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Infective endocarditis (IE) is an infection of a heart valve or other cardiac structure at a 
site of endothelial damage. The definition has been also expanded to include infected 
cardiac devices. A variety of organ systems may be adversely affected in patients with 
IE. Although advances have improved the diagnostic accuracy for IE, morbidity and mor-
tality remain remarkably high. This article reviews the pathophysiology, complications, 
diagnosis, and management of IE with recent updates to the literature and the major 
cardiovascular society guidelines. The increasingly prevalent clinical problem of intracar-
diac device-related IE is addressed, along with the recent changes to the IE prophylaxis 
guidelines. 
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The first description of infective endocardi-
tis (IE) was reported in the 17th century by 
Lazarus Riverius after reviewing autopsies.1 

Over the course of several centuries, significant 
advances have been made in our understanding of 
IE. However, most of this knowledge is based on 
observational data because there have been very 
few randomized trials of diagnostic or therapeu-
tic approaches to IE. Despite improvements in 

antimicrobial therapy and cardiac surgical tech-
nique, IE is still associated with significant morbid-
ity and mortality. 

Pathophysiology
The hallmark of IE predisposition is endothelial dam-
age. Subsequently, a complex of platelets and fibrin 
may be deposited at sites of endothelial damage, 
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Epidemiology
Various studies from different 
geographic regions published over 
the past 20 years have reported an 
IE incidence of 3.1 episodes per 
100,000 person-years to 9.29 epi-
sodes per 100,000 person years.4,5 
There appears to be a trend of 
increasing IE in the elderly popula-
tion, with 20.4 episodes per 100,000 
person-years in the United States 
Medicare population in 1998.6 

Furthermore, more than half of 
IE cases in the United States and 
Europe are diagnosed in patients 
older than 60 years.7 Many of these 
cases are related to the increasing 
use of intracardiac devices such as 
pacemakers and defibrillators in 
elderly patients.8,9 

Several baseline characteristics 
are associated with the develop-
ment of IE. Numerous studies have 
demonstrated that IE occurs more 
commonly in men, with a male to 
female sex ratio of 3.2:1 to 9:1.7,10,11 

Moreover, approximately 75% of 
patients diagnosed with IE have 
some form of structural heart dis-
ease (valvular or congenital abnor-
mality).12,13 In the early to mid 20th 
century, rheumatic valve disease was 
a major predisposing risk factor for 
IE, but this has decreased greatly in 
the Western world.13 Injection drug 
use (IDU) is a well-characterized 
risk factor for IE and infection may 
occur without obvious preexisting 

valvular pathology. Nosocomial 
and non-nosocomial, health care– 
associated contacts are also increas-
ingly recognized as important 
risk factors for the acquisition of 
endocarditis.14

The valvular distribution of IE 
reveals slightly more cases of aortic 
IE (38%) than mitral valve IE (34%), 
with both valves involved in 8% of 
cases.15 Isolated tricuspid valve IE 
is estimated to represent 4% of IE 
episodes and is more common in 
intravenous (IV) drug users, those 
on hemodialysis, and those with a 
pacemaker lead across the valve.15 
IE involving the pulmonary valve is 
exceedingly rare. In cases of aortic 
valve IE, the underlying predisposing 
lesion is aortic regurgitation in 10% 
to 18% of cases and aortic stenosis in 
17% to 30% of cases.15,16 Meanwhile, 
in mitral valve endocarditis, mitral 
regurgitation is the predisposing 
lesion in 21% to 33% of cases.15,16

Other clinically important 
 predisposing cardiac conditions 
include congenital heart disease 
and prosthetic valve replacement. 
A history of congenital heart dis-
ease is associated with 4% to 18% 
of IE episodes, with cyanotic forms 
being at the highest risk.16 In addi-
tion, prosthetic valve IE accounts 
for 12% to 30% of all cases of endo-
carditis.16 Analysis of data from 
prosthetic valve patients shows that 

which serves as a substrate for bac-
terial adherence during an episode 
of bacteremia. Areas of endothelial 
injury occur at the sites of valvular 
coaptation, so the process most com-
monly affects the ventricular side 
of the aortic and pulmonary valves 
and/or the atrial side of the mitral 
and tricuspid valves.2 Likewise, 
endothelium exposed to turbulent 
jet lesions, such as the atrial wall 
with mitral regurgitation, the mitral 
chordae in aortic regurgitation, 
or the septal leaflet of the tricus-
pid valve with a ventricular septal 
defect, are sites favorable for the 
development of IE (Figure 1).2 Once 
bacteria colonize a site of endothelial 
damage, neutrophils attach to the 
complex of bacteria-platelets-fibrin 
and valve destruction and invasion 
of adjacent myocardium may ensue. 
Occasionally, IE (particularly due to 
organisms with adhesive molecules 
on their surface) may develop in 
locations without any clinically evi-
dent preexisting endocardial abnor-
mality.3 The presence of infected 
vegetations is crucial to the diagno-
sis of IE (Figure 1).

Organism
invasion,
Adhesion
and
Colonization

Infected
Vegetation

Platelet
and Fibrin
Deposition

McCallum’s Patch

Ventricular
Side

(Semilunar
Valves)

Atrial Side
(AV valves) Chordal

Lesion from AR

NBTE Lesion

A B

C D

Endothelium

Spongiosa

Ventricularis

Myocardium

Endothelial
disruption

FibrosaAorta

Figure 1. Depiction of common sites of endothelial damage where IE may develop (left) with an illustration of 
the pathophysiologic process at the tissue level (right, inset). AR, aortic regurgitation; AV, atrioventricular; IE, 
infective endocarditis; NBTE, nonbacterial thrombotic endocarditis.

Injection drug use is a well-characterized risk factor for IE and infec-
tion may occur without obvious preexisting valvular pathology.
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there is no difference in IE risk for 
patients with mechanical versus 
bioprosthetic valves.17 However, 
individual patient characteristics, 
in particular renal insufficiency, 
prior IE, younger age, and periop-
erative wound infection, are asso-
ciated with a heightened risk for 
prosthetic valve endocarditis.18

Several noncardiac risk fac-
tors linked to the acquisition of IE 
have been reported. IDU is a well- 
recognized risk factor for IE, with 
most cases involving the tricuspid 
valve, although one series did report 
left-sided valve infection in 57% of 
IDU patients.19 Other IE predispos-
ing risk factors include indwelling 
catheters, poor dentition, diabetes 
mellitus, AIDS, chronic skin infec-
tion, alcoholic liver cirrhosis, solid 
organ transplant, and genitouri-
nary infections or procedures.20 
Patients with end-stage renal dis-
ease on chronic hemodialysis are 
particularly at increased risk for 
acquiring IE.21-23 This is related to 
bacteremia from repeated use of the 
vascular access, calcium deposition 
on valve leaflets, and immunologi-
cal abnormalities that are associ-
ated with chronic kidney disease.

Microbiology
The microbiology of IE varies 
depending on whether a native 
valve, prosthetic heart valve, or 
intracardiac device is infected. Also, 
microbiology varies with patient 
 predisposing   characteristics, such 
as IV drug abuse. The vast major-
ity of cases of native valve IE are 
now caused by Staphylococcus, 
Streptococcus, or Enterococcus 
species.24 Other much less com-
mon organisms causing native 
valve IE include gram-negative 
bacilli and HACEK (Haemophilus, 
Actinobacillus, Cardiobacterium, 
Eikenella, Kingella species) organ-
isms. In IDUs, S aureus is the 
responsible organism in . 80% 
of IDU-related tricuspid valve 

IE cases.24 Less commonly, IDU-
related tricuspid valve IE is due to 
Pseudomonas or Candida species.25 
Following prosthetic heart valve 
insertion, microbial etiology for IE 
varies with time after surgery. In 
the past, prosthetic valve IE was 
 classified as early (, 6 weeks) or late 
 following surgery. However, more 
recently, three distinct postopera-
tive intervals of early (, 2 months), 
mid (2-12 months), and late  
(. 12 months) have been identi-
fied.26 Early prosthetic valve IE 
is usually caused by nosocomial 
organisms such as Staphylococcus 
species and gram-negative bacilli, 
whereas mid-term infections 
involve nosocomial organisms 
and more traditional organisms 
of native valve IE, and the micro-
biology of late prosthetic valve 
IE parallels that of native valve 
IE with Viridans Streptococci, 
Staphylococcus species, and 
Enterococcus species accounting 
for most cases.26 Infections of intra-
cardiac devices, such as pacemak-
ers and defibrillators, are caused by 
Staphylococcus species in the vast 
majority of cases.27

Investigation into the cell biology 
of host-microorganism interactions 
has advanced our understanding 
of the development of IE. Sites of 

endothelial damage are a favorable 
substrate for platelet-fibrin deposi-
tion, which then may serve as a matrix 
for bacterial adhesion. Various mol-
ecules are involved in this process. 
It has been shown that Streptococci 
species, which produce specific cell 
surface dextrans and glucans, are 
more frequently associated with 
IE.28 Adhesion receptors on various 
microorganisms also bind to endo-
thelial fibronectin to facilitate the 
development of IE.28 In addition, 
S aureus may also express factors 
that bind to fibrinogen in platelet 
thrombi and stimulate the produc-
tion of tissue factor by endothelial 
cells in order to promote bacterial 
adhesion.28 Future work in this area 
will improve our understanding of 
the pathogenesis of IE and poten-
tially lead to targets for pharmaco-
logic therapy. 

Diagnosis
IE is frequently considered in the 
differential diagnosis of patients 
presenting with fever, weight loss, 
or other constitutional symp-
toms. In patients with a confirmed 
diagnosis of IE, fever is the most 
common presenting symptom in 
approximately 60% to 90% of cases, 
although this is less common in 
elderly patients.29 The frequency of 

Cardiac Heart murmur (80%-85%)

Neurologic Altered mentation (10%-20%)
Headache (15%-40%)
Focal neurologic deficit (30%-40%)

Cutaneous Splinter hemorrhages (5%-15%)
Janeway lesions (6%-10%)
Osler’s nodes (7%-23%)
Petechial lesions (10%-40%)

Systemic Fever (60%-90%)
Weight loss (25%-35%)
Musculoskeletal pain (15%-40%)

IE, infective endocarditis.

Summary of Clinical Findings With IE

TABLe 1
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supporting evidence of IE from the 
various systemic manifestations, 
associated inflammatory mark-
ers, and from known predisposing  
conditions is included in the minor 
criteria. The diagnosis of definite  IE 
depends on the presence of pathol-
ogy evidence or two major criteria, 
one major and three minor criteria, 
or five minor criteria.34 Possible IE 
is present when one major and one  
minor criterion or three minor 

Criteria, were originally published 
in 1994 and subsequently have been 
modified and validated in several 
populations.5,31-36 The rationale 
for the Duke Criteria diagnostic 
algorithm rests on demonstrating 
evidence of infection with a charac-
teristic microorganism and evidence 
of valve, implanted cardiac device, 
or intracardiac infection. These 
characteristics are considered the 
major criteria (Table  2). Additional 

associated clinical findings in IE 
is summarized in Table 1. A heart 
murmur is reported in 80% to 85% 
of cases of endocarditis.26 This may 
be subtle in cases of IE involving 
the aortic valve with acute severe 
aortic regurgitation with the rapid 
equalization of pressures between 
the aorta and left ventricle, result-
ing in a soft, short duration dia-
stolic murmur. Similar findings 
with a subtle murmur may also be 
observed with acute severe mitral 
regurgitation. Several classic cuta-
neous manifestations of IE that 
have been recognized for over a 
century are being seen with less fre-
quency as patients present to medi-
cal attention earlier. These include 
splinter hemorrhages, though these 
are so nonspecific that they were 
not included in the Duke Criteria. 
In general, splinters in the proximal 
portion of the nailbed are less likely 
to be from injury than those in the 
distal portion. Other lesions occa-
sionally observed include Janeway 
lesions, conjunctival or mucosal 
hemorrhages, which are all non-
painful embolic events, and Osler’s 
nodes, which are an immunologic 
reaction distinguished by tender 
lesions on the distal pads of the 
fingers or toes. Left upper abdomi-
nal pain should suggest splenic 
infarction or splenic abscess. Roth 
spots may be observed on the 
 retina. Neurologic symptoms, with 
embolic stroke being most com-
mon, are reported in one-third to 
one-half of IE patients, but nonspe-
cific muscle and joint pain may also 
be evident in some patients. Renal 
dysfunction also commonly occurs 
with IE. From a pathophysiologic 
perspective, renal embolic events 
and immune complex glomeru-
lonephritis are responsible for the 
majority of cases of renal insuffi-
ciency associated with IE.30

Many of these features have been 
used to develop diagnostic criteria 
to confirm IE. The latest, the Duke 

Major Growth of typical bacterium for IE from two separate blood cultures:
• Viridans streptococci
• Streptococcus bovis
• HACEK organism
• Staphylococcus aureus
• Community-acquired enterococci
Persistent positive blood cultures with a bacterium consistent with IE
• 2 positive blood cultures . 12 h apart
• 3 of 3 or a majority of $ 4 blood cultures
Coxiella burnetti IgG titer .1:800 or growth from blood culture
Endocardial involvement
Echocardiographic characteristic
• Oscillating mass
• Abscess
• New evidence of prosthetic valve dehiscence
New murmur of valve regurgitation

Minor Predisposing condition
• IV drug abuse
• Prior valve disease
Fever . 38°C
Immunologic manifestation
• Osler’s nodes
• Glomerulonephritis
• Roth’s spots
• Positive rheumatoid factor serology
Vascular manifestation
• Embolic event
• Janeway lesion
• Mycotic aneurysm
• Intracranial hemorrhage
Microbiologic data not meeting major criteria

HACEK, Haemophilus, Actinobacillus, Cardiobacterium, Eikenella, Kingella species; IE, infective endocar-
ditis; IgG, immunoglobulin G; IV, intravenous.

Modified Duke Criteria for the Diagnosis of IE

TABLe 2
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HF.41 Acute mitral regurgitation 
with IE is tolerated better from 
the hemodynamic standpoint as 
it results in left ventricular (LV) 
afterload reduction despite the LV 
volume overload.42 Conversely, 
acute aortic regurgitation is associ-
ated with both LV pressure and vol-
ume overload. Premature closure of 
the mitral valve may occur due to 
the rapid elevation in the LV dia-
stolic pressure and has been shown 
to signal the need for early surgical 
intervention (Figure 2).24

The next most frequent compli-
cation is embolization, with stroke 

infection,38 and molecular diagnos-
tics, including ProteinChip arrays, 
may play a confirmatory role in the 
diagnosis of IE.39, 40

Complications
Complications include valvular/
myocardial dysfunction, emboli-
zation, or inflammatory/immune-
mediated sequelae. Congestive 
heart failure (HF) is the most com-
mon complication of IE and occurs 
in approximately 50% to 60% of 
cases.25 Endocarditis involving the 
aortic valve more often than the 
mitral or tricuspid valve results in 

criteria are present.34 A status of 
rejected IE is assigned when an 
alternative diagnosis has been 
made, complete resolution of find-
ings suggesting IE occurs with 
# 4 days of antibiotic treatment, or 
there is absence of pathologic evi-
dence for IE on a surgical or autopsy 
specimen following #  4  days 
of antibiotic treatment.34 In the 
future, other markers, including 
C-reactive protein, which has been 
associated with adverse outcomes 
when persistently elevated in IE,37 
procalcitonin level, which iden-
tifies the presence of a bacterial 

A B C

D

G

E F

Figure 2. Native aortic valve vegetation with infective endocarditis (arrow) on 2D TTE (A) and TEE (B). Color 
Doppler imaging with TTE (C) and TEE (D) demonstrates severe native aortic valve regurgitation. Additional 
echocardiographic findings demonstrate the hemodynamic consequences of severe aortic regurgitation with 
mitral valve preclosure (arrow) prior to the end of diastole on M-mode imaging (E), diminished pressure half-
time (136 ms) with rapid equalization of pressure between the aorta and left ventricle due to an elevated left 
ventricular end-diastolic pressure (F), and holodiastolic flow reversal in the descending thoracic aorta (arrow) 
with 2D pulse wave Doppler evaluation (G). 2D, two-dimensional; LA, left atrium; LV, left ventricle; RA, right 
atrium; RV, right ventricle; TEE, transesophageal echocardiography; TTE; transthoracic echocardiography. 
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Inflammatory and immune-
mediated complications are also 
well characterized in association 
with IE. These include renal insuf-
ficiency from immune complex-
mediated glomerulonephritis and 
inflammatory-mediated myalgias, 
arthralgias, and tenosynovitis.

Echocardiography in the 
Diagnosis of IE and IE-
Related Complications
Echocardiography is integral to 
the diagnosis of IE and is a com-
ponent of the major criteria in the 
Duke Criteria. However, as with 

of patients with definite aortic or 
mitral valve IE revealed evidence 
of subclinical embolic events on 
brain magnetic resonance imaging 
(MRI) in 30% to 48% of patients.47,48 
Embolic events may also be noted 
in the liver, spleen, kidneys, 
extremities, vertebral bodies, and 
coronary arteries (Figure 4). Septic 
pulmonary emboli may occur with 
tricuspid valve IE or be related to 
an intracardiac device infection. 
Additionally, extension of the orig-
inal focus of infection may lead to 
abscess formation, valve leaflet per-
foration, fistula formation, or pros-
thetic valve dehiscence.

the greatest concern. In 14% of 
patients with IE a central nervous 
system (CNS) embolic event is the 
presenting feature.43 Stroke may be 
due to large vessel occlusion or to 
a mycotic aneurysm, likely due to 
embolic occlusion of the vasa vaso-
rum (Figure 3). Emboli are more 
frequent in mitral valve IE com-
pared with aortic valve IE.44,45 The 
risk for an embolic event with IE is 
highest prior to diagnosis and at the 
initiation of antimicrobial therapy; 
it subsequently declines quickly 
once the patient is on appropri-
ate antibiotic therapy.46 Over the 
past few years, two small studies 

A B C

Figure 3. Mycotic aneurysm with rupture and intracranial hemorrhage (arrow) on brain computed tomographic imaging (A). Brain magnetic resonance imaging 
(B) showing intracranial hemorrhage (arrow) from a ruptured mycotic aneurysm in the same patient. Cerebral angiogram (C) from this patient showing the mycotic 
aneurysms (arrows) of the M2 and M3 segments of the left middle cerebral artery.

A B

Figure 4. Coronary angiography with anteroposterior cranial angulation (A) and left anterior oblique cranial angulation (B) showing distal LAD coronary artery cut-off 
(arrow) from embolism of an IE vegetation. IE, infective endocarditis; LAD, left anterior descending coronary artery; LCx: left circumflex coronary artery.
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College of Cardiology (ACC)/
American Heart Association 
(AHA) Valvular Heart Disease 
Guidelines.24 Class I indications for 
TTE and TEE are listed in Table 4. 

During an echocardiographic 
examination of a patient with sus-
pected IE, there are several salient 
features to address. First, a thor-
ough evaluation for the presence of 
a mobile vegetation on a valve leaf-
let or intracardiac device should 
be performed. When the diagnosis 

4 weeks of antibiotic therapy.51 In 
addition, TEE provides improved 
imaging in patients with prosthetic 
valves, suspected paravalvular 
abscess, or in patients with poor 
sound transmission (obesity, lung 
hyperinflation). The indications 
for TEE in addressing potential 
 complications is summarized in 
Table 3.

This use of both TTE and TEE 
has also been addressed by the most 
recent update to the American 

any diagnostic test, the utility of the 
test is related to the pretest prob-
ability of the disease in question. 
Several years ago, it was reported 
that, in patients without evidence 
of a vasculitic/embolic event, cen-
tral venous catheter, recent history 
of IDU, prosthetic heart valve, or 
positive blood cultures, there was 
a zero probability of transthoracic 
echocardiography (TTE) evidence 
for IE.49 Transesophageal echocar-
diography (TEE) is more sensitive 
and specific for detecting a vegeta-
tion than TTE. For TTE, the sensi-
tivity is 46% and the specificity is 
95%, whereas with TEE the sensi-
tivity is 93% and the specificity is 
96%.25 Furthermore, TEE may be 
necessary for a complete imaging 
evaluation. In patients with pros-
thetic heart valves, TEE may be 
necessary to fully evaluate the valve 
due to artifact and acoustic shad-
owing from the prosthetic material 
(Figure 5).

Additional analysis led to exam-
ining the cost effectiveness of a 
diagnostic strategy of initial TTE 
versus TEE. In one such study, it 
was reported that an initial diag-
nostic approach using TEE was 
superior to an algorithm with ini-
tial TTE and subsequent TEE or 
empiric antibiotic therapy alone.50 
Another study suggested that TEE 
was associated with greater cost 
effectiveness in patients with cath-
eter-associated S aureus bactere-
mia than an empiric course of 2 or 

A B C

Figure 5. Bioprosthetic mitral valve vegetation (A) with infective endocarditis visualized by transesophageal echocardiography. Prosthetic bileaflet mechanical mitral 
valve infective endocarditis vegetation visualized by transesophageal echocardiography (B) with prosthetic mitral regurgitation shown by color flow Doppler imaging 
(C). AO, proximal ascending aorta; LA, left atrium; LV, left ventricle.

Valvular/myocardial dysfunction Congestive heart failure
Valve regurgitation
Fistula formation
Leaflet perforation
Prosthetic valve dehiscence
Abscess formation
Conduction abnormalities

Embolic Stroke
Mycotic aneurysm
Central nervous system abscess
Spleen
Kidneys
Extremities
Vertebral bodies
Coronary arteries
Lungs (right-sided IE)

Inflammatory/immune-mediated Glomerulonephritis
Tenosynovitis

IE, infective endocarditis.

Complications of IE

TABLe 3
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risk for embolization, acknowledg-
ing that significant interobserver 
variability exists regarding the mea-
surement of vegetations.55

Abscess formation from exten-
sion of infection into adjacent 
myocardium is associated with 
increased morbidity and mortality 
when it complicates IE. It is more 
common with IE of the aortic valve, 
where it may be initially detected by 
electrocardiographic (ECG) abnor-
malities due to damage of adjacent 
conduction tissue. In aortic valve 
endocarditis, a new prolongation 
of the ECG PR interval should be 
presumed to be due to an aortic 
abscess until proven otherwise. 
Extension of infection into paraval-
vular tissue is also associated with 
significantly higher operative mor-
tality.56 When an abscess is present, 
an echo-lucent space is often seen 
on echocardiography, with or with-
out evidence of color Doppler flow 
into the space. TEE is the recom-
mended imaging modality for eval-
uation if abscess is suspected. One 
clue to the diagnosis is the presence 
of persistent bacteremia.

In rare cases, destruction of sur-
rounding tissues with IE leads 
to fistula formation between 
cardiac chambers, such as with 
sinus of Valsalva rupture into a 

native valves along with suture 
material on prosthetic valves. 
Echocardiography also provides 
ventricular dimensions and func-
tion, an estimate of the severity of 
the valvular regurgitation (or ste-
nosis), an estimate of pulmonary 
artery pressure, and a measure of 
the ventricular diastolic properties. 

Vegetation size can also be esti-
mated by echocardiography. Though 
controversial, some studies have 
shown a correlation between vegeta-
tion size and risk of thromboembo-
lism.52-54 A vegetation size . 1 cm has 
been used as a threshold of higher 

of device-related IE is suspected, 
careful evaluation of pacemaker 
and defibrillator wires along their 
entire course with particular atten-
tion to the superior vena cava-right 
atrial junction and where the leads 
cross the tricuspid valve is impera-
tive (Figure 6). Also, it is impor-
tant to note that not all mobile 
masses represent IE. Other expla-
nations for mobile masses include 
marantic endocarditis, annular or 
valvular calcium, Libman-Sacks 
endocarditis, ruptured chordae, 
cardiac tumors (eg, fibroelasto-
mas), and Lambl excrescences on 

TTE Detection of vegetations for diagnosis
Assessment of valve and ventricular dysfunction with definite IE
Diagnosis of mechanical cardiac complications of IE
Repeat imaging of high-risk patients with definite IE

TEE Inconclusive TTE results with symptomatic IE
Equivocal TTE results with suspected IE for additional supportive 
diagnostic evidence
Evaluation of mechanical complications of IE
Imaging of suspected prosthetic valve IE
Preoperative and intraoperative evaluation with definite IE 

ACC, American College of Cardiology; AHA. American Heart Association; IE, infective endocarditis; TEE, 
transesophageal echocardiography; TTE, transthoracic echocardiography.

Class I ACC/AHA Indications for TTE and TEE in the Evaluation of IE

TABLe 4

A B

Figure 6. Native tricuspid valve and pacemaker lead vegetations on TEE during diastole (A) and systole (B). Ao, aortic valve; LA, left atrium; RA, right atrium; TEE 
transesophageal echocardiography.
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regarded as an urgent indication for 
cardiac surgery with IE. 

Treatment and  
Outcomes
IE is associated with significant 
complications and in-hospital mor-
tality. Empiric antibiotic coverage 
should be instituted as soon as the 
diagnosis is considered and after 
the requisite sets of blood cultures 
are obtained. The growth of an 
isolated organism and its pattern 
of antibiotic sensitivity are critical 
to guiding pharmacotherapy deci-
sions. Hence, infectious disease 

The echocardiographic examina-
tion should also search for any evi-
dence of valve leaflet perforation 
(Figure 8). This is often associated 
with a virulent microorganism such 
as S aureus. Valve leaflet perforation 
is commonly linked to worsening 
regurgitation and hemodynamic 
status. 

Dehiscence of a prosthetic valve is 
defined as rocking of a prosthesis on 
imaging . 15 degrees in any plane. 
Quite frequently there is significant 
paravalvular regurgitation and con-
comitant hemodynamic compro-
mise. Prosthetic valve dehiscence is 

cardiac chamber or the pericar-
dium (Figure 7). Initially, this may 
be suggested by a new continuous 
murmur on physical examination 
and/or deteriorating hemodynamic 
status. The diagnosis is confirmed 
with echocardiography using 
transducer sweeps and color-flow 
Doppler imaging to search for 
potential abnormal communica-
tion between cardiac structures. 
This approach should be used in 
the echocardiographic examina-
tion of any patient with IE. The 
presence of a fistula is an accepted 
indication for emergency surgery. 

A B

Figure 7. Fistula from the noncoronary sinus of Valsalva into the RA seen on TTE (A) and TEE (B) with color flow Doppler imaging. AO, aortic valve; LA, left atrium; LV, 
left ventricle; RA, right atrium; RV, right ventricle; TEE, transesophageal echocardiography; TTE; transthoracic echocardiography.

A B

Figure 8. Native mitral valve IE vegetation (arrow) on 2D TEE (A) with leaflet perforation seen by color flow Doppler imaging (B). 2D, two-dimensional; IE, infective 
endocarditis; LA, left atrium; LV, left ventricle; TEE, transesophageal echocardiography.
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studies have shown that the mortal-
ity benefit of valve surgery appears 
to be most relevant in patients with 
moderate to severe HF or those in 
the highest propensity quintile for 
predicted surgery based on baseline 
characteristics.68,69 In addition, an 
analysis published in 2010 of pro-
spective, multicenter, international 
data on 1552 patients with definite 
IE revealed a statistically significant 
survival benefit for patients having 
valve surgery during the initial hos-
pitalization compared with medical 
therapy alone. This result persisted 
after careful statistical evaluation 
using propensity matching, survivor 
bias adjustment, and instrumental 
variable adjustment.70

Guideline recommendations for 
the use of surgery in patients with 
IE have been published in the most 
recent ACC/AHA Valvular Heart 
Disease Management document 
and are summarized in Table 5.24 
Most experts consider symptomatic 
HF with left-sided IE due to valve 
dysfunction or other mechanical 
complication a clear indication for 
valve surgery. In addition, clini-
cians often consider on a case-by-
case basis surgical intervention 
for recurrent embolic events, for a 
mobile vegetation . 10 mm, or for 
organisms known to be resistant to 
usual medical therapy. 

Contemporary research into 
optimal management strategies 
for patients with IE has shown 
the effectiveness of an organized, 
multidisciplinary management 
approach. A group of investiga-
tors created a consensus algorithm 
for the medical and/or surgical 
management of IE patients using 
guideline statements and the input 
of cardiologists, infectious disease 
consultants, and cardiac surgeons. 
This work demonstrated a decrease 
in mortality, renal failure, deaths 
from embolic events, and multisys-
tem organ failure when compared 
with outcome data obtained a few 

daptomycin in the outpatient man-
agement of patients with IE has 
also been suggested by a recent 
analysis.59 From the cost-effective-
ness perspective, daptomycin has 
a similar economic cost as vanco-
mycin plus gentamicin therapy for 
patients with methicillin-resistant 
S aureus bacteremia and/or IE.65 
At the present time, daptomycin 
is not included in the most recent 
version of the ACC/AHA IE man-
agement guidelines. The potential 
endorsement of daptomycin for the 
treatment of IE by future society 
guideline statements is likely. 

Anticoagulants have not been 
shown to improve outcome in IE66 
and the medical management of 
patients with IE may be complicated 
for those maintained on chronic 
warfarin anticoagulation therapy. 
Most clinicians discontinue war-
farin therapy upon diagnosis of IE, 
and once the international normal-
ized ratio is , 2.0, anticoagulate 
with unfractionated or low molecu-
lar weight heparin. If valve surgery 
is not planned, then warfarin may 
be restarted after 7 days of antimi-
crobial therapy. There are recent 
data suggesting that continuing 
the warfarin may not result in an 
increase in CNS bleeding complica-
tions.67 Imaging of the brain with a 
computed tomography scan or MRI 
should be performed to exclude a 
CNS bleed if the patient develops 
any focal neurologic symptoms or 
severe headache. 

Surgery
The appropriate use and timing 
of surgery in patients with IE is an 
important clinical question that has 
never been subjected to study with 
randomized clinical trials. Hence, 
most of the data from which to draw 
conclusions regarding valve surgery 
for IE are derived from observational 
data with the inherent selection bias 
that is problematic with this type 
of analysis. Several observational 

consultation is essential to the care 
of a patient with IE. 

A detailed discussion of the 
specific antibiotic regimens and 
duration of treatment for the vari-
ous microorganisms that cause IE 
is beyond the scope of this review 
but have been reviewed in the 
recent ACC/AHA guideline docu-
ments24 and are available in the 
2012 guidelines from the British 
Society of Antimicrobial Therapy.57 
In general, native valve endocardi-
tis should be treated with 4 weeks 
of IV antibiotic therapy and pros-
thetic valve infection for 6 weeks. 
Many patients can complete the 
course of treatment for IE as out-
patient therapy after initial hospi-
talization. Successful resolution of 
infection without an increase in 
adverse events has been reported 
with outpatient antibiotic infusion 
therapy at home for patients with 
Viridans streptococcus, S aureus, 
and Enterococcal IE.58-61 It is also 
worth mentioning that since pub-
lication of the aforementioned 
treatment guidelines, long-term 
treatment data for Q fever IE have 
been reported.62 These data sug-
gest that, in Q fever endocarditis, 
an 18-month duration of therapy 
for native valve and 24 months for 
prosthetic valve infection results in 
successful resolution.62 Recurrences 
are known to occur, however.

Several recent updates in the 
treatment of IE have also been 
reported. Approximately 5 years 
ago, an important publication 
documented the noninferiority 
of the bactericidal antimicrobial 
agent, daptomycin, in the man-
agement of patients with S aureus 
bacteremia with or without IE in a 
randomized trial.63 Furthermore, 
there was a lower incidence of renal 
injury with daptomycin therapy.63 
Subsequently, additional research 
with daptomycin has suggested a 
role in the management of right-
sided IE as well.64 The utility of 
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Special Considerations
Cardiac Device Infections
With advances in medical device 
technology and the increasing life 
expectancy of the elderly popula-
tion, there has been an increase 
in the number of implanted car-
diac devices and device-related 
infections. As a group, these are 
often referred to as cardiovascu-
lar implantable electronic device 
(CIED) infections and range 
from isolated pocket infections 
to device-related IE. Analysis of 
Medicare databases from the 1990s 
showed a 42% increase in cardiac 
device procedures, but a 124% 
increase in device infections dur-
ing the same decade.80 This trend 
has continued with more recent 
work using the National Hospital 
Discharge Survey database, which 
reports a 12% increase in cardiac 
device implantation from 2004 
to 2006 and a 57% increase in 
cardiac device-related infection 
(Figure 10).81 Not surprisingly, 
device-related IE is associated with 
increased morbidity, mortality, 
and financial burden.82 

The microbiology of CIED 
is related to coagulase-negative 
staphylococci or S aureus  infection 
in over two-thirds of cases.27 In a 
recent analysis of a small cohort of 
patients with S aureus  bacteremia 
and an implanted cardiac device, 
35% had evidence for a pocket 
infection or device-related IE 
and 19% had evidence for device-
related IE.83 Therefore, empiric 
antimicrobial therapy should 
include coverage for the aforemen-
tioned organisms with subsequent 
tailoring of therapy contingent on 
microbial culture and sensitivity 
data and infectious disease consul-
tant recommendations. Additional 
decisions to be considered in the 
management of CIED involve 
device explant and timing of new 
device implant, if necessary.

conditions), moderate to severe HF, 
S aureus or other nonviridans infec-
tion, or medical therapy without 
surgery predicted mortality using 
a scoring system at 6 months fol-
lowing diagnosis.75 Other work has 
shown that patients with end-stage 
renal disease on hemodialysis also 
have an increased risk of death with 
IE.76,77 For patients with prosthetic 
valve IE, a single-center series pub-
lished in 2010 of 122 patients dem-
onstrated an in-hospital mortality 
rate of 29%, which was indepen-
dently associated using multivari-
ate logistic regression analysis with 
the presence of HF and echocar-
diographic evidence of abscess.78 A 
recent large-scale analysis of 19,543 
surgeries performed for IE in the 
Society of Thoracic Surgeons data-
base from 2002 to 2008 was used 
to develop risk scores for operative 
mortality and a 30-day composite 
of mortality and major morbidity 
with C-statistics of 0.757 and 0.728, 
respectively; it is summarized in 
Figure 9.79 With more than 28 risk 
factor points as defined in the table 
within the figure, there was a . 50% 
30-day combined morbidity and 
mortality.79

years earlier at the same institution 
prior to the use of this systematic 
approach.71

Prognosis
Even with modern antimicrobial 
therapy and the use of valve surgery 
in selected patients, mortality in-
hospital and following hospital dis-
charge remains quite high. Mortality 
has been observed at 15% to 20% in-
hospital and 30% to 40% at 1 year 
even in the modern era.25 Right-
sided endocarditis, though much 
less common than left-sided, carries 
a better prognosis with in-hospital 
mortality , 10%,72 except in patients 
with AIDS, in whom mortality 
approaches 50%.73 Several investi-
gators have performed analyses in 
an attempt to better comprehend 
the risk of death in patients with IE. 
One such study demonstrated that 
an embolic event, diabetes mellitus, 
and S aureus infection indepen-
dently predicted in-hospital mortal-
ity with IE.74 Likewise, others have 
reported that altered mental status, 
Charlson comorbidity index $  2 
(scoring system to predict 1-year 
mortality based on the presence 
of a variety of coexisting medical 

Acute IE with symptomatic HF from valve dysfunction (stenosis or 
 regurgitation)
Acute mitral or aortic regurgitation with evidence of increased left atrial or 
left ventricular end-diastolic pressures
Fungal IE or infection with other antimicrobial-resistant organism
Complications of IE

Abscess
Fistula
Valve leaflet perforation
Prosthetic valve dehiscence
Heart block

ACC, American College of Cardiology; AHA, American Heart Association; HF, heart failure; IE, infective 
 endocarditis.

Class I ACC/AHA Indications for Surgery in Patients With Native or 
Prosthetic Valve IE

TABLe 5
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device infection was independently 
associated with longer procedure 
time, hemodialysis, repeat proce-
dure after device implantation, and 
CRT-implantable defibrillator ver-
sus CRT-pacemaker placement.85 
Additionally, for those who do 
develop a device-related infection, 
multivariate analysis demonstrated 
a higher in-hospital mortality with 
older age and renal failure.86 

Device-related IE management 
guidelines were updated and pub-
lished in 2010 by the ACC/AHA; 
Class I recommendations are 
summarized in Table 6.87 Along 
these lines, a recent retrospective 
analysis suggests that percutane-
ous lead extraction is safe even if a 
lead vegetation is present.88 Finally, 
the Class I recommendation on 
reimplantation advises careful 
assessment of the need for an intra-
cardiac device, and if an indication 
is present, to place the device at a 
distant site from the prior loca-
tion. A Class  IIa recommendation 
is given to implantation of a new 
device after 72 hours of negative 
blood cultures for device infection, 
or 14 days with valvular IE.87 

IE  Prophylaxis
Old traditions die hard, and that is 
so with endocarditis prophylaxis. 
In fact, bacteremia from dental 
procedures pales in comparison 
with the bacteremia that occurs 
with routine activities such as eat-
ing or teeth brushing. In fact the 
1-year cumulative exposure to 
bacteremia from daily activities is 
estimated to be 5.6 million times 
that of a single dental extraction.89 
If one examines the absolute risk of 
developing endocarditis, the high-
est-risk group includes those with 
a prosthetic valve implanted due 
to prior endocarditis. Even in that 
group, the absolute risk is only 1 in 
95,000.89 In addition, there are no 
data supporting the idea that pro-
phylaxis actually works. In a 2-year 

focus of infection were independent 
predictors of CIED IE.84 A small 
study of patients having biven-
tricular pacemaker placement for 
cardiac resynchronization therapy 
(CRT) reported a device infection 
incidence of 1.7% per year.85 CRT 

Several risk factors have been iden-
tified through multivariate analyses 
to be independently associated with 
intracardiac device infection. In one 
study, history of immunosuppres-
sion, history of chronic corticoste-
roid use, hemodialysis, and another 
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Bedside Risk ScoreB

Risk Factor Points for Major Morbidity 
and Operative Mortality

Operative status of emergency, salvage, or 
with cardiogenic shock

17

Creatinine . 2.0 or renal failure 12
IABP or inotropes preoperatively 12
Surgery on more than one valve 7
Insulin-dependent diabetes mellitus 7
Active IE 7
NYHA class IV status 6
Operative status of urgent or emergency 
without cardiogenic shock

6

History of prior CABG 5
History of prior valve surgery 5
Female 5
Arrhythmia 5
Age . 60 years 4
Body surface area . 1.9 cm2 1

A

Figure 9. Scoring system for predicting 30-day morbidity and mortality in patients with IE (A) and correspond-
ing risk with an increasing score depicted in (B). CABG, coronary artery bypass graft; IABP, intra-aortic bal-
loon pump; IE, infective endocarditis; NYHA, New York Heart Association. Reprinted from The Journal of 
Thoracic and Cardiovascular Surgery,  Volume 141, Gaca JG et al, “Outcomes for endocarditis surgery in 
North America: a simplified risk scoring system,” pages 98-106, 2011, with permission from Elsevier.79 
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published in 2007 that narrowed 
the spectrum of conditions and 
procedures for which IE antibiotic 
prophylaxis was indicated. The four 
conditions for which IE prophylaxis 
was recommended are a history of 
prior IE, the presence of a prosthetic 
heart valve or valve repair, cardiac 
transplant valvulopathy (an incred-
ibly uncommon entity), and congen-
ital heart disease with unrepaired 
cyanosis, residual shunt adjacent to 
repair with prosthetic material, or 
within the first 6 months of surgical 
or percutaneous repair.89 Moreover, 
in the 2008 ACC/AHA management 
of adult congenital heart disease 
guidelines, antibiotic prophylaxis 
is also recommended (Class IIa) for 
the highest-risk patients with pros-
thetic heart valves, prosthetic mate-
rial used for cardiac repair, or with 
unrepaired or palliated (surgical 
shunt/conduit) cyanotic congenital 
disease prior to vaginal delivery.91 

administered during the dental 
procedure. 

Based on data such as these, an 
updated set of guideline recommen-
dations from the ACC/AHA was 

case-control study by Van der 
Meer and colleagues,90 20  IE cases 
were found that occurred after 
dental procedures; in 5 of those 
cases, appropriate antibiotics were 

0.50

1.00

1.50

2.00

1996 1997 1998 1999 2000

Trends in CRM Device Implantation and Infection
in the United States

2001 2002 2003 2004 2005 2006

2.50

3.00

3.50

Figure 10. Rates of cardiac implantable electronic device infections (red line) plotted in relation to the overall 
number of devices implanted (green line) for the years 1996-2006. Reprinted with permission from Voigt 
A et al.81

Diagnosis
• Obtain two sets of blood cultures prior to initiation of antimicrobial therapy
• Gram stain and culture of generator pocket tissue and lead tip at explant
• TEE with positive blood cultures or negative cultures and recent antibiotic therapy
• TEE for careful evaluation of left-sided heart valves for evidence of concomitant valvular IE

Management
Isolated pocket infection: 10-14 days of antibiotic therapy after device removal
Bacteremia and a device-related infection: minimum of 14 days after device removal
Device-related IE: 4-6 weeks of antibiotic therapy
Device and lead removal 
•  Definite CIED infection with a complicated pocket infection and abscess/erosion/or sinus tract even without  

evidence of lead infection
• Valvular IE even in the absence of obvious lead or device infection
• Unexplained Staphylococcus bacteremia

New device implant
• Assess need for intracardiac device
• Place new device at a site distant from prior device

ACC, American College of Cardiology; AHA, American Heart Association; CIED, Cardiac Implantable Electronic Device; IE, infective endocarditis; TEE, transesophageal 
echocardiography.

Class I ACC/AHA Recommendations for the Management of Cardiac Implantable Electronic Device 
Infections and IE

TABLe 6
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6. Cabell CH, Fowler VG Jr, Engemann JJ, et al. Endo-
carditis in the elderly: incidence, surgery, and 
 survival in 16,921 patients over 12 years. Circulation. 
2002;106:547.

7. Hill EE, Herijgers P, Claus P, et al. Infective endocardi-
tis: changing epidemiology and predictors of 6-month 
mortality: a prospective cohort study. Eur Heart J. 
2007;28:196-203.
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l’Etude et la Prévention de l’Endocardite Infectieuse 
(AEPEI) Study Group. Changing profile of infective 
endocarditis: results of a 1-year survey in France. 
JAMA. 2002;288:75-81.

9. Cabell CH, Jollis JG, Peterson GE, et al. Chang-
ing patient characteristics and the effect on mor-
tality in  endocarditis. Arch Intern Med. 2002;162:
90-94.

10. Lerner PI, Weinstein L. Infective endocarditis in the 
antibiotic era. N Engl J Med. 1966;274:388-393.

11. Watanakunakorn C. Changing epidemiology and 
newer aspects of infective endocarditis. Adv Intern 
Med. 1977;22:21-47.

12. Griffin MR, Wilson WR, Edwards WD, et al. Infec-
tive endocarditis. Olmsted County, Minnesota, 1950 
through 1981. JAMA. 1985;254:1199-1202.

13. McKinsey DS, Ratts TE, Bisno AL. Underlying car-
diac lesions in adults with infective endocarditis. The 
changing spectrum. Am J Med. 1987;82:681-688.

14. Benito N, Miró JM, de Lazzari E, et al; ICE-PCS 
(International Collaboration on Endocarditis 
 Prospective Cohort Study) Investigators. Health 
care-associated native valve endocarditis: importance 
of non-nosocomial acquisition. Ann Intern Med. 
2009;150:586-594.

15. Stuesse DC, Vlessis AA. Epidemiology of native valve 
endocarditis. In: Vlessis AA, Bolling SF, eds. Endocar-
ditis: A Multidisciplinary Approach to Modern Treat-
ment. Armonk, NY: Futura Publishing; 1999:77-84.

16. Bashore TM. Infective endocarditis. In: Otto CM, 
Bonow RO, eds. Valvular Heart Disease: A Companion 
to Braunwald’s Heart Disease. Philadelphia, PA: Else-
vier Saunders; 2009;356-382.

17. Grover FL, Cohen DJ, Oprian C, et al. Determinants of 
the occurrence of and survival from prosthetic valve 
endocarditis. Experience of the Veterans Affairs Co-
operative Study on Valvular Heart Disease. J Thorac 
Cardiovasc Surg. 1994;108:207-214.

in patients with congestive HF due 
to valve dysfunction related to IE. 
Management of patients with IE 
should involve a cooperative effort 
among cardiologists, infectious dis-
ease consultants, and cardiac sur-
geons. Guidelines to prevent 
endocarditis restrict prophylactic 
antibiotics to patients with select 
risk factors undergoing invasive 
dental procedures. Future work will 
continue to improve our under-
standing of the optimal treatment 
strategy (medical therapy or 
 medical and surgical therapy) along 
with the timing of surgical inter-
vention for individual patients with 
endocarditis.  
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MAin PoinTs

• Infective endocarditis (IE) is associated with significant morbidity and mortality. More than half of IE cases in 
the United States and Europe are diagnosed in patients older than age 60 years, and many of these cases are 
related to the increasing use of intracardiac devices such as pacemakers and defibrillators.

• Factors that predispose individuals to IE include indwelling catheters, poor dentition, diabetes mellitus, AIDS, 
chronic skin infection, alcoholic liver cirrhosis, solid organ transplant, genitourinary infections, and intravenous 
drug use, among others. 

• Diagnostic criteria have been developed to confirm IE. The rationale for the Duke Criteria diagnostic algorithm 
rests on demonstrating evidence of infection with a characteristic microorganism and evidence of valve, 
implanted cardiac device, or intracardiac infection (major criteria). Additional supporting evidence of IE from 
the various systemic manifestations, associated inflammatory markers, and from known predisposing conditions 
is included in the minor criteria.

• Transthoracic echocardiography and transesophageal echocardiography are integral to the diagnosis of IE.

• IE is associated with multiple complications involving a variety of organ systems. In general, these may be 
categorized as valvular/myocardial, embolic, or inflammatory/immune-mediated complications.
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