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Pericarditis 

Pericarditis is a common but frequently subclinical entity. There are a 
number of causes, including infection, systemic illness, cardiac disease, 
trauma, and neoplasm. Iatrogenic causes include surgery, cardiac instru- 
mentation, irradiation, and medications. The clinical presentation varies, 
depending on the cause. Chest pain and dyspnea are characteristic com- 
plaints. A typical progression of ECG changes occurs during the course of 
acute pericarditis. These changes occasionally, require differentiation from 
those of acute myocardial infarction or normal variant ST segment eleva- 
tion. Echocardiography is the most sensitive technique for detecting the 
presence of pericardial effusion. In addition, a number of echocardiographic 
findings are characteristic of larger effusions and cardiac tamponade. Any 
form of pericarditis may lead to the development of cardiac tamponade. 
Malignant effusion is probably the most common single cause. [Stembach 
GL: Pericarditis. Ann Emerg Med March 1988;17:214-220.] 

I N T R O D U C T I O N  
The normal pericardium consists of two layers of fibrous tissue ordinarily 

containing up to 50 mL of fluid with a chemical composition similar to that 
of serum. Pericarditis is a c o m m o n  but  often subclinical entity, observed 
more frequently at autopsy than during life. 1 Its true incidence is uncertain, 
because the course is often self-limited and because pericardial inflammation 
may be an unrecognized part of a systemic illness or infection. Pericarditis 
may be the consequence of a number of pathologic processes. 

E T I O L O G Y  
C o m m o n  causes are listed (Figure 1). The relative incidence of specific 

types varies from one institution to another, depending on patient popula- 
tion. The most  common form is probably idiopathic pericarditis. 2 This hag 
been postulated to be of viral origin in most  cases, but efforts to isolate a 
virus from pericardial fluid in cases of idiopathic pericarditis usually have 
been unsuccessful. 2 

A number  of viruses are known to be highly cardiotropic. The Coxsackie B 
~oup  is especially likely to produce pericarditis or myocarditis. 3 Other vi- 
ruses known to cause pericarditis include echovirus type 8, mumps,  influ- 
enza, Epstein-Barr, and varicella-zoster viruses. 4 

Pericarditis may be the consequence of bacterial infection, but the inci- 
dence of purulent pericarditis has declined in the antibiotic era. s Staphylo- 
coccus aureus, once the most  common  causative agent by far, remains the 
single most  frequent etiologic organism. 6 However, there has been a pro- 
gressive "widening" of the bacterial spectrum over the past three decades, 
with a large increase in pericarditis caused by Gram-negative aerobic bacilli, s 
In children, purulent pericarditis most  frequently occurs before the age of 2, 
with S aureus, Haemophilus influenzae, Neisseria meningiditis, and Strep- 
tococcus pneumoniae the most  common  pathogens, in descending order of 
frequency.7 

The pericardium is rarely a primary site of bacterial infection, and pur- 
ulent pericarditis almost always occurs as a complication of another ill- 
ness.S, 6 Spread of infection to the pericardium occurs from one of the follow- 
ing pathways: direct pu lmonary  extension; hematogenous spread; septic 
embolization due to endocarditis or rupture of a myocardial abscess; perfora- 
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tion of the chest wall, either traumat- 
ic or surgical; and extension of a sup- 
purative subdiaphragmatic focus. The 
last is much less eommon. 5 Patients 
predisposed to the development of 
purulent pericarditis are those who 
are debilitated or immunocompro-  
mised~ those who have undergone ex- 
tensive thoracic or cardiac surgery; 
those with uncontrolled endocardial 
or myocardial infection; and those 
with preexisting nonpyogenic pericar- 
ditis.6 

Tuberculous infection, once the 
most common cause of pericarditis, is 
now rare, occurring in 1% to 2% of 
patients with pulmonary tubercu- 
losis.a Fungal and parasitic infections 
are also uncommon causes in this 
country. 

Pericarditis may be the consequence 
of noninfec t ious  sys temic  illness, 
such as rheumatoid arthritis, rheu- 
matic fever, systemic lupus erythema- 
tosus, scleroderma, and sarcoidosis. Its 
course is frequently subclinical in 
these diseases. Evidence of pericarditis 
has been discovered in up to 50% of 
rheumatoid arthritis patients at autop- 
sy, but the condition is seldom diag- 
nosed in these patients during life. 9 
Similarly, pos t -mor tem findings of 
pericarditis are seen in 60% to 80% of 
patients with SLE, but only about 
50% display signs while alive3 o 

Patients with severe rheumatoid 
pericarditis as evidenced by cardiac 
tamponade or constrictive pericarditis 
are likely to be those whose rheu- 
matoid disease is moderate to severe. 
Subcutaneous nodules are present in 
the majority of these patients. How- 
ever, the duration of rheumatoid ar- 
thritis appears to have no bearing on 
the development of clinically severe 
pericarditis. 9 

Pericarditis may accompany myo- 
cardial infarction or follow its onset, 
usually by one to three days. The inci- 
dence of such early postmyocardial in- 
farction pericarditis has been reported 
as 7% to 16%. u The course is gener- 
ally benign, lasting one to two days. 

In 1956, Dressier described a syn- 
drome (subsequently named for him) 
of fever, pericarditis, and pleuritis ap- 
pearing weeks to months after myo- 
cardial infarction. 12 He estimated that 
this syndrome occurred in 3% to 4% 
of myocardial infarction patients. ~3 
Dressler 's  syndrome has been as- 
sumed to be a product of an autoim- 
mune reaction. However, this mecha- 
nism has been challenged, and the 

FIGURE 1. Common causes of peri- 
carditis. 

FIGURE 2. Drugs known to produce 
pericarditis. 

very existence of the syndrome as a 
distinct entity, questioned.lL 14 Dress- 
ler's syndrome may actually represent 
a continuing inflammation in patients 
who develop early post-myocardial in- 
farction pericarditis, n 

Both penetrating and blunt thoracic 
trauma may produce pericarditis, as 
may any rupture or leakage of an aor- 
tic aneurysm into the pericardial 
space. There are a variety of iatrogenic 
causes of pericarditis. These include 
perforation of the heart during cardiac 
catheterization, central venipuncture, 
pacemaker insertion, and pericardio- 
centesis. 1518 Complications of cardiac 
surgery include purulent pericarditis 
and the post -per icardiotomy syn- 
drome. The latter is a febrile illness 
with pleural and pericardial reaction 
that appears beyond the first postop- 
erative week of surgery involving per- 
icardial entry. An immune  mecha- 
nism has been postulated. 19 There is a 
10% to 40% incidence of this syn- 
drome, which usually runs a benign 
c o u r s e .  19 

A n u m b e r  of m e d i c a t i o n s  are 
known to cause pericarditis (Figure 
2). 20-29 Pericarditis may constitute a 
part of the drug-induced SLE syn- 
drome produced by procainamide, 2° 
hydralazine ,  24 methyldopa,21 iso- 
niazid, 26 and reserpine. 26 Pericarditis 
is caused by penicillin 25 and cromolyn 
sodium ~7 on the basis of a hypersen- 
sitivity reaction. Constrictive peric~r- 
ditis may be a part of a generalized 
mediastinal fibrosis induced by meth- 
ysergide. ¢3 The antineoplastic drug 
doxorubicin may produce pericarditis 
in addition to cardiomyopathy. :~o 

High-dose mediastinal irradiation, 
used in the 1960s primarily for the 
treatment of Hodgkin's lymphoma, 
may produce pericarditis, pericardia] 
effusion, or constrictive pericarditis. 
Symptoms may occur during the 
course of radiation therapy or weeks 
to years later. The incidence of these 
forms of pericardial disease has been 
markedly diminished since the early 
1970s owing to the limitation of car- 
diac radiation exposure and the in- 
creasing use of chemotherapy in the 
treatment of Hodgkin's disease and 
breast carcinoma. 3o 

Infection 
Pyogenic 
Tuberculosis 
Viral 
Fungai 
Parasitic 

Systemic Illness 
Rheumatoid arthritis 
Systemic lupus erythematosus 
Scleroderma 
Rheumatic fever 
Sarcoidosis 
Renal failure 
Hypothyroidism 

Cardiac Disease 
Myocardial infarction 
Aortic dissection 

Trauma 
latrogenic 

Cardiac instrumentation 
Postsurgical 
Irradiation 
Drugs 

Neoplasm 

1 Idiopathic 

Procainamide 
Hydralazine 
Reserpine 
Methyldopa 
Isoniazid 
Phenytoin 
Penicillin 
Cromolyn sodium 
Dantrolene 
Minoxidil 
MethYsergide 
Doxorubicin 

Pericardial  disease is the most  
p rominent  clinical aspect of neo- 
plasm-related cardiac disease. The 
heart is involved in approximately 
10% of cases of malignant disease, but 
such involvement is most commonly 
asymptomatic, being discovered at au- 
topsy3 Primary pericardial neoplasms 
are rare3 Although pericardial metas- 
tases may occur with virtually any 
neoplasm, about 80% occur in pa- 
tients with lung or breast carcinoma, 
lymphoma, and leukemia. Malignant 
melanoma accounts for another 5% .3o 
NeoplaStic pericardial invasion often 
leads to pericardial effusion, and mao 
lignancy is probably current ly the 
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FIGURE 3. Acute  pericarditis with 
marked ST segment elevation. 

FIGURE 4. ECG revealing PR seg- 
m e n t  depression and T wave inver- 
sion. 

most frequent cause of nontraumatic 
cardiac tamponade in most centers. 3o 

CLINICAL PRESENTATION 
The nature of the onset of pericar- 

ditis varies depending on the etiology. 
Purulent pericarditis usually presents 
abruptly as a fulminant illness. The 
clinical manifestations of viral pericar- 
ditis may follow an upper respiratory 
infection, and include chest  pain, 
dyspnea, and fever. Pain is typically a 
prominent feature of viral pericarditis, 
and its absence in that setting is un- 
usual. Tuberculous pericarditis, on the 
other hand, frequently has an insid- 
ious onset, presenting with the gradu- 
al development of such nonspecific 
symptoms as fever, malaise, anorexia, 
and weakness.S Presentation of other 
forms of pericarditis varies and may be 
gradual or abrupt, with symptoms re- 
ferable to pericardial inflammation or 
effusion. 

Pain is one of the most important 
features of pericarditis. It is usually 
retrosterual or precordial, sharp and 
a lmos t  always pleurit ic,  becoming  
dramatically worse with cough or in- 
spiration. The pain is characteristi- 
cally aggravated by recumbency and 
eased by sitting upright and leaning 
forward. Occasionally it is felt at the 
cardiac apex synchronously with each 
heart beat. There may be a wide area 
of radiation, wi th  pain felt in the 
neck, back, left shoulder, and occa- 
sionally the left arm or epigastrium. 

Dyspnea is frequently present, its 
pathogenesis being incompletely un- 
derstood. Other signs and symptoms 
that occur with variable frequency in- 
clude cough, fever, hiccups, nausea, 
vomiting, dizziness, malaise, and pal- 
pitations. The pericardial friction rub 
is the pathognomonic physical finding 
of pericarditis. However, it is not pres- 
ent in all cases, may be audible inter- 
mittently, or may change in quality 
from one examination to the next. It 
may be heard even in the presence of 
large effusions. 

Symptoms of pericardial effusion 
may  include chest  pain, dyspnea,  
cough, hoarseness, nausea, and ab- 
dominal pain. A precordial discomfort 
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FIGURE 5. Resolving stage of pericar- 
ditis, in which ST segment elevation 
has normalized, but T wave inversion 
persists. 

FIGURE 6. Major causes of pulsus 
paradoxus other than carcliac tampo- 
llade. 

distinct from the characteristic pain of 
pericarditis may  be present, and is 
probably caused by stretching of the 
pericardium by fluid. Tachypnea is the 
earliest and most  c o m m o n  physical 
finding of effusion. 

D I A G N O S T I C  TESTS 
ECG 

A t y p i c a l  p r o g r e s s i o n  of E C G  
changes occurs during the course of 
acute pericarditis. This sequence has 
been divided into four stages. Stage 1 
consists of ST segment elevation (Fig- 
ure 3). This is concave upward and is 
usually present in all leads except aVR 
and V1. The height of ST segment ele- 
vat ion is se ldom more  than 5 m m  
above the baseline. 2o T waves are usu- 
ally upright in leads in which ST seg- 
ment  elevation is present. ST segment 
depression is not seen, except in aVR. 
Stage 1 changes are generally present 
at the t ime of onset of pain, and may 
last several days. 

In Stage 2, the ST segments return 
to the baseline, and the T waves flat- 
ten. The PR segment may become de- 
pressed. T wave inversion (Figure 4) 
occurs in Stage 3. Normal izat ion of 
the ECG is referred to as Stage 4. 
However, T wave inversion (Figure 5) 
may persist for several months  or be 
permanent, lo 

ECG changes of pericarditis may re- 
quire distinction from those of acute 
myocardia l  infarction. The ST seg- 
ment  elevation of Stage 1 pericarditis 
is typically concave upward, whereas 
that  of myocardia l  infarct ion is op- 
positely oriented. ST segment changes 
of pericarditis are unaccompanied by 
reciprocal patterns of ST depression. 
The T wave inversion seen in Stage 2 
occurs after the ST segment returns to 
the baseline. In myocardial infarction, 
T wave inversion often accompanies 
ST elevation. Furthermore, T wave in- 
version in pericarditis is not  associ- 
ated with loss of R wave voltage or the 
appearance  of Q waves,  e i ther  of 
which may appear in myocardial in- 
farction. 

Differentiation of the ECG changes 

of pericarditis from those of normal 
variant ST segment elevation (early re- 
polarization) may be exceedingly diffi- 
cult. Complex criteria have been sug- 
gested, but  some believe that  these 
may be indistinguishable on isolated 
tracings. 31 Among findings that medi- 
ate against pericarditis are the absence 
of simultaneous PR segment changes 
in the limb and precordial leads, and 
presence of ST elevation only  in the 
precordial leads. 32 The best discrimi- 
nator may be the ratio of ST segment 
ampl i tude  to T wave ampl i tude  in 
lead V6. This ratio was found to be/> 
0.25 only in tracings of pericarditis pa- 
tients. 33 

Arrhythmias occur in the setting of 
pericarditis, wi th  sinus tachycardia  
being the most  common. Paroxysmal 
supraventr icular  tachycardia,  atrial 
flutter, and atrial fibrillation also oc- 
cur. However, serious and potentially 
serious rhythm disturbances appear to 
occur only in patients whose pericar- 
ditis accompanies cardiac disease, es- 
pecially acute myocardial infarction. 34 

Chest Radiograph 
Enlargement and alteration of the 

Pulmonary Disease 
Chronic obstructive pulmonary 

disease 
Asthma 
Tracheal compression 
Tension pneumothorax 
Massive pulmonary embolus 

cardiac Disease 
Constrictive pericarditis 
Restrictive cardiomyopathy 
Right ventricular infarction 

Shock 
6 

cardiac silhouette occur as a result of 
pericardial effusion. However, these 
usually do not occur until at least 250 
mL of fluid has accumulatedJ o A nor- 
mal chest radiograph, therefore, does 
not exclude the presence of a signifi- 
cant pericardial effusion. 

Echocardiogram 
Echocardiography is the mos t  sen- 

sitive technique for the detection of 
pericardial effusion. Effusions as small 
as 15 mL can be identified. 35 Periear- 
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FIGURE 7. Low voltage in a pat ient  
with pericardial effusion. 

FIGURE 8. Electr ical  al ternans.  In 
this case a subtle variation of S wave 
ampli tude can be seen in each alter- 
nate complex. 

dial fluid appears as an echo-free space 
between the anterior wall of the right 
ventricle and the chest wall and the 
posterior left ventricular wall and the 
posterior parietal pericardium. The 
technique has the advantages of being 
portable and noninvasive. Comput-  
erized tomography has been shown to 
be a sensitive technique for evaluating 
pericardial thickening and effusion, g6 
It may be useful in  patients in whom 
the echocardiogram is  technically un- 
satisfactory. However, echocardiogra- 
phy remains the primary diagnostic 
modality in pericardial disease. 

PERICARDIAL EFFUSION 
Pericardial effusion may be gener- 

ated by pericarditis of any cause. It 
may be clinically silent, produce chest 
discomfort by stretching the pericar- 
dium, or produce a variety of symp- 
toms on the basis of compression of 
medias t ina l  s tructures.  Dysphagia 
(due to compression of the esophagus), 
cough (bronchi), dyspnea (lung par- 
enchyma), hiccups (phrenic nerve), and 
hoarseness (recurrent laryngeal nerve) 
may be produced in this way. 

The development of increased intra- 

pericardial pressure is dependent on 
the absolute volume of fluid, its rate 
of accumula t ion ,  and the physical  
character is t ics  of the pericardium. 
The normal unstretched pericardium 
can accommodate the rapid addition 
of only 80 to 200 mL of fluid before 
pressure rises precipitously. 37 Slowly 
developing effusions are to lera ted  
more readily. Effusions of more than 2 
L may result from hypothyroidism, for 
example, without  producing cardiac 
tamponade. 2 A pericardium that is 
stiff because of fibrosis or tumor infil- 
tration may accommodate less fluid 
than a normal, more supple pericar- 
dium. 

CARDIAC TAMPONADE 
Accumula t ion  of sufficient fluid 

within the pericardial space may pro- 
duce cardiac tamponade, characterized 
by elevation of intracardiac pressures, 
progressive l imi ta t ion  of left ven- 
tricular filling, and reduction of stroke 
volume. Tamponade may result from 
pericarditis of any cause. In one study 
detailing causes in medical patients 
over 17 years, the following were the 
leading types of pericarditis producing 

tamponade: malignant disease (32%), 
idiopathic (14%), u remia  (9%), and 
acute myocardial infarction (9%).38 

The classic findings of cardiac tam- 
ponade are those described by Beck in 
1935, and consist of decreased sys- 
temic arterial pressure, increased ven- 
ous pressure ,  and muf f l ed  hea r t  
sounds. 39 These findings are typical in 
patients in whom tamponade is due to 
intrapericardial hemorrhage, such as 
that caused by trauma, aortic dissec- 
tion, or rupture of an aortic or ven- 
tricular aneurysm. In the majority of 
patients in whom tamponade develops 
more gradually, a quiet heart and se- 
vere hypotension are not seen. These 
patients' most common complaint is 
dyspnea, and the most frequent phys- 
ical findings are tachypnea, jugular 
venous distention, and pulsus para- 
doxus. 38 

Pulsus paradoxus is the product of 
complex mechanisms, and constitutes 
the fall of aortic systolic pressure dur- 
ing inspiration. It actually represents 
an exaggeration of the normal  in- 
spiratory decline of left ventricular 
stroke volume by 7% and systemic 
blood pressure by 3%.4o A paradox of 
up to 10 m m  Hg is considered normal, 
but this figure, when determined by 
sphygmomanometr ic  measurement ,  
has occasionally been found to corre- 
spond to 20 to 25 m m  Hg as ascer- 
tained by direct intra-arterial record- 
ing. 2 Cuff pressure, therefore, may 
underestimate the degree of paradox, 
and a 10 m m  Hg paradox determined 
by cuff pressure should be considered 
significant in the appropriate clinical 
setting. 

The recommended method of deter- 
mination of pulsus paradoxus is as fol- 
lows: with the patient breathing nor- 
mally, the cuff should be inflated, then 
deflated very slowly to the point that 
the Korotkoff sounds are first audible 
in termit tent ly .  This  represents  the 
systolic pressure during expiration. 
The cuff then is deflated slowly until 
all beats are heard. This is the pres- 
sure during inspiration. The difference 
between the two levels is the degree of 
paradox. Causes of pulsus paradoxus 
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other than cardiac tamponade 41-46 are 
listed (Figure 6). 

The ECG in cardiac tamponade may 
reveal low QRS voltage (Figure 7) and 
T wave flattening. Electrical al temans 
{Figure 8), the alternation of QRS com- 
plex ampli tude from beat to beat, is a 
phenomenon characteristically associ- 
ated with  larger pericardial effusions. 
It is produced through the more exten- 
sive mobil i ty  of the heart in a pericar- 
dial sac filled with  fluid. The presence 
of electrical alternans is not diagnostic 
of tamponade, but tamponade is more 
likely to develop in the setting of effu- 
sions large enough to produce this 
ECG entity. 2 

The  e c h o c a r d i o g r a m  is use fu l  in 
demonstrating the presence and quan- 
t i ty of pericardial fluid. In addition, 
several types of abnormal  heart  wall 
mot ion  and other echocardiographic 
findings characterist ic of larger effu- 
sions and tamponade have been de- 
scribed, a7 However, the diagnosis of 
cardiac tamponade should, in general, 
be made clinically. 

TREATMENT 
Treatment  should be aimed at the 

underlying cause whenever  appropri- 
ate. Many forms of pericarditis run a 
s e l f - l im i t ed  course  and have  good 
prognoses. Analgesic and anti-inflam- 
matory agents are frequently admin- 
istered. Aspirin may be begun, 650 mg 
every three to four hours. If there is no 
response, indomethacin 25 to 75 mg 
four t imes a day should be given, and 
the dose tapered after the patient has 
been asymptomat ic  for five to seven 
days. 

The use of corticosteroids in per- 
i ca rd i t i s  is con t rover s i a l .  Cor t i co-  
steroids are effective ant i- inf lamma- 
tory agents in the t reatment  of peri- 
cardi t is .  However ,  10% to 20% of 
patients receiving such t reatment  de- 
ve lop  r e l a p s i n g  p e r i c a r d i t i s  w h e n  
steroid dosage is tapered to less than 
10 to 15 mg of prednisone per day, and 
are difficult to wi thdraw from treat- 
ment.  2 

Fluid producing cardiac tamponade 
may be removed using percutaneous 
pericardiocentesis.  If this cannot be 
done immediately, volume expansion 
should be undertaken with  infusion of 
IV fluids. Volume expansion is bene- 
ficial in increasing arterial pressure, 
cardiac output, and renal and myocar- 
dial  pe r fus ion .  48 A d m i n i s t r a t i o n  of 
i soproternol  may  also help increase 
cardiac output, lo Isoprotemol admin- 

i s t ra t ion  in cardiac t amponade  was 
found to increase cardiac output prin- 
cipally by increasing stroke volume,  
and to a lesser degree by increasing 
heart rate. 49 Positive pressure ventila- 
t ion has been shown to depress car- 
diac ou tput  in exper imental  animals 
wi th  cardiac tamponade, and should 
be avoided if possible, so 

The l ikel ihood that  pericardiocen- 
tesis can safely be performed and fluid 
obtained is largely related to effusion 
size. In a series of 123 patients at Stan- 
ford in w h o m  pericardiocentesis was 
per formed,  the  p rocedure  was suc- 
cessful in 93% of patients wi th  large 
effusions (as e s t ima ted  by echocar- 
diograrn), but only in 58% with  small 
or moderate-sized effusions. Pericar- 
diocentesis was likely to be either un- 
successful or complicated in patients 
with effusions smaller than 200 mL, 
those wi th  acute traumatic hemoperi- 
cardiurn, and those who did not dem- 
onstrate an anterior effusion on echo- 
cardiogram.S 1 

SUMMARY 
Pericarditis is a common  entity pro- 

duced by a variety of processes. The 
clinical examination, ECG, and echo- 
cardiogram are mos t  useful in diag- 
nosis. Cardiac tamponade is the most  
serious complicat ion.  This  may also 
be suspected on the basis of clinical 
and ECG findings and confirmed by 
echocardiography. 

The author thanks E William Hancock, 
MD, of the Stanford Department of Car- 
diology for use of the ECGs in Figures 3, 
4, 5, 7, and 8. 
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