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Acute Pericarditis
Richard A. Lange, M.D., and L. David Hillis, M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the authors’ clinical recommendations.

A 35-year-old woman who is otherwise healthy has had constant retrosternal chest pain
for two days. The pain becomes worse when she lies down and improves when she sits
up and leans forward. On physical examination, the patient is afebrile and has a friction
rub. The 12-lead electrocardiogram shows widespread ST-segment elevation and concomitant PR-segment depression. How should the patient be evaluated and treated?

the clinical problem
The fibrous pericardium surrounding the heart is composed of visceral and parietal
layers separated by the pericardial cavity, which normally contains 15 to 50 ml of strawcolored fluid. Acute pericarditis may occur as an isolated entity or as the result of a systemic disease. The incidence of pericarditis in postmortem studies ranges from 1 percent
to 6 percent, whereas it is diagnosed ante mortem in only 0.1 percent of hospitalized
patients and in 5 percent of patients seen in emergency rooms with chest pain but without myocardial infarction.1,2 The possible sequelae of pericarditis include cardiac tamponade,3,4 recurrent pericarditis,5,6 and pericardial constriction.7-11
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strategies and evidence
causes

In 9 of 10 patients with acute pericarditis, the cause of the disease is either viral or unknown (idiopathic).3,4 In the remainder of patients, pericarditis occurs after a transmural myocardial infarction, in association with other infectious agents, in conjunction with
a dissecting aortic aneurysm (in which blood leaks into the pericardial space), after
blunt or sharp trauma to the chest, as a result of neoplastic invasion of the pericardium,
after chest irradiation, in association with uremia, after cardiac or other thoracic surgery,
in association with an inflammatory or autoimmune disorder, or as a result of taking
certain pharmacologic agents (Table 1).
evaluation

A diagnosis of acute pericarditis should be reserved for patients with an audible pericardial friction rub or chest pain with typical electrocardiographic findings, most notably widespread ST-segment elevation. Subsequent testing is performed to assess the
cause of the disease, to corroborate the diagnosis, and to direct therapy. Important
conditions that may cause chest pain similar to that of pericarditis include myocardial
infarction and pulmonary embolism (Table 2).
History

The chest pain of acute pericarditis typically is retrosternal in location, sudden in onset,
and pleuritic in nature, in that it is exacerbated by inspiration. It is often worse when the
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Table 1. Tests and Treatments for Various Causes of Acute Pericarditis.*
Condition

Estimated Incidence†

Idiopathic

85–90%

Clinical Indications and Tests

Usual Treatment
Aspirin, NSAIDs

Infectious
Viral

1–2%

Acute and convalescent viral titers,
Aspirin, NSAIDs
viral cultures, serologic test for HIV

Bacterial

1–2%

Fever, elevated white-cell count; examination of pericardial fluid

Antibiotics, drainage of
pericardial fluid

4%

Chest radiography, tuberculin skin
test, histologic examination, cultures, and measurement of adenosine deaminase level in pericardial
fluid and tissue

Multidrug antituberculous therapy and
prednisone

Electrocardiography, serum troponin
or creatine kinase, echocardiogram

Aspirin (avoid NSAIDs)

Magnetic resonance imaging, computed tomography, transesophageal echocardiography

Urgent surgery

Tuberculous

Acute myocardial
infarction
Aortic dissection

NA (occurs in 5–10% of
patients with myocardial infarction)
Rare (<1%)

Trauma

NA

Clinical history

NSAIDs (avoid aspirin)

Neoplasm

7%

Constitutional symptoms, lymphadenopathy; chest radiography,
examination of pericardial fluid

NSAIDs, glucocorticoids (by intrapericardial instillation)

Clinical history

NSAIDs

Serum blood urea nitrogen and creatinine levels

Initiate or intensify
dialysis

Chest-wall irradiation
Uremia

Rare (<1%)
NA (occurs in approximately 5% of patients
with chronic renal disease before initiation of
dialysis and 13% after
initiation of dialysis)

Cardiotomy or thoracic
surgery

Rare (<1%)

Clinical history, evidence of polyserositis; chest radiography,
erythrocyte sedimentation rate

Aspirin, NSAIDs

Autoimmune or inflammatory disease

3–5%

Rheumatoid factor, complement
levels, antinuclear antibodies

Aspirin, NSAIDs,
glucocorticoids

Adverse drug reaction‡

Rare (<1%)

Clinical history; eosinophil count

Discontinue drug;
aspirin, NSAIDs

* NSAID denotes nonsteroidal antiinflammatory drug, HIV human immunodeficiency virus, and NA not applicable.
† Estimated incidence is derived from studies that excluded patients with pericarditis associated with renal failure, known
neoplastic disease, trauma, or radiation. Data are adapted from Zayas et al.3 and Permanyer-Miralda et al.4
‡ Commonly implicated drugs include dantrolene, doxorubicin, hydralazine, isoniazid, methysergide, pergolide, phenylbutazone, phenytoin, and procainamide.

ease.3 Typically, the rub is a high-pitched scratchy
or squeaky sound best heard at the left sternal border at end expiration with the patient leaning forward. Since pericardial friction rubs often vary in
intensity from minute to minute, patients who
have suspected pericarditis should be examined repeatedly.
The friction rub corresponds temporally to
Physical Examination
movement of the heart within the pericardial sac.
About 85 percent of patients with pericarditis have Although it is thought to be caused by the rubbing
an audible friction rub during the course of their dis- together of the inflamed, adjacent visceral and papatient is supine and improves when he or she sits
upright and leans forward. As in myocardial infarction, the pain often radiates to the neck, arms, or left
shoulder. If the pain radiates to one or both trapezius muscle ridges, it is probably due to pericarditis, since the phrenic nerve (which innervates these
muscles) traverses the pericardium.
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Table 2. Features That Differentiate Pericarditis from Myocardial Ischemia or Infarction and Pulmonary Embolism.
Symptom and Clinical
Finding

Myocardial Ischemia
or Infarction

Pericarditis

Pulmonary Embolism

Chest pain
Location

Retrosternal

Onset

Sudden, often waxing Sudden
and waning

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 patient is supine;
improved when sitting up
or leaning forward

No

Radiation

Jaw, neck, shoulder, Jaw, neck, shoulder, one or both
one or both arms
arms, trapezius ridge

Shoulder

Duration

Minutes (ischemia); Hours to days
hours (infarction)

Hours to days

Response to nitroglycerin

Improved

No change

Retrosternal

Anterior, posterior, or lateral
Sudden

No change

Physical examination
Friction rub

Absent (unless peri- Present (in 85% of patients)
carditis is present)

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

S3 sound, pulmonary
congestion

May be present

Absent

Absent

Electrocardiogram
ST-segment elevation

Convex and localized Concave and widespread

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
Inverted after ST segments have
segments are still
normalized
elevated

Inverted in lead II, aVF, or V1
to V4 while ST segments are
elevated

Atrioventricular block,
Common
ventricular arrhythmias

Absent

Absent

Atrial fibrillation

May be present

May be present

May be present

rietal pericardial surfaces, it is present even when a
large effusion separates these surfaces, and it often
disappears when the effusion is evacuated, a finding that casts doubt on this explanation. The friction
rub is classically described as having three components, which correspond to atrial systole (in patients
with sinus rhythm), ventricular systole, and rapid
ventricular filling during early diastole. However,
in reality, the rub is reported to be triphasic in about
half the patients, biphasic in a third, and monophasic in the remainder.12 A pericardial friction rub
should not be confused with a pleural rub; the
former is audible throughout the respiratory cycle,
whereas the latter is absent when respirations are
suspended.

n engl j med 351;21

The presence of systemic arterial hypotension,
tachycardia, elevated jugular venous pressure, and
pulsus paradoxus (a decrease in systolic arterial
pressure of more than 10 mm Hg with inspiration)
suggests cardiac tamponade; the presence of pulsus paradoxus is most sensitive, although not specific, for the diagnosis. Tamponade, a potentially
lethal complication of pericarditis, is reported in
about 15 percent of patients with idiopathic pericarditis but in as many as 60 percent of those with
neoplastic, tuberculous, or purulent pericarditis.13
With tamponade, the accumulation of pericardial
fluid increases the intrapericardial pressure so that
it equals or exceeds the pressure in the right heart
chambers, leading to impaired filling, with result-
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ant collapse of the right atrium and ventricle during
diastole and diminished cardiac output. These findings should prompt immediate echocardiographic
evaluation, including pulsed-wave Doppler analysis.
A body temperature greater than 38°C is uncommon and may indicate purulent pericarditis. Patients who are febrile should undergo prompt echocardiography, and the physician should consider
obtaining pericardial fluid for analysis.

ST-segment elevations are often convex (domeshaped) rather than concave in configuration, and
they are regional rather than widespread; Q-wave
formation and loss of R-wave voltage often occur;
T-wave inversions appear before the ST segments
return to baseline; PR-segment depression is uncommon; and atrioventricular block or ventricular
arrhythmias are common (Table 2). The most reliable distinguishing feature may be the ratio of STsegment elevation (in millimeters) to T-wave amElectrocardiography
plitude (height in millimeters) in lead V6. When
The 12-lead electrocardiogram in patients with this ratio exceeds 0.24, acute pericarditis is almost
acute pericarditis classically shows widespread up- always present.14
ward concave ST-segment elevation and PR-segment depression (Fig. 1).14-17 The electrocardio- Chest Radiography
graphic abnormalities may evolve through four Chest radiography is performed primarily to rule out
phases: diffuse ST-segment elevation and PR-seg- abnormalities in the mediastinum or lung fields that
ment depression (stage I); normalization of the may be responsible for the pericarditis. The appearST and PR segments (stage II); widespread T-wave ance of cardiomegaly indicates a substantial periinversions (stage III); and normalization of the cardial effusion (more than 250 ml).
T waves (stage IV).15 Although the prompt institution of therapy may prevent the appearance of all Serologic and Other Testing
four stages,18 the changes in stage I are observed in Data assessing the cost-effectiveness of various
more than 80 percent of patients with pericarditis.19 testing strategies are lacking. Although the whiteST-segment elevation also occurs in patients with cell count, erythrocyte sedimentation rate, and semyocardial infarction, but several features may help rum C-reactive protein concentration usually are elto distinguish these entities. With infarction, the evated in patients with acute pericarditis, these tests
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Figure 1. A 12-Lead Electrocardiogram from a Patient with Acute Pericarditis, Demonstrating Widespread ST-Segment
Elevation and PR-Segment Depression.
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usually provide little, if any, insight into the cause
of the disease or indications regarding which therapy is called for. A markedly elevated white-cell
count suggests the presence of purulent pericarditis; therefore, it is reasonable to obtain a complete
blood count in all patients. The clinical presentation
should guide the ordering of additional tests (i.e.,
serologic testing for antinuclear antibody or infection with the human immunodeficiency virus). Routine serologic testing, including testing for antinuclear antibody and rheumatoid factor, reveals a
source for the pericarditis in only 10 to 15 percent
of patients, and in these cases other evidence typically suggests the underlying disease. Many patients
with idiopathic pericarditis probably have a viral infection, but viral cultures and antibody titers are not
useful clinically,3,4,13 and the documentation of a
recent viral infection does not alter management.
Plasma troponin concentrations are elevated in
35 to 50 percent of patients with pericarditis, a
finding that is thought to be caused by epicardial
inflammation rather than myocyte necrosis.6,20,21
The magnitude of elevation in the serum troponin
concentration appears to correlate with the magnitude of the ST-segment elevation, and the concentration usually returns to normal within one to two
weeks after diagnosis. An elevated troponin concentration does not predict an adverse outcome,5,6
although a prolonged elevation (lasting longer than
two weeks) suggests associated myocarditis, which
has a worse prognosis. Although the concentrations
of serum creatine kinase and its MB fraction may
also be elevated with pericarditis, they are abnormal
less often than is the troponin concentration.
Echocardiography

Transthoracic echocardiography22,23 is often recommended in patients with suspected pericarditis,
since the presence of an effusion helps to confirm
the diagnosis, and clinical or echocardiographic evidence of tamponade indicates the need for pericardiocentesis. The test is unnecessary in patients with
unequivocal evidence of pericarditis and no poor
prognostic indicators.
Pericardiocentesis and Biopsy

Pericardiocentesis is indicated in patients with pericardial tamponade and in those with known or suspected purulent or neoplastic pericarditis. In patients with a small or midsize effusion of unknown
cause, neither pericardiocentesis nor pericardial biopsy usually yields a diagnosis. In 231 consecutive
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patients with acute pericarditis in whom the cause
was unknown after routine clinical and laboratory
evaluation, pericardiocentesis and pericardial biopsy provided a diagnosis in only 6 percent and 5 percent of cases, respectively. In subjects with tamponade of unknown cause, pericardiocentesis and
pericardial biopsy provided a diagnosis in 29 percent and 54 percent of cases, respectively.4
When pericardiocentesis is performed, the fluid
should be analyzed for red-cell and white-cell
counts, cytologic evidence of cancer, and triglycerides (a fluid that is milky in color and consistency
suggests a chylous effusion). Although the pH and
levels of glucose, lactic dehydrogenase, and protein
often are measured, no accepted criteria link such
measures to specific causes of pericarditis. The fluid
should be examined microscopically for organisms,
and it should be cultured. The results of polymerase-chain-reaction assays or high concentrations of
adenosine deaminase activity (greater than 30 U per
liter) are helpful in identifying Mycobacterium tuberculosis.24-27 Pericardial biopsy should be considered
for patients who have recurrent tamponade despite
treatment.13
treatment

If a specific cause of pericarditis is identified, treatment should be directed accordingly. A detailed
discussion of therapies directed to specific causes
is beyond the scope of this review, but the treatments are summarized in Table 1.
For patients with idiopathic pericarditis, therapy
is aimed at the relief of chest pain and inflammation.
However, such treatment does nothing to prevent
tamponade, constriction, or recurrent pericarditis.
Nonsteroidal antiinflammatory agents (NSAIDs) are
the mainstay of therapy; in observational studies,
these drugs are effective in relieving chest pain in
85 to 90 percent of patients,3,4,20 and limited observational data suggest that the various agents have
similar efficacy.28-30 Aspirin (2 to 4 g daily), indomethacin (75 to 225 mg daily), and ibuprofen
(1600 to 3200 mg daily) are prescribed most often,
with ibuprofen preferred, since it has a lower incidence of adverse effects than the others. Aspirin is
preferable for patients who have had a recent myocardial infarction, since other NSAIDs impair scar
formation in studies in animals.28,31-33 Indomethacin should be avoided in patients with coronary
artery disease, since it diminishes coronary blood
flow.28
Colchicine (administered at a dose of 0.6 mg
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twice daily) appears to be effective alone or in combination with ibuprofen in treating acute pericarditis, although it has not been tested in randomized
trials; it is preferred for patients who have recurrent pericarditis.34,35 In a multicenter trial of 51 patients who had recurrent pericarditis despite treatment with nonsteroidal antiinflammatory agents,
glucocorticoids, pericardiocentesis, or some combination thereof, only 7 of the patients who were
treated with colchicine (14 percent) had a recurrence during 1004 patient-months of follow-up.34
Typically, patients’ symptoms improve within
days of the initiation of antiinflammatory therapy.
If chest pain persists after two weeks of treatment
with an NSAID, a different NSAID should be given
or colchicine should be added to provide combination therapy. If the patient continues to have chest
pain despite combination therapy, glucocorticoids
should be considered. A lack of response to glucocorticoids often reflects the use of an inadequate
dose or too-rapid tapering. Patients with a relapse of
pericarditis after a short-term course of low-dose
glucocorticoid therapy often obtain symptomatic
relief when higher-dose prednisone therapy (1 to
1.5 mg per kilogram of body weight daily) is administered for four weeks.36
Concern has been raised that treating acute pericarditis with prednisone may increase the risk of
recurrence.37-39 In observational studies, patients
who received glucocorticoids early in the course of
the disease appeared to be more likely to develop
recurrent pericarditis than patients who did not receive glucocorticoids. Data from animal studies have
shown that glucocorticoids exacerbated pericardial
injury that was virally induced.40 These data argue
against the routine administration of glucocorticoids during a first episode of pericarditis.35,39,41,42
In general, systemic glucocorticoid treatment
(prednisone, 1 to 1.5 mg per kilogram daily) should
be restricted to patients with connective-tissue diseases or severely symptomatic recurrent pericarditis
that is unresponsive to NSAIDs and colchicine. Alternatively, the intrapericardial instillation of a nonabsorbable steroid has appeared highly effective in
a case series of patients with refractory or recurrent
pericarditis and has averted the adverse effects of
these agents.43
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ministration of NSAIDs. If a small or midsize effusion is present, it usually resolves within weeks. As
a result, hospitalization for evaluation or treatment
is unnecessary in most cases, and follow-up evaluation is not required unless symptoms recur or new
symptoms appear. Several indicators of a poor prognosis are recognized, however. These include a temperature above 38°C, a subacute onset (symptoms
developing during a period of several weeks), an immunosuppressed state, pericarditis associated with
trauma, a history of oral anticoagulant therapy, myopericarditis (pericarditis with clinical or serologic
evidence of myocardial involvement), a large pericardial effusion (an echo-free space of more than
20 mm in width) (Fig. 2), or cardiac tamponade.
Although serologic criteria for associated myocarditis are not well defined, historically concern has focused on elevated levels of creatine kinase, particularly if the elevation is sustained for more than a
week. Patients with one or more of these symptoms
are at increased risk for serious complications, including death from tamponade and purulent pericarditis. In a report describing 253 patients who had
none of these poor prognostic indicators and were
treated without admission to the hospital,20 none of
the patients had serious complications during an
average follow-up of 39 months.

guidelines
There are no specific guidelines for evaluating or
treating pericarditis. A joint task force of the American College of Cardiology, the American Heart
Association, and the American Society of Echocardiography recommends that echocardiography be
performed in all patients with known or suspected pericardial disease. (Guidelines are available online at www.acc.org, www.americanheart.org, and
www.asecho.org.) Subsequent echocardiography
is not recommended in patients who are stable and
whose pericardial effusions are small, but this procedure may be performed if a recurrence of effusion or early constriction is suspected.22,23

areas of uncertainty

Randomized trials are lacking to guide the evaluation and management of acute pericarditis. Stratehospitalization
gies to prevent recurrent pericarditis, which occurs
In most patients, acute pericarditis has a brief and in 15 to 30 percent of patients with idiopathic peribenign course, with symptoms lasting less than two carditis, require further study. It remains uncertain,
weeks, and the condition responds well to the ad- but of concern, whether the early use of glucocorti-
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coids increases the risk of recurrent pericarditis.
When there is a recurrence, pericardiectomy can be
performed, but the procedure is rarely successful in
resolving symptoms, perhaps because of an autoimmunologic reaction to persistent antigens in the
epicardium. Observational data suggest that physical invasion of the pericardium (with pericardiotomy or the creation of a window) promotes recurrences, a finding similar to that regarding glucocorticoid
therapy. In most patients, then, treatment of recurrent pericarditis is largely supportive. Observational
data suggest that colchicine offers the best prophylaxis against recurrent episodes. Although recurrences are often accompanied by a pericardial effusion, tamponade and constriction rarely occur; thus,
these effusions do not require drainage.

conclusions
and recommendations
In patients with acute pericarditis, such as the woman described in the vignette, the cause is most often
either idiopathic or viral. The diagnosis is based on
clinical criteria (i.e., a pericardial friction rub or
chest pain with typical electrocardiographic findings), and laboratory testing is not routinely required. Since simple pericardiocentesis with subsequent analysis of the pericardial fluid is unlikely
to provide valuable diagnostic information in the
absence of cardiac tamponade or suspected purulent or neoplastic pericarditis, the procedure should
generally be reserved for patients in whom such
conditions are suspected.
The evaluation and treatment of patients with
acute pericarditis can be performed in the ambulatory setting unless the patient has a temperature

Figure 2. Large Pericardial Effusion.
A parasternal long-axis view from a transthoracic echocardiogram shows the
heart surrounded by a large pericardial effusion, seen as an echo-free space
more than 20 mm in width (arrow).

above 38°C, a subacute onset, an immunosuppressed state, a history of trauma, a history of oral
anticoagulant therapy, myopericarditis, a large pericardial effusion, or evidence of tamponade. In most
patients, acute pericarditis has a brief and benign
course and an excellent response to NSAIDs, alone
or in combination with colchicine. Therapy with
glucocorticoids should be reserved for the patient
with pericarditis that is unresponsive to combination therapy, since some studies suggest that the
early use of these drugs may increase the risk of recurrence.
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