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!  The pericardium has 2 layers.  
•  The visceral pericardium (is a single 

layer of mesothelial cells that is 
attached to the myocardium) 

•  The parietal pericardium (an outer 
fibrous layer).  

!  The sac created by these layers 
contains a small amount of fluid (< 
25 to 50 mL), composed mostly of 
an ultrafiltrate of plasma.  

!  The pericardium limits distention 
of the cardiac chambers and 
increases the heart's efficiency. 

!  The pericardium is richly 
innervated with sympathetic and 
somatic afferents.  

!  Drainage occurs via the thoracic 
duct and the right lymphatic duct 
into the right pleural space. 



 

Acute - develops quickly, producing an 
inflammatory reaction 

 

 

Chronic (defined as persisting > 3 mo) develops 
more slowly, its prominent feature is effusion 

 

!  Idiopathic, 

!  Viral infections (echovirus, influenza virus, coxsackie B virus, HIV)  

!  Bacterial infections (streptococci; staphylococci; gram-negative 
bacilli;), 

!  Fungal infections (histoplasmosis, coccidioidomycosis, candidiasis, 
blastomycosis), 

!   Parasitic infections (toxoplasmosis, amebiasis, echinococcosis), 

!  Autoimmune disorders (RA, SLE, scleroderma), 

!  Inflammatory disorders (amyloidosis, inflammatory bowel disease, 
sarcoidosis), 

!  Uremia, 

!  Trauma, 

!  MI, 

!  Post-MI (Dressler's) syndrome  

!  Post pericardiotomy, 

!  Drugs (eg, hydralazine, isoniazid, phenytoin, procainamide) , 

!  Tuberculous pericarditis accounts for < 5% of of acute or subacute 
pericarditis in the US but the majority of cases in some areas of 
India and Africa. 

 If patients with AIDS develop lymphoma, Kaposi's sarcoma, or 
certain infections (ie, Mycobacterium avium, M. tuberculosis, 
Nocardia, other fungal or viral infections), pericarditis may follow 
cases  

!  may follow almost any disorder 
that causes acute pericarditis 

!  TB, 
!   tumor,  
!  irradiation,  
!  rheumatoid disease,  
!  cardiac surgery.  

 Pericarditis with large effusion 
(serous, serosanguineous, or 
bloody) is most commonly caused 
by metastatic tumors, (lung or 
breast carcinoma, sarcoma, 
melanoma, leukemia, or 
lymphoma). 

  



!  Pericardial effusion is accumulation of fluid in the 
pericardium. The fluid may be serous fluid (sometimes 
with fibrin strands), serosanguineous fluid, blood, pus, or 
chyle. 

!  Hemopericardium (accumulation of blood within the 
pericardium) may lead to pericarditis or pericardial 
fibrosis; common causes include chest trauma, iatrogenic 
injury (eg, from cardiac catheterization, pacemaker 
insertion, or central venous line placement), and rupture 
of a thoracic aortic aneurysm. 

!  Cardiac tamponade occurs when a large pericardial 
effusion impairs cardiac filling, leading to low cardiac 
output and sometimes shock and death. If fluid (usually 
blood) accumulates rapidly, even small amounts (eg, 150 
mL) may produce tamponade because the pericardium 
cannot stretch quickly enough to accommodate it. Slow 
accumulation of up to 1500 mL may not produce 
tamponade.  



!  Chest pain is sometimes similar to that 
of myocardial inflammation or ischemia 
(dull or sharp precordial or substernal 
pain may radiate to the neck, trapezius 
ridge (especially the left), or shoulders). 

!  pain is usually aggravated by thoracic 
motion, cough, breathing, or swallowing 
food; it may be relieved by sitting up 
and leaning forward. 

!   Tachypnea and nonproductive cough 
may be present; fever, chills, and 
weakness are common. 

!  The most important physical finding is a 
triphasic or a systolic and diastolic 
precordial friction rub 

!  Considerable amounts of pericardial fluid 
may muffle heart sounds, increase the 
area of cardiac dullness, and change the 
size and shape of the cardiac silhouette. 

!  with large effusions, compression of the 
base of the left lung can decrease breath 
sounds (heard near the left scapula) and 
produce crackles (rales) 

 

•  chest pain 
•  pericardial rub, 
•   sometimes with 

dyspnea 
•   The first evidence 

can be 
tamponade, with 
hypotension, 
shock, or 
pulmonary edema. 



! decreased cardiac output, 
!   low systemic arterial pressure, 
!   tachycardia,  
!   dyspnea,  
!   neck veins are markedly dilated  
!  severe cardiac tamponade is nearly always 

accompanied by a fall of > 10 mm Hg in systolic BP 
during inspiration (pulsus paradoxus),  

!  in advanced cases, pulse may disappear during 
inspiration (pulsus paradoxus can also occur in 
COPD, bronchial asthma, pulmonary embolism, right 
ventricular infarction, and noncardiogenic shock), 

! heart sounds are muffled unless the effusion is 
small. 



! ECG and chest x-ray 
! Echocardiography 
! Tests to identify cause (eg, pericardial fluid 

aspiration, pericardial biopsy) 
 



!  abnormalities confined to ST segments and T waves, 
usually in most leads. 

!   The ST segments in 2 or 3 of the standard leads 
become elevated but subsequently return to 
baseline.  

!  Unlike MI, acute pericarditis does not cause 
reciprocal depression in ST segments (except in leads 
aVR and V1), and there are no pathologic Q waves.  

!  The PR segment may be depressed.  
!  After several days or longer, T waves may become 

flattened and then inverted throughout the ECG, 
except in lead aVR; T-wave inversion occurs after the 
ST segment has returned to baseline and thus differs 
from the pattern of acute ischemia or MI. 



! Stage I 
"   first few days ! 2 weeks 
"   ST elev, PR depression 

! Stage II 
"   last days ! weeks 
"   ST returns to baseline, flat T 

! Stage III 
"   after 2-3 weeks, lasts several weeks 
"   T wave inversion 

! Stage IV 
"   lasts up to several months 
"   gradual resolution of T wave changes 



60 y/o man with acute PCARD on presentation and after 1 mo resolution of sxs,  
* Marriott’s Practical ECG 10th ed, p 208 



19 y/o Female after 1 wk in hospital with Acute Pericarditis 



!  On ECG, QRS voltage is 
often decreased, and 
sinus rhythm remains in 
about 90% of patients.  

!  With large, chronic 
effusions, the ECG may 
show electrical 
alternans (ie, P, QRS, or 
T wave amplitude 
increases and decreases 
on alternate beats). 
Electrical alternans is 
associated with 
variation in cardiac 
position (swinging 
heart).  



 Image is from a 
patient with 
malignant 
pericardial 
effusion. Note the 
"water-bottle" 
appearance of the 
cardiac silhouette 
in the 
anteroposterior 
(AP) chest film 



Echocardiogram (parasternal, long axis) of a 
patient with a moderate pericardial effusion. 
 



Subcostal view of an echocardiogram that shows a 
moderate-to-large amount of pericardial effusion. 



! CT can potentially determine composition of 
fluid and may detect as little as 50 mL of 
fluid. 

! CT can detect pericardial calcifications, 
which can be indicative of constrictive 
pericarditis. 

! CT results in fewer false-positive results than 
echocardiography. 

! CT can be problematic in patients who are 
unstable given the time required to transport 
to and from the scanner and perform the 
test. 



! MRI can detect as little as 30 mL of pericardial 
fluid. 

! May be able to distinguish hemorrhagic and no 
hemorrhagic fluids, as hemorrhagic fluids have a 
high signal intensity on T-1 weighted images, 
whereas no hemorrhagic fluids have a low signal 
intensity. 

! Nodularity or irregularity of the pericardium 
seen on MRI may be indicative of a malignant 
effusion. 

! MRI is more difficult to perform than CT scan 
acutely, given the length of time the patient 
must remain in the scanner. 



! A biopsy of pericardial tissue or aspiration of 
pericardial fluid may be needed to establish 
a diagnosis. 

!  Acid-fast stains and cultures of pericardial 
fluid help identify infectious causes. Samples 
are examined for malignant cells. 



Fibrinous pericarditis is an exudative 
inflammation. The visceral pericardium 
(epicardium) is infiltrated by the 
fibrinous exudate. This consists in fibrin 
strands and leukocytes. Fibrin describes 
an eosinophilic (pink) network, 
amorphous. Leukocytes (mainly, 
neutrophils) are found within the fibrin 
deposits and intrapericardic. Vascular 
congestion is also present. The 
myocardium has no changes. 
(Hematoxylin-eosine, ob. x4) 

http://www.pathologyatlas.ro/fibrinous-pericarditis.php 



! Troponin is almost always elevated in acute 
pericarditis due to epicardial inflammation. 

!  The CPK level is usually normal in acute 
pericarditis unless myocarditis is also 
present. 



!  Varies by cause 
!  NSAIDs and sometimes 

colchicine or 
corticosteroids for pain 
and inflammation 

!  Pericardiocentesis for 
tamponade and some 
large effusions 

!  Sometimes 
intrapericardial drugs 
(eg, triamcinolone) 

!  Sometimes pericardial 
resection for 
constrictive pericarditis 

!  Treatment of cause 



! Pericardial Effusion/Tamponade 
! Constrictive Pericarditis 
! Recurrent Pericarditis (20-25%) 



! Results from marked inflammatory, fibrotic 
thickening of the pericardium. 

! Sometimes the visceral and parietal layers 
adhere to each other or to the myocardium.  

! The fibrotic tissue often contains Ca deposits. 
!  The stiff, thickened pericardium markedly 

impairs ventricular filling, decreasing stroke 
volume and cardiac output.  

! Significant pericardial fluid accumulation is 
rare. 

!  Rhythm disturbance is common.  



!   reduced cardiac output ( fatigue, hypotension, reflex 
tachycardia ) 

!   elevated systemic venous pressure ( jugular venous distension, 
hepatomegaly with marked ascites and peripheral edema ) 

!   pulmonary venous congestion ( exertional dyspnea, cough and 
orthopnea ) 

!   Chest pain typical of angina may be related to underperfusion of 
the coronary arteries or compression of an epicardial coronary 
artery by the thickned pericardium 

!  Ascites, hepatomegaly and ascites 
!  Kussmaul’s sign (systemic venous pressure increases with 

inspiration) 
!  during auscultation! characteristic diastolic pericardial “ 

Knock“ (an early diastolic sound that is often heard along the left 
sternal border following S2 ) occurs. It represents the sudden 
cessation of ventricular diastolic filling imposed by the rigid 
pericardial sac.  



! complete resection of the pericardium. 
! performance of pericardiectomy earlier in 

the course of the disease prior to the cardiac 
cachexia and dense pericardial calcifications 
( which carries a higher surgical mortality ). 

! The operative mortality is reported to be 
between 6-12%. 



Myocarditis  
 
 



!  Fulminant myocarditis - Follows a viral prodrome; distinct 
onset of illness comprising severe cardiovascular 
compromise with ventricular dysfunction, cardiogenic 
shock and multiple foci of active myocarditis; either 
resolves spontaneously or results in death 

!  Acute myocarditis - Less distinct onset of illness, with 
established ventricular dysfunction; may progress to 
dilated cardiomyopathy  

!  Chronic active myocarditis - Less distinct onset of illness, 
with clinical and histologic relapses; development of 
ventricular dysfunction associated with chronic 
inflammatory changes (including giant cells) 

!  Chronic persistent myocarditis - Less distinct onset of 
illness; persistent histologic infiltrate with foci of myocyte 
necrosis without ventricular dysfunction despite symptoms 
(eg, chest pain, palpitations) 



!  Viral - Enterovirus, coxsackie B, adenovirus, influenza, cytomegalovirus, poliomyelitis, Epstein-Barr virus, 
HIV-1, viral hepatitis, mumps, rubeola, varicella, variola/vaccinia, arbovirus, respiratory syncytial virus, 
herpes simplex virus, yellow fever virus, rabies, parvovirus 

!  Rickettsial - Scrub typhus, Rocky Mountain spotted fever, Q fever 
!  Bacterial - Diphtheria, tuberculosis, streptococci, meningococci, brucellosis, clostridia, staphylococci, 

melioidosis, Mycoplasma pneumoniae, psittacosis 
!  Spirochetal - Syphilis, leptospirosis/Weil disease, relapsing fever/Borrelia, Lyme disease 
!  Fungal - Candidiasis, aspergillosis, cryptococcosis, histoplasmosis, actinomycosis, blastomycosis, 

coccidioidomycosis, mucormycosis 
!  Protozoal - Chagas disease, toxoplasmosis, trypanosomiasis, malaria, leishmaniasis, balantidiasis, 

sarcosporidiosis 
!  Helminthic - Trichinosis, echinococcosis, schistosomiasis, heterophyiasis, cysticercosis, visceral larva 

migrans, filariasis 
!  Bites/stings - Scorpion venom, snake venom, black widow spider venom, wasp venom, tick paralysis 
!  Drugs (usually causing hypersensitivity myocarditis)  

"  Chemotherapeutic drugs - Doxorubicin and anthracyclines, streptomycin, cyclophosphamide, interleukin-2, 
anti-HER-2 receptor antibody/Herceptin 

"  Antibiotics - Penicillin, chloramphenicol, sulfonamides 
"  Antihypertensive drugs - Methyldopa, spironolactone 
"  Antiseizure drugs - Phenytoin, carbamazepine 
"  Amphetamines, cocaine, catecholamines 

!  Chemicals - Hydrocarbons, carbon monoxide, arsenic, lead, phosphorus, mercury, cobalt 
!  Physical agents (radiation, heatstroke, hypothermia) 
!  Acute rheumatic fever 
!  Systemic inflammatory disease - Giant cell myocarditis, sarcoidosis, Kawasaki disease, Crohn disease, 

systemic lupus erythematosus, ulcerative colitis, Wegener granulomatosis, thyrotoxicosis, scleroderma, 
rheumatoid arthritis 

!  Posttransplant cellular rejection 
!  Idiopathic 



! mild symptoms of chest pain (in concurrent 
pericarditis, cardyomiocytes necrosis) 

! dyspnea 
!   symptoms of palpitations, syncope, or even 

sudden cardiac death may develop, due to 
underlying ventricular arrhythmias or 
atrioventricular block (especially in giant cell 
myocarditis) 

!  fever, sweats, chills 
!  in viral myocarditis, patients may present with a 

history of recent (within 1-2 wk) flulike 
syndrome of fevers, arthralgias, and malaise or 
pharyngitis, tonsillitis, or upper respiratory tract 
infection. 



!  signs and symptoms of acute decompensation of heart 
failure (eg, tachycardia, gallop, mitral regurgitation, 
edema) and pericardial friction rub in those with 
concomitant pericarditis. Specific findings in special cases 
are as follows: 
 

!  Acute rheumatic fever (usually affects heart in 50-90%) - 
Associated signs such as erythema marginatum, 
polyarthralgia, chorea, subcutaneous nodules 

!   Sarcoid myocarditis - Lymphadenopathy, also with 
arrhythmias, sarcoid involvement in other organs (up to 
70%) 

!  Hypersensitive/eosinophilic myocarditis - Pruritic 
maculopapular rash and history of using offending drug 

!  Giant cell myocarditis - Sustained ventricular tachycardia 
in rapidly progressive heart failure  
 



!  Complete blood count - Leukocytosis (may demonstrate 
eosinophilia) 

!  Elevated erythrocyte sedimentation rate (and other acute phase 
reactants such as C-reactive protein) 

!  Rheumatologic screening - To rule out systemic inflammatory 
diseases 

!  Elevated cardiac enzymes (creatine kinase or cardiac troponins)  
!  Serum viral antibody titers for viral myocarditis  

"  Common viral antibody titers available for clinical evaluation include 
coxsackievirus group B, HIV, cytomegalovirus, Ebstein-Barr virus, 
hepatitis virus family, and influenza viruses. Titers increase 4-fold or 
more with gradual fall during convalescence (nonspecific), hence 
requiring serial testing. 

"  The presence of viral genome in endomyocardial biopsy samples have 
been sought to be the criterion standard for viral persistence; 
however, it lacks specificity as the presence of viral genome can also 
be present in healthy controls. The most common viral genomes found 
include parvovirus and herpes simplex. 



! sinus tachycardia,  
! nonspecific ST or T-wave changes or injury 

patterns with ST- or T-wave changes 
mimicking myocardial ischemia or 
pericarditis (pseudoinfarction pattern) 

! heart block (atrioventricular block or 
intraventricular conduction delay) 

!  ventricular arrhythmia 



!  to exclude other causes of heart failure (eg, valvular, 
amyloidosis, congenital) 

!   to evaluate the degree of cardiac dysfunction 
(usually diffuse hypokinesis and diastolic dysfunction) 

!  to define localization of the extent of inflammation 
(ie, wall motion abnormalities, wall thickening, 
pericardial effusion) 

!  may distinguish between fulminant and acute 
myocarditis by identifying near-normal left 
ventricular diastolic dimensions and increased septal 
thickness in fulminant myocarditis (versus increased 
left ventricular diastolic dimensions and normal 
septal thickness in acute myocarditis), with marked 
improvement in systolic function in time. 



 This imaging 
technique is used for 
assessment of the 
extent of 
inflammation and 
cellular edema, 
although it is still 
nonspecific. Delayed-
enhanced MRI has also 
been used to quantify 
the amount of 
scarring that occurred 
following acute 
myocarditis 



!  This is the criterion standard for 
diagnosis of myocarditis, although it still 
has limited sensitivity and specificity, as 
inflammation can be diffuse or focal.  

!  Routine EMB in establishing diagnosis of 
myocarditis rarely is helpful clinically, 
however, since histologic diagnosis 
seldom has an impact on therapeutic 
strategies, unless giant cell myocarditis 
is suspected. 

!   The risk of adverse events approaches 
6% (including complications with 2.7% on 
sheath insertion and 3.3% on the biopsy 
procedure), including 0.5% probability of 
perforation. 

!  Because of sampling technique, 
sensitivity may increase with multiple 
biopsies (50% for 1 biopsy, 90% for 7 
biopsies). The standard is to obtain at 
least 4 or 5 biopsies, although false-
negative rates still may be as high as 
55%. 



!  Withdrawal of the offending agent is called for, if applicable 
(eg, cardiotoxic drugs, alcohol).  

!  Treat underlying infectious or systemic inflammatory etiology.  
!  Nonsteroidal anti-inflammatory agents should be avoided in 

the acute phase, as their use may impede myocardial healing 
and actually exacerbate the inflammatory process and increase 
the risk of mortality. 

!  Heart failure treatment 
!  High-grade ventricular ectopy and ventricular tachyarrhythmia 

should be treated cautiously with beta blockers 
!  Complete heart block is an indication for temporary 

transvenous pacing 
!  Immunosuppression: empirical treatment with 

immunosuppression for systemic autoimmune disease, 
especially in giant cell myocarditis and sarcoid myocarditis, is 
often given based on evidence from small series. 



European Heart Journal 2009;30:2369-2413; Guidelines on the 
prevention, diagnosis, and treatment of infective endocarditis 



 IE according to localisation of infection and 
presence or absence of intracardiac  
material 

! Left-sided native valve IE 
! Left-sided prosthetic valve IE (PEV) 
- early PVE< 1 year after valve surgery 
- late PVE > 1 year after valve surgery 
! Right-sided 
! Device-related IE (permament pacemaker 

or cardioverter defibrillator) 



 IE according to the mode of acquisition 

!  Health care- associated IE 
-  nosocomial: developing in a patient hospitalized > 48 hours 

prior to the onset of signs/symptoms consistent with IE 
-  non nosocomial: signs and/or symptoms of IE starting< 48 

hours after admission in a patient with health care contact 
defined as: 

1 home-based nursing or intravenous therapy, haemodialysis or 
intravenous chemotherapy< 30 days before the onset of IE; or 

2 hospitalized in an acute care facility < 90 days before the 
onset of IE; or 

3 resident in a nursing home or long-term care facility 
!  Community acquired IE (signs/or symptoms of IE starting < 48 

hours after admission in a patient not fulfilling the criteria 
for the health care associated infection) 

!  Intravenous drug abuse-associated IE (IE in an active injection 
drug user without alternative source of infection) 



 Active IE 

 

! IE with persistent fever and positive blood 
cultures or 

! Active inflammatory morphology found at 
surgery or 

! Patient still under antibiotic therapy or 

! Histopathological evidence of active IE 



 Recurrence 

! Relapse: repeat episodes of IE caused by 
the same microorganism < 6 months 
after the initial episode 

! Reinfection: Infection with a different 
microorganism; repeat episode of IE 
caused by the same microorganism > 6 
months after the initial episode 



!  S aureus 
!  Streptococcus viridans 
!  Streptococcus intermedius group 
!  Abiotrophia species (formerly known as nutritionally variant streptococci) 
!  Group D streptococci 
!  Nonenterococcal group D organisms 
!  Group B streptococci 
!  Group A, C, and G streptococci 
!  Coagulase-negative S aureus  
!  Pseudomonas aeruginosa 
!  HACEK organisms (ie, Haemophilus aphrophilus, Actinobacillus 

actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, 
Kingella kingae) 

!  Fungi 
!  Bartonella species 
!  Polymicrobial infective endocarditis 

"  Pseudomonas and enterococci are the most common combination of organisms. 

 



 Antibiotic prophylaxis should only be considered for 
patients at highest risk of IE(IIa = weight of evidence/
opinion is in favour of usefulness/ efficacy) 

1. Patients with a prosthetic valve or prosthetic material used 
for cardiac valve repair 

2. Patients with previous IE 
3. Patients with congenital heart disease: 
a.   Cyanoyic congenital heart disease, without surgical repair, 

or with residual defects, palliative shunts or conduits 
b.   Congenital heart disease with complete repair with 

prosthetic material whether placed by surgery or by 
percutaneous technique, up to 6 months after the 
procedure 

c.   When a residual defect persists at the site of implantation 
of a prosthetic material or device by cardiac surgery or 
percutaneous technique 



 Antibiotic prophylaxis should only be 
considered for dental procedures requiring 
manipulation of the gingival or periapical 
region of the teeth or perforation of the 
oral mucosa 



! Repiratory tract procedures (bronchoscopy, 
laryngoscopy, transnasal or endotracheal 
intubation); 

! Gastrointestinal or urogenital procedures 
(gastroscopy, colonoscopy, cystoscopy, 
transesophageal echocardiography) 

! Skin and soft tissue  





! New regurgitant heart murmur 

! Embolic events of unknown origin 

! Sepsis of unknown origin 

! Fever: the most frequent sign of IE 

 











! Laboratory Studies 

! Imaging Studies 

! Echocardiography 
! CT scan of the head 
! MRI 
 












