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Pericardial Disease
William C. Little, MD; Gregory L. Freeman, MD

In contrast to coronary artery disease, heart failure, valvular
disease, and other topics in the field of cardiology, there

are few data from randomized trials to guide physicians in the
management of pericardial diseases. Although there are no
American Heart Association/American College of Cardiol-
ogy guidelines on this topic, the European Society of Cardi-
ology has recently published useful guidelines for the diag-
nosis and management of pericardial diseases.1 Our review
focuses on the current state of knowledge and the manage-
ment of the most important pericardial diseases: acute peri-
carditis, pericardial tamponade, pericardial constriction, and
effusive constrictive pericarditis.

The Normal Pericardium
The pericardium is a relatively avascular fibrous sac that
surrounds the heart. It consists of 2 layers: the visceral and
parietal pericardium. The visceral pericardium is composed
of a single layer of mesothelial cells that are adherent to the
cardiac epicardium.2,3 The parietal pericardium is a fibrous
structure that is �2 mm thick and is composed primarily of
collagen and a lesser amount of elastin. The 2 layers of the
pericardium are separated by a potential space that can
normally contain 15 to 35 mL of serous fluid distributed
mostly over the atrial-ventricular and interventricular
grooves.

The pericardium surrounds the heart and attaches to the
sternum, the diaphragm, and the anterior mediastinum and is
invested around the great vessels and the venae cavae, serving
to anchor the heart in the central thorax. Because of its
location, the pericardium may also function as a barrier to
infection.

The pericardium is well innervated such that pericardial
inflammation may produce severe pain and trigger vagally
mediated reflexes. The pericardium also secretes prostaglan-
dins that modulate cardiac reflexes and coronary tone.4

As a result of its relatively inelastic physical properties, the
pericardium limits acute cardiac dilatation and enhances
mechanical interactions of the cardiac chambers.5 In response
to long-standing stress, the pericardium dilates, shifting the
pericardial pressure-volume relation substantially to the right
(Figure 1).6–8 This allows a slowly accumulating pericardial
effusion to become quite large without compressing the
cardiac chambers and for left ventricular remodeling to occur
without pericardial constriction.

Despite the known important functions of the normal
pericardium, congenital absence or surgical resection of the
pericardium does not appear to have any major untoward
effects.9

Acute Pericarditis
Etiology
Acute inflammation of the pericardium with or without an
associated pericardial effusion can occur as an isolated
clinical problem or as a manifestation of systemic diseas-
es.1,10–13 Although as many as 90% of isolated cases of acute
pericarditis are idiopathic or viral, the list of other potential
causes is extensive (Table 1). Although formerly common,
tuberculous and bacterial infections have become rare causes
of pericarditis.14 Other causes of acute pericarditis include
uremia,15 collagen vascular diseases,16 neoplasms, and peri-
cardial inflammation after an acute myocardial infarction or
pericardial injury.17

Pericarditis after an acute myocardial infarction most
commonly occurs 1 to 3 days after transmural myocardial
infarction presumably because of the interaction of the
healing necrotic epicardium with the overlying pericardium.
A second form of pericarditis associated with myocardial
infarction (Dressler’s syndrome) typically occurs weeks to
months after a myocardial infarction. It is similar to the
pericarditis that may occur days to months after traumatic
pericardial injury, after surgical manipulation of the pericar-
dium, or after a pulmonary infarction.18 This syndrome is
presumed to be mediated by an autoimmune mechanism and
is associated with signs of systemic inflammation, including
fever, and polyserositis. The frequency of pericarditis after
myocardial infarction has been reduced by the use of reper-
fusion therapy.19

Clinical Manifestations
Most patients with acute pericarditis experience sharp retro-
sternal chest pain that can be quite severe and debilitating. In
some cases, however, pericarditis may be asymptomatic, as is
often the case with the pericarditis accompanying rheumatoid
arthritis. Pericardial pain is usually worse with inspiration and
when supine and is relieved by sitting forward. Typically,
pericardial pain is referred to the scapular ridge, presumably
due to irritation of the phrenic nerves, which pass adjacent to
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the pericardium.12 The chest pain of acute pericarditis must be
differentiated from that of pulmonary embolism and myocar-
dial ischemia/infarction (Table 2).10

The pericardial friction rub is the classic finding in patients
with acute pericarditis. It is a high-pitched, scratchy sound
that can have 1, 2, or 3 components. These components occur
when the cardiac volumes are most rapidly changing: during
ventricular ejection, during rapid ventricular filling in early
diastole, and during atrial systole. Thus, patients with atrial
fibrillation have only 1 or 2 component rubs. The pericardial
friction rub can be differentiated from a pleural rub, which is
absent during suspended respiration, whereas the pericardial
rub is unaffected. Although it is easy to imagine that the
pericardial rub arises from the inflamed visceral and parietal
layers of the pericardium rubbing together, most patients with
acute pericarditis (including those with audible rubs) have at
least a small pericardial effusion, which should lubricate the
interaction of the 2 layers of the pericardium.12

Early in the course of acute pericarditis, the ECG typically
displays diffuse ST elevation in association with PR depres-
sion (Figure 2).12 The ST elevation is usually present in all
leads except for aVR, but in post–myocardial infarction
pericarditis, the changes may be more localized. Classically,

the ECG changes of acute pericarditis evolve through 4
progressive stages: stage I, diffuse ST-segment elevation and
PR-segment depression; stage II, normalization of the ST and
PR segments; stage III, widespread T-wave inversions; and
stage IV, normalization of the T waves.12 Patients with
uremic pericarditis frequently do not have the typical ECG
abnormalities.19

Patients with acute pericarditis usually have evidence of
systemic inflammation, including leukocytosis, elevated
erythrocyte sedimentation rate, and increased C-reactive pro-
tein. A low-grade fever is common, but a temperature �38°C
is unusual and suggests the possibility of purulent bacterial
pericarditis.10,20

Troponin is frequently minimally elevated in acute peri-
carditis, usually in the absence of an elevated total creatine
kinase.21,22 Presumably, this is due to some involvement of
the epicardium by the inflammatory process. Although the
elevated troponin may lead to the misdiagnosis of acute
pericarditis as a myocardial infarction, most patients with an
elevated troponin and acute pericarditis have normal coronary
angiograms.22 An elevated troponin in acute pericarditis
typically returns to normal within 1 to 2 weeks and is not
associated with a worse prognosis.10

Echocardiography usually demonstrates at least a small
pericardial effusion in the presence of acute pericarditis. It is
also helpful in excluding cardiac tamponade (see below).
Pericardiocentesis is indicated if the patient has cardiac
tamponade (see below) or in suspected purulent or malignant
pericarditis.1,10,23 In the absence of these situations, when the
cause of the acute pericarditis is not apparent on the basis of
routine evaluation, pericardiocentesis and pericardial biopsy
rarely provide a diagnosis and thus are not indicated.23,24

Treatment
If acute pericarditis is a manifestation of an underlying
disease, it often responds to the treatment of the primary
condition. For example, uremic pericarditis usually resolves
with adequate renal dialysis.15 Most acute idiopathic or viral
pericarditis is a self-limited disease that responds to treatment
with aspirin (650 mg every 6 hours) or another nonsteroidal
antiinflammatory agent (NSAID). The intravenous adminis-
tration of ketorolac, a parenteral NSAID, was effective in
relieving the pain of acute pericarditis in 22 consecutive
patients.25 Aspirin may be the preferred nonsteroidal agent to
treat pericarditis after myocardial infarction because other
NSAIDs may interfere with myocardial healing.10 Indometh-
acin should be avoided in patients who may have coronary
artery disease.

If the pericardial pain and inflammation do not respond to
NSAIDs or if the acute pericarditis recurs, colchicine has
been observed to be effective in relieving pain and preventing
recurrent pericarditis.26 The routine use of colchicine is
supported by recently reported results of the Colchicine for
Acute Pericarditis (COPE) Trial.27 One hundred twenty
patients with a first episode of acute pericarditis (idiopathic,
acute, postpericardiotomy syndrome, and connective tissue
disease) entered a randomized, open-label trial comparing
aspirin plus colchicine (1.0 to 2.0 mg for the first day
followed by 0.5 to 1.0 mg/d for 3 months) with treatment with

Figure 1. Pericardial pressure-volume relations determined in
pericardium obtained from a normal experimental animal and
from an animal with chronic cardiac dilation produced by vol-
ume loading. The pericardial pressure-volume relation is shifted
to the right in the volume-loaded animal, demonstrating that the
pericardium can dilate to accommodate slowly increasing vol-
ume. Reproduced with permission from Freeman and LeWinter.6
Copyright 1984, American Heart Association.

TABLE 1. Causes of Acute Pericarditis

Idiopathic

Infections (viral, tuberculosis, fungal)

Uremia

Acute myocardial infarction (acute, delayed)

Neoplasm

Post–cardiac injury syndrome (trauma, cardiothoracic surgery)

Systemic autoimmune disease (systemic lupus erythematosus, rheumatoid
arthritis, ankylosing spondylitis, systemic sclerosing periarteritis nodosa,
Reiter’s syndrome)

After mediastinal radiation
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aspirin alone. Colchicine reduced symptoms at 72 hours
(11.7% versus 36.7%; P�0.03) and recurrence at 18 months
(10.7% versus 36.7%; P�0.004; number needed to treat�5).
Colchicine was discontinued in 5 patients because of diar-
rhea. No other adverse events were noted. Importantly, none
of 120 patients developed cardiac tamponade or progressed to
pericardial constriction.28

Although acute pericarditis usually responds dramatically
to systemic corticosteroids, their use early in the course of
acute pericarditis appears to be associated with increased
incidence of relapse after tapering the steroids.28,29 An obser-
vational study strongly suggests that use of steroids increases
the probability of relapse in patients treated with colchicine.30

Furthermore, in the COPE Trial, steroid use was an indepen-
dent risk factor for recurrence (odds ratio�4.3).27 Accord-

ingly, systemic steroids should be considered only in patients
with recurrent pericarditis unresponsive to NSAIDs and
colchicine or as needed for treatment of an underlying
inflammatory disease. If steroids are to be used, an effective
dose (1.0 to 1.5 mg/kg of prednisone) should be given, and it
should be continued for at least 1 month before slow
tapering.31 Experts have suggested that a detailed search for
the cause of recurrent pericarditis should be undertaken
before steroid therapy is initiated in resistant or relapsing
cases of pericarditis.1,28

The intrapericardial administration of steroids has been
reported to be effective in acute pericarditis without produc-
ing the frequent reoccurrence of pericarditis that complicates
the use of systemic steroids, but the invasive nature of this
procedure limits its utility.29,32 A very few patients with

Figure 2. ECG demonstrating typical features seen on presentation of acute pericarditis. There is diffuse ST elevation and PR depres-
sion except in aVR, where there is ST depression and PR elevation.

TABLE 2. Differentiation of Pericarditis From Myocardial Ischemia/Infarction and Pulmonary Embolism

Myocardial Ischemia or Infarction Pericarditis Pulmonary Embolism

Chest pain

Character Pressure-like, heavy, squeezing Sharp, stabbing, occasionally dull Sharp, stabbing

Change with respiration No Worsened with inspiration In phase with respiration (absent
when the patient is apneic)

Change with position No Worse when supine; improved
when sitting up or leaning forward

No

Duration Minutes (ischemia); hours
(infarction)

Hours to days Hours to days

Response to nitroglycerin Improved No change No change

Physical examination

Friction rub Absent (unless pericarditis is
present)

Present in 85% of patients Rare; a pleural friction rub is
present in 3% of patients

ECG

ST-segment elevation Localized convex Widespread concave Limited to lead III, aVF, and V1

PR-segment depression Rare Frequent None

Q waves May be present Absent May be present in lead III or aVF
or both

T waves Inverted when ST segments are
still elevated

Inverted after ST segments have
normalized

Inverted in lead II, aVF, or V1 to V4

while ST segments are elevated

Adapted with permission from Lange and Hillis.10 Copyright 2004, Massachusetts Medical Society.
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frequent, highly symptomatic recurrences of pericarditis de-
spite intensive medical therapy may require surgical peri-
cardiectomy.32 However, painful relapses can occur even
after pericardiectomy, especially if the pericardium is not
completely removed.28

Most patients with acute pericarditis recover without se-
quelae. Predictors of a worse outcome include the following:
fever �38°C, symptoms developing over several weeks in
association with immunosuppressed state, traumatic pericar-
ditis, pericarditis in a patient receiving oral anticoagulants, a
large pericardial effusion (�20 mm echo-free space or
evidence of tamponade), or failure to respond to NSAIDs.20

In a recent series of 300 patients with acute pericarditis, 254
(85%) did not have any of the high-risk characteristics and
had no serious complications.20 Of these low-risk patients,
221 (87%) were managed as outpatients, and the other 13%
were hospitalized when they did not respond to aspirin.20

On the basis of these considerations, we manage patients
presenting with acute pericarditis in the following manner.
Patients are hospitalized but are discharged in 24 to 48 hours
if they have no high-risk factors and their pain has improved.
Initial therapy includes aspirin (650 to 975 mg every 6 to 8
hours) and colchicine (2 g initially followed by 1 g/d). In
addition, we use a proton pump inhibitor in most patients to
improve the gastric tolerability of the aspirin. We advise
against exercise until after the chest pain completely resolves.
Even if the pain responds promptly, we continue aspirin for 4
weeks and colchicine for 3 months to minimize the risk of
recurrent pericarditis. If pericarditis reoccurs, we reload with
colchicine and use intravenous ketorolac (30 mg every 6
hours) and then continue an oral NSAID and colchicine for at
least 3 more months. We make every effort to avoid the use
of steroids, reserving steroids for patients who cannot tolerate
aspirin and other NSAIDs or who have a recurrence not
responsive to colchicine and intravenous NSAIDs.

It is important to recognize that there are no clear data to
guide this set of recommendations. In general, if a recurrence
of pericarditis is mild it can be treated with intensification of
NSAID therapy; various combinations of aspirin, NSAIDS,
and colchicine have been successfully applied in such cases.

Cardiac Tamponade
Pathophysiology
Cardiac tamponade occurs when fluid accumulation in the
intrapericardial space is sufficient to raise the pressure sur-
rounding the heart to the point where cardiac filling is altered.
Ultimately, compression of the heart by a pressurized peri-
cardial effusion results in markedly elevated venous pressures
and impaired cardiac output producing shock; if untreated, it
can be rapidly fatal.33

Under normal conditions, the space between the parietal
and visceral pericardium can accommodate only a small
amount of fluid before the development of tamponade phys-
iology. It is not surprising, therefore, that cardiac perforation
quickly results in tamponade. With a gradually accumulating
effusion, however, as is often the case in malignancy, very
large effusions can be accommodated without tamponade
(Figure 1). The key concept is that once the total intraperi-

cardial volume has caused the pericardium to reach the
noncompliant region of its pressure-volume relation, tampon-
ade rapidly develops.

Because of its lower pressures, the right heart is most
vulnerable to compression by a pericardial effusion, and
abnormal right heart filling is the earliest sign of a hemody-
namically significant pericardial effusion. Under these con-
ditions, adequate filling of the right heart requires a compen-
satory increase in systemic venous pressure, which results
from venoconstriction and fluid retention. Of note, when
cardiac tamponade results from hemorrhage into the pericar-
dium, there can be rapid circulatory collapse because not only
does pericardial pressure rapidly rise but intravascular vol-
ume falls, preventing a compensatory increase in venous
pressure.

The increased pericardial pressure in cardiac tamponade
accentuates the interdependence of the cardiac chambers as
the total cardiac volume is limited by the pericardial effu-
sion.33–36 The volume in any cardiac chamber can only
increase when there is an equal decrease in the volume in
other chambers. Thus, venous return and atrial filling pre-
dominantly occur during ventricular systole as the ejection of
blood out of the right and left ventricles lowers cardiac
volume and allows blood to enter the atria. Moreover, the
normal effects of respiration are accentuated such that venous
return and right-sided filling occur during inspiration as
intrathoracic pressures fall, providing a pressure gradient
from the systemic veins to the right atrium. Because the total
intrapericardial volume is fixed by the pressurized effusion,
this increased inspiratory right ventricular filling crowds the
left ventricle and impairs its filling. Thus, in tamponade, left
heart filling occurs preferentially during expiration when
there is less filling of the right heart. The small normal
respiratory variation in left ventricular stroke volume and
systolic arterial pressure is markedly accentuated in cardiac
tamponade, resulting in the clinical finding of “paradoxical
pulse” (see below).

Clinical Presentation
Cardiac tamponade is a treatable cause of cardiogenic shock
that can be rapidly fatal if unrecognized. As such, cardiac
tamponade should be considered in the differential diagnosis
of any patients with shock or pulseless electric activity.1

Patients with impending or early tamponade are usually
anxious and may complain of dyspnea and chest pain.33 The
increased venous pressure is usually apparent as jugular
venous distension. The X descent (during ventricular systole)
is typically the dominant jugular venous wave with little or no
Y descent. In rapidly developing cardiac tamponade, espe-
cially hemorrhagic cardiac tamponade, there may not have
been time for compensatory increase in venous pressure, and
the jugular veins may not be distended. Such “low-pressure”
tamponade may also occur in patients with uremic pericardi-
tis who have been volume depleted.37 The heart sounds are
classically soft or muffled, especially if there is a large
pericardial effusion.

The hallmark of cardiac tamponade is a paradoxical pulse.
This is defined as a �10-mm Hg drop in systolic arterial
pressure during inspiration.1 When severe, the paradoxical
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pulse can be apparent as an absence of a palpable brachial or
radial pulse during inspiration. A paradoxical pulse can also
occur when there are wide swings in intrathoracic pressure
and in other conditions such as pulmonary embolism and
hypovolemic shock. It is important to recognize that the
paradoxical pulse may be difficult to recognize in the pres-
ence of severe shock and may be absent in cardiac tamponade
if there is coexisting aortic insufficiency, atrial septal defect,
or preexisting elevated left ventricular end-diastolic pressure
due to left ventricular hypertrophy or dilatation.33,38

Echocardiography
Echocardiography is an important part of the evaluation in
patients with cardiac tamponade and should be performed
without delay in any patient who is suspected of having this
condition.39 Echocardiography visualizes pericardial effu-
sions as an echo-free space around the heart (Figure 3).
Patients with acute hemorrhagic effusions may have pericar-
dial thrombus apparent as an echo-dense mass.40 Small
pericardial effusions are only seen posteriorly. Pericardial
effusions large enough to produce cardiac tamponade are
almost always circumferential (both anteriorly and
posteriorly).2

Echocardiography can also provide information on the
significance of the pericardial effusion.41 In the presence of
cardiac tamponade, there is diastolic collapse of the free walls
of the right atrium and/or right ventricle.42,43 This is due to
compression of these relatively low-pressure structures by the

higher-pressure pericardial effusion. The collapse is exagger-
ated during expiration when right heart filling is reduced.
Right atrial collapse is more sensitive for tamponade, but
right ventricular collapse lasting more than one third of
diastole is a more specific finding for cardiac tamponade. Of
note, right ventricular collapse may also be present with large
pleural effusions in the absence of pericardial effusion or
cardiac tamponade.44

There are other echo-Doppler findings that are indicative
of the hemodynamic consequence of cardiac tamponade.41,45

Distention of the inferior vena cavae that does not diminish
with inspiration is a manifestation of the elevated venous
pressure in tamponade,46 whereas venous flow predominantly
occurs in systole, not diastole, because of the limited cardiac
volume.47 In addition, there can be marked reciprocal respi-
ratory variation in mitral and tricuspid flow velocities reflect-
ing the enhanced ventricular interdependence that is the
mechanism of the paradoxical pulse (Figure 3).48 Collapse of
right-sided chambers is a sensitive indicator of tamponade,
but abnormalities of cardiac filling are a more specific
finding.47

Thus, echocardiography demonstrates the presence and
size of the pericardial effusion and reflects its hemodynamic
consequences. Right atrial and ventricular collapse indicates
cardiac compression, whereas enhanced respiratory variation
of ventricular filling is a manifestation of increased ventric-
ular interdependence. Although echocardiography provides
important information, it must be emphasized that cardiac
tamponade is ultimately a clinical diagnosis (see below).47

Treatment
The treatment of cardiac tamponade is drainage of the
pericardial effusion. Medical management is usually ineffec-
tive and should be used only while arrangements are made for
pericardial drainage. Fluid resuscitation may be of transient
benefit if the patient is volume depleted (hypovolemic cardiac
tamponade). The use of inotropic agents is usually ineffective
because there is already intense endogenous adrenergic stim-
ulation. The initiation of mechanical ventilation in a patient
with tamponade may produce a sudden drop in blood pressure
because the positive intrathoracic pressure will contribute to
a further impairment of cardiac filling.39

In the absence of clinical evidence of tamponade, echocar-
diographic findings of right-sided diastolic collapse do not
mandate emergency pericardiocentesis. For example, we do
not recommend emergency pericardial drainage in a patient
who has a nontraumatic pericardial effusion with right-sided
collapse if there is an adequate stable blood pressure
(�110 mm Hg systolic) without a paradoxical pulse (ie,
�10 mm respiratory variation in systolic pressure). However,
the patient must be observed carefully because the develop-
ment of only a small additional amount of pericardial fluid
can result in tamponade. In some patients, the echocardio-
graphic signs of cardiac compression will resolve within a
few days, and pericardiocentesis can be avoided if there is no
other indication.

Traditionally, nonemergent pericardiocentesis has been
performed in the cardiac catheterization laboratory under
fluoroscopic guidance with invasive hemodynamic monitor-

Figure 3. A, Two-dimensional echocardiogram in 4-chamber
view from a patient with cardiac tamponade. There is a large
pericardial effusion apparent as an echo-free space around the
heart. In diastole, there is collapse of the right atrium (arrow). B,
Doppler measurement of mitral valve and tricuspid flow veloci-
ties in a patient with cardiac tamponade. There is marked recip-
rocal respiratory variation: during inspiration, mitral valve flow
velocity decreases, and tricuspid valve flow velocity increases.
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ing.1 Performing pericardiocentesis in this setting provides
the option of utilizing right heart catheterization before and
after the procedure to confirm the diagnosis, if necessary, and
to detect effusive-constrictive pericardial disease (see below).
More recently, echocardiographic-guided pericardiocentesis
has been demonstrated to be a safe and effective procedure
that can be performed at the bedside.49 During this procedure
the ideal entry site (minimal distance from skin to pericardial
fluid without intervening structures) can be defined. Contin-
ued drainage of the pericardial fluid through an indwelling
catheter minimizes the risk of reoccurrence of the effusion. If
pericardial tissue is required for diagnosis or in the case of
purulent pericarditis or recurrent effusions, surgical drainage
may be the preferred treatment. Surgery is also the treatment
for traumatic hemopericardium.1

Surgical drainage of a pericardial effusion is usually
performed through a limited subxiphoid incision. This allows
direct visualization and biopsy of the pericardium. The
diagnosis accuracy can be improved by inserting a pericar-
dioscope.50 This provides direct visualization of a much
larger area of the pericardium and the ability to obtain
multiple biopsies. Recently, a flexible pericardioscope has
been developed that can be inserted percutaneously.51

Malignant pericardial effusions frequently reoccur. Such
recurrent pericardial effusions may necessitate the surgical
creation of a pericardial window that allows the effusion to
drain into the pleural space, preventing reoccurrence of
cardiac tamponade. An attractive alternative in these patients,
especially if their overall prognosis is poor from the malig-
nancy, is the percutaneous creation of a pericardial window
by balloon dilation.52,53

Pericardial Effusion Without Tamponade
Acute pericarditis is often accompanied by a small pericardial
effusion that does not produce tamponade.20 If there is no
hemodynamic compromise and the diagnosis can be estab-
lished by other means, pericardiocentesis may not be neces-

sary.1,23,54 If it accumulates slowly, a large pericardial effu-
sion of a liter or more can be present without cardiac
tamponade. However, nearly 30% of a series of 28 patients
with large idiopathic pericardial effusions developed cardiac
tamponade unexpectedly.55 In this series, pericardiocentesis
with catheter drainage alone resulted in resolution of the
effusion without reoccurrence in about half of the patients.
Thus, pericardiocentesis may be advisable in patients with
very large pericardial effusions (�20 mm on echocardiogra-
phy), even in the absence of tamponade. In contrast, Merce et
al47 demonstrated that none of 45 patients with large pericar-
dial effusions managed without pericardial drainage subse-
quently developed tamponade. It must be recognized that
pericardiocentesis will not yield a diagnosis in most patients,
and therefore the reason for draining large effusions is to
avoid potential progression to tamponade.47 We believe that
the risk of progression to tamponade is greatest in patients
with the recent development of large effusions or who have
evidence of diastolic right-sided collapse. Some experts have
recommended routine drainage of pericardial effusions that
persist for �3 months.54 We do not believe that this is
necessary. A potential algorithm for the management of
pericardial effusions is shown in Figure 4.

Pericardial Constriction
Pathophysiology
Pericardial constriction occurs when a scarred, thickened, and
frequently calcified pericardium impairs cardiac filling, lim-
iting the total cardiac volume.1,36,56 The pathophysiological
hallmark of pericardial constriction is equalization of the
end-diastolic pressures in all 4 cardiac chambers. This occurs
because the filling is determined by the limited pericardial
volume, not the compliance of the chambers themselves.

Initial ventricular filling occurs rapidly in early diastole as
blood moves from the atria to the ventricles without much
change in the total cardiac volume. However, once the

Figure 4. Potential algorithm for manag-
ing patients with a moderate to large
pericardial effusion. See the text for a
discussion of methods to drain the peri-
cardial effusion. Adapted and redrawn
with permission from Hoit.54 Copyright
2002, American Heart Association.
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pericardial constraining volume is reached, diastolic filling
stops abruptly. This results in the characteristic dip and
plateau of ventricular diastolic pressures. The stiff pericar-
dium also isolates the cardiac chambers from respiratory
changes in intrathoracic pressures, resulting in Kussmaul’s
sign (see below).

Etiology
Pericardial constriction is usually the result of long-standing
pericardial inflammation leading to pericardial scarring with
thickening, fibrosis, and calcification.56 The most frequent
causes are mediastinal radiation, chronic idiopathic pericar-
ditis, after cardiac surgery, and tuberculous pericarditis.1,57–59

Clinical Manifestations
Patients with pericardial constriction typically present with
manifestations of elevated systemic venous pressures and low
cardiac output.58 Because there is equalization of all cardiac
pressures (including right and left atrial pressures), systemic
congestion is much more marked than pulmonary congestion.
Typically, there will be marked jugular venous distension,
hepatic congestion, ascites, and peripheral edema, while the
lungs remain clear. The limited cardiac output typically
presents as exercise intolerance and may progress to cardiac
cachexia with muscle wasting. In long-standing pericardial
constriction, pleural effusions, ascites, and hepatic dysfunc-
tion may be prominent clinical features.1 Patients with peri-
cardial constriction are much more likely to have left-sided or
bilateral pleural effusions than solely right-sided effusions.60

The jugular veins are distended with prominent X and Y
descents. The normal inspiratory drop in jugular venous
distention may be replaced by a rise in venous pressure
(Kussmaul’s sign). This sign may also be present with severe
right heart failure, especially in association with tricuspid
regurgitation. The classic auscultatory finding of pericardial
constriction is a pericardial knock. This occurs as a high-
pitched sound early in diastole when there is the sudden
cessation of rapid ventricular diastolic filling.61 When accu-
rately recognized, a pericardial knock is a specific but
insensitive indicator of pericardial constriction.

Pericardial calcification seen on the lateral plane chest
x-ray is suggestive of pericardial constriction.62 Similarly,
most patients with pericardial constriction have a thickened
pericardium (�2 mm) that can be imaged by echocardiogra-
phy, CT, and MRI (Figure 5).1,56,63 It is important to recog-
nize, however, that pericardial constriction can be present
without pericardial calcium and, in some cases, even without
pericardial thickening. For example, in a series of 143
patients from the Mayo Clinic with surgically proven peri-
cardial constriction, 26 (18%) had a normal pericardial
thickness (�2 mm).64 Finally, the pericardial constriction
may be predominantly localized to one region of the heart.

Tagged cine MRI has been reported to be able to demon-
strate adhesion of the pericardium to the myocardium in
pericardial constriction.65 This is recognized by persistent
concordance of tagged signals between the pericardium and
myocardium throughout the cardiac cycle.

Doppler echocardiography is important in the evaluation of
patients with suspected pericardial constriction. The echocar-

diogram may demonstrate pericardial thickening and calcifi-
cation. However, increased pericardial thickness can be
missed on a transthoracic echocardiogram. Transesophageal
echocardiography is more sensitive and accurate in determin-
ing pericardial thickness.66 Transesophageal echocardiogra-
phy can also assess pulmonary venous flow.

Doppler echocardiography frequently demonstrates re-
stricted filling of both ventricles with a rapid deceleration of
the early diastolic mitral inflow velocity (E wave) and small
or absent A wave. In addition, there is substantial (�25%)
respiratory variation of the mitral inflow velocity (Figure 6).67

Wide swings in the E wave velocity may also occur in
patients with respiratory disease, but these are associated with
marked respiratory variation in the superior vena caval flow
velocity (typically �20 cm/s), whereas the variation with
pericardial constriction is less.46,68 Other findings in constric-
tive pericarditis include preserved diastolic mitral annular
velocity, rapid diastolic flow propagation to the apex, and
diastolic mitral regurgitation.69

Differential Diagnosis
Pericardial constriction should be considered in any patient
with unexplained systemic venous congestion. Echocardiog-
raphy is useful in differentiating pericardial constriction from
right heart failure due to tricuspid valve disease and/or
associated pulmonary hypertension.

The most difficult differentiation is between pericardial
constriction and restrictive cardiomyopathy (Table 3). Clini-
cal manifestations of restrictive cardiomyopathy most typi-
cally due to cardiac amyloid may be very similar to those due
to pericardial constriction.70,71 Doppler echocardiography is
the most useful method to distinguish constriction from
restriction. Patients with pericardial constriction have marked
respiratory variation (�25%) of mitral inflow, whereas this is

Figure 5. Chest CT from a patient with pericardial constriction
showing thickened pericardium (arrows) and a left pleural effu-
sion. Reproduced with permission from Circulation.
2005:111:e364. Copyright 2005, American Heart Association.
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not present in restrictive cardiomyopathies.67 In some cases of
pericardial constriction with markedly elevated venous pres-
sures, the respiratory variation may only be present after
head-up tilt.72 The tissue Doppler measurement of mitral
annular velocities is useful in distinguishing constriction from

restriction. The early diastolic mitral annular velocity (Ea) is
almost always reduced in patients with myocardial restriction,
whereas it remains normal in patients with pericardial con-
striction.69,73,74 The optimal discrimination occurs with an Ea
velocity of 8 cm/s. Similarly, rapid propagation of early
diastolic flow to the apex is preserved in constriction and
reduced in restriction. A slope �100 cm/s of the first aliasing
contour in the color M-mode best distinguishes the 2.69

It has recently been reported that patients with pericardial
constriction have only minimally elevated B-type natriuretic
peptide (�200 pg/mL), whereas the B-type natriuretic pep-
tide levels are typically markedly increased in patients with
restrictive cardiomyopathy (�600 pg/mL).75

Traditionally, constriction and restriction were differenti-
ated at cardiac catheterization by hemodynamic criteria. In
constriction, there is usually almost exact equalization of late
diastolic pressures in both the right and left heart. With
restriction, typically left ventricular end-diastolic pressure
exceeds right ventricular pressure by at least a few mm Hg.
Pulmonary hypertension is frequently seen with restriction
but is not typically present with constriction. Thus, right
ventricular diastolic pressure should be more than one third of
the right ventricular systolic pressure in pericardial
constriction.

It should be recognized that the aforementioned classic
hemodynamic criteria have limited specificity (24% to 57%)
in distinguishing pericardial constriction from cardiomyopa-
thies.76 In contrast, dynamic respiratory variations indicating
increased ventricular interdependence are superior. In con-
striction during inspiration, right ventricular systolic pres-
sures increase, while left ventricular systolic pressure de-
creases. The inverse occurs during expiration. This finding

Figure 6. Doppler mitral flow and superior vena caval velocity in
a patient with pericardial constriction. There is marked (�25%)
respiratory variation in the peak early diastolic initial flow veloc-
ity E (decreased during inspiration [ins] and increased during
expiration [exp]). In contrast, there is less respiratory variation of
the flow velocity in the vena cava. S indicates systole; D, diasto-
le. Reproduced with permission from Boonyaratavej et al.68

Copyright 1998, American College of Cardiology Foundation.

TABLE 3. Differentiation of Pericardial Constriction From Restrictive Cardiomyopathy

Pericardial Constriction Restrictive Cardiomyopathy

Physical examination

Pulmonary congestion Usually absent Usually present

Jugular venous pulse Prominent Y descent

Early diastolic sound Pericardial knock S3 (low pitched)

Pericardial thickness �2 mm (but �2 mm in 15%) �2 mm

Echo/Doppler findings

LV myocardium Normal “Sparkling” myocardium in amyloid

Atrial size �/� Atrial enlargement Atrial enlargement

Mitral valve flow pattern Restricted Restricted

Respiratory variation in E wave �25% �20%

Mitral annular diastolic velocity �8 cm/s �8 cm/s

Biomarker

B-type natriuretic peptide �200 pg/mL �600 pg/mL

Hemodynamics

Y descent Prominent Variable

PA systolic pressure �50 mm Hg �60 mm Hg

PCW-RA pressure 0 5 mm Hg

Reciprocal respiratory variation
in right ventricular/left ventricular peak
systolic pressure

Present Absent

PA indicates pulmonary arterial; PCW, pulmonary capillary wedge; and RA, right atrial.
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had �90% sensitivity and specificity in recognizing constric-
tive pericarditis versus restriction in a series of 36 patients
from the Mayo Clinic.76

Endomyocardial biopsy performed during catheterization
can also be utilized in selected cases to distinguish myocar-
dial disease from pericardial constriction.77

Bush et al78 first observed that, in some patients, the
hemodynamic findings of constriction may only be present
after rapid volume loading and labeled this syndrome occult
constrictive pericarditis. Some patients with this syndrome
may improve after removal of the pericardium. The sensitiv-
ity and specificity of the response to volume loading and the
role of pericardiectomy in treating this condition are not well
established.79 Thus, we do not recommend volume loading as
part of the routine hemodynamic evaluation of patients with
suspected pericardial constriction.

Treatment
In some patients with relatively acute onset pericardial
constriction, the symptoms and constrictive features may
resolve with medical therapy alone.80 For example, Haley et
al81 reported a series of 36 patients with pericardial constric-
tion that resolved with treatment with the use of antiinflam-
matory agents, colchicine, and/or steroids.

In more chronic pericardial constriction, definitive treat-
ment is surgical pericardial decortication, widely resecting
both the visceral and parietal pericardium.1 This operation is
a major undertaking with substantial risk (�6% mortality
even in the most experienced centers).57,58 In some patients, it
does not immediately restore normal cardiac function, which
may require some time after removal of the constricting
pericardium to return to normal. The largest surgical series
from the Mayo Clinic and the Cleveland Clinic indicate that
patients with constriction due to idiopathic or viral pericar-
ditis do best and patients with radiation-induced constriction
fare most poorly after surgery.57,58

Effusive Constrictive Pericarditis
Hancock82 first recognized that some patients presenting with
cardiac tamponade did not have resolution of their elevated
right atrial pressure after removal of the pericardial fluid. In
these patients, pericardiocentesis converted the hemodynam-
ics from those typical of tamponade to those of constriction
(Figure 7). Thus, the restriction of cardiac filling was not only
due to the pericardial effusion but also resulted from pericar-
dial constriction (predominantly the visceral pericardium).

Sagristá-Sauleda et al79 recently reported a consecutive
series of �1000 patients with pericarditis, 218 of whom had
cardiac tamponade and underwent pericardiocentesis. In 15 of
these patients, the right atrial and right ventricular diastolic
pressures remained elevated with a dip and plateau morphol-
ogy after the pericardiocentesis, and thus they were consid-
ered to have effusive constrictive pericarditis. The most
common cause was idiopathic pericarditis as well as malig-
nancies and after radiation. One patient had tuberculous
pericarditis. Three of the patients with idiopathic effusive
constrictive pericarditis had subsequent resolution of their
symptoms. Others required pericardiectomy, including re-
moval of the visceral pericardium. Effusive constrictive

pericarditis most likely represents an intermediate transition
from acute pericarditis with pericardial effusion to pericardial
constriction.83

Summary
Acute pericarditis typically is a self-limited disease, usually
idiopathic or of viral origin, that responds to treatment with
NSAIDs. The recent COPE Trial indicates a better outcome if
all patients receive a 3-month course of colchicine. The use of
steroids to treat acute pericarditis should be avoided because

Figure 7. Effusive pericardial constriction. A, The presence of
pericardial fluid causes tamponade, and a thickened visceral
pericardium (epicardium) causes constriction. Pressure tracings
(B) show marked and equal elevations of the pericardial and
right atrial pressures typical of cardiac tamponade before the
removal of fluid. After fluid removal, the pericardial pressure is
normal (increasing and decreasing with respiration), but the right
atrial pressure remains elevated, indicating the presence of peri-
cardial constriction. Reproduced with permission from Han-
cock.83 Copyright 2004, Massachusetts Medical Society.
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they increase the risk of recurrence. Cardiac tamponade is a
life-threatening condition caused by a pressurized pericardial
effusion. Doppler echocardiography plays a key role in its
recognition, and echocardiogram-guided pericardiocentesis
has become the treatment of choice in most instances.
Pericardial constriction is a potentially treatable cause of
chronic heart failure that must be distinguished from restric-
tive cardiomyopathy. This can be accomplished with a
combination of Doppler echocardiography, Doppler tissue
imaging, MRI, and cardiac catheterization. In effusive con-
strictive pericarditis, the cardiac compression is due to both a
pressurized pericardial effusion and pericardial restriction.
Pericardiocentesis converts the hemodynamics from tampon-
ade to constriction.

Acknowledgments
We gratefully acknowledge the assistance of Amanda Burnette in the
preparation of this manuscript.

Disclosures
None.

References
1. Maisch B, Seferovic PM, Ristic AD, Erbel R, Rienmuller R, Adler Y,

Tomkowski WZ, Thiene G, Yacoub MH, for the Task Force on the
Diagnosis and Management of Pericardial Diseases of the European
Society of Cardiology. Guidelines on the diagnosis and management of
pericardial diseases: executive summary. Eur Heart J. 2004;25:587–610.

2. LeWinter MM, Kabbani S. Pericardial diseases. In: Zipes DP, Libby P,
Bonow RO, Braunwald E, eds. Braunwald’s Heart Disease. 7th ed.
Philadelphia, Pa: Elsevier Saunders; 2005:1757–1780.

3. Spodick DH. Macrophysiology, microphysiology, and anatomy of the
pericardium: a synopsis. Am Heart J. 1992;124:1046–1051.

4. Miyazaki T, Pride HP, Zipes DP. Prostaglandins in the pericardial fluid
modulate neural regulation of cardiac electrophysiological properties.
Circ Res. 1990;66:163–175.

5. Applegate RJ, Johnston WE, Vinten-Johansen J, Klopfenstein HS, Little
WC. Restraining effect of intact pericardium during acute volume
leading. Am J Physiol. 1992;262:H1725–H1733.

6. Freeman GL, LeWinter MM. Pericardial adaptations during chronic
cardiac dilation in dogs. Circ Res. 1984;54:294–300.

7. Freeman GL, LeWinter MM. Determinants of the intrapericardial
pressure in dogs. J Appl Physiol. 1986;60:758–764.

8. Freeman GL, Little WC. Comparison of in situ and in vitro studies of
pericardial pressure-volume relation in the dog. Am J Physiol. 1986;251:
H421–H427.

9. Kansal S, Roitman D, Sheffield LT. Two-dimensional echocardiography
of congenital absence of pericardium. Am Heart J. 1985;109:912–915.

10. Lange RA, Hillis D. Acute pericarditis. N Engl J Med. 2004;351:
2195–2202.

11. Troughton RW, Asher CR, Klein AL. Pericarditis. Lancet. 2004;363:
717–727.

12. Spodick DH. Acute pericarditis: current concepts and practice. JAMA.
2003;289:1150–1153.

13. Zayas R, Anguita M, Torres F, Gimenez D, Bergillos F, Ruiz M, Ciudad
M, Gallardo A, Valles F. Incidence of specific etiology and role of
methods for specific etiologic diagnosis of primary acute pericarditis.
Am J Cardiol. 1995;75:378–382.

14. Fowler NO. Tuberculous pericarditis. JAMA. 1991;266:99–103.
15. Gunukula SR, Spodick DH. Pericardial disease in renal patients. Semin

Nephrol. 2001;21:52–56.
16. Mandell BF. Cardiovascular involvement in systemic lupus erythemato-

sus. Semin Arthritis Rheum. 1987;17:126–141.
17. Park JH, Choo SJ, Park SW. Acute pericarditis caused by acrylic bone

cement after percutaneous vertebroplasty. Circulation. 2005;111:e98.
18. Jerjes-Sanchez C, Ramirez-Rivera A, Ibarra-Perez C. The Dressler

syndrome after pulmonary embolism. Am J Cardiol. 1996;78:343–345.
19. Correale E, Maggioni AP, Romano S, Ricciardiello V, Battista R,

Salvarola G, Santoro E, Tognoni G, on behalf of the Gruppo Italiano per

lo Studio della Sopravvivenza nell’Infarto Miocardico (GISSI). Com-
parison of frequency, diagnostic and prognostic significance of peri-
cardial involvement in acute myocardial infarction treated with and
without thrombolytics. Am J Cardiol. 1993;71:1377–1381.

20. Imazio M, Demichellis B, Parrini I, Gluggia M, Cecchi E, Gaschino G,
Demarie D, Ghislo A, Trinchero R. Day-hospital treatment of acute
pericarditis: a management program for outpatient therapy. J Am Coll
Cardiol. 2004;43:1042–1046.

21. Bonnefoy E, Gordon P, Kirkorian G, Fatemi M, Chevalier P, Touboul P.
Serum cardiac troponin I and ST-segment elevation in patients with acute
pericarditis. Eur Heart J. 2000;21:832–836.

22. Imazio M, Demichellis B, Cecchi E, Belli R, Ghisio A, Bobbio M,
Trinchero R. Cardiac troponin I in acute pericarditis. J Am Coll Cardiol.
2003;42:2144–2148.

23. Permanyer-Miralda G. Acute pericardial disease: approach to the
aetiologic diagnosis. Heart. 2004;90:252–254.

24. Permanyer-Miralda G, Sagrista-Sauleda J, Soler-Soler J. Primary acute
pericardial disease: a prospective series of 231 consecutive patients.
Am J Cardiol. 1985;56:623–630.

25. Arunasalam S, Siegel RJ. Rapid resolution of symptomatic acute peri-
carditis with ketorolac tromethamine: a parenteral nonsteroidal antiin-
flammatory agent. Am Heart J. 1993;125(pt 1):1455–1458.

26. Adler Y, Finkelstein Y, Guindo J, de la Serna R, Shoenfeld Y,
Bayes-Genis A, Sagie A, Bayes de Luna A, Spodick DH. Colchicine
treatment for recurrent pericarditis: a decade of experience. Circulation.
1998;97:2183–2185.

27. Imazio M, Bobbio M, Cecchi E, Demarie D, Demichellis B, Pomari F,
Moratti M, Gaschino G, Giammaria M, Ghiso A, Belli R, Trinchero R.
Colchicine in addition to conventional therapy for acute pericarditis:
results of the COlchicine for acute PEricarditis (COPE) Trial. Circu-
lation. 2005;112:2012–2016.

28. Shabetai R. Recurrent pericarditis: recent advances and remaining
questions. Circulation. 2005;112:1921–1923.

29. Spodick DH. Intrapericardial treatment of persistent autoreactive pericar-
ditis/myopericarditis and pericardial effusion. Eur Heart J. 2002;23:
1481–1482.

30. Artom G, Koren-Morag N, Spodick DH, Brucato A, Guindo J, Bayes-
de-Luna A, Brambilla G, Finkelstein Y, Granel B, Bayes-Genis A,
Schwammenthal E, Adler Y. Pretreatment with corticosteroids attenuates
the efficacy of colchicine in preventing recurrent pericarditis: a multi-
centre all-case analysis. Eur Heart J. 2005;26:723–727.

31. Maisch B. Recurrent pericarditis: mysterious or not so mysterious? Eur
Heart J. 2005;26:631–633.

32. Maisch B, Ristic D, Pankuweit S. Intrapericardial treatment of autore-
active pericardial effusion with triamcinolone. Eur Heart J. 2002;23:
1503–1508.

33. Spodick DH. Acute cardiac tamponade. N Engl J Med. 2003;349:
684–690.

34. Reddy PS, Curtiss EI, O’Toole JD, Shaver JA. Cardiac tamponade:
hemodynamic observations in man. Circulation. 1978;58:265–272.

35. Reddy PS, Curtiss EI, Uretsky BF. Spectrum of hemodynamic changes in
cardiac tamponade. Am J Cardiol. 1990;66:1487–1491.

36. Shabetai R, Fowler NO, Guntheroth WG. The hemodynamics of cardiac
tamponade and constrictive pericarditis. Am J Cardiol. 1970;26:
480–489.

37. Shabetai R. Pericardial effusion: haemodynamic spectrum. Heart. 2004;
90:255–256.

38. Hoit BD, Gabel M, Fowler NO. Cardiac tamponade in left ventricular
dysfunction. Circulation. 1990;82:1370–1376.

39. Tsang TS, Barnes ME, Hayes SN, Freeman WK, Dearani JA, Butler SL,
Seward JB. Clinical and echocardiographic characteristics of significant
pericardial effusions following cardiothoracic surgery and outcomes of
echo-guided pericardiocentesis for management: Mayo Clinic experience,
1979–1998. Chest. 1999;116:322–331.

40. Knopf WD, Talley JD, Murphy DA. An echo-dense mass in the peri-
cardial space as a sign of left ventricular free wall rupture during acute
myocardial infarction. Am J Cardiol. 1987;59:1202.

41. Tsang TS, Oh JK, Seward JB, Tajik AJ. Diagnostic value of echocardi-
ography in cardiac tamponade. Herz. 2000;25:734–740.

42. Singh S, Wann S, Schuchard GH, Klopfenstein HS, Leimgruber PP,
Keelan MH, Brooks HL. Right ventricular and right atrial collapse in
patients with cardiac tamponade: a combined echocardiographic and
hemodynamic study. Circulation. 1984;70:966–971.

43. Klopfenstein HS, Schuchard GH, Wann LS, Palmer TE, Hartz AJ, Gross
CM, Singh S, Brooks HL. The relative merits of pulsus paradoxus and

Little and Freeman Pericardial Disease 1631



right ventricular diastolic collapse in the early detection of cardiac tam-
ponade: an experimental echocardiographic study. Circulation. 1985;71:
829–833.

44. Vaska K, Wann LS, Sagar K, Klopfenstein HS. Pleural effusion as a
cause of right ventricular diastolic collapse. Circulation. 1992;86:
609–617.

45. Cheitlin MD, Armstrong WF, Aurigemma GP, Beller GA, Bierman FZ,
Davis JL, Douglas PS, Faxon DP, Gillam LD, Kimball TR, Kussmaul
WG, Pearlman AS, Philbrick JT, Rakowski H, Thys DM, Antman EM,
Smith SC Jr, Alpert JS, Gregoratos G, Russell RO, American College of
Cardiology, American Heart Association, American Society of Echocar-
diography. ACC/AHA/ASE 2003 guideline update for the clinical appli-
cation of echocardiography: summary article: a report of the America
College of Cardiology/America Heart Association Task Force on Practice
Guidelines (ACC/AHA/ASE Committee to Update the 1997 Guidelines
for the Clinical Application of Echocardiography). Circulation. 2003;
108:1146–1162.

46. Himelman RB, Kircher B, Rockey DC, Schiller NB. Inferior vena cava
plethora with blunted respiratory response: a sensitive echocardiographic
sign of cardiac tamponade. J Am Coll Cardiol. 1988;12:1470–1477.

47. Merce J, Sagrista-Sauleda J, Permanyer-Miralda G, Evangelista A,
Soler-Soler J. Correlation between clinical and Doppler echocardiograph-
ic findings in patients with moderate and large pericardial effusion:
implications for the diagnosis of cardiac tamponade. Am Heart J. 1999;
138:759–764.

48. Appleton CP, Hatle LK, Popp RL. Cardiac tamponade and pericardial
effusion: respiratory variation in transvalvular flow velocities studied by
Doppler echocardiography. J Am Coll Cardiol. 1988;11:1020–1030.

49. Tsang TS, Enriquez-Sarano M, Freeman WK, Barnes ME, Sinak LJ,
Gersh BJ, Bailey KR, Seward JB. Consecutive 1127 therapeutic echo-
cardiographically guided pericardiocenteses: clinical profile, practice
patterns, and outcomes spanning 21 years. Mayo Clin Proc. 2002;77:
429–436.

50. Nugue O, Millaire A, Porte H, de Groote P, Guimer P, Wurtz A, Ducloux
G. Pericardioscopy in the etiologic diagnosis of pericardial effusion in
141 consecutive patients. Circulation. 1996;94:1635–1641.

51. Seferovic PM, Ristic AD, Maksimovic R, Tatic V, Ostojic M, Kanjuh V.
Diagnostic value of pericardial biopsy: improvement with extensive
sampling enabled by pericardioscopy. Circulation. 2003;107:978–983.

52. Ziskind AA, Pearce AC, Lemmon CC, Burstein S, Gimple LW, Hermann
HC, McKay R, Block PC, Waldman H, Palacios IF. Percutaneous balloon
pericardiotomy for the treatment of cardiac tamponade and large peri-
cardial effusions: description of technique and report of the first 50 cases.
J Am Coll Cardiol. 1993;21:1–5.

53. Wang HJ, Hsu KL, Chiang FT, Tseng CD, Tseng YZ, Liau CS. Technical
and prognostic outcomes of double-balloon pericardiotomy for large
malignancy-related pericardial effusions. Chest. 2002;122:893–899.

54. Hoit BD. Management of effusive and constrictive pericardial heart
disease. Circulation. 2002;105:2939–2942.

55. Sagrista-Sauleda J, Angel J, Permanyer-Miralda G, Soler-Soler J.
Long-term follow-up of idiopathic chronic pericardial effusion. N Engl
J Med. 1999;341:2054–2059.

56. Oh KY, Shimizu M, Edwards WD, Tazelaar HD, Danielson GK. Surgical
pathology of the parietal pericardium: a study of 344 cases (1993–1999).
Cardiovasc Pathol. 2001;10:157–168.

57. Bertog SC, Thambidorai SK, Parakh K, Schoenhagen P, Ozduran V,
Houghtaling PL, Lytle BW, Blackstone EH, Lauer MS, Klein AL. Con-
strictive pericarditis: etiology and cause-specific survival after pericardi-
ectomy. J Am Coll Cardiol. 2004;2004:1445–1452.

58. Ling LH, Oh JK, Schaff HV, Danielson GK, Mahoney DW, Seward JB,
Tajik AJ. Constrictive pericarditis in the modern era: evolving clinical
spectrum and impact on outcome after pericardiectomy. Circulation.
1999;100:1380–1386.

59. Ling LH, Oh JK, Breen JF, Schaff HV, Danielson GK, Mahoney DW,
Seward JB, Tajik AJ. Calcific constrictive pericarditis: is it still with us?
Ann Intern Med. 2000;132:444–450.

60. Weiss JM, Spodick DH. Association of left pleural effusion with peri-
cardial disease. N Engl J Med. 1983;308:696–697.

61. Tyberg TI, Goodyer AV, Langou RA. Genesis of pericardial knock in
constrictive pericarditis. Am J Cardiol. 1980;46:570–575.

62. Cavendish JJ, Linz PE. Constrictive pericarditis from a severely calcified
pericardium. Circulation. 2005;112:e137–e139.

63. Pohost GM, Hung L, Doyle M. Clinical use of cardiovascular magnetic
resonance. Circulation. 2003;108:647–653.

64. Talreja DR, Edwards WD, Danielson GK, Schaff HV, Tajik AJ, Tazelaar
HD, Breen JF, Oh JK. Constrictive pericarditis in 26 patients with his-
tologically normal pericardial thickness. Circulation. 2003;108:
1852–1857.

65. Kojima S, Yamada N, Goto Y. Diagnosis of constrictive pericarditis by
tagged cine magnetic resonance imaging. N Engl J Med. 1999;341:
373–374.

66. Ling LH, Oh JK, Tei C, Click RL, Breen JF, Seward JB, Tajik AJ.
Pericardial thickness measured with transesophageal echocardiography:
feasibility and potential clinical usefulness. J Am Coll Cardiol. 1997;29:
1317–1323.

67. Oh JK, Hatle LK, Seward JB, Danielson GK, Schaff HV, Reeder GS,
Tajik AJ. Diagnostic role of Doppler echocardiography in constrictive
pericarditis. J Am Coll Cardiol. 1994;23:154–162.

68. Boonyaratavej S, Oh JK, Tajik AJ, Appleton CP, Seward JB. Comparison
of mitral inflow and superior vena cava Doppler velocities in chronic
obstructive pulmonary disease and constrictive pericarditis. J Am Coll
Cardiol. 1998;32:2043–2048.

69. Rajagopalan N, Garcia MJ, Rodriguez L, Murray RD, Apperson-Hansen
C, Stugaard M, Thomas JD, Klein AL. Comparison of new Doppler
echocardiographic methods to differentiate constrictive pericardial heart
disease and restrictive cardiomyopathy. Am J Cardiol. 2001;87:86–94.

70. Kushwaha SS, Fallon JR, Fuster V. Restrictive cardiomyopathy. N Engl
J Med. 1997;336:267–276.

71. Falk RH. Diagnosis and management of the cardiac amyloidoses. Circu-
lation. 2005;112:2047–2060.

72. Oh JK, Tajik AJ, Appleton CP, Hatle LK, Nishimura RA, Seward JB.
Preload reduction to unmask the characteristic Doppler features of con-
strictive pericarditis: a new observation. Circulation. 1997;95:796–799.

73. Garcia MJ, Rodriguez L, Ares M, Griffin BP, Thomas JD, Klein AL.
Differentiation of constrictive pericarditis from restrictive cardiomyopa-
thy: assessment of left ventricular diastolic velocities in longitudinal axis
by Doppler tissue imaging. J Am Coll Cardiol. 1996;27:108–114.

74. Ha JW, Ommen SR, Tajik AJ, Barnes ME, Ammash NM, Gertz MA,
Seward JB, Oh JK. Differentiation of constrictive pericarditis from
restrictive cardiomyopathy using mitral annular velocity by tissue Dopp-
ler echocardiography. Am J Cardiol. 2004;94:316–319.

75. Leya FS, Arab D, Joyal D, Shioura KM, Lewis BE, Steen LH, Cho L. The
efficacy of brain natriuretic peptide levels in differentiating constrictive
pericarditis from restrictive cardiomyopathy. J Am Coll Cardiol. 2005;
45:1900–1902.

76. Hurrell DG, Nishimura RA, Higano ST, Appleton CP, Danielson GK,
Holmes DR, Tajik AJ. Value of dynamic respiratory changes in left and
right ventricular pressures for the diagnosis of constrictive pericarditis.
Circulation. 1996;93:2007–2013.

77. Schoenfeld MH, Supple EW, Dec GW, Fallon JT, Palacios IF. Restrictive
cardiomyopathy versus constrictive pericarditis: role of endomyocardial
biopsy in avoiding unnecessary thoracotomy. Circulation. 1987;75:
1012–1017.

78. Bush CA, Stang JM, Wooley CF, Kilman JW. Occult constrictive peri-
cardial disease. Circulation. 1977;56:924–930.

79. Sagristá-Sauleda J, Angel J, Sanchez A, Permanyer-Miralda G,
Soler-Soler J. Effusive-constrictive pericarditis. N Engl J Med. 2004;350:
469–475.

80. Tom CW, Oh JK. Images in cardiovascular medicine: a case of transient
constrictive pericarditis. Circulation. 2005;111:e364.

81. Haley JH, Tajik J, Danielson GK, Schaff HV, Mulvagh SL, Oh JK.
Transient constrictive pericarditis: causes and natural history. J Am Coll
Cardiol. 2004;43:271–275.

82. Hancock EW. Subacute effusive-constrictive pericarditis. Circulation.
1971;43:183–192.

83. Hancock EW. A clearer view of effusive-constrictive pericarditis. N Engl
J Med. 2004;350:435–437.

KEY WORDS: cardiac tamponade � pericarditis � pericardium

1632 Circulation March 28, 2006


