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ABSTRACT

Infective endocarditis is defined by a focus of infection within the heart and is a feared disease across the field of

cardiology. It is frequently acquired in the health care setting, and more than one-half of cases now occur in patients

without known heart disease. Despite optimal care, mortality approaches 30% at 1 year. The challenges posed by

infective endocarditis are significant. It is heterogeneous in etiology, clinical manifestations, and course. Staphylococcus

aureus, which has become the predominant causative organism in the developed world, leads to an aggressive form

of the disease, often in vulnerable or elderly patient populations. There is a lack of research infrastructure and funding,

with few randomized controlled trials to guide practice. Longstanding controversies such as the timing of surgery or

the role of antibiotic prophylaxis have not been resolved. The present article reviews the challenges posed by

infective endocarditis and outlines current and future strategies to limit its impact. (J Am Coll Cardiol 2017;69:325–44)

© 2017 by the American College of Cardiology Foundation.

I nfective endocarditis (IE) is a rare disease, but its
impact is significant (1). It affects 3 to 10 per
100,000 per year in the population at large, and

epidemiological studies suggest that the incidence is
rising (2–5). In the United States, there are 40,000 to
50,000 new cases each year, with average hospital
charges in excess of $120,000 per patient (3). Despite
trends toward earlier diagnosis and surgical interven-
tion, the 1-year mortality from IE has not improved in
over 2 decades.

IE is an old problem in a new guise (6). In the pre-
antibiotic and early antibiotic eras, it typically
affected young or middle-aged adults with underly-
ing rheumatic heart disease or congenital heart dis-
ease (CHD) (7). The development of antibiotics, the
decline of rheumatic heart disease, and advances in
medicine through the 20th century heralded a

change in the risk factor profile, patient de-
mographic characteristics, and the microbiology of
IE. Prosthetic valve replacement, hemodialysis,
venous catheters, immunosuppression, and intrave-
nous (IV) drug use became the principal risk factors
(8). The average patient was older and frailer, with
increasing comorbidities. Concurrently, staphylo-
cocci overtook oral streptococci as the most frequent
causative organism (9,10).

In the 21st century, IE has continued to evolve
such that it is now health care–acquired in >25% of
cases (9), while advances in cardiology have driven
further changes in the patient demographics and
manifestations of the disease. Alongside the emer-
gence of cardiac implantable electronic devices
(CIEDs), IE affecting complex devices has burgeoned
(11). Similarly, transcatheter valve replacement is
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revolutionizing the management of valvular
heart disease but may be associated with
higher rates of IE than surgically implanted
prosthetic valves (12–14).

The present review outlines the challenges
posed by contemporary IE in developed
countries, as well as the reasons why diag-
nostic and treatment advances have failed to
have an impact on the disease. We highlight
recent data on the effect of changing anti-
biotic prophylaxis guidelines, as well as the
current status of molecular and imaging
diagnostic strategies, and review policies for
improving service delivery and surgical out-
comes. Reflecting the constant evolution of
the disease, data on IE in 3 patient groups
were also examined that encapsulate some
of the key challenges: those with trans-
catheter aortic valve replacement (TAVR)-
endocarditis, those presenting with stroke,
and those with CIED infection. Finally, we
look ahead and emphasize the future need
for enhanced clinical care pathways, inter-
disciplinary collaboration, and research,
which will be required for effective disease
prevention, diagnosis, and cure.

PREVENTION

Prevention of IE is better than cure and re-
quires insight into the mechanisms of dis-
ease, the patient populations at risk, and an
effective preventive intervention. The dis-
ease develops in 3 stages. The initiating step
is bacteremia, with bacteria commonly
entering the bloodstream via the mouth,
gastrointestinal and urinary tracts, or the
skin, through venous catheters or after an
invasive medical or surgical procedure. The
second step is adhesion: whereas the normal
endothelial lining of the heart is resistant to

bacterial adhesion, bacteria (particularly gram-
positive species) are able to adhere to abnormal or
damaged endothelium via surface adhesins. These
specialized proteins mediate attachment to extra-
cellular host matrix proteins, a process which is
facilitated by fibrin and platelet microthrombi (15).
Gram-positive bacteria also lack an outer membrane
and have a thick surrounding peptidoglycan and are
therefore less sensitive to serum-induced killing.

Bacterial adhesion gives rise to colonization, in
which cycles of bacterial proliferation occur in addi-
tion to thrombosis, monocyte recruitment, and
inflammation, leading to formation of a mature

vegetation (16). Many of the microorganisms associ-
ated with IE (including staphylococci, streptococci,
and enterococci but also less common pathogens,
such as Candida species and Pseudomonas aeruginosa)
produce biofilms, which allow bacterial populations
to embed within an extracellular polysaccharide
slime-like matrix, with quorum sensing (chemical
cell-to-cell communication) and synchronized gene
expression promoting assembly and maturation.
Once established, the biofilm protects bacteria from
host immune defenses, impedes antimicrobial effi-
cacy, and hides resistant persister organisms (17).
Biofilm-forming capacity is now recognized as an
important determinant of virulence in the develop-
ment of staphylococcal device-related infections (18).

ANTIBIOTIC PROPHYLAXIS. Preventive strategies
have historically focused on bacteremia. In 1909,
Thomas Horder recognized that the mouth was a
major portal for bacterial entry, and, in 1935, strep-
tococcal bacteremia was detected after dental
extraction (19,20). The first trials of penicillin pro-
phylaxis were conducted in the 1940s and showed
that antibiotics reduced the incidence of bacteremia
after dental extraction (21,22). Consequently, in 1955,
the American Heart Association (AHA) published
guidelines recommending antibiotic prophylaxis for
patients with rheumatic heart disease and CHD (23).
Maintenance of good oral hygiene and antibiotic
prophylaxis for at-risk groups undergoing dental
extraction became the standard of care for 50 years.

Between 2007 and 2009, guidelines in the United
States and Europe were substantially revised to
restrict the use of antibiotic prophylaxis. There were
several reasons for these revisions. First, in the era of
evidence-based practice, there was (and remains) no
randomized controlled trial (RCT) of antibiotic pro-
phylaxis for prevention of infective endocarditis in
the context of dental extraction. Second, the efficacy
of prophylaxis was questioned on the basis of an
apparent failure rate of up to 50% (24). Third, the
importance of widespread antibiotic use as a contrib-
utor to emerging resistance was gaining recognition,
while the indications for prophylaxis had expanded
significantly to encompass groups at moderate risk.
Finally, the significance of dental procedures as a
cause of IE was questioned due to population studies
that did not show dental intervention as a major risk
factor (25,26). In contrast, “everyday” bacteremia, due
to tooth brushing, chewing, and inadequate dental
hygiene, was recognized as a possible cause of IE. In a
cohort awaiting dental extraction (i.e., with dental
disease), tooth brushing alone was sufficient to cause
bacteremia in 23% (27). The relative importance of rare
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