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The pericardium is a thin covering that separates the 

heart from the remaining mediastinal structures and 

provides structural support while also having a substantial 

hemodynamic impact on the heart. The pericardium is not 

essential—normal cardiac function can be maintained in its 

absence—however, diseased pericardium presenting clini-

cally as acute or chronic recurrent pericarditis, pericardial 

effusion, cardiac tamponade, and pericardial constriction 

can be challenging to manage and life-threatening in some 

cases. The etiology of pericardial disease is often dif�cult 

to determine or remains idiopathic. However, microorgan-

isms, including viruses and bacteria; systemic illnesses, 

including neoplasia, autoimmune disease, and connec-
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Pericardial diseases can present clinically as acute pericarditis, 

pericardial effusion, cardiac tamponade, and constrictive pericardi-

tis. Patients can subsequently develop chronic or recurrent peri-

carditis. Structural abnormalities including congenitally absent 

pericardium and pericardial cysts are usually asymptomatic and 

are uncommon. Clinicians are often faced with several diagnostic 

and management questions relating to the various pericardial syn-

dromes: What are the diagnostic criteria for the vast array of peri-

cardial diseases? Which diagnostic tools should be used? Who 

requires hospitalization and who can be treated as an outpatient? 

Which medical management strategies have the best evidence 

base? When should corticosteroids be used? When should surgi-

cal pericardiectomy be considered? To identify relevant literature, 

we searched PubMed and MEDLINE using the keywords diagnosis, 

treatment, management, acute pericarditis, relapsing or recurrent 

pericarditis, pericardial effusion, cardiac tamponade, constrictive 

pericarditis, and restrictive cardiomyopathy. Studies were select-

ed on the basis of clinical relevance and the impact on clinical 

practice. This review represents the currently available evidence 

and the experiences from the pericardial clinic at our institution 

to help guide the clinician in answering difficult diagnostic and 

management questions on pericardial diseases.
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CMR = cardiac magnetic resonance imaging; CT = computed tomog-

raphy; CYP = cytochrome P450; ECG = electrocardiographic; ESC = 

European Society of Cardiology; IVC = inferior vena cava; LV = left 

ventricular; NSAID = nonsteroidal anti-inflammatory drug; RA = right 

atrium; RV = right ventricle

tive tissue disease; renal failure; previous cardiac surgery; 

previous myocardial infarction; trauma; aortic dissection; 

radiation; and, rarely, drugs have been associated with peri-

cardial diseases.

 The diagnosis and management of pericardial diseases 

remain challenging because of the vast spectrum of mani-

festations and the lack of clinical data on which to base 

guidelines by the American College of Cardiology and  

the American Heart Association. However, the European 

Society of Cardiology (ESC) published guidelines on peri-

cardial disease in 2004.1 This review aims to describe the 

methods of diagnosing and managing major pericardial 

syndromes on the basis of the literature and the clinical 

experience of our pericardial clinic. Searches were per-

formed on PubMed and MEDLINE using the keywords 

diagnosis, treatment, management, acute pericarditis, 

relapsing or recurrent pericarditis, pericardial effusion, 

cardiac tamponade, constrictive pericarditis, and restric-
tive cardiomyopathy. No date limitations were set. Stud-

ies were selected on the basis of clinical relevance and the 

impact on clinical practice.

NORMAL PERICARDIUM

Normal pericardium consists of an outer sac or �brous peri-

cardium and an inner double-layered sac called the serous 
pericardium. The 2 layers of serous pericardium include 

the visceral layer, or epicardium, which covers the heart 

and proximal great vessels. The visceral layer is reected 

to form the parietal pericardium, which lines the �brous 

pericardium. The visceral and parietal layers are separated 
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by the pericardial cavity, which in healthy people contains 

15 to 50 mL of a plasma ultra�ltrate. The pericardium 

provides mechanical protection for the heart and lubrica-

tion to reduce friction between the heart and surrounding 

structures. The pericardium also has a considerable hemo-

dynamic effect on the atria and ventricles.

ACUTE PERICARDITIS

Acute pericarditis is a common disorder caused by inam-

mation of the pericardium and can occur as an isolated 

entity or as a manifestation of an underlying systemic dis-

ease. It is diagnosed in approximately 0.1% of hospitalized 

patients and in 5% of patients admitted to the emergency 

department with noncardiac chest pain.2 In most patients, 

the cause of acute pericarditis is thought to be idiopathic 

because the yield of diagnostic tests to con�rm etiology 

has been relatively low.3,4 Major known causes include 

viral and bacterial (eg, tuberculous) microorganisms; sys-

temic diseases, such as autoreactive or immune-mediated 

diseases; neoplastic invasion of the pericardium; uremia; 

previous acute myocardial infarction; aortic dissection and 

chest wall trauma; and previous cardiotomy or thoracic 

surgery (Table).

DIAGNOSIS

Although no criteria for the diagnosis of acute pericardi-

tis have been established, prior studies6-8 have suggested 

that at least 2 of the following 4 criteria should be present:  

(1) characteristic chest pain, (2) pericardial friction rub,  

(3) suggestive electrocardiographic (ECG) changes, and 

(4) new or worsening pericardial effusion (Figure 1).

 In some patients, acute pericarditis is accompanied by 

some degree of myocardial involvement. The diagnosis of 

myopericarditis implies a predominantly pericardial involve-

ment with associated myocardial inammation. Clinically, 

the diagnosis of myopericarditis can be made once peri-

carditis has been de�nitively diagnosed and there is evidence 

of  either increased levels of cardiac enzymes, suggesting 

inammatory myocardial damage,9 or new onset of focal or 

diffuse depressed left ventricular (LV) function on imaging 

in the absence of any other cause.10 An endomyocardial bi-

opsy is not needed for the diagnosis of myopericarditis. A 

recent observational study by Imazio et al10 suggested the 

following clues to myocardial involvement in acute peri-

carditis: male sex, younger age at presentation, presence of 

cardiac arrhythmias, ST-segment elevation, recent febrile 

syndrome with gastrointestinal symptoms and/or skeletal 

muscle myalgias, raised serum cardiac enzyme levels, and 

evidence of myocardial dysfunction on echocardiography.

CHEST PAIN

The chest pain of acute pericarditis is usually sudden in onset, 

retrosternal, and pleuritic in that it is exacerbated by inspira-

tion. The chest pain can be affected by position as patients 

may note lessening of the pain when they lean forward or 

are in the upright position. As in myocardial infarction, chest 

pain can radiate to the neck, arms, or left shoulder; however, 

radiation of the pain to 1 or both trapezius muscle ridges is 

probably due to pericarditis because the phrenic nerve that 

innervates these muscles traverses the pericardium. Dull, op-

pressive pain can also occur in pericarditis, making it dif�-

cult to distinguish from myocardial ischemia.

PERICARDIAL FRICTION RUB

A pericardial friction rub, which is thought to be generated 

by friction of the 2 inamed layers of the pericardium, cor-

responds to the movement of the heart within the pericar-

dial sac. The rub tends to vary in intensity over time, and 

thus patients should be examined repeatedly. An audible 

friction rub, which has been shown to be present in 85% 

of patients at some time during the course of their disease,3 

is highly speci�c for pericarditis. A pericardial friction rub 

is usually a high-pitched, scratchy or squeaky sound heard 

best at the left sternal border. The classic friction rub con-

sists of 3 phases that correspond to the movement of the 

heart during 3 phases of the cardiac cycle: (1) atrial systole, 

(2) ventricular systole, and (3) rapid ventricular �lling dur-

ing early diastole.5  However, some rubs are present in only 

1 (monophasic) or 2 (biphasic) components of the cardiac 

cycle,11 and it is dif�cult to know whether these rubs are 

truly due to pericardial disease.

TABLE. Etiology and Estimated Incidence of Acute Pericarditis

  Estimated incidence 
 Condition (%)a

Idiopathic 85-90
Infectious
 Viral 1-2
 Bacterial 1-2
 Tuberculous 4
 Fungal Rare
 Parasites Rare
Neoplastic disease 7
Systemic autoimmune disease 3-5
After cardiotomy or thoracic surgery Rare (<1)
Aortic dissection Rare (<1)
Chest wall trauma Rare (<1)
Chest wall irradiation Rare (<1)
Adverse drug reaction Rare (<1)
Acute myocardial infarction 5-20b

Myocarditis 30b

Uremia
 Before dialysis   5
 After initiation of dialysis 13 

a Data on estimated incidence are adapted from references 1, 3, 4, and 5.
b Percentage is related to the incidence of pericarditis in the speci�c popu-

lation of patients.
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ELECTROCARDIOGRAPHY

Typical ECG changes in acute pericarditis include wide-

spread upward concave ST-segment elevation and PR-seg-

ment depression12-15 (Figure 2). However, 4 stages of ECG 

abnormalities have been described previously.7,8 In stage 1, 

diffuse ST-segment elevation secondary to epicardial inam-

mation and PR-segment depression can be seen within the 

�rst hours to days with reciprocal ST-segment depression in 

the aVR and V
1
 leads. There can also be PR-segment eleva-

tion in the aVR lead suggestive of an atrial current of injury. 

Consider

CMR

Equivocal or no

No

Yes

Treat as acute pericarditis 

if delayed enhancement 

on CMR

Acute pericarditis
Consider 

alternative 

diagnosis

High-risk features: fever, leukocytosis, 

large pericardial effusion, cardiac tamponade, 

acute trauma, oral anticoagulation, NSAID 

therapy failure, elevated troponin level, 

relapsing pericarditis

Diagnosis: At least 2 of the following 4 criteria:

Characteristic chest pain

Pericardial friction rub
Suggestive electrocardiographic changes

New or worsening pericardial effusion

Yes

Consider myopericarditis if elevated 

levels of cardiac enzymes or evidence of

 myocardial dysfunction on echocardiography

Outpatient treatment

Likely 

idiopathic 

or viral 

pericarditis 

No relapse Relapse   

See relapsing 

pericarditis 

algorithm

(Figure 6)

Hospital admission

Stable Unstable

Cardiac tamponade
Clinical testing for 

suspected 

underlying etiology

Pericardiocentesis Hemodynamic support

Further testing for

underlying etiology

NoYes

Aspirin or other 

NSAID ± colchicine

No prednisone*

FIGURE 1. Overview of the diagnosis and management of acute pericarditis. CMR = cardiac magnetic resonance imaging; NSAID = nonsteroidal 

anti-in�ammatory drug.

*Corticosteroids should not be routinely used initially unless there is a rheumatologic etiology or NSAIDs and colchicine are contraindicated. 
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Subsequently, the ST and PR segments normalize (stage 2), 

followed by the development of widespread T-wave inver-

sions (stage 3). In stage 4, �ndings on ECG may become 

normal or the T-wave inversions may persist inde�nitely. 

Typical ECG evolution in acute pericarditis has been shown 

in up to 60% of patients in a clinical series,16 and stage 1 

changes have been observed in 80% of patients with peri-

carditis.17 However, clinicians must distinguish between 

ECG changes in acute pericarditis and those in myocardial 

infarction. A recent retrospective study performed at Mayo 

Clinic revealed that approximately 17% of all patients 

with acute pericarditis underwent urgent coronary angio- 

graphy,18 especially patients with anginal pain, ST-segment 

elevation, and elevated troponin T values. Although patients 

with ST-segment elevation myocardial infarction must re-

ceive prompt reperfusion, clinicians must also consider the 

diagnosis of pericarditis to avoid unnecessary coronary an-

giography. If available, prompt echocardiography can be 

helpful in this regard by demonstrating normal LV regional 

contractility.

SEROLOGIC TESTING

Markers of inammation, such as white blood cell count, 

erythrocyte sedimentation rate, and serum C-reactive pro-

tein concentration, are usually elevated; however, these 

tests provide little information about the underlying cause 

of pericarditis and so are of limited use in devising a strat-

egy for further management. It has been suggested that 

many patients with idiopathic acute pericarditis have an 

underlying viral infection; however, viral cultures and anti-

body titers have not proven to be clinically useful,3,4,19 and 

the diagnosis of viral acute pericarditis does not alter man-

agement. Given the frequency of autoimmune disease as 

the underlying cause of acute pericarditis, routine serologic 

testing for antinuclear antibody and rheumatoid factor is of 

low yield and should be ordered only if the clinical presenta-

tion is suggestive of these diseases. Serum cardiac troponin 

I levels have been shown to be minimally elevated,9,20 pre-

sumably as a result of the involvement of the epicardium in 

the inammatory process; however, most patients with an 

elevated troponin level and acute pericarditis have normal 

�ndings on coronary angiography.20 An elevated troponin 

level is not associated with a worse prognosis, and troponin 

levels usually return to normal within 1 to 2 weeks.5

CHEST RADIOGRAPHY

Cardiomegaly with clear lung �elds suggests a signi�cant 

pericardial effusion and indicates at least 200 mL of peri-

cardial uid.2 However, cardiomegaly is an uncommon 

�nding, and most �ndings on chest radiography are normal 

in patients with acute pericarditis.

ECHOCARDIOGRAPHY

Transthoracic echocardiography is recommended in patients 

with suspected acute pericarditis who have evidence of he-

modynamic compromise.21  The �nding of a signi�cant peri-

cardial effusion (Figure 3) supports the diagnosis and guides 

further management, especially if there is evidence of car-

diac tamponade and a need for emergent pericardiocentesis.

CARDIAC COMPUTED TOMOGRAPHY AND CARDIAC MAGNETIC 

RESONANCE IMAGING 

Cardiac computed tomography (CT) and cardiac magnetic 

resonance imaging (CMR) are increasingly being used in 

FIGURE 2.  Electrocardiographic abnormalities in acute pericarditis. Diffuse up-sloping ST-

segment elevation is seen in leads I, II, aVF, and V
1
 to V

6
.  The PR segment is elevated in 

the aVR lead (arrows) and subtly depressed in leads I, II, aVF, and V
2
 to V

6
 (arrowheads).  

Reciprocal ST-segment depression is seen in the aVR lead. 
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the diagnosis of pericarditis. Both imaging modalities are 

very sensitive in the detection of generalized or loculated 

effusions and can also be used to measure pericardial thick-

ness. Normal pericardial thickness is less than 4 mm and 

is usually 1 to 2 mm.1,22 Cardiac CT can show increased 

pericardial thickness in a patient with acute pericarditis, 

but such �ndings are not diagnostic for pericarditis. The 

most sensitive method for the diagnosis of acute pericardi-

tis is delayed enhancement of the pericardium on CMR. On 

CMR, the pericardium normally appears black because of 

its low water content; however, in patients with pericarditis, 

enhanced gadolinium uptake in the inamed pericardium 

is delayed (Figure 4). Findings on CMR are also helpful 

in demonstrating myocardial involvement in patients with 

myopericarditis.

INITIAL EVALUATION

Because most cases of acute pericarditis follow a benign 

course, a full diagnostic evaluation is not needed for all 

patients with acute pericarditis. However, the initial evalu-

ation should identify patients with high-risk features of 

acute pericarditis, including signi�cant effusion and car-

diac tamponade. In addition, tuberculous, purulent, ure-

mic, or neoplastic causes of acute pericarditis should be 

adequately investigated.

 An initial history and physical examination should be 

performed with particular attention to physical signs of 

cardiac tamponade, such as pulsus paradoxus and Kuss-

FIGURE 3. Two-dimensional transthoracic echocardiogram showing 

the parasternal long-axis view in a patient diagnosed as having acute 

pericarditis. A moderate-sized pericardial effusion (PE) is present 

posteriorly. LA = left atrium; LV = left ventricle; RV = right ventricle.

FIGURE 4. Short-axis cardiac magnetic resonance imaging with delayed gadolinium en-

hancement in a patient with acute pericarditis. The brightly enhanced pericardium (arrow-

heads) is suggestive of in�ammation in a patient with acute pericarditis. 
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maul sign with elevated jugular venous pressure. Transtho-

racic echocardiography would be reasonable in all patients 

with suspected acute pericarditis who have evidence of he-

modynamic compromise.21

 Testing should include ECG, chest radiography, com-

plete blood cell count, and sedimentation rate and/or mea-

surement of C-reactive protein concentration for most pa-

tients; for patients in whom an autoimmune or infectious 

disease is suspected, an antinuclear antibody titer, tuber-

culin skin test or QuantiFERON-TB assay, human immu-

node�ciency virus serology, or blood cultures should be 

added. If the history and physical examination �ndings 

suggest a speci�c cause such as malignancy, then appro-

priate additional tests should be performed. The yield of 

routine viral studies is low, and management is not usually 

altered.4 In cases in which the diagnosis of acute pericardi-

tis remains uncertain, CMR may be useful.

 Hospital admission is not necessary for all patients 

with acute pericarditis; however, patients with high-risk 

features should be hospitalized.16,23 High-risk features 

include fever (temperature >38°C), leukocytosis, a large 

pericardial effusion (echo-free space >20 mm), cardiac 

tamponade, acute trauma, immunosuppressed state, con-

current oral anticoagulation, failure of nonsteroidal anti-

inammatory drug (NSAID) therapy, elevated troponin 

levels, and recurrent or incessant pericarditis. In a study 

evaluating patients who had no poor prognostic indica-

tors and who were treated for acute pericarditis without 

admission to the hospital, no serious complications were 

reported in 39 months of follow-up.16

TREATMENT

When the identi�ed etiology of acute pericarditis is not vi-

ral or idiopathic, management should be directed toward 

treating the underlying cause. Patients with no high-risk 

features can be managed as outpatients. Medical manage-

ment for viral or idiopathic acute pericarditis has been 

centered on 3 major agents—NSAIDs, colchicine, and 

corticosteroids. The management and prognosis of patients 

with myopericarditis are similar to those of patients with 

acute pericarditis.10

 Nonsteroidal Anti-in�ammatory Drugs. The 2004 

ESC guidelines recommended the use of an NSAID for 

the treatment of idiopathic or viral acute pericarditis,1 

with the goal of therapy being the relief of pain and the 

resolution of inammation. Ibuprofen or aspirin has been 

most commonly used and provides prompt relief of pain in 

most patients6,8,16,24 but does not alter the natural history of 

the disease. High-dose aspirin (800 mg orally every 6 to 

8 hours for 7 to 10 days followed by gradual tapering of 

the dose by 800 mg per week for 3 additional weeks) in 

combination with gastroprotection with misoprostol (600 

to 800 mg/d) or omeprazole (20 mg/d) has been used in 

multiple studies6,16 and has shown excellent ef�cacy in pa-

tients with mainly idiopathic or presumed viral pericarditis. 

Indomethacin25 and ketorolac26 have also shown ef�cacy in 

treating acute pericarditis. In patients who do not respond 

to NSAID therapy in 1 week, an etiology other than id-

iopathic or viral pericarditis is likely.16 Aspirin should be 

used preferentially in patients with acute pericarditis in the 

setting of myocardial infarction because of the requirement 

for antiplatelet therapy; the anti-inammatory actions of an 

NSAID other than aspirin may interfere with myocardial 

healing and scar formation.27-30 Indomethacin should be 

avoided in patients with coronary artery disease because it 

decreases coronary blood ow.27 A proton pump inhibitor 

or another form of gastric protection should be provided in 

all patients treated with an NSAID.

 Colchicine. Colchicine has been shown in observa-

tional studies to be effective in relieving pain in patients 

with acute pericarditis and in preventing recurrences.31,32 

Routine use of colchicine in the treatment of acute peri-

carditis has been supported by the COPE (Colchicine for 

Acute Pericarditis) trial.6 In this prospective study, patients 

with a �rst episode of acute pericarditis were randomized 

to colchicine plus aspirin or aspirin alone. Colchicine sig-

ni�cantly reduced symptoms at 72 hours and recurrence at 

18 months, and no patients in the colchicine group devel-

oped cardiac tamponade or pericardial constriction.

 The major adverse effect prompting discontinuation of 

colchicine in approximately 8% of patients was diarrhea.6 

However, less common published adverse effects of colchi-

cine include bone marrow suppression, hepatotoxicity, and 

myotoxicity.33-35 Chronic renal insuf�ciency can lead to 

increased colchicine levels and appears to be the major 

risk factor for adverse effects.36,37 In addition, colchicine 

undergoes extensive hepatic metabolism by cytochrome 

P450 (CYP) 3A4,38 and thus drugs that interact with CYP 

can increase the levels of colchicine. Colchicine is also a 

substrate for P-glycoprotein, a transporter involved in drug 

elimination. Macrolides inhibit P-glycoprotein and CYP 

and may impair colchicine elimination, resulting in drug 

toxicity.35-37,39

 We recommend that 4 to 6 weeks of colchicine therapy 

be considered in all patients with acute pericarditis, espe-

cially in patients who have not bene�tted from NSAID 

therapy after 1 week. However, colchicine should be avoid-

ed or used with caution in patients with severe renal insuf-

�ciency, hepatobiliary dysfunction, blood dyscrasias, and 

gastrointestinal motility disorders.

 Corticosteroids. Although acute pericarditis appears to 

respond dramatically to corticosteroids, early use of cor-

ticosteroids has been associated with an increased risk of 

relapsing pericarditis in multiple studies.5,6,40 In the COPE 
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trial,6 corticosteroid use was an independent risk factor for 

recurrence (odds ratio, 4.3). Thus, corticosteroids should 

only be considered if the patient has clearly received no 

bene�t from NSAID and colchicine therapy and a speci�c 

cause for pericarditis has been excluded. The 2004 ESC 

guidelines1 recommend the use of systemic corticosteroids 

as an initial treatment of acute pericarditis when the under-

lying cause is an immune-mediated disease, a connective 

tissue disorder, or uremic pericarditis. We recommend slow 

tapering of high-dose prednisone (1 mg/kg per day) when 

corticosteroid treatment is indicated in acute pericarditis. 

Tapering should begin after approximately 2 to 4 weeks 

and only when the patient is asymptomatic and the serum 

C-reactive protein concentration has normalized. Slow ta-

pering is often the key in preventing recurrence. Intraperi-

cardial administration of corticosteroids has been reported 

to be effective in acute pericarditis, but its invasive nature 

limits its clinical utility.41,42

PERICARDIOCENTESIS

The 2004 ESC guidelines1 support the use of pericardio-

centesis if purulent, tuberculous, or neoplastic pericarditis 

is suspected. Pericardiocentesis can also be performed for 

patients with persistent symptomatic pericardial effusions.

RELAPSING PERICARDITIS

Relapsing pericarditis is one of the most challenging com-

plications of acute pericarditis, and no optimal treatment 

for this disorder of the pericardium has been de�nitively es-

tablished. Relapsing or recurrent pericarditis can be classi-

�ed as either incessant or intermittent. In the incessant type, 

discontinuation of or attempts to wean patients from anti-

inammatory treatment (eg, aspirin, indomethacin, ibupro-

fen) nearly always ensure a relapse in less than 6 weeks.43 

This type of relapsing or recurrent pericarditis appears to 

be particularly frequent in patients receiving corticosteroid 

therapy; several studies have shown that the mean number 

of relapses was much higher in those receiving corticoste -

roid therapy than in those who were not.5,6,40 In the intermit-

tent type, patients have symptom-free intervals of greater 

than 6 weeks without treatment. Gross anatomic features 

of recurrent pericarditis are illustrated in Figure 5.

 The frequency of occurrences of relapsing pericarditis 

has not been well established because previous studies 

have used relatively small patient populations. However, 

the frequency in clinical series including more than 40 pa-

tients varies between 8% and 80%,43-45 with an average of 

24%, strongly suggesting that recurrent pericarditis is a se-

rious clinical dilemma.

 Because recurrent pericarditis often responds to corti-

costeroid and other immunosuppressive therapies and is 

characterized by the presence of autoantibodies, its prima-

ry etiology is thought to be autoimmune.1,46 Other causes 

of recurrent pericarditis include viruses or infections and 

postpericardial and postmyocardial injury syndromes; it 

may also have an idiopathic etiology.42,47,48 However, tuber-

culous, purulent, and neoplastic pericarditis are not recog-

nized causes of relapsing pericarditis.49,50

DIAGNOSIS

The diagnosis of recurrent pericarditis requires a docu-

mented �rst episode of acute pericarditis and evidence of 

recurrent pericardial chest pain plus one of the following51: 

fever, pericardial friction rub, ECG changes typical of acute 

pericarditis (Figure 2), pericardial effusion on echocardiog-

raphy, or an elevation in white blood cell count, erythrocyte 

sedimentation rate, or C-reactive protein concentration 

(Figure 6). Cardiac CT can be used to evaluate pericardial 

thickness and pericardial effusions, which can be helpful 

FIGURE 5.  Gross anatomic features of relapsing pericarditis. Left, Anterior view of �brinous 

pericardium in a patient with recurrent pericarditis. Right, Thickened �brinous pericardium 

after surgical pericardiectomy. Photograph courtesy of William D. Edwards, MD.
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in the diagnosis of recurrent pericarditis (Figure 7, left). 

Delayed gadolinium enhancement of the pericardium by 

CMR (Figure 7, right) is a reliable and objective method to 

detect inammation of the pericardium.52

 The �rst symptoms of recurrent pericarditis usually oc-

cur within 18 to 20 months after the initial attack.6,53 The 

initial episode of acute pericarditis is usually more severe 

than subsequent episodes. Chest pain is usually sharp and 

progressive, worsens with recumbency, and is relieved by 

leaning forward. Most patients are well between attacks; 

however, some patients have a more persistent or chronic 

course.41,42

FIGURE 6.  Overview of the management of relapsing pericarditis. CMR = cardiac magnetic resonance imaging; CRP = 

C-reactive protein; CT = computed tomography; ESR = erythrocyte sedimentation rate; NSAID = nonsteroidal anti-in�am-

matory drug; WBC = white blood cell count. 

*Corticosteroids should not be routinely used initially unless there is a rheumatologic etiology or NSAIDs and colchicine 

are contraindicated.  
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TREATMENT

Although constrictive pericarditis, myocardial disease, and 

tamponade are rare in patients with relapsing pericarditis, 

incessant recurrences can severely impair quality of life 

in some patients.43 The goals of management should be 

symptomatic relief, prevention of recurrences, and restric-

tion of physical activity. The underlying disease should be 

treated in recurrent pericarditis. Idiopathic and viral relaps-

ing pericarditis can be treated with aspirin (650 mg orally 

every 4-6 hours), other NSAIDs (eg, ibuprofen, 200-400 

mg every 4-6 hours, and indomethacin, 25-50 mg every 6-8 

hours), or acetaminophen (500-750 mg every 4-6 hours), 

alone or in combination.43 Several studies have shown that 

colchicine is effective in preventing recurrences.6,31,51 The 

COPE trial6 demonstrated that colchicine was effective in 

preventing recurrent pericarditis if given after the �rst epi-

sode of acute pericarditis, and the Colchicine for Recurrent 

Pericarditis (CORE) trial51 demonstrated that colchicine 

was effective in preventing relapses when given after the 

�rst episode of recurrent pericarditis. Thus, colchicine can 

be administered to patients after the �rst episode of acute 

pericarditis but should be avoided or used with caution in 

patients with severe renal insuf�ciency, hepatobiliary dys-

function, blood dyscrasias, and gastrointestinal motility dis-

orders. Starting dosages of 2 to 3 mg/d can be followed by 

maintenance dosages of 0.5 to 1 mg/d, which should be giv-

en for at least 1 year after the last episode of pericarditis.

 Although current guidelines recommend limiting the 

use of corticosteroids in the treatment of relapsing peri-

carditis, corticosteroids are administered in 60% to 90% of 

patients in most clinical series.54 Corticosteroids should be 

avoided when possible because studies have suggested that 

administration may favor relapses; however, some authors 

have advocated that the administration of a short course of 

high-dose prednisolone may reduce the frequency of re-

lapse.55,56 We recommend limiting corticosteroid treatment 

to patients in whom NSAIDs and colchicine are contrain-

dicated or in whom recurrent pericarditis has an autoim-

mune or rheumatologic etiology. In our clinical experience 

with patients already receiving corticosteroid therapy for 

relapsing pericarditis, high-dose NSAIDs or aspirin for 

several months with a very slow taper of prednisone by 

1-mg decrements weekly or biweekly has been effective in 

preventing recurrences. Other clinicians have also reported 

the usefulness of low-dose corticosteroids with slow tapers 

in the treatment of recurrent pericarditis.57,58

 Although pericardiectomy has been proposed for the 

relief of refractory relapsing pericarditis, it does not al-

ways result in cessation of recurrences. However, peri-

cardiectomy should be considered in patients with severe 

relapsing pericarditis that has not responded to adequate 

treatment.1 Our preliminary experience indicates that 

peri  cardiectomy in this setting may be bene�cial. Of 41 

patients who had a pericardiectomy at Mayo Clinic be-

tween 1975 and 2000 for chronic relapsing pericarditis 

and whose records were retrospectively reviewed, 25 

(61%) had follow-up at 1 year; at follow-up, all patients 

reported symptomatic improvement, and 23 (92%) were 

no longer taking corticosteroids.59

CARDIAC TAMPONADE

Cardiac tamponade is characterized by the accumulation of 

pericardial uid under pressure. As the pericardial effusion 

FIGURE 7. Cardiac computed tomography (CT) and cardiac magnetic resonance imaging 

in chronic relapsing pericarditis. Left, Cardiac CT showing thickened areas of pericardium 

(arrows) and areas of loculated pericardial effusion (*). Pericardium of normal thickness 

(arrowheads) is also present in this patient with chronic recurrent pericarditis. Right, 

Cardiac magnetic resonance imaging from the same patient shows a delayed gadolinium 

enhancement short-axis image. The brightly enhanced pericardium (arrows) is suggestive 

of in�ammation. A loculated pericardial effusion (*) is also shown.  
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increases, the movement of the parietal pericardium de-

creases. Tamponade occurs when all cardiac chambers are 

compressed as a result of  increased intrapericardial pres-

sure to the point of compromising systemic venous return 

to the right atrium (RA).2,7 Increased intrapericardial pres-

sure reduces the myocardial transmural pressure, and the 

cardiac chambers become smaller, with reduced chamber 

diastolic compliance and a decrease in cardiac output and 

blood pressure. Despite tamponade, much of the inspira-

tory decline in thoracic pressure is transmitted through the 

pericardium to the right side of the heart, resulting in an 

increase in systemic venous return with inspiration and 

distention of the right ventricle (RV). However, once the 

intrapericardial pressure is high enough, the pericardium 

prevents the free wall of the RV from expanding. Expan-

sion is limited to the interventricular septum, resulting in 

bulging of the RV into the LV. This bulging results in re-

duced LV compliance and decreased �lling of the LV dur-

ing inspiration.2,7

 Occurrences of tamponade can be acute, subacute, re-

gional, or characterized by low pressure. Acute tamponade 

is sudden, life-threatening if not treated promptly, and often 

associated with hypotension as well as chest pain and dysp-

nea. Cardiac tamponade should be considered in patients in 

cardiogenic shock, especially if they have increased jugular 

venous pressure or pulseless electrical activity. In the cur-

rent era, invasive cardiac procedures have become one of the 

most common causes of acute tamponade.60 Many of these 

procedures require intraprocedural anticoagulation and left 

atrial access using transseptal puncture and thus carry the 

risk of pericardial effusion and tamponade.

DIAGNOSIS

 Physical Examination. Depending on the type and 

severity of tamponade, a variety of physical �ndings may 

be present (Figure 8).1 Chest pain is the result of uid ac-

cumulation within the pericardium and acute pericardial 

irritation. Typically, substernal chest discomfort  radiates 

up to the neck and jaw. Atypical symptoms include shoul-

der discomfort, abdominal discomfort, or even nausea. In 

patients with subacute tamponade, a prominent presenting 

symptom can be right upper quadrant pain due to hepatic 

venous congestion and peripheral edema. Sinus tachycar-

dia occurs in most patients as a physiologic response to 

maintain cardiac output. The jugular venous pressure is al-

most always elevated, with preservation of the x descent but 

absence or attenuation of the y descent due to a blunting of 

diastolic �lling of the ventricle. Pulsus paradoxus, which is 

an exaggeration of the normal variation in the pulse during 

the inspiratory phase of respiration, is commonly found in 

tamponade and can be quanti�ed by an inspiratory reduc-

tion in systolic blood pressure of greater than 10 mm Hg. 

Pulsus paradoxus has been shown to be predictive of the 

severity of cardiac tamponade.61 A pericardial friction rub, 

while not common, can also be heard in cardiac tamponade 

if the underlying cause is an inammatory pericarditis.7 

Kussmaul sign is an elevation in the jugular venous pres-

sure during inspiration and can be seen in tamponade, but 

not usually in the absence of pericardial constriction.

 Electrocardiography. Several ECG �ndings are associ-

ated with tamponade. Sinus tachycardia, low-voltage QRS 

complex, and typical ECG �ndings in acute pericarditis, 

including widespread upward concave ST-segment eleva-

tion and PR-segment depression, can all be found in car-

diac tamponade. Low-voltage QRS complex, de�ned as a 

maximum QRS amplitude of less than 0.5 mV in the limb 

leads, has been shown to resolve within 1 week after treat-

ment of tamponade by pericardiocentesis or anti-inam-

matory medications.62 Electrical alternans, de�ned as the 

alteration of the QRS complex amplitude or axis between 

beats, is speci�c but not very sensitive for cardiac tampon-

ade.2 Electrical alternans reects the swinging motion of 

the heart in pericardial uid.

 Chest Radiography. In acute tamponade, �ndings on 

chest radiography are usually normal, and the cardiac sil-

houette does not enlarge until at least 200 mL of pericardial 

uid has accumulated.2 However, as the pericardial effu-

sion becomes larger, the cardiac shadow becomes globular 

on chest radiography.

 Imaging Studies. The use of echocardiography in car-

diac tamponade is a class I indication.21 Typical echocar-

diographic �ndings in tamponade (Figure 963) include late 

diastolic collapse of the RA and early diastolic collapse 

of the RV when the intrapericardial pressure exceeds in-

tracavitary pressure.1,64,65 Maximal pericardial pressure in 

tamponade occurs during end-diastole, when RA volume 

is minimal, causing buckling of the RA.66 Persistence of 

RA collapse for more than one-third of the cardiac cycle is 

highly sensitive and speci�c for tamponade.66 The collapse 

of right heart chambers does not occur even with tampon-

ade if right heart pressure is elevated. Left atrial collapse, 

which can also occur in tamponade, is very speci�c1,64,67 but 

is not sensitive for tamponade. Left ventricular collapse is 

rare because of the muscular nature of the LV wall.1,64,68 

When cardiac tamponade is due to a life-threatening condi-

tion, such as aortic dissection or cardiac free wall rupture, 

2-dimensional echocardiography may show a coagulated 

mass within the pericardium.

 During respiration, reciprocal changes occur in the RV 

and LV and are indicative of ventricular interdependence. 

During inspiration, the interventricular septum bulges into 

the LV due to increased systemic venous return to the RV 

and limited expansion of the RV free wall due to the in-

crease in intrapericardial pressure. With expiration, the 
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transmitral pressure gradient increases and systemic ve-

nous return decreases with reversal of diastolic ow in the 

hepatic veins (Figure 1063). Additional echocardiographic 

�ndings in tamponade include inferior vena cava (IVC) 

dilatation, with less than a 50% reduction in the diameter 

of the IVC during inspiration.69

 Cardiac CT and CMR are not usually needed if 2-di-

mensional and Doppler echocardiography are available. 

Echocardiography—main 
diagnostic tool

Symptoms 
   Chest pain 
   Shoulder discomfort 
   Abdominal discomfort 
   Nausea 

Examination findings
   Sinus tachycardia 
   Elevated JVP
   Pulsus paradoxus
   Friction rub 

ECG
   Sinus tachycardia 
   Low-voltage QRS
   Widespread concave ST-segment 
     elevation and PR-segment 
     depression
   Electrical alternans

First-line treatment
   Urgent percutaneous catheter 
     pericardiocentesis
 

  

Can consider
     Surgical removal of pericardial fluid
   Volume expansion

Avoid
Positive-pressure mechanical ventilation

2-Dimensional
   Pericardial effusion
   Late diastolic collapse of RA
   Early diastolic collapse of RV 
   Collapse of LA 
   Ventricular interdependence
   IVC dilatation with <50% inspiratory
      collapse

Doppler
   Blunted initial e′ velocity
   Expiration
       Increased transmitral E velocity
       Increased transmitral pressure
          gradient
       Decreased IVRT
       Hepatic vein diastolic flow reversal 

Cardiac catheterization

   Early
      Increased RA pressure 
        with loss of y descent

   Late 
      Decreased aortic systolic
        pressure
      Decreased aortic pulse pressure
      Pulsus paradoxus–prominent
        decrease in pulse pressure
        with inspiration
      Intracardiac diastolic pressure
        equilibration

           
     

Treatment

Stable 

Consider careful hemodynamic monitoring
and serial echocardiography

Diagnosis

Unstable 

FIGURE 8.  Overview of the diagnosis and management of cardiac tamponade. E = early diastolic �lling; ECG = electrocardiography; IVC = inferior 

vena cava; IVRT = isovolumic relaxation time; JVP = jugular venous pressure; LA = left atrium; RA = right atrium; RV = right ventricle. 
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However, cardiac CT may be able to detect early signs of 

tamponade. Findings such as pericardial effusion, ventricu-

lar interdependence, RA and RV collapse, and IVC and he-

patic vein distention can be detected by CT.70,71 A loculated 

pericardial effusion or hematoma soon after cardiac surgery 

often escapes detection by transthoracic echocardiography. 

Cardiac CT or transesophageal echocardiography can be 

useful to diagnose such conditions in hemodynamically 

unstable patients during the postoperative period.

 Cardiac Catheterization. Cardiac catheterization is 

not usually performed for the diagnosis of acute tampon-

ade, but as  percutaneous procedures become more com-

plex, procedure-related iatrogenic acute cardiac tamponade 

is becoming more common, especially in the setting of in-

traprocedural anticoagulation. Prompt recognition is essen-

tial so that hemodynamic collapse can be averted. Various 

hemodynamic �ndings in the catheterization laboratory 

can provide indirect evidence of cardiac perforation and 

subsequent tamponade.60 Although hypotension is a hall-

mark of tamponade, systemic aortic pressure and heart rate 

can increase in the early stages of acute tamponade as a 

result of the sympathetic response to pericardial irritation. 

In early tamponade, RA pressure will begin to increase, 

with a loss of y descent and a more pronounced a wave 

(Figure 11) at the time of atrial contraction in patients who 

are in sinus rhythm. As cardiac tamponade progresses, aor-

tic systolic pressure and pulse pressure decrease and pulsus 

paradoxus develops, as evidenced by a more pronounced 

decrease in pulse pressure during inspiration. In contrast to 

aortic pressure, RA pressure continues to increase signi�-

cantly (Figure 11). Other important hemodynamic changes 

include intracardiac diastolic pressure equilibration.

TREATMENT

Acute cardiac tamponade with hemodynamic compromise 

requires urgent pericardiocentesis or surgical removal of 

pericardial uid.72 However, in hemodynamically stable 

patients, careful hemodynamic monitoring with serial 

echocardiography and treatment of the underlying cause of 

tamponade may be suf�cient. Pericardiocentesis, however, 

is the most direct means to relieve cardiac tamponade. In 

hypotensive patients, volume expansion with saline, blood, 

FIGURE 9. Two-dimensional echocardiographic features of cardiac tamponade. A, Still-frame image of an apical 4-cham-

ber view showing late diastolic collapse of the right atrium (RA, arrow).  Persistence of RA collapse for more than one-

third of the cardiac cycle is highly sensitive and speci�c for tamponade. B, Early diastolic collapse (arrow) of the right 

ventricle (RV) is speci�c for tamponade. C, Parasternal long-axis views showing the swinging motion of the heart within 

the pericardial cavity of a large pericardial effusion; the swinging motion is responsible for the electrocardiographic 

manifestation termed electrical alternans. LV = left ventricle; PE = pericardial effusion; V
S

 = ventricular septum.

Adapted from reference 63.
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plasma, and dextran can be used as a temporary measure.73 

Volume expansion has been associated with increased in-

trapericardial pressure, RA pressure, and LV end-diastolic 

pressure.74 Inotropic therapy remains controversial in car-

diac tamponade because endogenous inotropic stimulation 

is usually maximal in tamponade.21 Positive-pressure me-

chanical ventilation should be avoided in acute tamponade 

because it further reduces cardiac �lling.75

 Evacuation of pericardial uid in cardiac tamponade 

can be achieved by percutaneous catheter pericardiocen-

tesis or surgical pericardiectomy. In patients with malig-

nant effusions, percutaneous balloon pericardiotomy is an 

alternative approach.76,77 Percutaneous catheter pericar-

diocentesis is the treatment of choice in most patients1 and 

is less expensive and less invasive than surgery, while al-

lowing for accurate hemodynamic measurement. At Mayo 

Clinic, pericardiocentesis is almost always performed un-

der echocardiographic guidance. Echocardiography identi-

�es the optimal site for pericardiocentesis by visualizing 

the location and distribution of pericardial effusion. Evalu-

ation of the Mayo Clinic Echocardiography-Guided Peri-

cardiocentesis Registry from 1979 to 2000 revealed that 

1127 therapeutic echocardiography-guided pericardiocen-

teses were performed in 977 patients.78 The procedural suc-

cess rate was 97% overall, with a total complication rate of 

4.7% and only 1 procedural death. The para-apical site was 

the most common entry site for pericardiocentesis and, in 

89% of procedures, only 1 attempt at needle passage was 

necessary to gain access to the pericardial space. The fol-

lowing tests should be performed on the pericardial uid, 

as clinically indicated: Gram stain, bacterial cultures, ac-

id-fast bacilli and culture, polymerase chain reaction, and 

cytology. In the setting of aortic dissection, pericardiocen-

tesis is relatively contraindicated, and an urgent surgical 

evaluation should be obtained.

PERICARDIAL EFFUSION WITHOUT TAMPONADE

Pericardial effusions can occur in the absence of cardiac 

tamponade.16 However, nearly one-third of patients with 

large idiopathic pericardial effusions developed cardiac 

tamponade unexpectedly,79 and some experts recommend 

that large pericardial effusions (>20 mm) be drained if the 

effusion persists for more than a month or if there is right-

FIGURE 10. Doppler echocardiographic features in cardiac tamponade. A, Schematic diagram of simultaneous electro-

cardiographic (ECG), respirometer (Resp), mitral valve (MV) Doppler, and pressure (Pres) changes in intrapericardial (IP) 

and pulmonary capillary wedge (PW) pressure. Intrapericardial pressure does not change much with respiration, whereas 

PW pressure decreases with inspiration (INSP), which results in respiratory variation in left ventricular �lling and MV 

in�ow Doppler velocity recording. B, Doppler mitral in�ow velocities with respiratory variation; mitral E velocity is higher 

with expiration (EXP) than with INSP. C, Pulsed-wave Doppler recording of the hepatic vein velocities; forward �ow (arrows) 

decreases with EXP and diastolic �ow reversal increases (*) with EXP.  

Adapted from reference 63.
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sided collapse.75 If smaller pericardial effusions recur and 

the patient remains asymptomatic without hemodynamic 

compromise, regular follow-up with clinical examination 

and/or echocardiography is recommended. When recurrent 

pericardial effusions are related to chylopericardium, the 

underlying etiology may be thoracic duct obstruction, re-

quiring surgical treatment.80

CONSTRICTIVE PERICARDITIS

Constrictive pericarditis is a potentially curable entity in pa-

tients with heart failure and normal ejection fraction; howev-

er, it is not well appreciated and is underdiagnosed because of 

the dif�culty in differentiating it from restrictive cardiomy- 

opathy or other entities responsible for predominantly right-

sided heart failure. Even after extensive testing with 2-dimen-

sional and Doppler echocardiography, cardiac CT and CMR, 

and conventional cardiac catheterization, the diagnosis may 

remain equivocal.81-83 However, with new insights and ad-

vances in noninvasive imaging, a de�nitive diagnosis of peri-

cardial constriction is becoming easier to establish.

ETIOLOGY

Constrictive pericarditis can occur after any pericardial dis-

ease process. In developed nations, idiopathic causes and 

cardiac surgery are the 2 most predominant underlying eti-

ologies, followed by pericarditis and mediastinal radiation 

therapy.83,84 In developing and underdeveloped nations, as 

well as in immunosuppressed patients, tuberculosis is a 

major cause of constrictive pericarditis.85 Miscellaneous 

causes of constrictive pericarditis include connective tis-

sue disorder, malignancy, trauma, medications, asbestosis, 

sarcoidosis, and uremic pericarditis.

 Restrictive cardiomyopathy, a rarer disorder, is often 

seen in patients with a systemic disorder, such as amyloido-

sis, sarcoidosis, hypereosinophilic syndromes, endomyo-

cardial �brosis, and disorders caused by chemotherapy or 

radiation. Restrictive hemodynamic features without re-

strictive cardiomyopathy can also arise in any myocardial 

disease, including hypertrophic, dilated, hypertensive, and 

ischemic heart disease.

PATHOPHYSIOLOGY

Both constrictive pericarditis and restrictive cardiomyo-

pathy limit diastolic �lling and result in diastolic heart 

failure, with relatively preserved global systolic function. 

In constrictive pericarditis, diastolic �lling is restricted 

by an inelastic pericardium after an initial expansion of 

the myocardium. The upper limit of ventricular volume 

is constrained by an inamed, scarred, or calci�ed peri-

cardium (Figure 12, left) that is usually, but not always, 

thicker than normal.1,86,87 Restrictive cardiomyopathy (Fig-

ure 12, right) is de�ned by a nondilated ventricle with a 

rigid myocardium that causes a major decrease in the ef-

fective operative compliance of the heart muscle itself.88 

This decrease distinguishes it from constrictive pericardi-

tis, in which no such decrease in myocardial compliance 

is usually seen.

DIAGNOSIS

 History. A history of cardiac surgery or a systemic dis-

ease that affects the pericardium makes the diagnosis of 

FIGURE 11. Hemodynamics of acute cardiac tamponade by cardiac catheterization. Left, In the 

very early stages of cardiac tamponade, the right atrial (RA) pressure is mildly elevated, with a 

more pronounced a wave and a diminution of rapid y descent (arrow) suggesting left ventricular �ll-

ing abnormalities. The aortic pressure (Ao) has not yet decreased because of increased vasocon-

striction, and the pulse pressure remains normal. Right, As tamponade progresses, the Ao and 

pulse pressure signi�cantly decrease. The further drop in Ao during inspiration (Insp) compared 

with expiration (Exp) is evidence of pulsus paradoxus. a = a wave; x = x descent; v = v wave.  
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constrictive pericarditis more likely, whereas a history of 

an in�ltrative disease that may involve the heart muscle fa-

vors the diagnosis of restrictive cardiomyopathy. In both 

conditions, the most common symptoms are related to ei-

ther uid overload (eg, peripheral edema, elevated central 

venous pressure, hepatomegaly, pleural effusion, ascites, 

and anasarca) or decreased cardiac output (eg, dyspnea on 

exertion, fatigue, palpitations, weakness, and exercise in-

tolerance) (Figure 13).

 Physical Examination. The cardiovascular examination 

may not differentiate constrictive pericarditis from restric-

tive cardiomyopathy. The jugular venous pressure is always 

elevated in constrictive pericarditis with a deep, steep y de-

scent. Evidence of Kussmaul sign and a pericardial knock 

favor constrictive pericarditis. However, a pericardial knock 

may be dif�cult to distinguish from an S
3
 because the origin 

of a pericardial knock and S
3
 is similar in that the ventricular 

wall vibrates with rapid early diastolic �lling. Both coincide 

with the nadir of the y descent. Pulsus paradoxus, a �nding 

in tamponade, is uncommon in constrictive pericarditis.

 Electrocardiography. Electrocardiography may as-

sist in distinguishing constrictive pericarditis from restric-

tive cardiomyopathy but is never diagnostic. Nonspeci�c 

ST-segment and T-wave changes are common features of 

constrictive pericarditis, whereas low QRS voltage and iso-

lated repolarization abnormalities are more typical in con-

strictive pericarditis. Depolarization abnormalities, such as 

bundle branch block, ventricular hypertrophy, pathologic Q 

waves, and impaired atrioventricular conduction, strongly 

favor restrictive cardiomyopathy. Late-stage atrial �brilla-

tion can occur in both conditions.

 Chest Radiography. Calci�cation of the pericardium 

(Figure 14, A63) strongly suggests constrictive pericarditis 

in patients with heart failure. It is best seen from a later-

al view and located over the RV and diaphragmatic sur- 

faces of the heart. In our most recent review,22 only 25% of 

patients with constrictive pericarditis were found to have 

pericardial calci�cation on chest radiography. Pericardial 

calci�cation is associated with a longer duration of the 

constrictive process but not with a speci�c etiology. There-

fore, absence of calci�cation does not exclude constrictive 

pericarditis.

 Echocardiography. Echocardiography is usually the 

initial diagnostic imaging and hemodynamic study in pa-

tients with suspected constrictive pericarditis. Its diagnos-

tic accuracy for constrictive pericarditis has increased since 

characteristic hemodynamic changes and mitral annulus 

motion were identi�ed. Left ventricular systolic function as 

judged by the ejection fraction is typically normal but may 

be impaired in mixed constrictive-restrictive disease. The 

following �ndings may be present with echocardiography 

in constrictive pericarditis1,7,89-94: (1) increased pericardial 

thickness (measured with greater sensitivity by transesoph-

ageal echocardiography and cardiac CT than  transthoracic 

echocardiography [Figure 1463]); however, constrictive 

pericarditis can occur without increased pericardial thick-

ness; (2) abnormal ventricular septal motion; (3) dilatation 

and absent or diminished collapse of the IVC and hepatic 

veins; (4) restrictive mitral and tricuspid inow velocities, 

typically (but not always) with respiratory variation (Fig-

ure 1563); (5) preserved or increased medial mitral annulus 

early diastolic (e´) velocity (Figure 15), which is an impor-

FIGURE 12. Gross pathological features of constrictive pericarditis and restrictive cardio-

myopathy. Left, Heart specimen of a patient who died with constrictive pericarditis. The 

pericardium is thickened and calci�ed; �brosis and adhesion of the pericardial layers can 

be observed. Diastolic �lling of the right and left ventricles was markedly reduced. Right,  

Heart specimen of a patient who died with restrictive cardiomyopathy. Diastolic �lling is 

limited by an abnormal myocardium, resulting in biatrial enlargement. The ventricles are 

not dilated in restrictive cardiomyopathy. Photograph courtesy of William D. Edwards, MD.
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tant distinction from restrictive cardiomyopathy in which 

the e´ is diminished with a cutoff value of 7 cm/s95; and 

(6) increased hepatic vein ow reversal with expiration, re-

ecting the ventricular interaction and the dissociation of 

the intracardiac and intrathoracic pressures (Figure 1563).

 In restrictive cardiomyopathy, the mitral inow velocity 

rarely shows respiratory variation, and hepatic vein sys-

tolic ow reversals are more prominent with inspiration. 

Therefore, invasively or noninvasively, the differentiation 

of restriction from constriction should be based on the res- 

piratory patterns of ventricular �lling. Measurement of 

septal mitral annular velocity by Doppler tissue imaging 

also helps distinguish constriction from restriction. Mi-

tral annular velocity is markedly decreased in restrictive 

cardiomyopathy because myocardial relaxation is reduced 

in myocardial diseases. In contrast, it is well preserved or 

even augmented in constrictive pericarditis because the 

longitudinal motion of the heart is the main mechanism of 

diastolic �lling in this condition (Figure 1563).

CARDIAC CT AND CMR

Computed tomography is useful in diagnosing constric-

tive pericarditis and can demonstrate increased pericardial 

thickness (>4 mm) and calci�cation1,22 (Figure 14, C63). In-

ferior vena cava dilatation, deformed ventricular contours, 

and angulation of the ventricular septum can be seen. In 

addition, failure of the immediately adjacent pulmonary 

structures to pulsate during the cardiac cycle in the pres-

FIGURE 13. Overview of the diagnosis and management of constrictive pericarditis. ACE = angiotensin-converting enzyme; ECG = electrocardi-

ography; IVC = inferior vena cava; JVP = jugular venous pressure; LV = left ventricle; NSAID = nonsteroidal anti-in�ammatory drug; RV = right 

ventricle. 
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ence of a thickened pericardium is highly suggestive of 

constrictive physiology. However, almost 20% of patients 

with surgically proven constrictive pericarditis did not have 

increased pericardial thickness on cardiac CT.22 Therefore, 

the lack of increased pericardial thickness does not exclude 

the diagnosis of constriction. Cardiac magnetic resonance 

imaging has been shown to be useful in detecting increased 

pericardial thickness and dilatation of the IVC.

INVASIVE HEMODYNAMIC EVALUATION OF CONSTRICTIVE  

PERICARDITIS VS RESTRICTIVE CARDIOMYOPATHY

Despite the difference in the pathophysiologic mecha-

nisms of restriction and constriction, considerable overlap 

is seen in the invasive hemodynamic parameters of these 

2 entities. Increased atrial pressures, equalization of end-

diastolic pressures, and dip-and-plateau or square-root sign 

of the ventricular diastolic pressure recording have tradi-

tionally been considered hemodynamic features typical of 

constrictive pericarditis. However, almost identical hemo-

dynamic pressure tracings can be obtained in patients with 

restrictive cardiomyopathy. Therefore, in addition to these 

hemodynamic features, respiratory variation in ventricular 

�lling and increased ventricular interdependence should be 

demonstrated to diagnose constriction, either invasively or 

noninvasively.96,97

 In both conditions, a high driving pressure across the 

valves at the time of atrioventricular valve opening re-

sults in early rapid diastolic �lling and an abrupt increase 

in ventricular pressure. In constrictive pericarditis, once 

the volume of ventricular �lling approximates what the 

diseased pericardium allows in mid to late diastole, the 

�lling of the heart chambers stops abruptly because the 

�xed and stiffened pericardial sac cannot stretch any fur-

ther. As a result, the predominantly ventricular �lling oc-

curs rapidly in the �rst third of diastole, and neither ven-

tricular chamber �lls to any substantial amount in mid to 

FIGURE 14. Chest radiograph, transesophageal echocardiogram (TEE), and cardiac computed 

tomogram typical of constrictive pericarditis. A, Pericardial calci�cation (arrows) on chest radiog-

raphy is best seen from the lateral view over the right ventricle (RV) and across the diaphragmatic 

surface of the heart. Pericardial calci�cation re�ects chronicity of constrictive pericarditis and is 

associated with a higher surgical mortality. B, Thickness of the pericardium is often dif�cult to 

determine by transthoracic echocardiography, but TEE is usually reliable in measuring the pericar-

dial thickness (arrows). C, Increased pericardial thickness (arrows) can be visualized on computed 

tomogram of the same patient. LA = left atrium; LV = left ventricle; RA = right atrium.

Adapted from reference 63.
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end diastole. This leads to the hemodynamic signs of dip 

(the rapid y descent in the jugular venous pressure) and 

plateau during right heart catheterization, a phenomenon 

known as the square-root sign. As a consequence of these 

limitations, there is an elevation and near equalization of 

diastolic pressures in the RA, RV, and pulmonary wedge 

pressure, which corresponds to the left heart diastolic 

pressure.84 However, the 2 pressures are not precisely 

equal throughout the respiratory cycle; the pulmonary 

wedge pressure decreases during inspiration, whereas the 

systemic venous pressure remains constant. In restrictive 

cardiomyopathy, stiff ventricular walls result in severe 

diastolic dysfunction and restrictive �lling, with elevated 

�lling pressures similar to those in constrictive pericardi-

tis. Restrictive cardiomyopathy may have similar �ndings 

of elevation with end-equalization of diastolic pressures 

in all 4 cardiac chambers.

RESPIRATORY CHANGES IN VENTRICULAR FILLING

The most speci�c hemodynamic feature of constrictive 

pericarditis is enhanced ventricular interdependence, mani-

fested as a discordant change in the total area of the LV 

and RV systolic pressure curve with respiration97 (Figure 

16). Respiratory variation in the �lling of the LV and RV 

occurs in patients with constrictive pericarditis but not in 

those with restrictive cardiomyopathy.96,97 In the heart with 

a normal pericardium, inspiration causes a decrease in in-

trathoracic pressure, with some increase in �lling of the 

RV due to enhanced venous return. Filling of the LV is un-

affected throughout the cardiac cycle because the decrease 

in intrathoracic pressure with inspiration is transmitted 

to intracardiac chambers to maintain relatively the same 

driving pressure gradient from the pulmonary circulation 

to the left-sided chamber throughout different respiratory  

phases. However, in a patient with constrictive pericardi-

tis, the rigid pericardium does not allow the decrease in 

intrathoracic pressure to be transmitted to the heart cham-

bers, causing a decrease in the driving pressure gradient 

from the pulmonary circulation to the left-sided chambers 

with inspiration. With a constant combined cardiac vol-

ume, the reduction in LV �lling allows increased RV �lling 

with inspiration. During inspiration, the RV �lling cannot 

expand into the free wall because of the rigid pericardium. 

As a consequence, the interventricular septum shifts to-

ward the LV, but the total cardiac volume does not change. 

During expiration, conversely, LV �lling is increased. 

Hence, the left septum shifts toward the RV, and RV �lling 

decreases. In patients with restrictive cardiomyopathy or 

other myocardial diseases with biventricular failure, these 

�ndings are absent, and the area of the LV and RV systolic 

pressures changes concordantly during the respiratory 

cycle (Figure 16).

FIGURE 15. Schematic diagram of Doppler echocardiographic features in constrictive 

pericarditis vs restrictive cardiomyopathy. Schematic illustration of Doppler velocities from 

mitral in�ow (MV), mitral annulus velocity, and hepatic vein (HV). Electrocardiographic (ECG) 

and respirometer (Resp) recordings indicating inspiration (i) and expiration (e) are also 

shown. A = atrial �lling; D = diastolic �ow; DR = diastolic �ow reversal; DT = deceleration 

time; E = early diastolic �lling; S = systolic �ow; SR = systolic �ow reversal. Stippled areas 

under the curve represent �ow reversal. 

From reference 63. 
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TREATMENT

In patients with transient constrictive pericarditis caused 

by pericardial inammation, symptoms and constrictive 

features may resolve with medical therapy alone.98,99 In 

chronic constrictive pericarditis, surgery is the accepted 

standard.83,100-102 However, pericardiectomy is associated 

with a signi�cant operative mortality of greater than 6% 

at most experienced centers.83,100 The largest surgical se-

ries indicate that independent adverse predictors of long-

term outcome include older age, worse New York Heart 

Association class, renal dysfunction, pulmonary hyper-

tension, LV dysfunction, hyponatremia, and prior ioniz-

ing radiation.83,100 Because the symptoms of constrictive 

pericarditis may persist after partial pericardiectomy, it 

is important that the pericardiectomy is complete, with as 

much of the pericardium removed as possible.

EFFUSIVE-CONSTRICTIVE PERICARDITIS

Effusive-constrictive pericarditis is a unique clinical 

condition consisting of both pericardial effusion and 

constrictive pericarditis. The patient presents with a peri-

cardial effusion and evidence of increased �lling pres-

sure with cardiac tamponade or constriction.103,104 Evacu-

ation of the pericardial uid can result in resolution of 

constrictive physiology due to the decrease in intraperi-

cardial pressure; however, in some cases, constrictive 

hemodynamics can still persist even after the pericardial 

effusion is removed. Effusive-constrictive pericarditis 

can be treated by catheter pericardiocentesis or surgical 

drainage and pericardiectomy. However, in a subset of 

patients in whom constrictive pericarditis is due to re-

versible inammation of the pericardium, the pericardial 

effusion may resolve after treatment with anti-inamma-

tory medications; this condition has been termed tran-
sient constrictive pericarditis.99 This transient constric-

tive phase may last 2 to 3 months before it gradually 

resolves, either spontaneously or with treatment with an-

ti-inammatory agents. When hemodynamics and �nd-

ings typical of constriction develop in patients with acute 

pericarditis, the initial treatment should be NSAIDs for 

2 to 3 weeks. If there is no response, corticosteroid treat-

ment can be considered in patients in whom infection is 

not the underlying etiology of pericarditis. Corticoster-

oids can be given for 1 to 2 months with gradual tapering 

during 6 to 8 weeks.

FIGURE 16. Ventricular interdependence and respiratory variation in ventricular �lling in constrictive 

pericarditis and restrictive cardiomyopathy.  Ventricular interdependence is observed in simultane-

ous recordings of left ventricular (LV) and right ventricular (RV) pressures. Left, In constrictive 

pericarditis, inspiration (Insp) induces less �lling of the LV, and the area of the LV pressure curve 

decreases (yellow shaded area) as compared with expiration (Exp). The opposite changes occur 

in the RV so that area of the RV pressure curve increases with Insp (orange shaded area). Ejec-

tion time also varies with respiration in opposite directions in LV and RV. This discordant pressure 

change between the LV and RV occurs in constrictive pericarditis. Right, In restrictive cardiomyo-

pathy, the changes in LV and RV systolic pressures with respiration are concordant. During Insp, 

the area of the RV pressure curve decreases (orange shaded area) as compared with Exp. The 

area of the LV pressure curve (yellow shaded area) is unchanged during Insp as compared with 

Exp. Note that both patients have early rapid �lling and elevation and end-equalization of the LV 

and RV pressures at end Exp.  
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CONGENITALLY ABSENT PERICARDIUM

Complete absence of the pericardium is very rare and usu-

ally asymptomatic. More commonly, a portion of the peri-

cardium, usually on the left, is absent. The defect is more 

common in male patients. With extreme cardiac shift to the 

left, on rare occasion the patient may experience left-sided 

nonexertional chest pain or prominent cardiac pulsation. 

Because the heart shifts to the left, cardiac motion is exag-

gerated, especially that of the posterior wall of the LV. Tra-

ditional echocardiography shows prominence of the right-

sided cardiac chambers and abnormal septal motion.105,106 

These �ndings may lead to an erroneous diagnosis of RV 

volume overload or atrial septal defect. Congenital absence 

of the pericardium is associated with atrial septal defect, 

bicuspid aortic valve, and bronchogenic cysts. Rarely, her-

niation of cardiac chambers through a partial defect of the 

pericardium may cause sudden death, presumably because 

of marked ischemia from compression of the coronary ar-

tery. Closure of the pericardial defect is necessary in symp-

tomatic patients. The diagnosis can be con�rmed with car-

diac CT or CMR.

PERICARDIAL CYST

A pericardial cyst is a benign structural abnormality of the 

pericardium that is usually detected as an incidental mass 

lesion on chest radiography in an asymptomatic person. 

Most frequently, it is located at the right costophrenic an-

gle, but it may also be found at the left costophrenic angle, 

hilum, or superior mediastinum. The differential diagnosis 

of such a chest radiographic �nding includes malignant 

tumor, cardiac chamber enlargement, and diaphragmatic 

hernia. Pericardial cyst appears as a cystic structure at-

tached to the heart on cardiac imaging. Two-dimensional 

echocardiography, cardiac CT, or CMR may be used to 

differentiate pericardial cysts from other solid tumors. In 

asymptomatic patients, no treatment is necessary.

CONCLUSION

Because of the wide spectrum of pericardial diseases, di-

agnosis and management remain dif�cult. This review at-

tempts to describe useful diagnostic criteria and tools and 

to outline evidence-based medical and surgical treatments 

of major pericardial diseases. Summary algorithms for the 

diagnosis and management of acute pericarditis, relapsing 

pericarditis, cardiac tamponade, and constrictive pericardi-

tis are provided.

 In acute and relapsing pericarditis, history and �ndings 

on examination, ECG, and laboratory studies can be used 

to make a diagnosis. Additional imaging tools, including 

echocardiography, cardiac CT, and CMR, can be used 

when the diagnosis is equivocal or there is evidence of he-

modynamic compromise. Management should be directed 

toward treating the underlying cause. Nonsteroidal anti-in-

ammatory drugs and colchicine are �rst-line treatment for 

idiopathic or viral acute or relapsing pericarditis, and cor-

ticosteroids should be limited to patients in whom NSAID 

and colchicine therapy has failed or is contraindicated or 

those whose relapsing pericarditis has an autoimmune or 

rheumatologic etiology.

 In cardiac tamponade, echocardiography is the main di-

agnostic tool, and �rst-line treatment of unstable patients is 

urgent percutaneous catheter pericardiocentesis. The diag-

nosis of constrictive pericarditis and restrictive cardiomyo-

pathy is challenging because of the considerable overlap in 

hemodynamic parameters. Increased ventricular dependence 

and discordant changes in LV and RV systolic pressure dur-

ing respiration are features of pericardial constriction; in re-

strictive cardiomyopathy, these �ndings are not present, and 

LV and RV systolic pressures change concordantly during 

the respiratory cycle. Although constrictive pericarditis can 

be transient in a subset of patients and managed medically, 

most require surgical pericardiectomy, which can be per-

formed with a very acceptable risk at experienced centers.

The authors gratefully acknowledge Dr Sharmi Shafi for her sig-
nificant help with the preparation of the submitted manuscript.
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