tamponade is a clinical diagnosis, which is
usually confirmed by emergent transthoracic
echocardiography. Chest x-rays have a very lim-
ited role in the assessment of cardiac tamponade.

Performing hemodynamic evaluation on imaging
modalities such as CMR, which require relatively
prolonged imaging times and patient coopera-
tion, may not be appropriate for clinically unsta-
ble patients with suspected cardiac tamponade.
However, when a loculated or complex effusion
causes a subacute cardiac tamponade, CCT can
provide valuable information to assess the feasi-
bility of percutaneous versus surgical drainage.
CMR can provide information regarding associ-
ated pericardial pathology, but is not the initial
modality of choice in a clinically unstable patient.
On CCT and CMR, the typical findings of car-
diac tamponade include superior vena cava, infe-
rior vena cava, and hepatic vein dilation,
“diastolic inversion”, i.e. collapse of the right
ventricle free wall in early diastole and collapse
of the right atrium free wall during late diastole
and early systole, “flattened heart” sign i.e.
diminished anteroposterior diameter, and bowing
or inversion of the interventricular septum, which
correlates with the inspiratory septal bulge or
bounce seen on echocardiography [2, 3, 8, 13].
Careful attention should be paid to differentiate
cardiac tamponade from effusive-constrictive
pericarditis. In effusive-constrictive pericarditis
with associated effusion at presentation, the com-
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plaints are caused by a pathologic noncompliant
pericardium rather than by the effusion itself.
Thus, it is important to look for features of con-
striction, which can occur transiently in the reso-
lution phase, after pericardiocentesis or with
organized effusions.

Pericarditis

While the most common manifestation of peri-
carditis is its acute presentation, it may also pres-
ent in subacute, recurrent, and chronic forms.
The clinical symptoms depend on the severity of
inflammation. In acute pericarditis, other than
highlighting significant pericardial effusion, the
chest x-ray may be fairly unremarkable. In
chronic pericarditis, the x-ray may show any
underlying pericardial calcification if present.
While echocardiography is considered as the ini-
tial modality of choice to guide further diagnostic
and therapeutic procedures, CCT and CMR can
provide invaluable additional information, espe-
cially with regards to better pericardial tissue
visualization and characterization. Delayed
enhancement imaging using gadolinium can also
assess for myocardial damage if associated myo-
carditis is suspected.

On CCT, noncalcified pericardial thickening
associated with pericardial effusion is suggestive
of acute pericarditis. With chronic forms of peri-
carditis, pericardial layers tend to be irregularly
thickened and effusions may be loculated owing to
the presence of adhesions. On contrast-enhanced
CCT, diffuse enhancement of the thickened peri-
cardium indicates inflammation [8, 11]. As dis-
cussed above, the CCT can also help characterize
the associated pericardial effusion if present.

Similar to CCT, T1-weighted and bright-blood
sequences can be used to identify underlying
pericardial morphological features, associated
pericardial effusion and adhesions. In addition, in
equivocal cases, T2-weighted images and delayed
gadolinium enhancement can be used to identify
edema and inflammation of the inflamed pericar-
dial layers [2, 8, 13]. This underlying edema and
inflammation may extend to the adjacent myo-

cardium or epicardial fat, and may be focal or dif-
fuse. This pericardial enhancement on histological
examination reflects inflammation, including
edema, neovascularization, and granulation tis-
sue formation [21]. It also correlates with ele-
vated markers of inflammation [22, 23]. On
T2-weighted images, the pericardial thickening
has a grayish signal, while the effusion has a low
signal. However, it is important to interpret the
delayed gadolinium pericardial enhancement in
the appropriate clinical context as this enhance-
ment is nonspecific [2, 13, 24]. Sometimes, the
pericardial and associated myocardial (myoperi-
carditis) or epicardial fat enhancement may occur
in the absence of associated pericardial thicken-
ing. In chronic pericarditis, the pericardium may
be irregularly thickened and on delayed gadolin-
ium enhancement variable contrast enhancement
may be seen [2, 13, 22].

Although the role of CCT in the management
and diagnosis of patients with acute and chronic
pericarditis remains uncertain, CMR has become
a vital tool for assessing patients with underlying
pericarditis especially with associated myocar-
dial involvement (myopericarditis). This is espe-
cially important to guide management in patients
with pericarditis with associated poor prognostic
signs, including lack of response to standard
treatment, worsening hemodynamic instability,
and chronic indolent course of disease. CMR is
not only the most sensitive test to detect
pericardial involvement (Sensitivity—94—100 %)
[25, 26], but it is also useful to diagnose associ-
ated constrictive pericarditis. In addition, CMR
can also be used to monitor and follow up
response to treatment of patients with chronic
and recurrent pericarditis.

Constrictive Pericarditis

Although acute and subacute forms of pericardial
constriction have been occasionally described,
constrictive pericarditis usually represents the
end stage of a chronic inflammatory process
involving the pericardium, which results in thick-
ening, dense fibrosis, calcification, and adhesions
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of the parietal and visceral pericardium. While
constrictive pericarditis typically affects the pari-
etal pericardium, occasionally this process can
only involve the visceral layer. The underlying
pathophysiology is related to the constriction of
the heart which impairs cardiac filling, especially
diastolic filling of the ventricle. Since the total
cardiac volume is restricted by the rigid and fixed
pericardial volume, there is equalization of end-
diastolic pressures in all four cardiac chambers,
and increased ventricular coupling which is
strongly influenced by respiration. This results in
elevated systemic venous pressures and low car-
diac output [17, 27].

The diagnosis of pericardial constriction can
be challenging. Constrictive pericarditis is diffi-
cult to diagnose on chest x-ray. However, certain
findings on chest x-ray suggest the existence of
constrictive pericarditis. In the classical form of
the disease, the cardiac silhouette is neither
enlarged nor reduced, whereas in other forms,
pericardial effusion may contribute to enlarged
cardiac size. Signs of pericardial calcification are
suggestive of constrictive pericarditis while peri-
cardial calcification by itself is not diagnostic of
constriction. A lateral chest X-ray (Fig. 7.2) may
reveal pericardial calcification over the right
atrium and ventricle, as well as atrioventricular
grooves. Clinically, it is difficult to differentiate
between constrictive pericarditis and restrictive
cardiomyopathy. However, it is of paramount
importance to differentiate the two entities as
patients with constrictive pericarditis might ben-
efit from pericardial stripping. Both these entities
are characterized by similar clinical manifesta-
tions and may exhibit similar findings at regular
echocardiography and hemodynamic cardiac
catheterization. In such cases, other imaging
modalities, especially CMR can play a vital role
in not only assessing hemodynamic status, but to
also exclude other causes of right heart failure,
such as pulmonary hypertension, shunts, and
right ventricle dysplasia or infarction. In addi-
tion, CMR can determine if the pericardium—
thickened, inflamed, or without thickening, is
causing constriction; and simultaneously evalu-
ate if the patient will benefit from pericardial
stripping [2, 8, 13].
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Morphological Abnormalities

There are two important morphological charac-
teristics of the pericardium which are evaluated
when considering a diagnosis of constrictive
pericarditis—pericardial thickening and presence
of  associated  pericardial  calcification.
Traditionally, pericardial thickness has been used
as an important criterion for the diagnosis of con-
strictive pericarditis. Pericardial thickening of
>4 mm is an indicator suggestive of constriction
in patients with the appropriate symptoms and
signs of right heart failure; while >5-6 mm is
highly specific for constriction [2, 8, 28]. This
thickening is most pronounced over the right
heart (right ventricle and anterior atrioventricular
groove), usually associated with irregular
pericardial delineation. However, recently this
concept of pericardial thickening has been
debated, as occasionally constriction can be seen
without associated pericardial thickening [29].
Also, it has now been shown that toward the end-
stages of an irreversible chronic fibrosing peri-
carditis, there is thinning of the chronically
inflamed pericardium [2]. In addition, as seen
with conditions like acute pericarditis and car-
diac surgeries, pericardial thickening may occur
without signs and physiological changes associ-
ated with pericardial constriction [27]. Pericardial
calcification is the second important morphologi-
cal abnormality visualized on imaging studies to
aid the diagnosis of constrictive pericarditis.
Pericardial calcifications, however, are less com-
mon nowadays than in the past, which is proba-
bly related to the decrease in rates of tuberculosis
and the increase in iatrogenic causes of constric-
tion [13]. Recent studies report pericardial calci-
fications in 27-28 % of patients with histologically
confirmed diagnosis of constrictive pericarditis
[11, 30]. In these studies, as underlying tubercu-
losis was ruled out in nearly all cases, the pericar-
dial calcification most likely represent nonspecific
response to chronic inflammation. Although peri-
cardial calcification may only be present in
approximately one third of the patients with con-
strictive pericarditis, when present in the appro-
priate clinical scenario, it is highly suggestive of
the diagnosis of constrictive pericarditis.
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CCT (Fig. 7.5) plays an important role in the
diagnosis and management of constrictive peri-
carditis as it is a very reliable method to evaluate
pericardial thickness. It is also the most accurate
method to detect even minute amounts of pericar-
dial calcification. Pericardial enhancement on
postcontrast CCT indicates inflammation, which
can be useful in patients without pericardial
thickening or lack of pericardial calcification. In
addition, CCT can help visualize associated com-
plications such as the intramyocardial extent of
the fibrocalcific process, which can affect the
success of a planned surgical pericardiectomy.
By identifying critical vascular structures with a
detailed depiction of both the severity of thicken-
ing and the presence and location of calcifica-
tions, preoperative CCT facilitates better surgical
planning and stratification of procedural risk.

Since the pericardium is outlined by fat and
lung tissue, CMR (Fig. 7.7) can provide an accu-
rate measurement of pericardial thickness with a
reported accuracy of 93 % when the pericardium
is >4 mm thick. CMR has also been shown to be
better than CCT at differentiating between peri-
cardial fluid and thickened pericardium [2, 9].
The thickened fibrotic and/or calcified pericar-
dium appears as a dark, low signal intensity
signal stripe with occasional focal or diffuse,
irregular, fibrocalcific changes on T1-weighted
and T2-weighted CMR images and at cine imag-
ing [2, 8, 13]. In healthy persons, the pericardium
moves synchronous with the cardiac cycle,
whereas in patients with underlying constriction,
there is tethering and restricted ventricular expan-
sion adjacent to the thickened pericardial areas
[8, 13]. Consequently, the pericardial motion
with the cardiac cycle may be reduced or even
absent, while the systolic myocardial contraction
is usually normal. These findings can be easily
visualized using tagging. In healthy persons,
because of the free motion of the pericardium
during the cardiac cycle, the tag lines are typi-
cally displaced, whereas in patients with pericar-
dial constriction, the tag lines are stretched and
fail to break because of restricted motion between
the pericardial layers. Commonly during gado-
linium contrast-enhanced CMR of the pericar-
dium in patients with constrictive pericarditis,

there is delayed gadolinium enhancement sug-
gestive of residual inflammation [2, 21]. However,
this is not a universal finding, as during the end
stages of chronic fibrosing forms of constrictive
pericarditis, there is no enhancement after con-
trast material administration [2]. When residual
inflammation is visualized, there is likelihood
that these patients will respond to anti-
inflammatory treatment and may not be good
candidates for pericardiectomy [2, 13, 30].

Functional and Hemodynamic
Consequences

The encasement of the heart by a noncompliant,
rigid pericardium leads to multiple functional
abnormalities, including, dissociation between
intrathoracic and intracardiac pressures which
isolates the heart from normal respiratory changes
in intrathoracic pressures. This leads to increased
cardiac filling pressures with equalization of end-
diastolic pressures in all four cardiac chambers,
increased ventricular coupling influenced by res-
piration, elevated systemic venous pressures, and
low cardiac output. The underlying cardiac cavi-
ties may be constricted by the abnormal pericar-
dium, having a flattened or tubular-shaped
appearance with distortion of the ventricular sep-
tum. The septum itself becomes flattened or sig-
moid in shape during diastole and can exhibit the
phenomenon of septal bounce. With long-
standing constriction, the ventricles may appear
conical. As a result of the increased cardiac fill-
ing pressures, there may be unilateral or bilateral
atrial enlargement, dilatation of the superior- and
inferior vena cavae and hepatic veins, pleural
effusion, and ascites. In the superior vena cava
and inferior vena cava, the systolic flow is
decreased, absent, or reversed, but in diastole,
forward flow is increased with increased late
backflow. The tricuspid valve inflow may show a
restrictive filling pattern of enhanced early filling
and decreased or absent late filling, depending on
the degree of pericardial constriction and
increased filling pressures. While only a limited
amount of functional and hemodynamic informa-
tion can be obtained from CCT, CMR is an
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excellent functional modality which allows the
detection of hemodynamic features of constric-
tion on real-time cine sequences.

Effusive Constrictive Pericarditis

Effusive constrictive pericarditis is a rare syn-
drome in which there is tamponade caused by
tense effusion and constriction caused by an
inflamed and noncompliant visceral pericardium.
It is believed that effusive-constrictive pericarditis
most likely represents an intermediate transition
from acute pericarditis with pericardial effusion
to pericardial constriction [27]. Consequently, it is
a distinct entity with transitional and overlapping
pathophysiologic features of acute effusive peri-
carditis with associated cardiac tamponade and
chronic constrictive pericarditis. In effusive con-
strictive pericarditis, even after the removal of
pericardial fluid, the constriction is not relieved
[2]. The diagnosis of effusive-constrictive pericar-
ditis is often challenging because the morphologic
abnormalities, even at visual inspection, are not
impressive. The findings on CCT and CMR repre-
sent an overlap of acute pericardial effusion and
constrictive pericarditis. These include thickening
of the pericardium, associated pericardial effu-
sion, pericardial inflammation, ventricular inter-
dependence and associated flattening or inversion
of septum. These patients report improvement of
symptoms, either spontaneously or respond to
anti-inflammatory drugs.

Tuberculous Disease
of the Pericardium

While the incidence of tuberculous pericarditis
has dramatically decreased in the developed
world, its incidence is still very high in the devel-
oping world [31]. It is a serious condition because
of the high incidence of progression to constric-
tive pericarditis and high mortality rates.
Tuberculous involvement of pericardium can
manifest in various forms including, pericardial
effusion, constrictive pericarditis, pericardial tam-
ponade as a complication of constrictive

V. Agarwal et al.

pericarditis, and pericardial abscess [19]. Based
on the underlying manifestation, the chest x-ray
may show pericardial fluid collection, pericardial
calcification, and associated lung and mediastinal
involvement. However, thinning of the pericar-
dium is not commonly observed with tuberculo-
sis. CCT demonstrate pericardial thickening,
pericardial fluid collection, or concurrent tubercu-
losis in the lungs or mediastinum. CCT can also
help identify constrictive pericarditis, by depict-
ing the constellation of findings, including, peri-
cardial thickening, effusion, lymphadenopathy
and calcification. This calcification tends to be
irregular, thick, amorphous and occurs predomi-
nantly in the AV grooves [11]. On T1-weighted
images of CMR, the pericardium may show sig-
nal intensity similar to the myocardium while low
signal intensity lesions can be seen on the inner
surface of the thickened pericardium. These low
signal intensity signals are the combination of
residual ferromagnetic elements after hemorrhage
in the pericardial space with fibrosis of the peri-
cardium. On delayed gadolinium enhancement
studies, uniform tramline-like hyperenhancement
was noted at the site of fibrous hypertrophic pari-
etal and visceral pericardium [32].

Pericardial Masses

Pericardial masses represent a heterogeneous
group of cystic lesions, hematomas, complex
organized effusions, masslike structures, and pri-
mary and secondary malignancies that affect or
involve the pericardium. CT and MR imaging are
often necessary in the diagnostic workup, because
they provide an accurate description of the peri-
cardial abnormalities and the relationship to the
surrounding structures and facilitate understand-
ing of the underlying cause, establishment of the
differential and final diagnosis, and assessment
of complications such as cardiac tamponade.

Cysts and Diverticula

Pericardial cysts are uncommon and generally
benign lesions. While most pericardial cysts are



7 Multimodality Imaging (X-Ray, CT, and MRI) in Pericardial Disease 101

congenital defects, rarely they may also be
acquired e.g. hydatid cyst. Congenital pericardial
cysts are the most common benign pericardial
mass [12]. Pericardial cysts are developmental
abnormalities caused by the pinching-off of a
blindly ending parietal pericardial recess. The
right cardiophrenic angle is the most common
location (80 %) [33]. Pericardial cysts usually
have thin, smooth walls without internal septa-
tions. They attach to the pericardium directly or
by a pedicle [12]. A pericardial diverticulum has
an origin similar to that of a pericardial cyst, but
unlike a cyst, a pericardial diverticulum commu-
nicates with the pericardial cavity; as a result, the
wall is incomplete on the medial aspect [34, 35].
Pericardial diverticula are clinically identical to
cysts, and if present in an unusual location, can
be hard to distinguish from bronchogenic or thy-
mic cysts [36]. A pericardial cyst may be initially
suspected because of an abnormal chest x-ray.
On chest x-ray, cysts are typically seen as a mass
at the cardiophrenic sulcus [36]. They can be
variable size and shape and may not always be
round or oval. In addition, they may change in
shape and size with respiratory maneuvers and
change in position. CCT can confirm the diagno-
sis of a pericardial cyst and diverticula by demon-
strating the position and extent of the lesion; fluid
density and characterization of the mass. Their
attenuation is slightly higher than water (3040
Hounsfield units), with no enhancement after the
administration of intravenous contrast [36]. CMR
demonstrates well-defined and sharply margin-
ated, homogeneous unilocular cyst or diverticula,
with low signal on T1-weighted images and
homogeneously high signal on T2-weighted
images with no contrast enhancement with intra-
venous gadolinium. Rarely, if the cystic fluid has
a high proteinaceous content, the T1 weighted
images may have a high signal, and very rarely a
loculated margin may be seen [2, 8].

Hematomas
Pericardial hematoma is rare and typically fol-

lows cardiac surgery, pericardiocentesis, chest
trauma, or epicardial injury. On CXR, there may

be paracardiac enlargement and if the hematoma
is old and organized, calcifications may be visu-
alized. The CCT and CMR imaging characteris-
tics of a pericardial hematoma depend on the age
of the blood collection. On CCT, initially, the
hematoma is of high attenuation. Over a period of
time this attenuation decreases, and gradually
organizes and can become fibrotic with calcifica-
tion. Hematomas do not enhance with intrave-
nous contrast [11]. On CMR imaging, in the
acute phase, the hematoma has a homogeneously
high signal, while in the subacute phase, it has
heterogeneous high signal on TI- and
T2-weighted sequences [37]. In the chronic
phase, a low signal with a dark rim is seen [38,
39]. No delayed contrast enhancement is seen
with gadolinium administration. This lack of
delayed enhancement can help distinguish coro-
nary or ventricular pseudoaneurysm from hema-
tomas.  Additionally, internal flow in
pseudoaneurysms can be detected using velocity-
encoded cine MR imaging [40].

Neoplasms

Primary pericardial tumors are very rare and,
when found, are more often benign. Benign peri-
cardial primary tumors include lipoma, teratoma,
fibroma, hemangioma, and lymphangioma.
Malignant mesothelioma is the most common
malignant primary pericardial lesion [41, 42].
Other primary malignant tumors include malig-
nant fibrosarcoma (Fig. 7.10), angiosarcoma, and
malignant teratoma. Secondary pericardial
tumors due to either local invasion from neigh-
boring organs or metastases are much more com-
mon. Secondary pericardial tumors most
frequently occur from lymphoma, melanoma, as
well as lung and breast carcinoma [43].

The chest x-ray may show mediastinal widen-
ing, hilar masses and concomitant mediastinal
and pulmonary masses with pleural effusions.
CCT and CMR can provide valuable information
about the morphology, location, and extent of a
pericardial neoplasm. Benign pericardial masses
may grow to sizable lesions before they produce
compression of cardiac chambers or displacement
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of mediastinal structures. Benign tumors can be
found in both the parietal pericardium and epi-
cardium as discrete pedunculated or sessile
masses. Malignant neoplasms are usually charac-
terized by the presence of pericardial masses,
nodular lesions or plaques, or by a variable
amount of a complex hemorrhagic effusion that
is disproportionally greater than the size of the
solid lesion [44].

CCT is superior to CMR in identifying other
thoracic lesions, including primary lung cancer,
pulmonary metastases, and mediastinal lymph
nodes. On CCT, benign tumors of the pericardium
including lipomas, usually demonstrate low-atten-
uation fat (i.e., negative Hounsfield units), and
teratomas present as masses containing both fat
and high-attenuating calcium. On the other hand,
pericardial malignancy may appear as a mass in
the pericardium, an irregular, thickened nodular
pericardium with a complex pericardial effusion;
and/or pericardial enhancement after intravenous
contrast administration. Also, certain imaging fea-
tures like disruption of the pericardial sac; pres-
ence of hemorrhagic effusion; invasion into the
epicardial fat tissue, myocardium, or a cardiac
chamber; and mediastinal adenopathy, can help
identify aggressive malignancies [10, 44].

Similar to CCT, CMR can help accurately
delineate the tumor implantation and determine
its relation to contiguous anatomical structures.
Although tissue characterization in pericardial
tumor evaluation by CMR is superior to that of
echocardiography and CCT, the tissue character-
ization of pericardial tumor is often difficult as they
usually have intermediate signal on T1-weighted
images and high signal on T2-weighted images.
However, there are certain exceptions, including
lipoma and liposarcoma which appear with high
signal intensity due to their fatty content. With
contrast administration, hemangiomas exhibit
enhancement which is heterogeneous and intense
except in low-flow lesions. Pericardial metastases
are usually seen as a large hemorrhagic pericar-
dial effusion with irregular or nodular pericardial
thickening, and associated nodules or masses.
Melanoma metastases can be characterized
because they have high signal on T1-weighted
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images. Increased tissue edema in malignant
pericardial tumors is typically manifested by
increased signal on either T2-weighted images or
Short T1 inversion recovery images [10].

Miscellaneous

In patients with a prior cardiac surgery, the differ-
ential diagnoses of a pericardial gossypiboma or
foreign body granuloma (e.g., surgical sponge)
should always be considered [45]. Pericardial fat
necrosis is a benign entity of unknown cause which
typically manifests with sudden onset of chest pain.
On CCT, the lesion appears as an encapsulated
region of fat attenuation with dense strands sur-
rounded by the increased attenuation of the anterior
mediastinal paracardiac fat and thickening of the
adjacent pericardium [46]. The CMR findings are
variable and depend on the pathologic stages of fat
necrosis. On the T1- and T2-weighted images, in
the acute stage, there may be a peripheral rim and
central dot-and-line of low signal intensity, while
the postgadolinium T1-weighted fat suppression
images show increased enhancement of the rim. In
the chronic stage, both central globular and periph-
eral rim enhancements may be observed [47].

Congenital Absence of Pericardium
(Fig.7.11)

Congenital absence of the pericardium is a rare
anomaly. It encompasses a range of congenital
pericardial defects from a small foramen in the
pericardium to a complete absence of the entire
pericardium. Congenital absence is typically par-
tial, but occasionally it is complete. It may be asso-
ciated with other congenital cardiac malformations
such as atrial septal defect; tetralogy of Fallot; pat-
ent ductus arteriosus; mitral stenosis; and malfor-
mations of the lung, chest wall, and diaphragm
[48]. Cardiac structures or portions of the lung can
herniate through these defects. On chest radio-
graphs, a left-sided pericardial defect causes typi-
cal levodisplacement of the heart and aortic knob,
with the trachea remaining at the midline.
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Fig. 7.11 (a) Transaxial gradient echo MRI images of
the heart in the horizontal long axis of the left ventricle
(LV) with the patient in the supine position show a promi-
nent leftward shift of the heart in this patient found to have
congenital absence of the pericardium. (b) Sagittal gradi-
ent echo MRI image of the patient in Fig. 7.11a showing
interposition (arrowheads) of the lung between the infe-

At CCT and CMR (Fig. 7.11), there may be
absence of the entire pericardium or a portion of it.
However, either finding alone is not sufficient to
make a diagnosis of congenital absence because in
patients with minimal epicardial and pericardial
fat, the pericardium lies almost immediately on the
myocardium, and differentiation between myocar-
dium and pericardium can be challenging [49].
The diagnosis therefore usually relies on several
indirect morphologic signs such as an abnormal
location of cardiac structures with excessive

rior portion of the left ventricle (LV) and the diaphragm as
seen in patients with congenital absence of the pericar-
dium. (c¢) Transaxial spin-echo MRI sequence of the
patient in Fig. 7.11a showing interposition (arrow) of the
lung between the aorta (Ao) and the pulmonary artery
(PA) as seen in patients with congenital absence of the
pericardium

levorotation or cardiac indentation at the location
of the defect [50, 51]. The interposition of lung
tissue in spaces typically covered by the pericar-
dium, including, aorta and pulmonary artery or
between the diaphragm and the base of the heart is
a very specific sign [52]. A diagnosis of congenital
absence should not be made without mediastinal
shift or regional bulging. Since herniation is often
intermittent in time, positional changes such as to
positioning the patient in the left lateral decubitus
can be helpful in diagnosing pericardial defects.
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Conclusion

Accurate diagnosis of pericardial diseases
is challenging and requires an integration of
medical history, physical examination, labora-
tory testing and integrally, imaging. With the
rapid advances in cardiac imaging, especially
CCT and CMR, multimodality noninvasive
cardiac imaging has earned a central role in the
diagnosis and management of various pericar-
dial conditions particularly when the clinical
findings are equivocal or nondiagnostic.
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Multimodality Imaging (X-Ray, CT,
and MRI) in Pericardial Disease-For
Patients and their Families

Assessing the diseases of the pericardium can be
a challenging task, and non-invasive imaging
modalities (not requiring introduction of instru-
ments inside the body) of testing have gradually
become an important part of assessing the peri-
cardium. The imaging modalities include, echo-
cardiogram, chest x-ray, cardiac CT scan and
cardiac MRI. It is important to realize that most
of these tests provide information complimentary
to each other, and depending upon the acuity of
illness, one or more tests may be performed to
provide adequate care to the patient.

Chest x-rays are often the initial imaging test
performed on most patients, to get an overall
assessment of the heart and lungs. It is often find-
ings on the chest x-ray, which raise the suspicion
of underlying pericardial involvement.

The chest x-ray has multiple advantages,
including easy availability, low cost, and low
radiation exposure. Although more detailed tests
need to be undertaken to evaluate the underlying
extent and cause of pericardial involvement, dis-
tinct findings on chest x-ray can help identify
pericardial conditions, including, pericardial
effusion (collection of fluid in the pericardial
space), and pericardial masses. In patients with
underlying pericardial masses, (e.g. collection of
blood (hematoma), benign and malignant tumors,
and cysts), while the x-ray can occasionally pro-
vide clues about some underlying abnormality,
cardiac CT and cardiac MR are utilized to pro-
vide more detailed information, including size
and composition of these masses.

Cardiac CT (cardiac computed tomography)
is a type of x-ray which takes detailed pictures of
the heart and pericardium. It combines a series of
x-ray views taken from many different angles,
and these images are processed by the computer
to make a three-dimensional (3D) picture of the
whole heart. As compared to routine chest x-ray,
the images obtained from cardiac CT are of supe-
rior quality and provide more detailed informa-
tion, especially about the structure of the heart
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and pericardium. In addition, since it also
acquires pictures of the surrounding structures,
including the lungs, it can also visualize any dis-
ease process or changes in these structures.

During the cardiac CT scan, a doughnut-
shaped x-ray machine moves around the body in
a circle. Occasionally an iodine-based dye (con-
trast dye) is injected into one of the veins (con-
trast CT scan), which highlights the coronary
arteries and the pericardium under certain condi-
tions. Because an x-ray machine is used, cardiac
CT involves radiation. However, the amount of
radiation used is considered small, which is simi-
lar to the amount of radiation you are naturally
exposed to over 1-5 years, depending upon the
type of cardiac CT performed.

In patients with underlying involvement of the
pericardium, the cardiac CT scan is especially
useful to detect increased pericardial thickness
and calcification. In pericardial effusion, cardiac
CT can provide an estimate of the amount of
accumulated fluid, and also help characterize the
accumulated fluid, which can occasionally help
identify the underlying cause of fluid accumula-
tion. In patients with inflammation of the pericar-
dium (pericarditis), the cardiac CT can identify
the underlying thickening of the pericardium,
especially with contrast cardiac CT.

Similar to cardiac CT, cardiac MRI (magnetic
resonance imaging) is a non-invasive diagnostic
tool, which is being increasingly utilized for the
diagnosis of diseases involving the pericardium.
MRI uses powerful magnets and radio waves to
create a magnetic field. This magnetic field is
produced by passing an electric current through
wire coils. Simultaneously, other coils, located in
the machine and in some cases, placed around the
part of the body being imaged, send and receive
radio waves, producing signals that are detected
by the coils. Under the influence of this magnetic
field, the body produces a weak signal, which is
produced by the redirection of the axes of spin-
ning protons, which are the nuclei of hydrogen
atoms. While initially these signals are weak,
these signals are recorded by the coils, and subse-
quently processed to provide detailed images of
the heart. To visualize the heart and pericardium
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better, a small amount of MRI dye (gadolinium)
is occasionally injected into a vein.

As compared to cardiac CT which provides
information mainly about the structure of the
heart and pericardium, the cardiac MR not only
provides more detailed information about the
structure of the heart and pericardium, but also
invaluable information about the physiology
(mechanism of working) of the heart.

Although cardiac MRI is a painless and non-
invasive test which provides valuable informa-
tion, it is relatively expensive and may not be
readily available at all centers.

Similar to cardiac CT, cardiac MRI can help
characterize the pericardial fluid and help iden-

tify the cause of fluid accumulation. By providing
valuable information about the cardiac physiol-
ogy, it can help identify if the accumulated fluid
is putting pressure on the heart (cardiac tampon-
ade). In pericarditis, by using various imaging
sequences, especially with the help of gadolin-
ium, cardiac MRI provides information about the
thickening of pericardium, associated inflamma-
tion, and helps distinguish between acute inflam-
mation as compared to chronic inflammation. In
patients with constrictive pericarditis, the cardiac
MRI also provides a non-invasive method of
identifying the physiological and hemodynamic
effect of the pericardium on the functioning of
the heart.
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Epidemiology and Impact

Acute and recurrent pericarditis are the most
common disorders involving the pericardium.
There are few available epidemiological data and
the exact incidence and prevalence of acute and
recurrent pericarditis are unknown. However,
acute pericarditis is recorded in about 0.1 % of
hospitalized patients and 5 % of patients admit-
ted to the Emergency Department for non-
ischemic chest pain [1, 2]. In an observational
study from an urban area in Northern Italy the
incidence of acute pericarditis was 27.7 cases per
100,000 persons per year [3].

Recurrences affect about one third of patients
with a first attack of acute pericarditis and one
half of those with a first recurrence when treated
with conventional anti-inflammatory therapy
without colchicine [4, 5].

Definitions
Acute pericarditis is the acute inflammation of

the pericardium that may be due to infectious or
non-infectious causes. Recurrent pericarditis is
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the recurrence of symptoms and/or signs of peri-
carditis after the remission of the first attack of
pericarditis and an arbitrary symptom-free inter-
val of 6 weeks [5, 6]. The term “incessant peri-
carditis” is adopted for cases without resolution
of signs and symptoms of pericarditis and a
symptom-free interval of less than 6 weeks [5, 6].
The term ““chronic” pericarditis is considered, as
for pericardial effusions, with a disease persisting
for >3 months [7].

Etiology

Pericarditis may be caused by infectious or non-
infectious agents (Table 8.1). The etiology of
pericarditis is varied and pericarditis can occur
as isolated disease or a manifestation of a sys-
temic disease (i.e. a systemic inflammatory dis-
ease). The etiology that can be found in a specific
setting depends on the epidemiological back-
ground. Tuberculosis is the leading cause of
pericardial diseases as well as pericarditis all
over the world, being the most important etiol-
ogy in developing countries where tuberculosis
is endemic and often associated with HIV infec-
tion [8]. On the contrary, tuberculosis is reported
in <5 % of cases in Western Europe and North
America [9, 10]. Nevertheless immigration may
contribute to a future increase of cases related to
tuberculosis.

Current diagnostic criteria do not allow the
identification of the cause in more than two thirds
of patients in Western Europe and North America.
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Table 8.1 Etiology of pericarditis

Infectious causes (>2/3 of cases)

Viral (especially enteroviruses, adenoviruses, EBV,
CMYV, parvovirus, HCV, HIV)

Bacterial (especially tuberculosis)

Other (rare): fungal (rare; histoplasma more likely in
immunocompetent patients; aspergillosis, blastomycosis,
candida more likely in immunosuppressed host).
Parasitic (very rare; echinococcus, toxoplasma)

Non-infectious causes (about 1/3 of cases)

Systemic inflammatory diseases (especially: systemic
lupus erythematosus, Rheumathoid arthritis,
scleroderma, Sjogren syndrome, Behcet syndrome)

Autoinflammatory diseases (especially familial
mediterranean fever, TRAPS)

Post-cardiac injury syndromes (post-pericardiotomy
syndrome, post-myocardial infarction, post-traumatic
following any kind of interventional cardiovascular
procedure, irradiation or accidental trauma)

Neoplastic diseases (especially secondary to lung and
breast cancer or lymphomas, rarely as primary tumours
of the pericardium, especially pericardial mesothelioma)

Drugs or toxic agents (rare): procainamide, hydralazine,
isoniazid, and phenytoin (lupus-like syndrome),
penicillins (hypersensitivity pericarditis with
eosinophilia), doxorubicin, and daunorubicin (often
associated with a cardiomyopathy; may cause a
pericardiopathy)

In developed countries such cases are supposed to
be viral or post-viral and named as “idiopathic”.

Diagnosis and Workup

The diagnosis of acute pericarditis is based on
clinical criteria. Patients with an infectious etiol-
ogy may present with signs and symptoms of sys-
temic infection such as fever and leukocytosis.
Viral etiologies in particular may be preceded by
“flu-like” respiratory or gastrointestinal symp-
toms. Patients with a known autoimmune disor-
der or malignancy may present with signs or
symptoms specific to their underlying disorder.
The major clinical manifestations of acute
pericarditis include:
e Chest pain in >90 % of cases — typically sharp
and pleuritic, improved by sitting up and lean-
ing forward
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* Pericardial friction rub in 25-33 % of cases —
a superficial scratchy or squeaking sound best
heard with the diaphragm of the stethoscope
over the left sternal border

¢ Electrocardiogram (ECG) changes — new
widespread ST elevation or PR depression in
50-60 % of cases

* Pericardial effusion in >60 % of cases
The diagnosis of acute pericarditis is reached

with at least two of four of these clinical manifes-

tations [1, 5].

Criteria for the diagnosis of recurrent pericar-
ditis [4] include a documented first attack of
acute pericarditis, according to previously stated
diagnostic criteria; a symptom-free interval of
6 weeks or longer; and evidence of subsequent
recurrence of pericarditis. Patients with persis-
tent pericarditis or those with a symptom-free
interval of less than 6 weeks should be given the
diagnosis of incessant pericarditis [5, 6].

Recurrence is documented by recurrent pain
and one or more of the following signs:

e apericardial friction rub,

» changes on electrocardiography (ECG),

* echocardiographic evidence of pericardial
effusion, and

* an elevation in the white-cell count, erythro-
cyte sedimentation rate, or C-reactive protein
level
Specific features at presentation suggest an

increased risk of a non-idiopathic, non-viral eti-

ology and possible complications during follow-
up [11]. These features include: fever >38 °C,
subacute course, large effusion or cardiac tam-
ponade, and failure of aspirin or of nonsteroidal
anti-inflammatory drugs. Patients without high
risk features may be managed as outpatient

(Fig. 8.1) [12-14].

Initial evaluation of an patient with a acute or
recurrent pericarditis include first, the initial his-
tory and physical examination — This evaluation
should consider disorders that are known to
involve the pericardium, such as prior malig-
nancy, autoimmune disorders, uremia, recent
myocardial infarction, and prior cardiac surgery.
The examiner should pay particular attention to
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Fig. 8.1 Triage of pericardi-

113

tis (see text for explanation)

fever >38 °C,

High risk subacute course,
large effusion,

features? ;
cardiac tamponade,

Admission

Etiology search

auscultation for a pericardial friction rub and the
signs associated with tamponade.

Subsequent testing [12, 13] should include:
Complete blood count, troponin level, eryth-
rocyte sedimentation rate or serum C-reactive
protein level, an electrocardiogram, echocar-
diography, and chest x-ray in all cases.

Blood cultures if fever higher than 38°C
(100.4°F) or signs of sepsis.

Tuberculin skin test or an interferon-gamma
release assay (e.g, QuantiFERON TB assay) if
not recently performed. The interferon-
gamma release assay is most helpful in immu-
nocompromised or HIV positive patients and
in regions where tuberculosis is endemic.
Antinuclear antibody (ANA) titer in selected
cases (eg, young women, especially those in
whom the history suggests a rheumatologic dis-
order). Rarely, acute pericarditis is the initial
presentation of a systemic inflammatory disease
(SID), i.e. systemic lupus erythematosus (SLE).
It is important to recognize that a positive ANA
is a non-specific test. A rheumatology consult
should be sought in patients with pericarditis in
whom a diagnosis of a SID is suspected.

HIV serology

Computed tomography (CT) may be useful to
confirm the diagnosis and especially evaluate
concomitant pleuropulmonary diseases and

failure of aspirin or NSAID

Outpatient
Empiric anti-
inflammatory Tx

lymphadenopathies, thus suggesting a possible
etiology of pericarditis (i.e. TB, lung cancer).
Non-calcified pericardial thickening with peri-
cardial effusion is suggestive of acute pericar-
ditis. Moreover, with the administration of
iodinated contrast media, enhancement of the
thickened visceral and parietal surfaces of the
pericardial sac confirms the presence of active
inflammation. Computed tomographic attenu-
ation values can help in the differentiation of
exudative fluid (20-60 Hounsfield units), as
found with purulent pericarditis, and simple
transudative fluid (<10 Hounsfield units).

* Cardiac magnetic resonance imaging may be
performed if the echocardiogram is unreveal-
ing but the diagnosis of acute pericarditis is
suspected, especially in patients with ongoing
fever, poor response to treatment, or suspicion
of hemodynamic compromise [15].
Echocardiography should be performed in all

cases, with urgent echocardiography if cardiac
tamponade is suspected. Even a small effusion can
be helpful in confirming the diagnosis of pericar-
ditis, although the absence of an effusion does not
exclude the diagnosis. In addition, echocardiogra-
phy can be particularly helpful if purulent pericar-
ditis is suspected, if there is concern about
myocarditis, or if there is radiographic evidence of
cardiomegaly, particularly if this is a new finding.
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The 2003 American College of Cardiology/
American Heart Association/American Society
of Echocardiography (ACC/AHA/ASE) guide-
lines for the clinical application of echocardiog-
raphy stated that evidence and/or general
agreement supported the use of echocardiogra-
phy for the evaluation of all patients with sus-
pected pericardial disease [16]. Similarly, a 2013
expert consensus statement from the ASE recom-
mends echocardiography for all patients with
acute pericarditis [15].

Multimodality imaging is an integral part of
modern management for pericarditis and pericar-
dial diseases. Among multimodality imaging
tests, echocardiography is most often the first-
line test, followed by CMR and/or CT [15].

Viral studies are not cost-effective, since the
yield is low and management is not altered [17].

Pericardiocentesis should be performed for
therapeutic purposes in patients with cardiac
tamponade and diagnostic purposes when a
bacterial or neoplastic etiology is suspected and
not assessed by other diagnostic means. In fact,
the definite diagnosis of such etiologies relies on
the demonstration of the etiological agent in the
pericardial fluid or tissue [13]. Persistent symp-
tomatic disease >3 weeks may warrant a pericar-
dial biopsy.

Management

Medical treatment of pericarditis should be tar-
geted at the cause as much as possible. For bacte-
rial causes, specific antibiotic therapies are the
key for successful management. The same applies
for neoplastic pericarditis where oncologic
therapies provide causative treatment [18, 19].
Nevertheless if the cause is unknown or viral
there are no specific therapies available and we
may provide successful treatments for patients as
we do for other medical conditions when the
cause cannot be known (i.e. primary hyperten-
sion). The mainstay of the medical therapy of
acute and recurrent pericarditis is aspirin or a
non-steroidal anti-inflammatory drug (generally
ibuprofen or indomethacin) (Class I indication,
LOE A) [20]. The choice of the specific drug
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should be based on previous history in order to
select a drug that has been efficacious in previous
attacks of pericarditis, concomitant diseases (i.e.
favoring aspirin on patients who already are or
need an antiplatelet agent), and last, but not least,
physician experience [21]. An attack dose is
recommened for 7-10 days till symptoms resolu-
tion and C-reactive protein normalization [18—
23]. Colchicine may help to hasten symptoms
resolution, improve remission rates at 1 week,
and reduce recurrence by 50 % at 18 months
(Class I indication, LOE A) [4, 5].

Corticosteroids should be used as second
choice for patients refractory to more than 1
NSAID plus colchicine, contraindications or
intolerance to aspirin or NSAID, specific indica-
tions (i.e. SID, pregnancy). Low to moderate
doses (i.e. prednisone 0.2-0.5 mg/kg/day) should
be favored instead of high doses (i.e. prednisone
1.0 mg/kg/day) to decrease the risk of severe side
effects, chronicization, and disease-related hospi-
talizations (class Ila, LOE B) [24]. Additional
immunosuppressive therapies are based on less
evidence based data and should be considered
only for true refractory cases also after failure of
combined therapies with aspirin or a NSAID,
colchicine and a corticosteroid [21, 23].

A summary of current first and second line
therapies for acute and recurrent pericarditis is
provided in Table 8.2.

Surgical therapies are the last option in cases
with recurrent cardiac tamponade or symptom-
atic pericardial effusions [21]. Pericardiectomy is
also available in experienced centres and may
provide better event-free survival in patients’
refractory to multiple medical therapies [25].

Hospitalization is recommended in patients
with high risk features that warrant an etiology
search and may be at risk of complications (i.e.
cardiac tamponade, constriction) requiring moni-
toring and long term follow-up (Fig. 8.1) [14].

Prognosis
The prognosis of acute and recurrent pericarditis

is related to the etiology and not to the number of
recurrences [26, 27]. Large pericardial effusions
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Table 8.2 Current first and second line therapies for acute and recurrent pericarditis

Drug Attack dose

Aspirin 750-1,000 mg every 8 h

Ibuprofen 600 mg every 8 h

Indomethacin 25-50 mg every 8 h

Colchicine 0.5 mg BID (>70 kg), otherwise 0.5 mg
once daily for 3—-6 months

Prednisone 0.2-0.5 mg/kg/day for 24 weeks

Tapering Class and LOE
Every week in 3—4 weeks I,LOE A
Every week in 3—4 weeks I,LOEA
Every week in 3—4 weeks I,LOEA

No tapering recommended ILLOE A
Taper slowly 2.5-5 mg every Ila, LOE B

2-4 weeks

LOE level of evidence, A meta-analysis or multiple RCTs, B a single RCT or non-randomised studies, C case reports or

experts opinion

and cardiac tamponade are more common in
bacterial and neoplastic etiologies [11]. The same
also applies to the risk of evolution towards con-
strictive pericarditis. The risk is low (<1 %) in
idiopathic and viral pericarditis, intermediate for
systemic inflammatory diseases, post-cardiac
injury syndromes, neoplastic pericardial disease
and high (20-30 %) for tuberculous and purulent
pericarditis [26]. Idiopathic recurrent pericarditis
has a very low risk (<1 %) of evolution towards
constriction [27].
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Acute and Recurrent Pericarditis-
For Patients and their Families

Epidemiology and Impact

Pericarditis is the most common disease affecting
the pericardium, that is, the double-layer mem-
brane protecting the outer portion of the heart.
Specific data on the frequency of the disease are
scarce. However pericarditis is reported as cause of
about 5 % of non-ischemic chest pain admissions
at the Emergency Department. After a first attack
of pericarditis recurrences of pericarditis are com-
mon and involve about one third of patients.

Definitions

Different definitions are commonly used in medi-
cal records. “Acute pericarditis” is the first acute
episode of inflammation of the pericardium
regardless of the cause, that may be infectious or
non infectious. “Recurrent pericarditis” is the
recurrence of pericarditis after a symptom-free
interval of 6 weeks. “Incessant pericarditis” is
pericarditis either acute or recurrent with pro-
longed symptoms and without a recognizable
symptom-free interval of at least 6 weeks.
“Chronic pericarditis” is pericarditis persisting
for >3 months.

Etiology

The etiology of pericarditis is varied and most
cases are due to infections. Viral infection are
considered the most important cause in devel-
oped countries while tuberculosis is the most
important cause in developing countries, where it
is commonly associated with HIV infection.
Additional causes include autoimmune diseases
(especially Systemic Lupus Erythematosus and
Rheumatoid Arthritis), post-traumatic (also after
cardiovascular interventions such as percutane-
ous coronary interventions, pacemaker implanta-
tion, ablation of atrial fibrillation), neoplastic
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involvement
lymphomas.

in lung or breast cancer or

Diagnosis and Workup

The diagnosis of pericarditis is based on clinical
criteria that consider the most common features
at presentation (pleuritic chest pain, pericardial
rub due to increased attrition between inflamed
pericardial layers, pericardial effusion, and elec-
trocardiographic changes). Testing is especially
directed to exclude specific causes that may
require a targeted therapy (i.e. tuberculous or
bacterial pericarditis, neoplastic pericarditis).

Management

Medical therapy is directed as much as possible
to the cause. Unfortunately the cause remains
unknown for most cases that are labeled as
“idiopathic” (that is without a known cause).
Mainstay of empiric antinflammatory therapy
for these cases include aspirin or a non-steroidal
anti-inflammatory drug (i.e. ibuprofen or indo-
methacin). Colchicine is added to fasten symp-
toms resolution and halve the risk of recurrences.
Corticosteroids may promote chronicization
and are reserved for cases refractory to first line
therapies and for specific indications (i.e. preg-
nancy, systemic inflammatory diseases).
Surgery with removal of the pericardium (peri-
cardiectomy) is the last option after failure of
medical therapies.

Prognosis

The overall prognosis depends on the etiology. It
is benign and self-limiting for viral and idio-
pathic pericarditis, while bacterial and neoplastic
etiologies or autoimmune forms are associated
with an increased risk of complications during
follow-up. Thus a long term follow-up is recom-
mended in these cases.
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Care Professionals

Introduction

Constrictive pericarditis occurs when cardiac
filling is excessively constrained by the pericar-
dium. In this setting, the pericardium is usually
thickened (>2 mm in 80 % of such cases) and
often calcified (in around 50 % of cases often
at the base or at the AV groove) [1]. Etiology
of constriction can be for many reasons includ-
ing prior cardiac surgery (most common
cause in the US), viral pericarditis, no known
cause (idiopathic), prior chest radiotherapy,
connective tissue disease, HIV infection and
tuberculosis [2].

The constraining pericardium is responsible
for “ventricular interaction / interdependence” —
a term used to describe a critical pathophysio-
logical feature of constriction, namely that filling
of one side of the heart can only occur at the
expense of the other side. For example, interac-
tion means that expansion of the right ventricle
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volume due to increased venous return to the
right heart during inspiration can only occur by
shifting of the inter-ventricular septum towards
the left ventricle. In addition, a further reduc-
tion in left ventricular volume occurs during
inspiration because of “dissociation of intra-
cardiac and intra-thoracic pressures” whereby
pressures within the pulmonary veins (extra-
pericardial) but not the left ventricle (intra-
pericardial) decline during inspiration resulting
in an adverse trans-pulmonary gradient. Early
ventricular filling is rapid but once mid-diastole
is reached ventricular volumes become com-
pressed by the noncompliant diseased pericar-
dium. As per Starling’s law, a reduction in end
diastolic volume limits subsequent stroke vol-
ume. Compensatory elevations in systemic and
pulmonary venous pressures are a consequence
of attempts to maintain cardiac filling in the set-
ting of a fixed volume circuit. The increase in
cardiac volume required with exercise quickly
results in high filling pressures so that exercise
limitation is an early feature of constriction.
Constrictive pericarditis is an important spe-
cific cause of “heart failure with preserved ejec-
tion fraction”, and in particular may present as a
right-predominant heart failure syndrome [3].
Elevated venous pressures as a consequence of
constriction result in fluid overload, (ranging
from peripheral edema, ascites, pulmonary/peri-
cardial effusion, congestive liver disease, ana-
sarca, pulmonary edema) while reduced cardiac
output contributes to symptoms of fatigue and
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excessive tiredness. Shortness of breath during
exertion progresses to orthopnea and shortness of
breath at rest. Bi-atrial enlargement as a result of
elevated filling pressures leads to a propensity for
atrial arrhythmia such as atrial fibrillation.

Diagnosis

Classic signs of constrictive physiology, though
not always present, include a pericardial knock
(due to abrupt cessation of mid-diastolic filling
due to pericardial constraint), Kussmaul’s sign
(the lack of an inspiratory reduction in JVP due
to impaired cardiac filling) and the misleadingly
named pulsus paradoxus (a greater than normal
inspiratory drop in systemic blood pressure, spe-
cifically >10 mmHg). Detailed examination of
the neck reveals an elevated mean jugular venous
pulse along with a rapid Y descent consistent
with rapid early filling and corresponding to the
high E wave seen in trans-mitral Doppler flow
during echo.

Alternative conditions that may mimic con-
strictive pericarditis (or that may even sometimes
coexist) are numerous and make the diagnosis of
constriction even more difficult. Such confound-
ers include atrial fibrillation, restrictive cardiomy-
opathy, pericardial effusion, severe tricuspid
regurgitation and right heart failure all of which
can cause (or contribute to) elevated venous pres-
sures and low cardiac output. For example, beat-
to-beat variation in heart function due to rapidly
changing R-R intervals during atrial fibrillation
makes detection of respiro-phasic variation diffi-
cult. Distinguishing constrictive pericarditis
pathophysiology from that of restrictive cardio-
myopathy can be difficult because a stiff ventricle
can mimic a stiff pericardium. Indeed, many dif-
ferent parameters attempting to distinguish both
conditions have been the subject of many publica-
tions of years. The most successful parameter to
emerge in this regard seems to be the systolic area
index measured via heart catheterization. Using
simultaneous LV and RV high fidelity manometer
pressure traces during expiration and inspiration,
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the systolic area index is defined as the ratio of the
area under the curve for the right versus the left
ventricle during inspiration versus expiration and
a value greater than 1.1 was found to be diagnos-
tic for constriction [4]. In the setting of a large
pericardial effusion, the diagnosis of constriction
may only be apparent following drainage of the
effusion. Equally, if symptoms don’t improve fol-
lowing drainage of a large pericardial effusion,
constriction should be considered.

The degree of constrictive physiology present
can range along a spectrum between different
patients so that all of the classical features may
not all be present from the outset particularly with
milder forms of constriction. Finally, it is also
worth pointing out that the degree of constrictive
physiology present is highly related to the particu-
lar fluid status of an individual at the time of
assessment — for example, constriction may be
very difficult to detect in the setting of hypovole-
mia. For the same reason, holding diuretic therapy
for several days prior to cardiac catheterization
may help unmask the underlying physiology.

Testing

Pericardial constriction clearly can be a difficult
diagnosis to detect and often requires multiple
different forms of testing.

Blood tests such as the inflammatory mark-
ers ESR and CRP can give an indication as
to the presence of ongoing inflammation.
Autoantibodies may help with assessment for
the presence of underlying connective tissue
disease. On the other hand, because brain natri-
uretic peptide (BNP) is produced mainly by the
left ventricle in response to wall stretch which is
constrained by the pericardium in the setting of
constriction, high level of BNP may points to an
alternative diagnosis such as restriction.

Electrocardiography findings in constriction
are nonspecific and include increased heart rate,
low-voltage QRS, repolarization abnormalities
with atrial fibrillation present in over one-fifth of
patients [1].
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Echocardiography is the first-line imaging
modality of choice to assess for constriction (see
Fig. 9.1) because of availability, utility and cost.
With good echocardiographic windows, a com-
prehensive transthoracic echocardiogram with
respirometry recording may be diagnostic so that
additional imaging modalities may not be
necessary.

Expected echocardiographic findings in con-
striction include a restrictive filling pattern of dia-
stolic trans-atrioventricular valve flow with high
E wave velocity and a short E wave deceleration
time (reflecting rapid early filling) with respiro-
phasic variation (reflecting both ventricular inter-
dependence and dissociation) (see Fig. 9.2).

Fig.9.1 Tubular deformity of the left ventricle in pericar-
dial constriction

Fig. 9.2 Respiro-phasic
variation due to ventricular
interaction in constriction
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Motion of the inter-ventricular septum in con-
striction is complex. A septal bounce can be seen
with every cardiac cycle and relates to abrupt
mid-diastolic cessation filling of both the left and
right ventricles due to pericardial restraint. This
is discrete from septal shift which varies with
each respiratory cycle. During inspiration, the
inter-ventricular septum shifts to the left due to
increased right ventricular filling (via ventricular
interdependence) and reduced left ventricular fill-
ing (via dissociation of intra-cardiac and intra-
thoracic pressures). The opposite leftward motion
of the inter-ventricular septum during expiration
accounts for the large reversals seen in diastolic
hepatic vein flow during expiration. In clinically
unsuspected cases, echocardiographic findings of
abnormal ventricular septal motion along with
increased pericardial thickness may often be the
first alerts that constrictive physiology is present.

Color M-mode demonstrates increased
propagation velocity of early diastolic trans-
mitral flow (reflecting rapid early filling).
Both ejection fraction and tissue Doppler
assessment of longitudinal function are typi-
cally preserved with constrictive physiology.
While E/e’ theoretically increases with wors-
ening diastolic function, this is not necessary
the case with constriction as e’ is preserved
(annulus paradoxus). Tethering of the lateral
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Fig. 9.3 Pericardial thickening (black arrows) and calci-
fication (white arrows) as demonstrated by CT

end is thickened pericardium may mean that
e’ is lower measured laterally compared to the
mobile inter-ventricular septum (annulus rever-
sus). Marked dilation and absent or diminished
collapse of the IVC and hepatic veins is a com-
mon finding in constriction (reflecting elevated
systemic venous pressures).

For more detailed anatomic assessment of
pericardial and associated structures, there is
perhaps no more useful noninvasive imaging
modality than cardiac CT. This is the most sen-
sitive modality to detect pericardial thickening
and pericardial calcification (see Fig. 9.3) which
as mentioned already are suggestive but not nec-
essary for the diagnosis of constriction. Indirect
anatomical finding such as tubular deformation
of the ventricles with prominent venous dilation
and accumulation of third space fluid would be
expected findings in constriction. Radiation
exposure with cardiac CT continues to decrease
via increasing use of more optimal CT tech-
niques such as EKG synchronization, perspec-
tive triggering as well as reduced tube voltage
where appropriate.
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Fig. 9.4 Pericardial enhancement and circumferential
thickening by MRI

Cardiac MRI can provide exquisite anatomical
and physiological detail in the setting of constric-
tion (see Fig. 9.4) with cine sequences capable
of demonstrating all of the functional changes
detailed above by echocardiography and with
phase encoding velocimetry capable of obtaining
information sooner to Doppler echo. Furthermore,
MRI sequences designed to assess for the pres-
ence of inflammation (T2 weighted sequences and
delayed gadolinium enhancement) may provide
useful information with regard to potential revers-
ibility of constrictive features [5]. These findings
suggest that role of cardiac MRI may prove to
be particularly useful for patients with increased
inflammatory biomarkers or for those with a short
duration of constrictive symptoms in whom inten-
sive medical therapy may have a higher likelihood
of success. Patients with constrictive pericarditis
that demonstrated pericardial late gadolinium
enhancement were noted to have greater fibro-
blast proliferation, chronic inflammation, pericar-
dial thickening and neovascularization [6].

Management

As mentioned, the mechanical effects of the peri-
cardium on the heart are diminished by avoiding
fluid overload. Not surprisingly, diuretics are
used as an initial temporizing preoperative ther-
apy as well as primary therapy for those patients
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who are not surgical candidate. Early stages of
pericardial constriction (recent onset) might have
an inflammatory component and might respond
to anti-inflammatory therapy. Regimens involve
triple therapy with a non-steroidal anti-
inflammatory agent such as ibuprofen, colchicine
as well as a slowly tapering course of high-dose
oral glucocorticoid have been used [7]. Emergent
data suggesting that early forms of constriction
may be reversible introduces a new concept of
transient constrictive pericarditis. For some
patients, the possibility of prevention of constric-
tion may be a new goal of treatment particularly
for those with an early diagnosis. It has been sug-
gested that such use of anti-inflammatory thera-
pies for early constriction may mean that
pericardiectomy may be avoided in up to 20-30 %
of patients with acute or subacute constriction
[8]. Such treatment may also potentially act in an
adjuvant manner by treating the inflammation
and reducing adhesion formation which theoreti-
cally might result in more optimal surgical out-
comes. The use of colchicine to reduce recurrence
rates of pericarditis may impact the natural his-
tory of pericardial disease and thereby serve to
limit the likelihood of chronic downstream
sequelae such as constriction [9]. As an etiology
for constriction, tuberculosis is rare in the devel-
oped world but if found would warrant a specific
and extensive course of appropriate antimicrobial
therapy.

Pericardiectomy is the definitive standard of
care for constrictive pericarditis with the aim of
resecting as much of the diseased pericardium as
is possible while attempting to prevent injury to
the underlying myocardium and adjacent struc-
tures such as phrenic nerve [10]. Most patients
have relief of symptoms early after pericardiec-
tomy. Indeed, an immediate and dramatic hemo-
dynamic improvement maybe apparent to the
surgical team even before the patient has left the
operating room. Operative outcomes are depen-
dent on patient selection as those with “end-stage
disease”, pre-operative myocardial dysfunction,
renal dysfunction or mixed constrictive restric-
tive disease have worse outcomes. Operative out-
comes are also influenced by etiology of the

123

pericardial disease with better outcomes found in
those with idiopathic or postsurgical constriction
as opposed to radiation induced disease.
Persistent heart failure symptoms may necessi-
tate continued medical therapy particularly in the
presence of post-operative left ventricular sys-
tolic dysfunction. Lastly, recurrent constriction is
rare but may indicate incomplete pericardial
resection or possibly epicarditis.
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Constructive Pericardial Heart
Disease-For Patients and
their Families

Introduction

Constrictive pericarditis or “constriction” is a
disease involving scarring or thickening of the
sac-like covering of the heart (the pericardium)
that has become so severe that it interferes with
the ability of the heart to fill with blood.

Constriction usually occurs in adults and may
be life threatening if untreated. It is most com-
monly caused by conditions associated with
inflammation of the pericardium such as prior
cardiac surgery (most common cause in the US),
viral pericarditis, no known cause (idiopathic),
prior chest radiotherapy, connective tissue dis-
ease and tuberculosis.

In order for the heart muscle pump to work
properly, it first has to be able to expand ade-
quately and fill up with blood. However, with
constriction, pericardial scarring prevents this
from happening. Eventually, blood is only able to
return to the right side of the heart (the venous
side of the circulation) under high pressure. Veins
under high pressure become leaky and that is
why constriction is associated with long-term
swelling of the ankles and legs (edema). This
may progress to swelling of the abdomen (asci-
tes) and abnormal liver function. With limited
heart filling comes limited heart pumping (low
cardiac output) which may cause patients with
constriction to complaint of fatigue, excessive
tiredness, weakness and difficulty breathing.
Such symptoms typically develop slowly and get
worse without treatment.

Constriction may limit the amount of exercise
that a patient is able to do. As the heart normally
expands with exercise (total cardiac volume
increases), the compressive effect of the pericar-
dium in constriction will be even more apparent
during any attempts to exercise. However,
because the disease process happens gradually,
the patient may not recognize themselves “slow-
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ing down” and may put this symptom down to
“being unfit” or “getting older”.

Diagnosis

Constrictive pericarditis can be a very difficult
diagnosis to make. This is because the signs and
symptoms are non-specific and may develop
slowly. Also, there is not simply one test that can
make the diagnosis and say that constriction is
present or not. It requires physicians to have a
high level of clinical suspicion particularly in
patients who have risk factors for constriction
such as prior cardiac surgery, viral pericarditis or
radiotherapy for example.

If other conditions are present (for example,
one fifth of patients may have an irregular heart
rhythm such as atrial fibrillation), this may make
it even harder to make the diagnosis. It is worth
pointing out that constriction exists along s spec-
trum of severity, so that all of the classical fea-
tures may not be present from the outset. For
these reasons, it is not uncommon for a diagnosis
of constriction to be delayed especially outside
specialist centers.

Sometimes the possibility of constriction may
be raised after patients undergo routine cardiac
imaging tests such as echocardiography.
Specialist assessment with more sophisticated
non-invasive imaging techniques such as cardiac
CT or MRI and/or invasive testing with cardiac
catheterization may be required to establish a
diagnosis.

Testing

The history and physical exam of a patient
with pericardial disease is covered in more
detail in Chap. 3 while the different forms of
testing to evaluate pericardial disease have
already been mentioned in Chaps. 4,5, 6 and 7.
Multiple different forms of testing may be
required to establish a diagnosis of constric-
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tion which, as mentioned, can be a difficult
diagnosis to make.

Lab testing may help exclude rarer causes of
pericarditis such as connective tissue diseases
and tuberculosis which are important to recognize
as specific additional treatments for such patients
may be required.

An echocardiogram test can help establish a
diagnosis of constriction by using sound waves
to create a moving picture of the heart. This test
does not involve any radiation exposure and is
usually carried out by a trained sonographer by
placing a probe on the chest wall (transthoracic
echo). Even more detailed pictures can be
obtained by a physician if a special echo probe is
passed down a patient’s throat (transesophageal
echo). These techniques allow two-dimensional
and 3-dimensional pictures to be obtained as
well as very detailed information about filling of
the heart.

A cardiac MRI uses radio waves and power-
ful magnets to image the heart and can provide
the clinician with excellent images to assess not
just the pericardium but the entire heart. Like
echocardiography, it does not involve ionizing
radiation such as X-rays. However, not all
patients will be able to undergo cardiac MRI for
safety reasons. Patients are screened prior to the
test and those with metallic foreign bodies
including aneurysm clips, pacemakers and cer-
tain types of implants for example are prohib-
ited. Cardiac MRI is demanding for patients
who are required to be able to lie still usually
within a narrow tube for up to 30-60 min as well
as to be able to follow careful breathing instruc-
tions. However, the advantage of this test is that
it can provide very useful information regarding
what the structure (“anatomy”) of the heart
looks like, as well as how the heart is function-
ing (“physiology”).

A cardiac CT scan is a non-invasive imaging
test involving X-rays that provides excellent ana-
tomical detail of the pericardium as well as the
entire chest cavity. Advantages include the fact
that it is a quick test (scanning time lasts sec-
onds). Also, unlike MRI, cardiac CT can detect
calcification which makes a diagnosis of constric-
tion more likely (although constriction can still be
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present in the absence of calcification). With car-
diac MRI and cardiac CT, a special dye (contrast)
is often given before the test through a vein (IV)
in your hand or forearm in order to allow the radi-
ologist see certain areas more clearly. Before
such contrast agents can be safely administered, it
is necessary to confirm that a patient’s kidney
function is satisfactory using a blood test.

For some patients, noninvasive imaging may
not be sufficient to make a diagnosis of constric-
tion and an invasive test called a cardiac cath-
eterization may be considered. Such testing is
usually performed as a day case procedure using
local anesthetic and mild sedation. This test
involves passage of a small hollow tube called
a catheter through a blood vessel in the arm or
groin from where it can be then be moved up to
the heart in order to measure pressures within the
heart chambers.

Management

Once a diagnosis has been made, the goal of
treatment is to improve heart function by reliev-
ing the constriction. The initial treatment for
constriction is usually conservative (treated
with medications). For example, the mechanical
effects of the pericardium on the heart in constric-
tion are diminished by avoiding fluid overload.
A low-sodium diet may also be recommended
to limit fluid accumulation, while diuretic medi-
cations (“water pills”) are often prescribed to
enable the body remove excess fluid more eas-
ily. For patients with constrictive pericarditis that
are suspected to have residual active inflamma-
tion, non-steroidal anti-inflammatory medica-
tion, colchicine and/or steroid medications may
be considered. It is increasingly recognized that
a portion of patients may have “transient” con-
strictive pericarditis that may resolve with medi-
cal therapy in the first instance. Occasionally,
the underlying explanation for the constrictive
pericarditis may be discovered to be due to
rarer causes such as connective tissue diseases
and tuberculosis that warrant additional regimes
such as immunosuppressive or anti-tuberculosis
medications.
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The definitive treatment of constrictive peri-
carditis is a type of surgery called a pericardiec-
tomy which involves cutting out or removing the
scarred pericardium overlying the constricted
heart muscle. This surgery is complex, requiring
hospital admission including admission to inten-
sive care unit for at least immediate postoperative
care. For some patients, they may have a history
of prior or multiple cardiac surgeries. Therefore,
pericardiectomy surgery is generally reserved for
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those who have not gotten better with medical
therapy and have persistent severe symptoms.
Seeking referral to a surgeon with considerable
sub-specialist expertise in this area is advisable
(Figs. 9.1,9.2,9.3, and 9.4).

Further patient information is available at:
www.nlm.nih.gov/medlineplus/healthtopics.html
www.nhlbi.nih.gov

www.americanheart.org
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The general approach to pericardial effusion once
itis recognized includes establishing the cause of
pericardial disease and assessing its hemody-
namic significance.

Recognizing the Presence
of Pericardial Effusion

Pericardial effusion can be recognized based on
clinical suspicion or it can be an incidental find-
ing on chest or cardiac imaging [1]. The follow-
ing clinical settings may indicate the need to
specifically evaluate for the presence of pericar-
dial effusion:

1. Cardiac arrest with pulseless electrical activ-
ity or asystole;

2. Chest discomfort and/or any signs of hemody-
namic instability in chest trauma, recent car-
diac surgery or percutaneous cardiac
intervention;

3. Any of the following when otherwise unex-
plained: chest pain, fever, dyspnea, and ele-
vated cardiac biomarkers;

4. Physical and electrocardiographic findings
attributable to pericardial disease; the latter
includes tachycardia, low voltage and electri-
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cal alternans (please refer to the correspond-
ing electrocardiography chapter);

5. Enlarged cardiac siluette or pleural effusions
on chest X-ray;

6. Any patient with ascending aortic dissection,
severe pulmonary hypertension, renal failure,
use of some medications, rheumatic diseases,
malignancy, or other systemic conditions when
pericardial effusion is thought to contribute to
presentation or have prognostic significance [2].

Establishing the Cause
of Pericardial Effusion

A structured approach helps to establish the
cause of pericardial effusion in most cases [1, 3].
A very aggressive approach as used in some stud-
ies has a high diagnostic yield but low clinical
relevance, especially for small effusions [4, 5].
Routine sampling of pericardial fluid is unneces-
sary [2, 6]. History and physical examination
often provide clues to the etiology of pericardial
effusion. For example, pericardium can be
involved in patients with active systemic malig-
nancy and malignant effusion should be strongly
considered in these patients [7]. Active or recent
infection, radiation therapy, rheumatic disease,
and recent acute coronary syndrome, cardiac sur-
gery or percutaneous cardiac procedure, all pro-
vide relevant clues to etiology [2]. A typical
clinical presentation, physical findings and elec-
trocardiographic changes commonly confirm the
diagnosis of acute idiopathic pericarditis [8].
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Comprehensive history and physical examination
Transthoracic echocardiography

Complete blood count, complete metabolic panel,
coagulation studies, inflammatory markers,
cardiac biomarkers, thyroid stimulating hormone

level, and chest x-ray

Human immunodeficiency virus (HIV) testing,
autoantibodies, blood cultures, viral testing,
tuberculosis testing, advanced chest imaging,
transesophageal echocardiography

Pericardial fluid sampling
Pericardial biopsy

?Pericardioscopy

Fig. 10.1 Stepwise parsimonious approach to diagnos-
ing the etiology of pericardial effusion

In one study, presence of ‘inflammatory’ signs
(characteristic chest pain, pericardial friction rub,
fever, and/or diffuse ST-segment elevation) in
patients with pericardial effusion was strongly
associated with acute idiopathic pericarditis [9].
We use parsimonious stepwise approach to
laboratory testing and imaging in patients with
pericardial effusion at our institution (Fig. 10.1)
[1]. Transthoracic echocardiography is the stan-
dard test in establishing the presence of pericardial
effusion, quantifying the size of the effusion and
assessing its hemodynamic impact [2]. The initial
tier of testing includes complete blood count, com-
plete metabolic panel, coagulation studies, inflam-
matory markers (erythrocyte sedimentation rate,
C-reactive protein), cardiac biomarkers, thyroid
stimulating hormone (TSH) level, and chest X-ray
[1]. In appropriate clinical settings, human immu-
nodeficiency virus (HIV) testing, autoantibodies,
and blood cultures are obtained. Advanced chest
imaging (CT scan, positron emission tomography
and magnetic resonance imaging) can be helpful
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in certain clinical situations, especially when
malignancy is suspected [10]. Besides, CT scan
and cardiac magnetic resonance can be used as
adjunct imaging modalities for assessing pericar-
dial effusion in some patients. They offer precise
effusion localization, quantification and tissue
characterization which is especially important for
loculated and complex effusions [11]. Tuberculosis
testing should also be considered in the right epi-
demiologic and clinical settings. Viral cultures
have little clinical significance and should not be
routinely obtained but they may be useful in some
patients (e.g., cytomegalovirus infection in trans-
plant patients) [2]. Transesophageal echocardiog-
raphy (TEE) can diagnose loculated effusion when

transthoracic echocardiography is limited (e.g.,

postoperative patients) and regional tamponade is

considered.

Simple clinical assessment has been shown to
assist in establishing the diagnosis: large effusion
without ‘inflammatory’ signs or clinical signs of
tamponade (jugular venous distention, hypoten-
sion, and/or pulsus paradoxus) commonly signifies
chronic idiopathic pericardial effusion (likelihood
ratio=20, P<0.001) whereas large effusions with
clinical signs of tamponade and without ‘inflam-
matory’ signs should raise the suspicion for malig-
nancy (likelihood ratio=2.9, P<0.001) [9].
Pericardial effusion sampling for diagnostic pur-
poses and occasionally pericardial biopsy should
be considered in following settings:
1. Concern for purulent and

pericarditis;

2. Clinical suspicion of neoplastic pericardial
effusion;

3. Moderate to large pericardial effusion in
patients with advanced HIV and/or immune
suppression;

4. Moderate to large or progressive pericardial
effusion in patients that are not responding to
initial therapy or when the tiered work-up is
inconclusive.

Pericardial fluid analysis can include Gram and
acid-fast bacilli stains and cultures, polymerase
chain reaction, tuberculosis-specific testing (e.g.,
adenosine deaminase, lysozyme, and gamma-
interferon), tumor markers, and cytology [2].
Contrary to common practice and unlike pleural
effusion work-up, cell count, lactate dehydrogenase

tuberculous
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and protein and glucose levels have not been
shown to be particularly useful in differential diag-
nosis and management of patients with pericardial
effusion [12]. Pericardioscopy allows a targeted
pericardial biopsy and it can potentially increase
the diagnostic accuracy of sampling (e.g., neoplas-
tic pericardial effusion) [13].

Assessing Hemodynamic
Significance of Pericardial Effusion

When evaluating the hemodynamic impact of
pericardial effusion one should take into account
the acuity of presentation. Acute accumulation of
fluid (within minutes to hours) rapidly exceeds the
pericardial stretch limit and commonly presents as
cardiogenic shock [14]. This dramatic presenta-
tion is called acute or surgical tamponade and it
requires immediate intervention. Chamber perfo-
ration during a percutaneous procedure is a good
example of acute tamponade. Blunt chest trauma
and ascending aortic dissection resulting in blood
accumulation within pericardium require prompt
surgical intervention and percutanous pericardial
effusion drainage is relatively contraindicated [2].
When pericardial fluid accumulates slowly (within
days to weeks) a large amount of fluid can be pres-
ent without dramatic lowering of the cardiac out-
put [14]. This can lead to subacute or medical
tamponade which requires careful assessment of
both clinical and imaging data to establish the
need for pericardial effusion drainage [15]. The
following discussion will elaborate the assessment
for subacute (medical) tamponade.

History and Physical Examination

Although many refer to pericardial tamponade
as a “clinical diagnosis,” the existing evidence
suggests that subacute tamponade is a difficult
diagnosis to make on mere clinical grounds.
Dyspnea is the cardinal symptom of subacute
pericardial tamponade, but it is very nonspecific
[16]. Other symptoms such as fever, cough, and
chest pain can occur and typically reflect the
underlying cause (i.e., pericarditis) rather than
pericardial fluid accumulation. Clinical findings
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of pericardial tamponade include tachycardia,
jugular venous distention, pulsus paradoxus,
and diminished heart sounds and all lack both
sensitivity and specificity. Tachycardia is com-
mon in hospitalized patients for many reasons
and it could be blunted by medications such as
beta-blockers. In a systematic review, the jugu-
lar venous distention had a pooled sensitivity of
76 % for cardiac tamponade [16]. Assessment of
jugular venous distention is limited by the expe-
rience of the observer; it can be difficult in some
patients, even for experienced clinicians [17,
18]. Besides, jugular venous distention is associ-
ated with other conditions causing shortness of
breath such as pulmonary hypertension and con-
gestive heart failure. While patients with acute
(surgical) tamponade rapidly progress to cardio-
genic shock, hypotension is rather uncommon in
patients with subacute tamponade who accumu-
late pericardial effusion within days to weeks.
On the contrary, many patients are hypertensive
due to high levels of circulating catecholamines
in response to hemodynamic stress [19, 20]. In
studies of pericardial tamponade, the mean sys-
tolic blood pressure ranged from 127-144 mmHg
[19]. According to a recent review, hypertensive
tamponade is seen in 27-43 % of patients [19].
Systolic blood pressure commonly decreases in
these patients after pericardial effusion drainage,
and treating the hypertensive response without
draining the effusion can be dangerous [19, 21].

Pulsus Paradoxus

Pulsus paradoxus is considered the cornerstone of
the clinical diagnosis of pericardial tamponade
[14]. Interestingly, it is not a “paradoxical” phe-
nomenon but an exaggeration of the physiologic
decrease in systolic arterial pressure with inspira-
tion. Under normal conditions, the decrease in
blood pressure is <10 mmHg, and it is explained by
phasic variation in the filling of the right- and left-
sided cardiac chambers related to intrathoracic
pressure changes with respiration. With tampon-
ade, the accumulating pericardial effusion restricts
cardiac filling and makes the respiratory variation
in the right and left ventricular filling more pro-
nounced and interdependent [ 14]. Pulsus paradoxus
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Fig. 10.2 Obtaining pulsus paradoxus as the difference
between intermittent and persistent Korotkoff sounds dur-
ing normal respiration

is measured by manual sphygmomanometer as the
difference between intermittent and persistent
Korotkoff sounds during normal respiration, not
with deep breathing (Fig. 10.2) [16]. A wide varia-
tion in the incidence of pulsus paradoxus has been
reported in patients with pericardial tamponade,
ranging from 12 to 75 % [22]. According to one
study, approximately 20 % of tamponade patients
had “low-pressure” cardiac tamponade defined as
low intrapericardial pressure and low post-drainage
right atrial pressure [23]. In “low-pressure” tam-
ponade patients, the incidence of jugular venous
distention was 22 % and pulsus paradoxus was
reported in only 7 % of patients [23]. Besides lim-
ited sensitivity for pericardial tamponade, pulsus
paradoxus is not very specific. A myriad of condi-
tions have been reported to be associated with pul-
sus paradoxus; a short list includes asthma, right
ventricular infarction, severe hypovolemia, con-
strictive pericarditis, restrictive cardiomyopathy,
pneumothorax, chronic obstructive lung disease,
and pulmonary embolism [15]. Some of these con-
ditions can also cause jugular venous distention
and tachycardia, common associated findings of
pericardial tamponade.
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Invasive and Imaging Data

Before the widespread use of echocardiography
invasive data using cardiac catheterization were
commonly obtained to confirm the diagnosis of
tamponade. Cardiac catheterization in tampon-
ade demonstrates equilibration of diastolic intra-
cardiac pressures and respiratory variation in
right and left-sided cardiac pressures correspond-
ing to pulsus paradoxus [2].

Echocardiography is currently the cornerstone
of hemodynamic evaluation of pericardial effu-
sion [2]. Normally, intrapericardial pressure is
lower than the central venous pressure. As peri-
cardial fluid accumulates the intrapericardial
pressure equilibrates first with the right sided fill-
ing pressures and then left-sided filling pressures
[16]. During tamponade, intrapericardial pressure
may temporarily exceed intracavitary pressure in
various chambers during cardiac cycle and result
in chamber collapse. Certain pitfalls should be
kept in mind when interpreting echocardiographic
findings. Transient buckling of the right atrium is
commonly seen in patients with pericardial effu-
sion and it is not specific [24]. A more sustained
collapse of the right atrium lasting at least one
third of the cardiac cycle appears to be more spe-
cific for cardiac tamponade [24]. Right ventricu-
lar early diastolic collapse is a less sensitive
finding but has a high specificity. Right ventricu-
lar outflow tract should be inspected carefully for
the signs of collapse since it is the thinnest area of
the right ventricle and M-mode echocardiography
should be used for precise timing. Left-sided
chamber collapse is much less sensitive but highly
specific for tamponade [2]. Importantly, a study
by Merce et al. showed that 34 % of patients with
pericardial effusion but without clinical features
of pericardial tamponade had at least one chamber
collapse on echocardiography [25]. Therefore, in
patients with pericardial effusion who have cham-
ber collapse, one should carefully document
respiratory flow variation across valves as a sign
of ventricular interdependence and interrogate the
inferior vena cava size and collapsibility as a sign
of elevated right-sided filling pressures (Fig. 10.3)
[26]. An abnormal filling pattern in the superior
vena cava with a markedly diminished diastolic
flow can also be observed. We define respiratory
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Fig. 10.3 Echocardiographic findings in pericardial
tamponade. (a) Transient inward motion of the right
atrium (arrow) is commonly seen in patients with peri-
cardial effusion and it is not specific for tamponade.
(b) A sustained collapse of the right atrium (arrows) last-
ing at least one third of the cardiac cycle is specific for

tamponade. (¢) M-mode echocardiography showing
diastolic collapse of the right ventricular outflow tract
(arrows) is specific for tamponade. (d) Respiratory varia-
tion in the mitral inflow velocities (arrow) and (e) vena
cava engorgement (arrow) are supportive signs for car-
diac tamponade
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variation in the inflow velocities conservatively as
>30 % across mitral valve and >60 % for tricuspid
valve [11]. These echocardiographic signs, when
present, increase the specificity of diagnosis [26].
Finally, the size of pericardial effusion seems to
be an important but frequently underappreciated
part of the echocardiographic assessment. In one
study of hospitalized patients with pericardial
effusion, the size of the effusion was the only
independent predictor of adverse in-hospital out-
comes in a multivariate model, but not chamber
collapse or inferior vena cava plethora [27]. We
define a moderate pericardial effusion as the larg-
est pocket between 1 and 2 cm at the end diastole
and a large effusion as >2 cm [1].

The diagnosis of cardiac tamponade may be
particularly difficult in patients with pulmonary
hypertension and right ventricular failure because
they commonly accumulate pericardial effusion.
Pericardial effusion in these patients is a marker
of adverse outcomes [28]. Common clinical find-
ings of pericardial tamponade such as tachycar-
dia and jugular venous distention may not be
helpful in differential diagnosis for shortness of
breath and progressive right-sided heart failure.
Collapse of the left-sided cardiac chambers has
been described as an important echocardio-
graphic clue to the presence of cardiac tampon-
ade in these settings [29]. Conversely, more
common findings of tamponade such as right
atrial and ventricular collapse can be masked by
elevated right-sided filling pressures. Poor out-
comes have been reported with routine draining
of pericardial effusion in these patients [30].

Integrative Approach
to Pericardial Drainage

The diagnosis of subacute pericardial tamponade
can be challenging because most patients are not
hypotensive and can actually be hypertensive. An
integrative approach that includes careful consid-
eration of both clinical and imaging data helps
clinicians to assess the hemodynamic impact of
pericardial effusion and the need for drainage
[1, 3, 15]. The decision making should include
the following factors:

E. Argulian et al.

1. Presence and timeline for symptoms (com-
monly dyspnea);

2. Supportive physical findings (jugular venous
distention, tachycardia, and pulsus paradoxus);

3. Etiology of pericardial effusion and response
to initial treatment;

4. Size of pericardial effusion;

5. Evidence of chamber collapse on echo-
cardiographys;

6. Supporting signs for pericardial tamponade on
echocardiography (respiratory variation in
velocities and flows, superior vena cava flow
pattern, engorgement of the inferior vena cava).
Percutaneous pericardiocentesis guided by

echocardiography is the intervention of choice in

many cases when pericardial drainage is desired.

Emergency pericardiocentesis in acute (surgical)

tamponade can be life-saving. A study summa-

rizing 21 year experience from Mayo Clinic
showed that echo-guided approach is rapid, safe
and effective with major complication rate of

1.2 % [31]. Extended catheter drainage has been

used in certain scenarios including neoplastic

pericardial effusion when intrapericardial

treatment is also occasionally employed [2].

Stepwise drainage of pericardial effusion is rea-

sonable in very large effusions and patients with

pulmonary hypertension to avoid acute right ven-

tricular dilation (‘decompression syndrome’) [2].

Surgical drainage is generally preferred in trau-

matic pericardial effusion, aortic dissection,

small effusions, recurrent effusions, and purulent
pericarditis [2]. In loculated (typically post-
surgical) effusions surgical approach or video-
assisted thoracoscopic pericardiectomy can be
used. Pericardial biopsy when necessary can be
done using surgical procedure or pericardioscopy

[2]. Post-drainage echocardiography is important

in assessing the efficacy of the procedure, possi-

ble complications and fluid re-accumulation, and
diagnosing constriction physiology.

Supportive Care
Promptly instituted treatment for presumed etiol-

ogy of pericardial effusion (i.e., anti-inflammatory
therapy in acute pericarditis) can result in
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improvement and defer the need for pericar-
dial drainage. The response should be moni-
tored by serial echocardiographic examinations.
Endotracheal intubation with positive pressure
ventilation requires great caution since it can mark-
edly reduce cardiac preload and result in rapid
hemodynamic deterioration [32]. Fluid resuscita-
tion should also be used cautiously. In a hemody-
namic study by Sagrista-Sauleda et al., 49 patients
with pericardial tamponade were given 500 mL of
intravenous normal saline before pericardiocen-
tesis [33]. Increase in cardiac index >10 % from
baseline was observed in 47 % of patients. The
improvement in cardiac index was modest and only
patients with systolic blood pressure <100 mmHg
got the benefit. Actually, 31 % of patients experi-
enced decrease in the cardiac output as the result
of volume expansion. Intravenous saline infusion
also consistently caused a significant increase in
intrapericardial pressure, right atrial pressure, and
left ventricular end-diastolic pressure [33].
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10 Pericardial Effusion and Tamponade

Pericardial Effusion and
Tamponade-For Patients
and their Families

Pericardial effusion refers to fluid accumulation
in the double-membrane pericardial sack which
surrounds the heart. Normally, there is little
amount of fluid that allows the heart to expand
and receive blood. Abnormal fluid or blood
accumulation in the pericardial sack can occa-
sionally compress the heart and impair normal
filling of heart chambers and therefore normal
heart functioning. This is referred to as ‘tam-
ponade’, a potentially life-threatening condi-
tion. Pericardial effusion can develop suddenly,
e.g., during a cardiac procedure when even a
small amount of accumulated blood around the
heart can cause compression; immediate inter-
vention is necessary in that case to relieve the
compression. Sometimes pericardial fluid accu-
mulates slowly, over day and weeks as a result
of infection, cancer spread, renal failure, or
some other causes. In those cases the symptoms
are less dramatic but commonly include short-
ness of breath. Other symptoms may include
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tiredness, chest pain, and fever. Certain findings
on physical examination and changes on elec-
trocardiogram and chest X-ray can be sugges-
tive of pericardial effusion. Ultrasound of the
heart (also called echocardiogram) is the most
commonly used diagnostic test to establish the
presence of pericardial effusion and to assess
the degree of heart compression. To establish
the cause of pericardial effusion the physician
will typically order certain diagnostic tests
which may include blood tests and occasionally
advanced imaging tests (such as CT scan).
Draining the pericardial fluid can be considered
in some patients for two reasons: (1) establish-
ing the diagnosis if the other tests are inconclu-
sive; and (2) relieving compression of the heart.
It is performed either by a needle or surgery.
During the former, a needle is introduced into
the pericardial sack commonly under the guid-
ance of ultrasound or X-ray. The physician may
decide to leave a tube (called a ‘drain’) in the
pericardial sack for several days to avoid re-
accumulation. The tube can be pulled out easily
once the amount of drainage from the pericar-
dial sack decreases significantly.
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The clinical scenario of a patient who presents
with symptomatic large pericardial effusion is
relatively common in hospital-based practice [1].
Two management questions usually emerge: (1)
should this effusion be drained?; (2) how should
we do it? Percutaneous drainage of pericardial
effusions with echocardiographic guidance has
emerged as a commonly employed therapeutic
and diagnostic option for these patients [2].
Echocardiographic guided pericardial drain-
age is a less invasive technique than subxiphoid
surgical pericardial window [3, 4]. Moreover
analysis of the pericardial fluid removed, espe-
cially with the advanced techniques now avail-
able will most often yield specific diagnostic
information. It is indicated for diagnosis and
symptomatic management of large pericardial
effusions both with and without tamponade.
Echocardiographic guidance of pericardial
drainage improves its safety. A first report came
from Callahan and coworkers at the Mayo Clinic
[3] which demonstrated the value of 2D echo-
guidance for pericardiocentesis in 117 patients.
Kopecky and colleagues then followed [4] with
description of pericardial catheter drainage in 42
patients; it was noteworthy that only six patients
(14 %) required subsequent surgical pericardiec-
tomy. More recent review described 1,127
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patients from a 21 year experience [5, 6]. The
most common etiologies for the effusion were
malignant 25 %, post operative 28 %, and cardiac
perforation from prior invasive procedure 14 %.
Virtually all of the patients had either tampon-
ade clinically or echocardiographic tamponade
(84 %). The recurrence rate was only 14 % for
the patients who had extended drainage. The
major complication rate was 1.2 %. Echo-guided
drainage has been extended to the pediatric popu-
lation [7].

Others have detailed their experience with
percutaneous echo-guided pericardial drainage
[8-23]. Comparison of surgical subxiphoid peri-
cardiostomy and percutaneous drainage has been
described [22, 23] though there has not been a
randomized trial. In these series, pericardial
drainage has generally performed well with little
advantage shown by the surgical technique. Allen
and colleagues found higher complication rates
with the percutaneous technique, but pericardial
drainage was not echocardiographically guided
[23]. A similar comparison was reported by
McDonald and coworkers [22]. This series was
retrospective and not randomized; moreover,
echocardiographic guidance was not universal.
Hospital mortality and effusion recurrence was
higher in the percutaneous group, but this could
be due to selection of patients [20]. Regardless, if
symptomatic pericardial effusion recurs, a repeat
drainage procedure can be performed or surgical
pericardiectomy may be selected at this time.

Surgery requires anesthesia and, often intuba-
tion. Risks of pneumonia and infection are
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increased. In the weakened patient this can result
in prolonged intubation, pulmonary infection,
morbidity (i.e., tracheostomy) and mortality. In
patients with hypotension or hemodynamic insta-
bility, induction of anesthesia may be complicated
by cardiac arrest. Surgical subxiphoid pericardi-
ectomy and drainage often requires prolonged
hospitalization and it is more painful. Also, in
patients with pericardial malignancy, potentially
prognosis-improving chemotherapy may be
started sooner with the percutaneous technique.

Anticoagulation During Pericardial
Drainage

Anticoagulation does not preclude performing
echo-guided pericardial drainage. A higher fre-
quency of late post-operative pericardial effusion
was thought to be due to anticoagulation. The
average INR in patients on anticoagulation was
2.28 at the time of percutaneous drainage; ongoing
anticoagulation is not a contraindication to percu-
taneous drainage [22]. In contrast, systemic anti-
coagulation would generally be reversed before
open windown pericardiectomy and drainage.

Exudate vs. Transudate, and
Conventional Microbiology

Analyses of the pericardial fluid specific gravity
(>1.015), protein level (>3.0 g/dL), fluid/serum
ratio >0.5, LDH >200 mg/dL, serum/fluid >0.6,
and low glucose can separate exudates from tran-
sudates, but are not directly diagnostic [15].
Purulent effusions with positive cultures have
significantly lower fluid glucose levels <60—
80 mg/dl, than non-infectious effusions. White
cell count is highest in inflammatory and infec-
tious diseases, and lowest in myxedema. In sus-
pected bacterial infections, gram stain and at
least three cultures of pericardial fluid for aerobes
and anaerobes as well as the blood cultures are
mandatory.
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Diagnostic Yield for Malignancy

History of prior malignancy particularly those in
the chest, or in lymphatic continuity with the
mediastinum will lead to a high suspicion of
malignant effusion. The chest CT scan offers
invaluable insight as to the likely etiology of
pericardial effusion. Whenever a large pericar-
dial effusion is found, chest CT with contrast
should be performed, before pericardial drain-
age, if time allows. Fluid cytology should be per-
formed on the fluid in all cases and yield is high.
For patients with high suspicion of malignancy
tumor markers (carcinoembryonic antigen,
alpha-fetoprotein, and carbohydrate antigens)
are also done. Concerning cytology, yield is
higher with more fluid sent for analysis. It is our
practice to send to cytology all the fluid remain-
ing after the basic analyses. In the study of
McDonald and coworkers, in patients with previ-
ously known malignancy, there was no differ-
ence in the frequency that malignancy was
confirmed with cytology in the percutaneous
group vs the open pericardiostomy group, 59 %
vs. 62 %. The lack of incremental yield occurred
despite pathological examination of the pericar-
dial specimens. Of 52 patients with open drain-
age only four (7 %) had negative cytology and
positive pathology. Their conclusion was that
this makes “selection of the open procedure for
enhanced diagnostic purposes a questionable
strategy” [22]. High frequency for finding malig-
nant cells in patients with malignant effusions
has also been reported by others [10, 15]. In
patients suspected of having malignant effu-
sions, Lindenberger and colleagues found malig-
nant cells in 82 % of cases and suspicious cells
in 7 % [10]. These investigators recommend per-
cutaneous drainage for the wider spectrum of
large effusions, including late postoperative
effusions (median 12 days post-op), uremia,
inflammatory disease, idiopathic as well as
malignant disease. Indeed, they would only
exclude immediate post-operative hemorrhagic
effusions.
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Specific Diagnosis of Tuberculosis
from Fluid Analysis

A definite diagnosis of tuberculous effusion
requires the demonstration of tuberculosis bacilli
in pericardial fluid or tissue. However, the diag-
nosis is probable in patients with the diagnosis of
active tuberculosis elsewhere in the body, most
commonly in the lung. In this regard the chest CT
scan with scrutiny for typical tuberculous
involvement is invaluable. Pericardial fluid with a
lymphocytic pericardial exudate with elevated
adenine deaminase (ADA) levels is highly sug-
gestive even if bacteria are not seen or grown.
Because of the relatively low yield of finding
tuberculous bacilli in fluid and because of slow
growth of the organism, serologic and DNA
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considerable attention [2, 24, 25]. Adenosine
deaminase is an enzyme particularly found in T
lymphocytes; it is a marker of enhanced cellular
immunity and thus elevated in tuberculous infec-
tions and pericardial effusions [24] (Fig. 11.1).
Various levels of ADA were tested as the cutoff
level for the diagnosis of TB, and using >30 U/L
was found to yield a sensitivity, specificity, PPV,
and NPV of 94, 68, 80, and 80 % respectively
[24]. However, elevated levels also occur with
rheumatoid arthritis, sarcoidosis, and in some
empyemas and a level of >40 is recommended by
Imazio [1].

Interferon-y (IFNy, or type II interferon) is a
cytokine that is critical for innate and adaptive
immunity against viral and intracellular bacterial
infections. IFNy is an important activator of mac-

diagnosis from the fluid has lately received rophages. The key association between
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interferon-y and granulomas is that interferon-y
activates macrophages so that they become more
powerful in killing intracellular organisms. Using
a cutoff level for IFNy of 200 pg/L as being diag-
nostic for tuberculous pericarditis resulted in a
100 % sensitivity and 100 % specificity for TB in
the study of Burgess et al. [24]. In a subsequent
publication this group found that a much lower
level, IFN y >50 pg/ml, concentration had 92 %
sensitivity, 100 % specificity and a positive pre-
dictive value (PPV) of 100 % for the diagnosis of
tuberculous pericarditis; in this study pericardial
fluid ADA >40 U/l had 87 % sensitivity and
89 % specificity [26].

Improved specificity is found with the poly-
merase chain reaction (PCR) that detects the
presence of tuberculous DNA in the effusion.
Lee et al. found a sensitivity of 75 % and a speci-
ficity of 100 % [25]. Others have reported much
lower sensitivity in documented tuberculous
pericarditis [26].

Thus, in suspected tuberculosis acid-fast
bacilli staining, mycobacterium culture or, ade-
nosine deaminase (ADA), interferon y (IFN vy),
PCR analyses, pericardial lysozyme, or radio-
metric growth detection for tuberculosis can be
performed on fluid depending on local availabil-
ity of analyses. Diagnosis of neoplastic effusion
can be made confidently with low levels of ADA
and high levels of CEA. In addition, high ADA
levels may predict the evolution towards
pericardial constriction.

Complications of Pericardiocentesis
and Drainage

Pericardiocentesis with echocardiography guid-
ance is more often feasible when the effusion
extends to the anterior pericardial space with
>1 cm thickness of the effusion. Cases of locu-
lated effusion or purely posterior effusion are
best referred for surgery if drainage is necessary.
In pericardial drainage appropriate case selection
decreases complications. The most feared com-
plication of 2-D echo guided catheter drainage is

M.V. Sherrid

chamber perforation, which occurs infrequently,
16 patients (1.4 %) in the largest experience of
1,127 patients. Of these five (0.4 %) had lacera-
tions that required surgery and one patient died
postoperatively [5]. This complication may be
avoided by careful selection of patients. Avoid
patients without a clear target, a >1 cm anterior
effusion under the needle. Moreover, the >1 cm
clearance should be maintained throughout the
cardiac cycle. Avoid patients with just posterior
effusions. Monitor the ECG and if ventricular
arrhythmias occur withdraw the needle. If perfo-
ration does occur and the catheter is placed in the
right ventricle, the best course of action is to
insert another catheter correctly into the pericar-
dial space. Once its correct position is assured,
withdraw the first catheter. Generally the right
ventricular puncture will seal. If hemopericar-
dium recurs after drainage at any time surgery
should be done. Pneumothorax is also a possible
complication of echo-guided pericardial drainage
occurring in 1.1 % of patients. Of these five
(0.4 %) of the patients required chest tube for
lung re-expansion. This may be avoided by
selecting an interspace that is directly over a
large, clearly visualized, pericardial effusion,
with minimal distance for the needle to traverse.

Another serious complication of pericardio-
centesis is laceration or perforation of the coro-
nary vessels. In addition, patients can experience
air embolism, pneumothorax, arrhythmias (usu-
ally vasovagal bradycardia), and puncture of the
peritoneal cavity or abdominal viscera. Internal
mammary artery fistulas, acute pulmonary
oedema, and purulent pericarditis are rarely
reported.

Safety has been improved with echocardio-
graphic or fluoroscopic guidance. Recent large
echocardiographic series reported an incidence
of major complications of 1-1.6 %. In contrast,
in a large series of fluoroscopy-guided percutane-
ous pericardiocenteses, cardiac perforations
occurred in <1 %, serious arrhythmias in 0.6 %,
arterial bleeding in 1.1 %, pneumothorax in
0.6 %, infection in 0.3 %, and a major vagal reac-
tion in 0.3 % [2, 27].
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Additional Intrapericardial Therapy
for Malignant Effusions

Malignant pericardial effusion and tamponade may
complicate breast cancer, lung cancer, lymphomas,
Kaposi’s sarcoma and leukemias. For many of
these patients life expectancy is measured in weeks
not years. Returning these patients home as soon as
possible is an important goal. Reducing symptoms
and improving the quality of life are the primary
goals of treatment. Additional treatment besides
drainage should be selected based on prognosis,
and success rates. Oncologists, radiotherapists, and
palliative care physicians should be consulted. For
long-term prevention of recurrences, extended
catheter drainage for several days seems to allow
the two pericardial surfaces to adhere, decreasing
the likelihood of fluid re-accumulation. Local
installation of chemotherapeutic agents into the
pericardial space is a reasonable approach for
patients with overall expected shortened survival.
Systemic chemotherapy or radiation therapy should
be started as soon as possible for sensitive tumors.
Therapeutic approaches vary for different tumor
types. Use of ‘pure’ sclerosing agents like tetracy-
cline has been replaced by agents with both scle-
rosing and antineoplastic activity (bleomycin or
thiotepa), effective in breast cancer, at least when
associated with systemic chemotherapy. Local che-
motherapy with platinum, mitoxantrone, and other
agents may have a role for local control, but begin-
ning or resuming systemic chemotherapy may be
the most important goal. Surgical window pericar-
diectomy is appropriate for patients with recurrent
symptomatic re-accumulation.

Technique [3, 6, 28]

The patient is placed in a shallow right anterior
decubitus position by placing a pillow or wedge
underneath the right shoulder. Two-dimensional
echocardiography is performed, specifically search-
ing for the area of the chest wall where the pericar-
dial fluid is closest to the skin [3, 4] (Fig. 11.2a).
Our preferred location is at the apex of the left ven-

143

tricle. As pericardial fluid accumulates, the lung is
pushed out of the way and the apex becomes com-
pletely occupied by the pericardial -effusion
(Fig. 11.2). An excellent ultrasound window offers
assurance that one is not over the lung. This window
often extends as far as the left anterior axillary line
in very large effusions. The pericardial fluid is gen-
erally 2-3 cm below the skin in this location. Other
sites of entry are possible, including the parasternal
spaces and the traditional subxiphoid entry. The
subxiphoid route always requires a longer needle
track with associated discomfort and demands a
more precise direction of needle angle. The para-
sternal spaces, while completely accessible, require
one to avoid the internal thoracic artery [29]. We
have generally required an effusion >1 cm in the AP
direction. Attempting to place the needle in a
smaller effusion risks hitting the heart.

The ideal interspace is chosen and a mark is
made there with an indelible marker. With the
transducer showing a “straight shot” into pericar-
dial fluid one observes the transducer angle rela-
tive to the center of the chest: both medial-lateral
and #2 cranio-caudad. Note also how far from the
skin the fluid would be expected, and also the dis-
tance to the heart. Next, the ultrasound gel is
cleaned off and the patient is prepped and draped.

The site of entry is just over the top of the rib.
Local anesthesia is instilled, including both the
skin and the intercostal muscle. The patient is
lightly sedated. A Y2cm incision is made with a
#14 scalpel blade.

The pericardiocentesis needle is gently inserted
through the incision with the precise angle that
had been indicated by the echo probe (Fig. 11.2b).
The trocar is left in place until the needle is almost
at the depth where fluid might be expected. It is
then removed and gentle aspiration is applied
using a 3 cc syringe. The pericardium is usually
entered with a small pop. Once pericardial fluid is
found, it is important to keep the needle still to
avoid lacerating the heart. One advantage of the
apical route is that the coronary arteries are small
at the apex and there is less danger of lacerating a
major coronary artery. Such a complication is
more likely from the parasternal entry.
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Fig. 11.2 The technique of echocardiographic guided
pericardial drainage: (a) Using the 2D echocardiographic
transducer the physician searches for the interspace loca-
tion on the chest wall with the closest access to the large
pericardial effusion. Generally the fluid will be 2-3 cm
from the transducer. The transducer angle, cranio-caudad
and medial-lateral from the center of the chest is noted.
The interspace location is marked with a marker. The
patient is prepped and draped. (b) Local anesthesia and
low dose sedation is administered. Using the same posi-
tion and angle noted above, the pericardial needle is gen-

Bloody fluid is often aspirated in patients
who have malignant effusions or post-surgical
cases. However, on close inspection or after

tly advanced over the top of the rib into the pericardial
space. (¢) A J wire is advanced though the needle and into
the pericardial space. If fluoroscopy is available the J wire
is noted to course from the left side into the right without
any intervening boundaries. This is a good confirmer that
the wire is in the pericardial space and not in the heart. A
sheath is placed over the wire, using standard Seldinger
technique. Agitated saline may be injected at this point.
(d) The pigtail catheter is then advanced into the pericar-
dial space and evacuation of the fluid is begun (Reproduced
with permission from Sherrid et al. [28])

spinning, the fluid is serosanguineous not frank
blood. Throughout the insertion of the needle
and the sheath, a nurse observer watches the
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electrocardiogram; the occurrence of ventricu-
lar tachycardia, indicates that the heart has been
hit and the needle should be withdrawn.

A guide wire with a small J is placed through
the needle into the pericardial space (Fig. 11.2¢).
If the procedure has been done in the cardiac
catheterization laboratory, typically the wire is
seen to pass from the left chest into the right chest
on fluoroscopy, as there are no intracardiac bor-
ders to confine it. This is a good marker of entry
into the pericardial space. The needle is removed
and then, using standard Seldinger technique, a
sheath and introducer are inserted into the peri-
cardial space and the guide wire and introducer
are removed, leaving just the sheath.

At this point agitated saline may be injected
into the sheath to confirm location during echo-
cardiography recording. This may also be done
earlier, when just the needle is in place. It is not
necessary to record the echocardiographic transit
of the needle and sheath because the needle and
sheath are rarely clearly seen. A pigtail catheter
6-8 F is inserted through the sheath and the
sheath is withdrawn (Fig. 11.2d).

Removal of the Fluid

The first aliquot should go for bacterial and fun-
gal culture, Gram stain, AFB smear and AFB cul-
ture. The next aliquot should go for cells, protein,
sugar and LDH. The last aliquot, the largest,
should be sent in its entirety to the cytology labo-
ratory. If tamponade had been present, after
removal of 200 cc, the patient’s vital signs will
often improve. The catheter is then sewn to the
chest wall with three restraining sutures and
taped thoroughly. The need for multiple restrain-
ing sutures and a loop cannot be overemphasized,
to avoid inadvertent removal of the catheter. The
fluid is collected by gravity drainage or attach-
ment to a Hemovac collector.

The catheter is left for at least 3 days until
fluid drainage is <30 cc/day. This allows for
apposition of the two layers of the pericardium
with each other. This apposition fosters fibrous
adhesions to form between the two layers of the
pericardium and prevents new fluid accumula-
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tion. Adhesions are also the mechanism whereby
surgical window pericardiostomy works, as well.
After surgical pericardiostomy, the window
closes after several days. To avoid clotting of the
catheter, 3 cc of heparinized saline should be
injected, using sterile technique, and left in the
pericardial tube every 8 h.

There may be oozing of pericardial fluid
around the catheter through the insertion site.
This is not of concern, and we have not seen
infections. It is managed by sterile dressing
changes. If there is suspicion of malignancy, we
generally wait until the cytology returns. If cytol-
ogy is positive, in many cases, after consultation
with the oncology service, we will inject intra-
pericardial bleomycin 30 units diluted in 50 cc
normal saline, or thiotepa may be indicated. This
is done to foster adhesions between the visceral
and parietal pericardium. However, others indi-
cate that bleomycin is not necessary to prevent
recurrence [5].

When the catheter is removed the sutures are
cut and the catheter is simply pulled back. Gentle
pressure is placed on the entry site for a minute
and then a small dressing is placed. Chest x-ray is
obtained afterwards.
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11 Echocardiography-Guided Pericardial Drainage

Echocardiography-Guided
Pericardial Drainage-For
Patients and their Families

Your doctor has told you that there is fluid accu-
mulating in the sac that surrounds your heart.
This sac is called the pericardial space. The
fluid is called a pericardial effusion. It may be
compressing your heart and causing you symp-
toms of shortness of breath, chest pain or weak-
ness or you may have mild chronic symptoms.
Regardless, your doctor has recommended that
the fluid should be removed to improve your
symptoms, and that the fluid should be analyzed
to determine the cause of the fluid collection.
How then should this be done?

There are two choices. Either you doctor will
recommend a small surgical procedure called a
pericardial window, or the fluid can be drained
through the skin using a catheter guided by
echocardiography- ultrasound of the heart. The
judgment of which of these two techniques to use
is guided by a variety of issues: size of the effu-
sion, presumed cause of the effusion, results of
xrays and CT scans you may have had, other ill-
ness you have had, and local expertise of the doc-
tors caring for you. If your doctor recommends
echocardiography-guided pericardial drainage
here is what you can expect.

The whole procedure should take 60-90 min.
It may be done in your regular hospital bed, or in
the echocardiography or catheterization labora-
tory. You may be sedated, but general anesthesia
is usually not needed. First, echocardiography
cardiac ultrasound will be performed, you prob-
ably have had this before, but this exam will be
focused on finding the specific place on your
chest wall where a catheter (thin tube) can be
safely inserted into your chest wall and into the
pericardial sac to drain the fluid. Once the site is
determined the physician operator will inject
some local anesthesia into the skin and subcuta-
neous tissues. This may hurt a bit. Then he/she
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will use a longer needle to find the fluid, insert a
sheath, and then a catheter into the sac. He may
ask for echocardiography or fluoroscopic (xray)
pictures at this point to assure that the catheter
has gone to the right spot. You will feel some tug-
ging and pressure in your chest wall during this
period. You might feel more severe discomfort. If
you do, please ask for intravenous pain medica-
tion to ease the pain.

After the tube is well positioned drainage of
the fluid begins. The physician will send samples
in bottles to various laboratories for analysis. The
catheter usually is hooked up to a removal device
called a Hemovac, though sometimes only grav-
ity bag is used to drain the sac. The catheter is
sutured to your chest wall to prevent you from
accidentally pulling it out. A dressing is applied.
Your doctors may inject a blood thinner into the
catheter to keep it from clotting.

Back on the hospital floor the collecting bag is
emptied and measured. Almost always the vol-
ume of fluid draining decreases over time. The
duration the tube remains in is a judgment that
will be made by your doctors, but it can stay in
for 5-7 days if necessary. Generally it comes out
at 4 days, after the tests have returned. There is a
benefit to the days of drainage: the two surfaces
of the pericardium tend to adhere during this
period which may prevent recurrence of fluid.
Removal of the catheter is generally painless,
though there might be a short burst of discomfort
as it is removed.

In the vast majority of patients this sort of
drainage is definitive and all that is needed.
However, in ~15 % of patients fluid re-
accumulates along with symptoms and another
procedure needs to be done. This could be
another echocardiography-guided pericardial
drainage procedure or a surgical window. On
occasion, a surgical procedure may be needed for
another reason: to establish a diagnosis of why
the fluid has collected if the diagnosis has not
been established by the first drainage procedure.
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Introduction

The pericardium is an important structure of
unique interest to the cardiac surgeon who rou-
tinely encounters its elegant design. The pericar-
dium itself is a lubricated compartment that
protects the heart by maintaining its position in
the chest and limiting dilation from volume
overload. It is <2 mm thick and composed of col-
lagen and elastin [1]. The visceral and parietal
layers are contiguous with each other at the ori-
gins of the great vessels. Entry into the pericar-
dium for surgery reveals not only the heart but
also other structures of anatomic significance.
Openings are present at the superior vena cava,
inferior vena cava, pulmonary artery, and aorta.
The phrenic nerves adhere to the pericardium
laterally and are critical for preservation of respi-
ratory function [2].
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The pericardium has the unique quality of
passive noncompliance [2]. Surgery of the pericar-
dium is mainly required for hemodynamic effects
of a pressurized sac around the heart that can occur
with the presence of fluid or constriction.

Resection of Pericardial Cysts,
Tumors, and Congenital Defects

Rare conditions of the pericardium occasionally
require surgical intervention. Pericardial cysts
are fluid-filled sacs that are often located at the
pericardiophrenic angle, more commonly on the
right side [3]. Generally, these are of little clini-
cal significance. These cysts may form as a result
of inflammation, bacterial infection, trauma, or
cardiac surgery. Most cysts are discovered inci-
dentally. Symptoms can occur and may include
chest pain, dyspnea, cough, or palpitations [4]. If
symptomatic, surgical excision is indicated and
may be performed in an open or minimally inva-
sive fashion [5].

Cardiac neoplasms are also rare, found in
1-3 % of patients at autopsy [6]. The pericardium
itself may have primary or metastatic tumors that
require resection [7]. Mesothelioma is the most
common primary malignancy of the pericardium
[7]. Symptoms such as chest pain, constrictive
pericarditis, or cardiac tamponade have been
described [7]. Malignant pericardial effusion is
most often caused by metastatic cancer.

Congenital defects of the pericardium occur
in 1/10,000 autopsy specimens, with 70 % of
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these defects occurring on the left side [8, 9]. A
partial defect may be symptomatic and can be
complicated by herniation and strangulation of
the heart through the defect. Total deficit of the
pericardium occurs in 1/14,000 births and these
patients are usually asymptomatic [9]. They are
at risk for traumatic type A aortic dissection
[10]. Patch replacement of the pericardium (peri-
cardioplasty) has been described with good suc-
cess [11, 12].

Mediastinal Exploration

Exploration of the mediastinum and opening of
the pericardium are required in a variety of clini-
cal settings. These include trauma, iatrogenic
injury, postoperative cardiac surgery, and aortic
dissection.

Trauma

Traumatic pericardial effusion after blunt or pen-
etrating injury is a rare but clear indication for
drainage and possibly exploration [13—15]. In the
current era, diagnosis of a traumatic injury may
still be difficult despite rapid ultrasound, echo-
cardiography, and computerized tomography
scans. Prompt drainage is important regardless of
method and early identification of injury is the
key [16]. Traumatic cardiac rupture requiring
repair has been found in up to 5.7 % of patients
who require drainage [16].

latrogenic Injury

Iatrogenic injury to the heart can occur after
catheter-based procedures and may require surgi-
cal intervention. Percutaneous cardiac procedures
are complex and rapidly advancing in the current
era. Transseptal puncture to access the left heart
takes place during electrophysiology procedures
on the left atrium. Percutaneous transaortic valve
replacement and valve dilations involve complex
vascular access and imaging techniques. Guide
wires, sheaths, dilators, balloons, leads, or abla-
tion techniques may result in cardiac injury [17].
The incidence of perforation in atrial fibrillation
ablation is reported as 6 % [18]. Pacemakers have
an incidence of perforation of 1.7 % [19]. When
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fluid accumulates in the pericardial space after
catheter-based procedures, it is usually a result of
cardiac perforation [17]. It is important to remem-
ber that in traumatic situation <100 cc of fluid in
the pericardial space can cause hemodynamic
compromise [20, 21]. Similar to traumatic injury,
prompt recognition is the key. These injuries are
routinely treated by percutaneous drainage alone.
However, depending on the location and size of
injury, median sternotomy and exploration may
be required [17].

Postoperative Tamponade

Cardiac surgeons open the pericardium in order to
access the heart. Although drainage tubes are left
within the mediastinum after surgery, coagulopa-
thy and postoperative bleeding can occur. This is
more common after long cardiopulmonary bypass
times and complex procedures. Strict criteria for
reoperation for bleeding are maintained in order
to prevent complications and organ dysfunction in
the postoperative period. In addition, surgeons
must carry a high suspicion of tamponade in
patients with significant or persistent high-volume
bleeding initially who have a sudden drop in out-
put with corresponding hemodynamic changes.
These may include: equalization of right and left
heart pressures, low cardiac index, low mixed
venous saturation, tachycardia, hypotension
requiring increased pressors, and elevated central
venous pressure. A stat chest x-ray (CXR) or
echocardiogram may confirm tamponade but this
is ultimately a clinical diagnosis. Patients are
promptly returned to the operating room for evac-
uation of hematoma and exploration through the
previous sternotomy incision.

Postpericardiotomy syndrome is another situ-
ation in which inflammatory fluid accumulates in
the pericardial space after surgery. This syn-
drome occurs in a delayed fashion after cardiac
surgery and has been documented in up to 1.5 %
of patients [22] (Fig. 12.1).

Despite over 70 years experience of cardiac
surgery, the question of pericardial closure after
cardiac procedures has not been definitively
answered [23]. Some surgeons close the pericar-
dium, others do not, and many believe that neither
is of clinical significance. There has been little
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Fig. 12.1 Computerized tomography scan of the chest
demonstrating a patient with delayed pericardial effusion
after cardiac surgery resulting in hypotension, low cardiac
output, and bilateral pleural effusions with atelectasis

scientific study and no clinical randomized trials.
What is known is that the pericardium maintains
compliance and the integrity of the Starling curve
as it limits hypertrophy with exercise. It is struc-
turally protective with mechanical membranous
and ligamentous function. Benefits of closing the
pericardium include making potential reoperation
safer with fewer adhesions, return of the mediasti-
num back to the original setting, and the possibil-
ity of improved hemodynamics [23]. Others are
concerned that closure results in increased risk of
tamponade, negative hemodynamics, increased
use of inotropes, and possible graft compromise
[23]. Tension- free substitutes do exist but come
with financial cost and possible infectious com-
plications [23].

Aortic Dissection

Pericardial effusion and tamponade may occur in
the setting of Type A aortic dissection. In this set-
ting, surgery for the dissection should be per-
formed immediately rather than drainage of the
hemopericardium, which may result in further
bleeding [4].

Pericardial Window
The etiology of pericardial fluid causing com-

pression varies and includes infections, post-
irradiation sequelae, collagen vascular diseases,
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Table 12.1 Etiology of pericardial disease [25]

Congenital
Congenital anomalies and defects
Pericardial cysts
Acute and chronic pericarditis
Effusive +/— tamponade
Idiopathic
Uremic
Infectious
Pyogenic
Tuberculosis
Viral
Neoplastic

Associated with systemic disease (connective
tissue disease)

Traumatic
Radiation
Constrictive +/— effusion
Idiopathic
Infectious
Previous cardiac surgery

Fig.12.2 Chest x-ray of a patient with a large pericardial
effusion from idiopathic pericarditis. Note the marked
cardiomegaly and obscured left diaphragm

myocardial infarction, and malignancy [24-30]
(Table 12.1). Medical therapy may be started ini-
tially but large effusions associated with pericar-
ditis may be unresponsive to non-steroidal
anti-inflammatory drugs, corticosteroids, or col-
chicine [29]. The diagnosis of a large pericardial
effusion can be made from CXR, computerized
tomography (CT) scan or echocardiography
(Fig. 12.2). The definitive treatment for large
pericardial effusions or cardiac tamponade is
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Fig. 12.3 Example of pre- and post-operative chest
x-rays in a patient who underwent open surgical drainage
via sub-xiphoid pericardial window. Note the position of

pericardial drainage. If hemodynamic compro-
mise has occurred, medical treatment has failed,
or a diagnosis is needed, then intervention is
required. The specific presence of purulent peri-
cardial fluid may have a distinct effect separate
from tamponade physiology and has a character-
istically high mortality without drainage [31].

An open surgical procedure offers several
advantages. Firstly, complete drainage can be
achieved. There is ample access to pericardial tis-
sue for histopathological and microbiological
diagnoses. Loculated or mixed effusions can be
evacuated (Fig. 12.3). There is little risk of trau-
matic injury as there is direct visualization of the
pericardial space.

Sub-Xiphoid Pericardial Window

Sub-xiphoid pericardial window, or subxiphoid
pericardiostomy, is a common approach to peri-
cardial drainage [25-29, 32]. General anesthesia
is preferred for this procedure, but it may be per-
formed with monitored or local anesthesia [33].
Rapid induction can proceed with careful atten-
tion to blood pressure throughout the process.

the long flexible drain lying behind the heart and marked
decrease in the large cardiac silhouette

The patients are placed supine during the proce-
dure. If the patient is suspected to be in true car-
diac tamponade, the patient’s chest is often
prepared and draped for surgery while he remains
awake. In case of hemodynamic collapse upon
induction, rapid evacuation of fluid may be per-
formed. Sub-xiphoid drainage under local anes-
thesia is also an acceptable choice for patients
who are unstable.

Technique

A midline incision is made from the xiphisternal
junction to below the tip of the xiphoid.
Alternatively a 5 cm transverse incision can be
made at the tip of the xiphoid [1]. The upper
linea alba is divided in the midline and the
xiphoid is incised or completely resected. The
tissue plane between the posterior wall of the
sternum and the anterior pericardium is devel-
oped by blunt finger dissection. The distal ster-
num is then elevated for visualization of the
pericardium. The anterior pericardium is grasped
directly and incised to drain the fluid. Culture
swabs, fluid analysis, and cytology specimens
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Fig. 12.4 Diagram of the incision site and technique for performing a sub-xiphoid pericardial window. Direct visual

access of the pericardium and pericardial space is available

are collected. Pericardial fluid is analyzed for
hematocrit and cell count, amylase, lactate dehy-
drogenase, protein, glucose, culture, and cytol-
ogy. The pericardial space is then evaluated by
direct vision, digital exam, and echocardio-
graphic visualization if needed. The pericardium
may be explored digitally to identify adhesions
or tumor deposits. The optional use of intraop-
erative transesophageal echocardiography may
facilitate removal of complex loculated collec-
tions and can insure complete drainage. A piece
of pericardium is excised, typically 4-5 cm in
size (Fig. 12.4). A single chest tube is placed
through the pericardiotomy, exiting the body
through a separate incision. Both firm large bore
and soft flexible drains may be used to insure
optimal drainage, particularly in the case of a
bloody effusion. The chest tube is left in place
for several days after the operation until the

drainage is minimal, usually <50 cc/day. This
time period is the key to this procedure. The irri-
tative nature of the chest tubes within the space
can help form adhesions between the pericar-
dium and epicardium to help prevent recurrence.
The chest incision is closed in two layers and
covered with sterile dressings.

Outcomes

Multiple retrospective studies over the past
25 years have reviewed outcomes of subxiphoid
pericardial window, after its initial success in
providing drainage and preventing recurrent effu-
sion. Early studies, however, reported 30-day
mortality rates of up to 20 %, with deaths due to
associated cancer rather than the procedure itself
[34]. Current studies show 30-day mortality of
0.8-4.8 % [27, 35, 36] and a recurrence rate of
2-10 % [35-37].
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Fig. 12.5 Diagram of the incision sites and technique for
performing a video-assisted thoracoscopic pericardial
window. Note the visualization of the pericardium within
the chest cavity and the area of pericardium available for
resection

Risk factors for short-term mortality include
the occurrence of postoperative low cardiac out-
put syndrome (PLCOS). This syndrome is early
and rapid cardiac failure after relief of tamponade
and can occur in up to 4.8 % of patients [36]. It
accounted for all the postoperative deaths (0.8 %)
in a recent study [27]. The mechanism for this
complication is not completely clear but is likely
due to chronic external support of the heart by
pericardial fluid. When this support is removed,
the heart may immediately overdilate, resulting
in systolic dysfunction and failure. These patients
need close monitoring, as the mortality from this
syndrome is very high.

Complications of the procedure include recur-
rence and transient arrhythmias [36]. Constrictive
pericarditis develops in up to 3 % of patients who
survive after 1 year, most commonly in those
patients with tuberculous pericarditis or non-
tuberculous bacterial pericarditis [27]. Direct
injury to the heart may occur in 0.8 % and requires
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median sternotomy for treatment [27]. Wound
infections may occur in up to 5 % of patients [27].

Underlying disease, specifically malignancy,
is an important risk factor for decreased survival
after subxiphoid pericardiostomy [28]. The pres-
ence of malignant pericardial effusion leads to
limited life expectancy; better survival is found in
those patients who have malignant cells but no
tumor in the pericardium [38]. The type of malig-
nancy also plays a role: patients with hemato-
logic malignancy were found to have significantly
longer survival when compared with patients
with other malignancies [36]. Metastatic lung
cancer to the pericardium has been shown to have
a very poor survival rate, particularly when com-
pared to other cancers [28, 39]. Detectable malig-
nant invasion of the thorax on CT scan and
positive echocardiographic findings compatible
with tamponade are two independent risk factors
for poor outcome [28].

Comparison with Percutaneous Drainage
The optimal management for pericardial effu-
sions with acute pericardial tamponade remains
controversial. The two most commonly per-
formed techniques include subxiphoid window
and percutaneous catheter drainage (Table 12.2).
Percutaneous catheter drainage may be per-
formed with local anesthesia and requires a nee-
dle to be placed in the pericardial space, usually
under echocardiographic guidance. A guide wire
can be inserted and a drainage catheter is passed
over the wire [40].

Multiple studies have directly compared these
two techniques (Table 12.3). Allen et al. per-
formed a direct comparison of the two proce-
dures in 1999 [35]. The mortality, complication,
and recurrence rates were significantly higher for
percutaneous drainage (4.3, 17.3, and 33.3 %,
respectively) than for subxiphoid drainage (0,
1.1, and 1.1 % respectively) [35]. This same
study combined published collected data from
1977 to 1999 and found 560 patients undergoing
subxiphoid pericardial window for pericardial
tamponade. These patients had a mortality rate of
0.6 %, a complication rate of 1.5 %, and a recur-
rence rate of 3.2 % [35]. Percutaneous catheter
drainage (331 patients) demonstrated increased
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Table 12.2 Advantages and disadvantages of subxiphoid pericardial window vs. percutaneous catheter drainage [24—

Disadvantages

¢ General anesthesia (or local anesthesia
with sedation for unstable patients)

More invasive

* Higher complication rate (blind needle
placement)

28, 35, 37, 41]
Advantages

Subxiphoid * Direct visualization

pericardial

window * Access to pericardial tissue for histopathological .

and microbiological diagnoses

¢ Evacuation of loculated or mixed effusions
¢ Less risk of traumatic injury

Percutaneous ¢ Local anesthesia

catheter

drainage ¢ Less invasive

¢ Immediate relief of symptoms

* Higher recurrence rate

Table 12.3 Outcomes data of surgical subxiphoid window vs. percutaneous drainage of pericardial effusions [35,

37, 41]

Date Patient number
Subxiphoid
Combined (Allen) [35] 1977-1995 560
Allen [35] 1999 94
McDonald [37] 2003 150
Saltzman [41] 2012 72
Percutaneous
Combined (Allen) [35] 1984-1999 331
Allen (included in 1999 23
combined) [35]
McDonald [37] 2003 96
Saltzman [41] 2012 121

mortality, morbidity and effusion recurrence of
4.3, 10.6, and 13.9 %, respectively [35].
Subxiphoid pericardiostomy is a safe and durable
technique for chronic effusion despite the less
invasive nature of the percutaneous drain.

Others studies concur that recurrent effusion
is more frequent in the percutaneous versus the
open group, (28.9 % vs. 2.8 %), [41] and (15.6
and 4.7 %) [37]. Mortality rates that are higher in
the percutaneous group are difficult to extract
from data as variable comorbid conditions and
hemodynamic states leading to percutaneous
drainage are confounding factors. It has been
shown that extended catheter drainage may help
decrease this rate of recurrence in percutaneous
techniques, likely secondary to the inflammatory/
adhesion forming qualities of the drains them-
selves [42].

Mortality (%) Morbidity (%) Recurrence (%)
0.6 1.5 32
0 1.1 1.1
10.7 0.1 4.7
19.8 26.4 2.8
4.3 10.6 13.9
4.3 17.3 333
229 3.1 15.6
18.1 4.9 28.9

Ultimately, an individualized, patient-centered
approach is necessary in making decisions about
percutaneous versus open procedures. Patients
with positive cytology on previous pericardio-
centesis or a limited lifespan where recurrence is
unlikely may benefit from percutaneous drain-
age. Effusions that are loculated, posterior, or of
mixed density, may be better served with an open
subxiphoid window. The presence of malignancy,
direct invasion of the pericardium, poor long
term prognosis, and clinical conditions all play a
role in this decision process.

Thoracoscopic Pericardial Window

An alternative technique to subxiphoid window is
video-assisted thoracoscopic surgery (VATS)
drainage of pericardial fluid into the pleural space.
Anesthesia preparation is more complicated and
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time-intensive. It requires bronchoscopic-directed
placement of a double-lumen endotracheal tube to
achieve single lung ventilation. Lateral decubitus
positioning is also required. Thoracoscopy is per-
formed through a 10-mm camera port placed in
the seventh intercostal space in the mid-axillary
line. The pericardial resection and any addition-
ally procedures are completed through one or two
working incisions. A section of pericardium
approximately 4-5 cm in diameter is resected
anterior to the phrenic nerve, which creates a win-
dow into the pleural space [43] (Fig. 12.5). A flex-
ible chest tube may be placed into the pericardial
space along with a pleural tube. Alternatively, a
single chest tube may be placed into the pleural
space for drainage of both cavities.

This procedure has specific advantages and
disadvantages. One benefit of the thoracoscopic
approach is that it allows simultaneous access to
the pleural and pericardial spaces, which is help-
ful in the setting of large pleural effusion or con-
comitant pleural disease. Thoracoscopy affords
better visualization of the pleural cavity and peri-
cardium, which allows for more direct sampling
of suspicious sites [43, 44]. The entry into another
body cavity is a potential disadvantage depend-
ing on the co-morbidities of the patient. Generally,
sub-xiphoid windows are preferred in a setting in
which the patient is unstable to avoid the pro-
longed anesthetic and preparation time that is
associated with VATS.

In a study of 71 patients directly comparing
sub-xiphoid and VATS, O’Brien et al. found sig-
nificant differences in complication rates [44].
The sub-xiphoid group had a 2 % morbidity rate
while the VATS group had a 27 % morbidity rate
[44]. Complications included pneumothoraces,
an on-going air leak requiring discharge with a
Heimlich valve, and readmission for self-limited
drainage from the chest tube site. The 30-day
mortality rate was 13 and 0 % for subxiphoid and
VATS, respectively, but all mortalities were non-
specific to the procedure and were attributed to
advancing malignancy or worsening of underly-
ing medical illness in the absence of recurrent
effusion [44]. Patients with greater comorbidities
were selected for sub-xiphoid drainage.
Recurrence was similar in both groups (10 % of

S.K.Balaram et al.

the sub-xiphoid group and 8 % of the VATS).
Malignant effusions were found to have a greater
risk of recurrence [44].

A recent study found that limited survival is
not a contraindication for VATS pericardial win-
dow as selected patients could achieve improve-
ment through palliation [45]. Prognostic factors
of poor survival included pericardial cytology
with metastatic involvement of the pericardium,
similar to other studies [44, 28]. Others have
found that there are few differences in recur-
rences or complications, but that operative time is
longer for VATS [46].

In summary, the sub-xiphoid approach is sim-
pler, faster, and slightly less morbid. This is the
preferred approach if the patient’s life expectancy
is likely to be limited due to major comorbidities
or extensive metastatic disease. In contrast, those
patients with benign disease, malignancy that has
not metastasized extensively or is responsive to
chemotherapy, and those who require concomitant
intrapleural procedures, would benefit from
VATS [44] (Table 12.4).

Pericardiectomy

Indications

Constrictive pericarditis is a rare but severely
disabling condition of the pericardium leading to
impaired filling of the ventricles and reduced
ventricular function [4]. The majority of cases of
constrictive pericarditis are idiopathic [4, 47].

Table 12.4 Advantages and disadvantages of thoraco-
scopic pericardial window [43, 44]

Advantages Disadvantages

e Simultaneous access ¢
to pericardial and
pleural spaces

e Better visualization -
of pericardium and
pleural cavity

Prolonged anesthesia time

Double lumen tube
placement for single
lung ventilation
Lateral decubitus
positioning

¢ More direct sampling -
of suspicious sites

* Concomitant * Increased morbidity in
thoracoscopic presence of comorbid
procedures conditions or extensive

metastatic disease
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Patients present with symptoms such as dyspnea,
orthopnea, jugular venous distention, or ascites.
CXR or CT scan may confirm a thickened or cal-
cified pericardium, a classic diagnostic feature
of constrictive pericarditis [4]. However con-
striction may present in up to 18 % of patients
with normal pericardial thickness [48]. True
constrictive physiology is best defined at cardiac
catheterization with findings as described in pre-
vious chapters. The hallmarks of constrictive
physiology are equalization of diastolic pres-
sures in the ventricles and a dip plateau pattern
(square root sign) of the ventricular filling pres-
sure curves [1]. Pericardiectomy for constrictive
pericarditis corrects hemodynamic abnormali-
ties and can produce dramatic clinical improve-
ment [47].

Pericardiectomy is indicated once the diagno-
sis of constrictive pericarditis has been estab-
lished. Constrictive pericarditis is irreversible
and surgical resection is the only effective treat-
ment. Surgeons are sometimes consulted to eval-
uate patients for pericardiectomy who have
frequent and highly symptomatic recurrences
that are refractory to medical therapy [4].
Recurring pericarditis management relies on
exercise restriction and is treated medically with
NSAIDS, colchicine, and/or corticosteroids [4].
Patients who are deemed candidates for surgery
should be on a steroid-free regimen for several
weeks prior to surgery. Patients with little physi-
ologic effects and significant comorbidities
should be delayed until more significant symp-
toms occur. This is especially true in the case of
radiation-induced pericarditis, in which the myo-
cardial tissue is affected [1, 49].

Technique

Pericardiectomy is performed under general
anesthesia. Anesthetic considerations are similar
to other routine cardiac procedures except for the
use of short acting muscle relaxants. It is helpful
to have minimal paralysis during dissection near
the phrenic nerve. TEE is used routinely to evalu-
ate changes in cardiac size and function and, spe-
cifically, to assess the tricuspid valve which may
require repair for severe regurgitation and chronic
right heart failure [50].
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Cardiopulmonary bypass is usually on standby
and surgeons will reserve it for extremely diffi-
cult dissections, reoperations, or concomitant
required cardiac surgery. Pericardiectomy is most
commonly approached through a median ster-
notomy, which provides excellent exposure. Left
thoracotomy or bilateral anterior thoracotomy
approaches have also been used. Finding the
proper plane can be very difficult; the plane
between the parietal and visceral layers is avas-
cular. Serious bleeding and/or injury can result if
the epicardium is penetrated. Sometimes the pari-
etal layer may be very densely adhered to the epi-
cardium with heavily calcified spicules. These
areas can be rongeured, but total removal is often
hazardous. The dissection plane in a post-radiated
heart provides further challenges to complete
decortication [50, 51].

A key step in this procedure is that resection
should begin with the left ventricle first. Specific
right ventricular dilatation and failure can result
when the right ventricle is freed from its pericar-
dial restraints before the left ventricle is freed.
This would allow for increased filling of the right
ventricle in the setting of persistently increased
right ventricular afterload. Pulmonary edema and
right ventricular failure due to outflow obstruc-
tion can occur if the right ventricle is released
first [1]. Ultimately the goal is to do as complete
a resection as safely possible, with decortications
of both ventricles, both atria, and both cava
(Fig. 12.6). Care should be taken to visualize and
preserve both phrenic nerves. Hemostasis should
be achieved and chest tubes left in place. Utilizing
a pulmonary artery catheter, the adequacy of the
pericardial resection can be evaluated by measur-
ing mean arterial pressures and RV end-diastolic
pressures before and after completion of the
operation. Perioperative low output cardiac fail-
ure can usually be managed with inotropic medi-
cations and occasionally the use of an intra-aortic
balloon pump if needed.

Manipulation of the heart can lead to hemody-
namic instability in these patients. The need for
cardiopulmonary bypass (CPB) must be consid-
ered during this procedure and initiated if neces-
sary. This is straightforward in the setting of
median sternotomy in which the aorta and right
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Fig. 12.6 Diagram of the incision site (median sternot-
omy) allowing access to the entire heart for pericardiec-
tomy for constrictive pericarditis. The anterior, lateral,
and inferior pericardium should be excised to allow for
complete release of the constrictive process

atrial appendage are available for cannulation.
The femoral artery and vein are also sites of
potential cannulation for bypass. It must be
remembered that cardiopulmonary bypass emp-
ties the heart and may make dissection of the
pericardium more difficult. However, it prevents
hemodynamic shifts with lifting and dissection
that can cause poor organ perfusion and postop-
erative dysfunction. CPB requires full anticoagu-
lation with heparin and can increase bleeding,
coagulopathy, and a generalized systemic inflam-
matory response.

This surgery is often technically demanding
and tedious. There is potential for myocardial
injury, phrenic nerve injury, and coronary artery
injury. With longstanding disease there can be
remodeling of myocardial anatomy. Changes in
filling can also contribute to failure. These
patients require intensive care monitoring post-
operatively with constant hemodynamic assess-
ment and early cardiac support if needed. This
may include vasopressors and inotropic
medications.

Outcomes
In the current era, pericardiectomy for constric-
tive pericarditis has a mortality rate of 6-14 %
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Table 12.5 Outcomes data for pericardiectomy for con-
strictive pericarditis

Long-term
Author  Years N  Mortality  survival
Bertog 1977-2000 163 6 88 % T-year
Ling 1936-1990 313 14 % N/A
Szabo 1988-2012 89 7 6 % 2-year
George  1995-2010 98 7.1 82 %]1-year

64 % 5-year

49 % 10-year
Gopaldas 1998-2008 13, 7.5% N/A

593

Tokuda  2008-2012 346 10% N/A

[48, 50-57]. The complete normalization of
cardiac hemodynamics can be expected in about
60 % of patients [58, 59]. In a recent study,
George et al. found that a 5-7.6 % morality with
1, 5, and 10-year survival of 82, 64, and 49 %,
respectively [54] (Table 12.5).

Several factors have been found to be risk fac-
tors for poor outcome, including high NYHA
class, female sex, and the underlying etiology of
the effusion [53]. Inflammatory and idiopathic
etiologies have the best outcome, while post-
radiation patients fare the worst [53]. The need
for CPB is also associated with increased mortal-
ity [54]. Poor prognosis has been associated with
increased age, decreased left ventricular systolic
dysfunction, elevated pulmonary artery pressure,
and increased creatinine [52]. Other studies have
confirmed that age [50], preop NYHA class [58,
60-62], and hepatic [62] and renal dysfunction
[61] are important. Recently, diabetes mellitus
and high early diastolic inflow velocity have been
shown to predict high mortality [63]. In 2013,
Gopaldas et al. published a nationwide outcomes
study of over 13,000 pericardiectomy patients
[55]. He found that after risk adjustment, age,
female gender, comorbidity index, and primary
diagnosis were significant predictors of in-
hospital mortality and complications [55].

Complications of pericardiectomy include
direct myocardial injury during dissection which
can lead to cardiac failure and bleeding. Failure
to achieve complete resection may result in sub-
optimal hemodynamic changes. Low cardiac out-
put syndrome (LCOS) is the most significant
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Idiopathic

Survival

0.2 ~

0 T

Postradiation

Miscellaneous

Postsurgical

0 5

10 15

Years After Pericardiectomy

Number at risk

Idiopathic 75 48
Miscellaneous 12 10
Post-surgical 60 38
Post-radiation 15 6

Fig. 12.7 Kaplan-Meier curves showing a significant
difference (log-rank test, p=0.0075) in overall survival of
patients after pericardiectomy, based on the presumed

complication. It is likely due to myocardial atro-
phy as the heart is chronically externally sup-
ported; once released the heart is subject to over
dilation and failure [64]. However, this is not the
only issue as it does not explain why patients
with constrictive idiopathic disease have much
better outcomes after surgery than other groups.
LCOS occurs in 14-28 % of patients after peri-
cardiectomy [64]. It is rapid, and can lead to sys-
temic heart failure and death [64]. The treatment
is supportive care [64].

Although complete pericardiectomy is techni-
cally challenging and can cause significant hemo-
dynamic compromise, it has been found that
smaller operations are more poorly tolerated and
that a less aggressive pericardiectomy is a risk
factor of overall survival [65]. Furthermore, reop-
erative pericardiectomy has a significant and
nearly prohibitive early mortality. Cho et al.
showed in 41 patients who presented for reopera-
tive pericardiectomy had a 30 day morality of
12 % with a 5 year survival of only 4 % [66]. Risk

30 21
10 5
24 9

0 0

cause of constrictive pericarditis (Permission obtained
from Elsevier Ltd. [52])

factors for these patients included high NYHA
class 3 or 4 and less than 1 year between opera-
tions [66]. It is clear that a simple anterior peri-
cardiectomy is not sufficient release to normalize
cardiac function. Those who survive total peri-
cardiectomy do better in the long term. Patients
with underlying restrictive cardiomyopathy and
pulmonary hypertension can have a more compli-
cated course.

The etiology of the constriction relates
directly to survival (Fig. 12.7). Patients with
constrictive pericarditis due to radiation injury
have markedly reduced late survival [51]. Many
post radiation patients have myocardial fibrosis,
restrictive cardiomyopathy, coronary artery dis-
ease, and valvular heart disease [58]. If pericar-
ditis is secondary to radiation, it is important to
consider that the underlying cardiomyopathy is
still present even after release of the heart.
Postoperative recovery for patients with previ-
ous radiation is complicated by poor lung func-
tion and chest wall fibrosis. Long-term survival
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of these patients demonstrates 40 % 5- year
survival and 11 % 10- year survival [54].

Overall survival is also related to the duration
of symptoms. If the indication for surgery was
established early, long-term survival after
pericardiectomy may correspond to that of the
general population [50].
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Surgical Management of Pericardial
Disease-For Patients and their
Families

The pericardium is a double-layered membrane that
covers the heart. Excess fluid in the space between
the pericardium and the heart is referred to as a peri-
cardial effusion. This can result from a variety of
illnesses including bacterial infections, cancer, a
reaction to radiation, or a heart attack. The initial
management of pericardial effusions is usually with
medicines such as NSAIDs or steroids; however, if
the effusion is not controlled with medicine or a
diagnosis is needed, surgery is required.

Too much fluid in the cavity can also lead
to compression of the heart called ‘pericardial
tamponade’. This is a potentially dangerous
condition as it prevents the heart from beating
normally and providing enough blood flow to
the body.

The definitive treatment for large pericardial
effusions or pericardial tamponade is drainage
with a surgical procedure. These procedures open
up the pericardium and allow complete drainage
of the fluid, thereby relieving the pressure on the
heart. The surgical procedures allow for sam-
pling of the pericardial tissue for biopsy and less
risk of injury to the heart when compared with
placing a needle or thin catheter into the pericar-
dial space. Pericardial fluid is sent to the labora-
tory for analysis of its contents and to try and
determine what caused the fluid to accumulate.

Sub-Xiphoid Pericardial Window

General anesthesia is usually preferred for this
procedure. However, a sub-xiphoid pericardial
window can be performed with local anesthesia
and adequate sedation if the patient is unstable.
The patient is placed lying on his back during
the procedure. The procedure is as follows: a
small incision is either made vertically over the
xiphoid (a bone that hangs off the bottom of the
ribcage in the center of the chest) or horizontally
right below where the xiphoid ends. The surgeon
will then use his fingers to gently dissect down to
the heart. The pericardium is cut and the fluid is
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drained and sent for culture and analysis. The
pericardium is then explored for adhesions or
tumor deposits before cutting out a small piece,
creating a “window”. A chest tube is placed
through the window and through a separate skin
incision, exiting the body. The chest tube is left in
place for several days after the operation until the
drainage is minimal, at which time it is removed.

Possible complications from this procedure
include developing air between the lung and
chest cavity (pneumothorax), irregular heart
rhythms (arrhythmia), or damage to the heart
muscle. Recurrence of the effusion is also pos-
sible, although the rates of this are very low with
this technique.

Another commonly performed technique for
pericardial fluid drainage is percutaneous cathe-
ter drainage. Percutaneous catheter drainage is
performed under local anesthesia and is achieved
with either blind placement of a needle into the
pericardial space using anatomical landmarks or
with an ultrasound. A wire is passed through the
needle and a drainage catheter is passed over the
wire. The wire and needle are removed and the
catheter is secured. There are more complica-
tions with this procedure when compared with
the sub-xiphoid pericardial window such as dam-
age to the heart and a higher chance of recurrence
of the effusion. However, very unstable patients
may have more benefit from this procedure.

Thoracoscopic Pericardial Window

Another procedure that is used for drainage of
pericardial effusions is thoracoscopic drainage of
pericardial fluid into the spaces surrounding the
lungs (pleural space) and out through a chest
tube. General anesthesia must be used in these
cases and the time of the procedure is longer
because of positioning and other simultaneous
lung procedures. Thoracoscopy, or visualizing
the lung and heart through a small camera, is
achieved with two to three small incisions allow-
ing a camera and small instruments into the chest
cavity. A piece of pericardium approximately 4
cm in diameter is cut away and a chest tube is
placed in the pleural space. Post-operative
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management is similar to that of the sub-xiphoid
technique.

Advantages of this procedure include simulta-
neous access to both the pleural and pericardial
spaces, better visualization of the pericardium
and more direct sampling of anything that looks
suspicious (for example, cancer). However, entry
into two cavities is also potentially a disadvan-
tage, especially in patients who have many medi-
cal problems or those who are unstable. Again,
sub-xiphoid pericardial window is the preferred
procedure in the setting of an unstable patient.

Total Pericardiectomy

Constrictive pericarditis is a rare but severely dis-
abling disease of the pericardium. The pericar-
dium is a membrane that forms the cavity in
which the heart lives. Normally this cavity is
filled with a small amount of fluid and the peri-
cardium is usually soft and pliable allowing the
heart to expand when filling with blood and con-
tract when ejecting the blood out to the rest of the
body. In constrictive pericarditis, there has been
some insult to the heart leading to a stiffening of
the pericardium and this does not allow the heart
to move properly. Most importantly, it leads to an
impaired filling of the ventricles and a reduced
ventricular function. The majority of cases of
constrictive pericarditis are of unknown cause
(idiopathic). When a cause can be identified, it is
most commonly seen in patients who have had
open-heart surgery. Patients may have symptoms
such as shortness of breath with activity; some
may be short of breath with lying down. When
these symptoms are present, patients need a thor-
ough evaluation. CXR and CT scans are some of
the initial tests which may be used. Constrictive
physiology is best diagnosed by measuring spe-
cific heart pressures using a catheter placed
through the groin into the heart (cardiac
catheterization).

Pericardiectomy, or removal of the pericar-
dium, is indicated once the diagnosis of constric-
tive pericarditis has been established. True
constrictive pericarditis is irreversible and surgical
resection is the only effective treatment. The man-
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agement of recurring pericarditis relies on exer-
cise restriction and medicines such as NSAIDS,
colchicine, and/or corticosteroids. Patients with
little physiologic effects and significant comor-
bidities should be delayed until more significant
symptoms occur. This is especially true in the case
of radiation-induced pericarditis. Unfortunately,
the radiation effects do not stop at the pericar-
dium. The myocardium, the heart muscle itself, is
often affected as well. The chest wall and lungs
can also be damaged with radiation. In the 20 % of
patients that develop constrictive pericarditis sec-
ondary to radiation therapy, the operative mortal-
ity is high (21 %) and the postoperative 5-year
survival is very low (1 %).

Pericardiectomy Technique
and Outcomes

Pericardiectomy for constrictive pericarditis cor-
rects the hemodynamic abnormalities and can
produce dramatic clinical improvement. Pericar-
diectomy is performed under general anesthesia.
The technique is still an area of considerable con-
troversy. The heart-lung machine is usually on
standby and surgeons will reserve it for extremely
difficult dissections, reoperations, or if concomi-
tant intracardiac surgery is required. The two
main incisions are either through a median ster-
notomy, which is an incision going through the
middle of the sternum, or a thoracotomy (i.e., left
thoracotomy or bilateral anterior thoracotomies),
which is an incision on either side through the rib
spaces. Most commonly the median sternotomy
is used. Ultimately the goal is to do as complete a
resection as safely possible, with removal of the
pericardium covering both ventricles, both atria,
and both vena cava. Chest tubes are left in place
after surgery to drain residual fluid.
Pericardiectomy for constrictive pericarditis
has a mortality rate of 6-12 %. Overall survival is
related to the duration of symptoms. If the indica-
tion for surgery was established early, long-term
survival after pericardiectomy corresponds to
that of the general population. Several factors
have been found to be independent predictors of
overall survival. These include: constriction
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caused by radiation, age, congestive heart failure,
and kidney function.

Complications of pericardiectomy include
direct myocardial injury during dissection, which
can lead to cardiac failure and bleeding. Failure to
achieve complete resection may result in subopti-
mal hemodynamic changes, but the extent of dis-
section heavily depends on being able to safely
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remove the pericardium. A serious condition called
low cardiac output syndrome can develop after the
dense covering is removed from the surface of the
heart. This can cause the heart to overfill and lead
to poor blood flow out of the heart and organ dys-
function of the kidneys and liver. This syndrome
may be treated with intravenous medications or
more significant cardiac support systems.
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Pericardial disease is a broad term that describes
a wide range of pathologies. The clinical aspects
of pericardial disease encompass acute pericardi-
tis, pericardial tamponade, pericardial effusion,
constrictive pericarditis and effusive-constrictive
pericarditis. These disorders differ not only in
clinical presentation but also in the timeline of
disease development; e.g., pericardial tamponade
is commonly an acute, life-threatening event,
whereas constrictive pericarditis is a chronic pro-
cess developing over months to years. Therefore,
pericardial disease management is challenging
for most clinicians. The evidence base in the field
is relatively scarce compared with other disease
entities in cardiology. European Society of
Cardiology released guidelines for the diagnosis
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and management of pericardial diseases [1].
Currently, there are no guidelines from American
cardiology societies to help clinicians in manag-
ing pericardial disease. In this chapter we outline
a unified, stepwise pathway-based approach for
the management of pericardial disease [2]
(Fig. 13.1).

The Advanced Cardiac Admission
Program

The “Advanced Cardiac Admission Program
(ACAP)” was launched at St Luke’s Roosevelt
Hospital Center in New York, in 2004. It consists
of a series of projects which have been devel-
oped to bridge the gap between published guide-
lines and implementation during “real world”
patient care (available at: www.nycardiology-
pathways.org). The pericardial disease manage-
ment pathway is the ninth project of the ACAP
program [2].

How to Use the Pathway
Entering the Pathway

Despite the broad range of pericardial patholo-
gies, there is a limited number of clinical pre-
sentations that would make a clinician suspect
pericardial disease (Fig. 13.2). We assigned
each clinical presentation a certain pathway
which starts with patient’s complaints and
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The CHASER pathway for the management of St.Luke's
Pericardial diseases Roosevelt
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Fig. 13.1 Novel “CHASER” pathway for the management of pericardial disease. The figure outlines a unified, step-
wise pathway-based approach to pericardial disease management

continues along the lines of further work-up, include chest pain, hypotension/arrest, dyspnea,
diagnosis, and management. Typical clinical and right-predominant heart failure. Incidental
presentations in patients with pericardial disease finding of pericardial effusion during imaging
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Fig. 13.2 Entry points into the pericardial disease pathway. The entry points based on the initial clinical presentation

form “CHASER” acronym

study is also a common clinical scenario.
Figure 13.2 outlines the entry points into the
pericardial disease management pathway. The
timeline of symptom development is a contin-
uum ranging from acute, immediate presenta-
tion to subacute and chronic symptoms. A
systematic approach to patients with suspected
pericardial disease starts with the chief present-
ing complaint and is followed by a history tak-
ing, physical examination, electrocardiogram
(EKG), and echocardiography. Further diagnos-
tic testing is tailored to the initial findings.

The following are the five entry points:

. Chest Pain

Acute pericarditis should be considered in the
differential diagnosis of any patient present-
ing with chest pain along with other etiolo-
gies. The chest pain algorithm of the pathway
is outlined in Fig. 13.3. The diagnosis of
acute pericarditis relies on the following four
cardinal features: characteristic chest pain
which is pleuritic and positional, friction rub
on physical examination, characteristic evolv-
ing EKG changes (Table 13.1), and pericardial
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Fig. 13.3 Evaluation of chest pain in patient
with possible acute pericarditis. A stepwise
algorithm outlines evaluation and manage-
ment of chest pain patients suspected to have
acute pericarditis
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Table 13.1 EKG features of acute pericarditis

Stage 1: diffuse ST segment elevation and PR segment
depression

Stage 2: normalization of ST segment changes
Stage 3: diffuse T wave inversion
Stage 4: normalization of T wave changes

EKG indicates electrocardiogram

effusion demonstrated by echocardiography
[3-5]. Presence of at least two of these fea-
tures is usually diagnostic of acute pericardi-
tis. Most cases of acute pericarditis in the
western world are idiopathic or viral but other
causes should also be considered [6]. Initial
testing in all patients with acute pericarditis
should include tier 1 testing (Fig. 13.3) [7].
Positive cardiac biomarkers indicate myocar-
dial involvement. Inflammatory markers such
as C-reactive protein can be followed sequen-
tially to monitor disease progression and
response to treatment. Typical treatment
includes nonsteroidal anti-inflammatory
agents at full doses for 7-10 days [1]. We rec-
ommend the following doses: ibuprofen 600-
800 mg every 6-8 h for 7-10 days or aspirin
800 mg every 6-8 h for 7-10 days. In post-
myocardial infarction pericarditis, aspirin is
preferred. In patients without contraindica-
tions, colchicines at a dose of 1-2 mg first
day followed by 0.5 mg daily or twice daily
for 3 months should be given as it reduces the

rate of recurrence substantially [5, 8].

Corticosteroids increase the likelihood of
relapse and should be avoided unless specifi-
cally indicated (e.g., in patients with connective
tissue disease) [5, 9]. Patients with idiopathic or
viral pericarditis usually respond promptly to
treatment. Patients with persistent symptoms or
with atypical clinical features are more likely to
have other causes of pericarditis such as con-
nective tissue disease and should undergo tier 2
testing as seen in Fig. 13.3 [10]. Those tests
include imaging studies such as computed
tomography scan of the chest or magnetic reso-
nance imaging [1]. Corticosteroids can be used
as a last resort for those patients if no specific

cause was found [1].
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2. Hypotension, Syncope, or Pulseless Electrical

Activity Arrest

Patients with tamponade can have an acute,
dramatic presentation like patients with acute
ascending aortic dissection involving the peri-
cardial sac, or these patients can present with
subacute symptoms of chest pain, dyspnea,
and syncope like patients with neoplastic peri-
carditis. Cardiac tamponade should be sus-
pected in any patients with hypotension,
collapse, and pulseless electrical activity
arrest (Fig. 13.4), and high-risk conditions
commonly associated with tamponade should
be specifically thought (Table 13.2) [11].
These include blunt chest trauma, recent pro-
cedure/intervention (e.g., electrophysiology
procedures and coronary interventions), chest
surgery, and aortic dissection. Neoplastic peri-
cardial effusion, tuberculous pericarditis, and
uncommonly idiopathic pericarditis can prog-
ress to tamponade. Physical examination find-
ings should focus on pulsus paradoxus, jugular
vein pressure, and lung auscultation. EKG
findings may include low voltage QRS com-
plex size and finding of electrical alternans.
Echocardiography is essential in diagnosing
pericardial effusion and confirming tamponade
by the echocardiographic signs of hemody-
namic compromise (Fig. 13.5). Echocardio-
graphy is also commonly used for guiding the
intervention. Pericardiocentesis can be life-
saving in these patients.

3. Dyspnea

Patients with significant pericardial effusion
often present with dyspnea, poor exercise
tolerance, chest discomfort, and fatigue.
Although the differential diagnosis of dyspnea
is broad, it should include pericardial effusion
(Fig. 13.6). The pericardium can be the pri-
mary focus for the disease as in most cases of
acute pericarditis or it can be involved in a
systemic process such as malignancy, endo-
crine diseases, or theumatic diseases. In every
patient with suspected pericardial disease, a
systematic approach and consideration of pos-
sible etiologies are important parts of clinical
reasoning (Table 13.3). These patients are
hemodynamically stable and have no clinical
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Fig. 13.4 Approach to a patient
with hypotension, syncope or Acute
pulseless electrical activity (PEA)
arrest with possible pericardial
tamponade. Initial clinical
evaluation of patients suspected to
have cardiac tamponade is outlined
in the figure Clinical
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commonly include low voltage QRS complex Sometimes, pericardial effusion is found as an
size. Pulsus alternans is occasionally seen incidental finding in patients worked-up for
with large effusions without tamponade [11]. other causes. Although it is important to
Echocardiography is an effective and inexpen- search systematically for possible etiologies

sive tool in diagnosing pericardial effusion. of pericardial disease in each individual
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Table 13.2 High-risk conditions for tamponade

Advanced renal failure

Aortic dissection

Chest trauma

Connective tissue disease
Malignancy

Purulent infection

Recent acute coronary syndrome
Surgery/intervention

Suspected tuberculosis

Collapse of the right atrium >1/3 of the cardiac cycle
Diastolic collapse of the right ventricle
Collapse of the left heart chambers

Respiratory variation of mitral inflow velocity > 30 %
Respiratory variation of tricuspid inflow velocity > 60 %!
Ventricular interdependence

IVC plethora and <50 % collapse in inspiration

Fig. 13.5 Echocardiographic signs of hemodynamic
compromise. The findings of heart chamber collapse are
presented in order of decreasing sensitivity and increasing
specificity. Confirmatory signs include respiratory varia-
tion across the atrioventricular valves, ventricular interde-
pendence, and inferior vena cava (/VC) plethora

/ Acute/sub-acute /
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imaging
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effusion

Shortness of
breath

S
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Fig. 13.6 Approach to a patient with dyspnea and possi-
ble pericardial effusion. Initial clinical evaluation of
patients suspected to have pericardial effusion is outlined
in the figure. Some patients are diagnosed with incidental
pericardial effusion during imaging study done for other
indications
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Table 13.3 Causes of pericardial disease

Endocrine

Hemopericardium (trauma, procedure, aortic
dissection)

Idiopathic

Infectious (including viral, tuberculosis, and purulent)
Medications

Neoplastic

Perimyocardial infarction

Postcardiotomy syndrome

Radiation

Renal failure

Rheumatic/autoimmune diseases

patient (Table 13.3), a substantial number of
these cases remain unexplained [12, 13]. In
patients with moderate to large effusion, tier 1
and tier 2 testing seem reasonable [12]. If a
specific cause is found, it should be addressed.
In patients with no obvious clue to the cause
of the effusion and no evidence of hemody-
namic compromise, elevated inflammatory
markers suggest acute idiopathic pericarditis
and trial of nonsteroidal anti-inflammatory
agents is justified. If inflammatory markers
are within normal limits and there is no evi-
dence of hemodynamic compromise, idio-
pathic pericardial effusion is high on the list of
differential diagnosis [12]. Some patients with
pericardial effusion have elevated right-sided
pressures after pericardial drainage and they
might have effusive-constrictive pericarditis
[14].
5. Right-sided Heart Failure

Patients with constrictive pericarditis typically
present with right-predominant heart failure
(Fig. 13.7). Careful review of medical history
for high-risk conditions associated with con-
strictive pericarditis is necessary (Table 13.4)
[15]. Peripheral edema, hepatomegaly, jugular
venous distention, and ascites are prominent
findings on physical examination. Lungs are
typically clear although pleural effusion may
be present. EKG findings, especially repolar-
ization abnormalities are nonspecific. Atrial
fibrillation is present in over one-fifth of
patients [16]. Echocardiography is essential in
patients suspected to have constriction; these
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Fig. 13.7 Evaluation of
right-predominant heart
failure in a patient with
possible constrictive
pericarditis. A stepwise
algorithm outlines evaluation
and management of patients
with right-predominant heart
failure suspected to have
constrictive pericarditis
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Table 13.4 High-risk conditions for constrictive pericarditis
Cardiac surgery

Connective tissue disease

HIV infection

Previous pericarditis

Radiation therapy to the chest

Tuberculosis

HIV indicates human immunodeficiency virus

Table 13.5 Echocardiographic findings of constrictive
pericarditis

Normal left ventricular ejection fraction

Normal left ventricular wall thickness

Thickened pericardium (>2 mm) and/or pericardial
calcifications

Restrictive filling pattern (E >> A wave, high E wave
velocity, short E wave deceleration time)

Respiratory flow variations across atrioventricular valves
Displacement of interventricular septum

Rapid flow propagation (>100 cm/s)

Normal tissue Doppler findings (E’ >8 cm/s)

Expiratory hepatic veins flow reversal

patients typically have normal left ventricular
ejection fraction. Other echocardiographic
findings include biatrial enlargement and
restrictive filling pattern on the mitral inflow
Doppler recording (Table 13.5) [14]. Further
studies to confirm the diagnosis and differenti-
ate it from restrictive cardiomyopathy include
imaging studies (like magnetic resonance
imaging) and cardiac  catheterization.
Pericardial thickness as measured by trans-
esophageal echocardiography may be helpful
in making the diagnosis [17]. Early stages of
pericardial constriction due to idiopathic peri-
carditis may have an inflammatory component
and may respond to anti-inflammatory therapy
[18]. Surgical therapy is otherwise the stan-
dard of care.

Pericardial Effusion Score

Acute cardiac tamponade necessitates immediate
pericardiocentesis. The decision to drain the peri-
cardium in patients with slowly accumulating
and subacute tamponade is often challenging. We
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proposed a score approach to decision-making in
clinically stable patients with pericardial effusion
as outlines in Fig. 13.8. The score is composed of
the following three major parameters: the etiol-
ogy of the effusion, the size of the effusion, and
the echocardiographic assessment of hemody-
namic parameters. Etiologic factors favoring
drainage of the effusion include traumatic effu-
sion, aortic dissection, and purulent effusion.
These effusions typically require surgical drain-
age as opposed to pericardiocentesis [1]. In
malignant effusions, drainage should be consid-
ered to relieve symptoms and confirm neoplastic
involvement of pericardium [19]. Pericardial
effusion in patients with advanced human immu-
nodeficiency virus and immunosupression, as
well as unexplained and progressive effusion
should also be considered for drainage because
some of the neoplastic and infectious causes in
these patients are treatable [20, 21]. The size of
the pericardial effusion as assessed by echocar-
diography at the end of diastole is a very impor-
tant variable [22]. It should be viewed in the
context of disease progression (the rate of fluid
accumulation).

Chronic large effusions present for more than
3 months are less likely to cause hemodynamic
compromise as opposed to recent effusion
(<1 month) [14]. Echocardiographic signs of
hemodynamic compromise provide important
evidence in favor of drainage because they may
indicate early or impending tamponade. Of note,
right atrial collapse is the earliest sign of hemo-
dynamic compromise but has a low specificity if
only buckling is present. Right atrial collapse
lasting more than one-third of cardiac cycle
seems to be both specific and sensitive [23].
Right ventricular diastolic collapse is a specific
sign of hemodynamic compromise but is less
sensitive than right atrial collapse [24]. In patients
with significant pulmonary hypertension and
right ventricular hypertrophy, the sensitivity of
this finding is even lower. Left-sided chamber
collapse is a late finding in tamponade, and there-
fore lacks sensitivity [25]. Confirmatory findings
should be specifically looked for once a chamber
collapse is present. These include respiratory
variation in flow velocity across the atrioventricular
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Etiologies
Echo
Hemodynamic —
Findings >

Aortic dissection 4 pt

D

Purulent effusion 4 pt

RA collapse >1/3 cardiac
cycle 1pt AND/OR

RV diastolic collapse 2pt
IF YES-

Respiratory flow variation
>30 % across MV 1pt
IVC plethora 1pt
Max 3 pt for above

Score > 4

Malignant 1pt
HIV/immunocompromise
1pt

Non- Dx TIER2 tests 1 pt
Failing Rx 1 pt
Recurrent 1 pt

Trauma 4 pt

Consider
pericardial
drainage

Surgical
management

Fig.13.8 Pericardial effusion score. The pericardial effu-
sion score which has three components (etiology of the
effusion, effusion size, and echocardiographic evidence of

valves (the mitral and the tricuspid valves) imply-
ing ventricular interdependence and engorge-
ment of inferior vena cava with reduced
respiratory collapse. Any chamber collapse com-
bined with a confirmatory finding has a very high
sensitivity and specificity for tamponade [26]. In
general, score of 4 or more provides strong evi-
dence in favor of draining the effusion. It should
not be viewed as an absolute indication for drain-
age but rather as a qualitative measure to support
decision-making. Importantly, the score may
change over time as the variables change. Patients

hemodynamic compromise) helps to guide clinical deci-
sion making in clinically stable patients with pericardial
effusion

with a borderline score may need frequent
reassessment in terms of effusion size progres-
sion and echocardiographic evidence of hemody-
namic compromise.

We conducted a case—control study in consec-
utive hospitalized patients with moderate-to-
large pericardial effusion who had no evidence of
hemodynamic compromise upon admission.
Patients with pericardial effusion drained for
diagnostic and/or therapeutic purpose served as
cases, and patients who were not drained served
as controls. Our conclusion was that the pericardial
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effusion scoring index obtained at the initial pre-
sentation in patients without immediate hemody-
namic compromise showed a high accuracy in
identifying patients who required pericardial
effusion drainage downstream [27].

Pericardial Drainage

In patients who need pericardial drainage, echo-
cardiographically guided pericardiocentesis
appears to be safe [28]. Depending on the peri-
cardial fluid accumulation pattern, parasternal,
subxiphoid, and apical approaches are all accept-
able. As mentioned above, the surgical drainage
of pericardial effusion is more appropriate in cer-
tain patient groups such as in patients with aortic
dissection, traumatic hemopericardium, purulent
pericarditis, and loculated effusions [1].

Conclusions

A stepwise, pathway-based approach to the
management of pericardial disease is intended
to provide guidance for clinicians in decision-
making and a patient-tailored evidence-based
approach to medical and surgical therapy for
pericardial disease.
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