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ABSTRACT

This course will examine the nature
and progression of endocarditis along
with peer-reviewed data from 1995 to
2024 concerning bacterial endocarditis
and antibiotic prophylaxis in dentistry.
The oral microbiology and the evolving
antimicrobial treatments utilized to prevent
bacterial endocarditis will be reviewed.
Further, it will investigate the antibiotic
safety profiles and comorbidities that
may extend the subset of patients who
should undergo prophylaxis beyond the
published recommendations. Finally, this
report will critically examine the potential
need for new and expanded guidelines to
increase patient safety and endocarditis
prevention efficacy.

EDUCATIONAL OBJECTIVES

1. Describe the patient presentation of sub-
acute bacterial endocarditis and outline
the risk factors for subacute bacterial
endocarditis associated with the provi-
sion of dental care

2. Describe the prophylactic antibiotics rec-
ommended to minimize the risk of sub-
acute bacterial endocarditis during den-
tal care delivery

3. Review the interprofessional team mem-
bers' roles in preventing subacute bac-
terial endocarditis and prosthetic joint
infection
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Preventing acute
and chronic endocarditis
in dentistry

Looking beyond published antibiotic
prophylaxis and protocols

A PEER-REVIEWED ARTICLE | by Eric S. Bornstein, DMD, BS

Between 2007 and 2009, the Amer-
ican Heart Association (AHA) anti-
biotic prophylaxis (AP) guidelines
to prevent bacterial endocarditis
associated with dental care deliv-
ery underwent significant change,
and similar changes occurred in
Europe. The newly updated guide-
lines reduced the clinical condi-
tions for which AP was recom-
mended, focusing on only a select

group of high-risk individuals—
those with “cardiac conditions as-
sociated with the highest risk of
adverse outcome from endocardi-
tis for which prophylaxis with den-
tal procedures is reasonable.” The
new guidelines eliminated recom-
mendations for AP prior to dental
care for individuals with noncon-
genital, nonprosthetic heart valve
disease. Further, the new guidance
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reduced recommended AP for den-
tal procedures to include approxi-
mately 90% fewer patients. Other re-
gional, national, and international
heart associations and numerous
antibiotic stewardship programs
praised these changes. However, fol-
lowing the changes in guidelines and
their implementation, clinicians and
researchers observed an increase in
the incidence of bacterial endocardi-
tis and subsequent patient deaths.??

By 2017, there was recognition
from clinicians and policymakers re-
garding the increase in this deadly
disease and stagnation of patient sur-
vival rates with current therapies for
infective endocarditis (IE). Addition-
ally, in the last 16 years, reports on
oral microbiology have changed, with
higher levels of pathogenic Staphylo-
coccus aureus present than previously
recorded.*” Most recently, in 2021,
the suggested antibiotic regimens for
endocarditis prophylaxis for patients
receiving dental care were amended
by the AHA.® The recommendation
for the use of the antibiotic clindamy-
cin for individuals with a penicillin
allergy was removed to prevent Clos-
tridium difficile infections and was re-
placed with doxycycline.

The pathophysiology and
disease progression of
infective endocarditis

IE is a damaging and possibly fatal
inflammation of the heart valves and
chambers. Inflammation and infec-
tion occur after transient bactere-
mia. Transient bacteremia refers to
the brief presence of bacteria in the
bloodstream, typically following cer-
tain medical or dental procedures,
that is swiftly cleared by the immune
system without lasting impact. How-
ever, when a patient’s immune sys-
tem does not adequately clear micro-
bial cells before the cells can attach
to the lining of the heart valves, IE
occurs.” The subsequent growth,
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vegetation, and inflammation result-
ing from bacterial adhesion and at-
tachment can then cause endocar-
ditis and cardiac damage. Bacterial
vegetation can damage heart valves
and lead to distal site infections, sep-
ticemia, and death.’® Without prompt
and adequate treatment, endocarditis
is usually fatal."!

Bacteremia occurs when inflamed
or infected oral tissues are abraded,
and pathogenic bacteria enter the
bloodstream. The bacteria are also
associated with oral infections.!?Par-
ticularly in the presence of oral in-
flammation, oral hygiene measures
such as toothbrushing and interden-
tal cleaning can lead to bacterial en-
docarditis if the mechanical action
causes a transient bacteremia.’® Peri-
odontopathic bacteria can also gain
entrance to the circulation through
poor oral hygiene* and periodon-
tal disease.’ Other pathogenic bac-
teria gain access to the bloodstream
through catheterization,'® sexually
transmitted diseases,”” and contami-
nated needles in drug abuse.’® Any
abrasion or surgical procedure can
cause the disease in a susceptible
patient.”” Bacteria travel through
the bloodstream and attach to tis-
sues (damaged or healthy) in the en-
docardium, quickly forming bacte-
rial colonies that grow into larger
vegetations.?® These large bacterial
vegetations then release toxins and
enzymes that impact heart tissues,
causing cell death and preventing
healing. Risk factors for bacterial
endocarditis include artificial heart
valves, intravenous drug abuse,
damaged heart valves, and several
congenital heart issues.?! Treatment
usually consists of IV antibiotics and
supportive care.*

Acute and subacute
endocarditis

Acute endocarditis is the more
deadly and aggressive form of the
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disease that develops suddenly and
can become life-threatening within a
few days.?* Acute endocarditis pres-
ents rapidly with a high fever, tachy-
cardia, fatigue, and swift and ex-
tensive heart valve damage.?* Acute
endocarditis is often caused by
staphylococcal bacteria that enter
the bloodstream, fail to be quickly
cleared by the innate immune sys-
tem, and attach to damaged areas in
the heart, such as aberrant valves.?
Acute endocarditis species of note
are Staphylococcus aureus, coagulase-
negative staphylococci, and entero-
coccal species.*

Subacute endocarditis is a more
slowly developing type of IE. It de-
velops gradually over several weeks
to months.?” Subacute endocardi-
tis is usually associated with abnor-
mal heart valves, including those
that demonstrate insufficiency.?®
The bacteria involved generally are
streptococcal species and frequently
colonize the oropharyngeal cavity.
These bacteria include Streptococcus
mutans, Streptococcus sanguis,” and
Streptococcus mitis.*® The symptoms
of subacute bacterial endocarditis
typically develop slowly and may dif-
fer for each person.?” Without treat-
ment, subacute endocarditis is a fa-
tal disease.’

Acute and subacute endocarditis
often occur in individuals with com-
mon risk factors, including heart
valve disease, congenital heart anom-
alies, hypertrophic cardiomyopathy;,
prosthetic heart valves, and intrave-
nous drug misuse.

VALVULAR HEART DISEASE®

Valvular heart disease, which in-
volves damage to one or more of the
heart’s valves, can increase the risk
of endocarditis. Conditions such as
valvular stenosis (narrowing of the
valve) and valvular regurgitation
(valve leakage) can disrupt the blood
flow through the heart, making it
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easier for bacteria to adhere to the
valves and cause infection. As heart
valves do not have a direct blood sup-
ply, it is difficult for the body’s im-
mune system to access and fight off
the infection.

CONGENITAL HEART DEFECTS®

Congenital heart defects include
malformed valves or fenestrations
in the cardiac septum, which can al-
low blood to leak from one side of
the heart to the other. Such defects
can result in turbulent and abnor-
mal blood flow, which can create an
environment conducive for bacte-
ria to attach and multiply, leading to
endocarditis.

HYPERTROPHIC CARDIOMYOPATHY*
Hypertrophic cardiomyopathy (HCM),
a thickening of the heart muscle, can
reduce the amount of blood the ven-
tricle can hold, potentially increasing
the risk of endocarditis.

PROSTHETIC VALVES®

Individuals with prosthetic heart
valves are at a tenfold greater risk of
infection compared to those with na-
tive heart valves, making them more
susceptible to endocarditis.

IV DRUG ABUSE®®

Using unsterile needles can intro-
duce bacteria into the bloodstream,
which can then travel to the heart and
cause infection.

Common clinical presentations
of endocarditis

Fever is most often caused by the
innate immune system reacting to
the bacterial antigens from organ-
isms that are not adequately cleared
from the circulation.’” Symptoms of
endocarditis vary based on a per-
son’s health and age and may develop
slowly or rapidly. Common indica-
tions of endocarditis include flulike
symptoms, such as fever and chills.
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A fever’s etiology should be immedi-
ately assessed in patients with sus-
pected endocarditis with relevant
cardiac or noncardiac risk factors.*

Fatigue is often associated with IE
as well as fever, tachycardia, weight
loss, sweating, a low red blood cell
count (anemia), and headaches.*

Anemia (deficiency of healthy
red blood cells or hemoglobin) is fre-
quently observed in patients with IE.
Medical professionals have gener-
ally not adequately emphasized ane-
mia in the bacterial endocarditis di-
agnostic phase.*

An increase in pro-inflammatory
markers in the blood is seen in endo-
carditis. Leukocytosis (elevated WBC
count) or leukopenia (decreased WBC
count), raised C-reactive protein,
erythrocyte sedimentation rate, and
procalcitonin, a marker of possible
sepsis, are often seen.’ Hemolysis
may lead to anemia, and severe end-
organ dysfunction can result in ele-
vated lactate levels, thrombocytope-
nia, and derangements in renal and
liver function tests.*?

Heart murmurs are often de-
tected during cardiac auscultation
in patients with IE.* Heart murmurs
are associated with valvular incom-
petence due to vegetations on the
heart valves.

MITRAL VALVE MURMUR#

An abnormal sound heard during
cardiac auscultation due to blood
leaking in reverse through the mi-
tral valve. It occurs when the valve
between the left heart chambers
doesn’t close fully.

AORTIC VALVE MURMUR*

Occurs when the valve between the
left ventricle and the aorta doesn’t
open fully. This murmur is also
known as an aortic regurgitation
murmur and occurs when blood
leaks in reverse from the aorta into
the left ventricle.

TRICUSPID VALVE MURMUR*

Occurs when the valve between
the right heart chambers (ventri-
cle and atrium) fails to close prop-
erly, resulting in blood leaking in re-
verse into the upper right chamber
(right atrium).

A further significant complication
of IE is embolic phenomena. Typi-
cal sequelae of right-sided cardiac le-
sions are septic pulmonary emboli.
Pulmonary infarction, pneumonia, or
empyema (pus within the pleural cav-
ity) may occur as a result.*” Typical
sequelae of left-sided cardiac lesions
are the embolization (blocked blood
vessel) of somatic tissues. Such embo-
lization is mainly seen in the kidneys,
spleen, and central nervous system.
These small clots can cause life-
threatening complications, inhibit-
ing the blood supply to vital organs.*

Endocardial vegetations arise
when an adherent platelet-fibrin ni-
dus becomes secondarily infected
and produces vegetations, which in
turn may directly damage the endo-
cardial tissue and/or valves.* The mi-
crobes then form a biofilm, protect-
ing themselves from immune cells
or antibiotic drugs for clearance and
eradication. The biofilm-protected
vegetations can release toxins and
enzymes that destroy healthy car-
diac cells and valves, while simulta-
neously preventing healing.*

Petechiae are the most common cu-
taneous manifestation of IE, and they
occur on the extremities and mucous
membranes, such as the palate and
conjunctivae.”

Finally, patients can suffer from
encephalopathy in IE. Encephalop-
athy is a neurological manifestation
of IE that occurs due to septic em-
bolization from endocardial vegeta-
tion, leading to occlusion of cerebral
arteries. This can result in ischemic
or hemorrhagic stroke or a transient
ischemic attack. The condition is of-
ten associated with ischemia and/or
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suppuration, resulting in infarction,
hemorrhage, meningoencephalitis,
or abscess. The clinical findings vary
depending on the portion of the ner-
vous system affected.>?

Neurologic complications

of infective endocarditis
Transient ischemic attack (TIA) is
a brief disruption in the blood circu-
lation to the brain. As a major com-
plication of IE, it can be caused by
emboli that break off from the heart
valve vegetations and travel to the
brain.’® The symptoms of a TIA are
similar to those of an ischemic stroke
but last for a shorter period of time
and do not cause permanent defi-
cit.’* Current recommendations in-
dicate that surgery or fibrinolytic
therapy without any delay is indi-
cated in patients after silent embo-
lism or TIA.55%

Stroke can affect up to 70% of pa-
tients with IE. Stroke in IE can be isch-
emic or hemorrhagic. Ischemic stroke
is a likely neurological complication
of IE and is frequently associated
with high morbidity.”” Hemorrhagic
stroke occurs primarily in intrave-
nous drug abusers and is associated
with uncontrolled S. aureus infection
with pyogenic arteritis.®®

Sepsis occurs when the body’s re-
sponse to an infection is so great that
it injures its own tissues and organs.
In the context of IE, sepsis can occur
when the bacteria causing the en-
docarditis enter the bloodstream in
large numbers.” This widespread in-
flammation leads to disseminated in-
travascular coagulation (DIC—wide-
spread blood clotting in the body),
which can cause organ dysfunction
and failure.®® In severe cases, sepsis
can progress to septic shock, which
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is a medical emergency that happens
when the body has an extreme re-
sponse to the infection.o!

Peripheral manifestations
of endocarditis
Splinter hemorrhages are small,
dark, straight lines that often appear
at the tips of fingernails. For diagnos-
tic value, their indication has poor
sensitivity but high specificity. If
present, they should not be ignored.®*
Osler nodes are red-purple,
slightly raised, tender lumps, often
with a pale center.® Pain will often be
felt 24 hours before the development
of a visible lesion. Osler nodes are
typically found on the fingers and/
or toes and can manifest at any time
during the course of endocarditis
development but are usually seen in
subacute endocarditis. They last from
hours to several days.®* Osler nodes

TABLE 1: Staphylococcal species in the oral microbiome and oral infections

2013 - Colombo et al.’®

S. aureus was significantly higher in patients with periodontal disease (among the total
bacteria associated with oral epithelial cells) than in healthy subjects.

2014 -Mahalle et al.”

S aureus was isolated in 13 instances (43.3%). The susceptibility and resistance of bacteria to 12 antibiotic panels
most recommended for gram-positive organisms showed maximum resistance to amoxicillin (37%).

2016 -Shah et al.”®

S aureus was found in head and neck space infection of odontogenic origin (16%) with amoxicillin resistance of 31.3%.

2017 ~Fritali et al.”®

A higher percentage of volunteers with periodontitis were colonized with §.
aureus (86%) than periodontally healthy individuals (60%).

2017 - Cahill et al & “Despite optimal care, mortality approaches 30% at one year. The challenges posed by infective endocarditis are significant.
It is heterogeneous in etiology, clinical manifestations, and course. “Staphylococcus aursus, 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.”

2019 - Garbacz et al.*' Phagocytosis of staphylococcal biofilm cells from denture wearers is less effective, despite a stronger monocyte
response than in nonwearers. This implies that despite triggering a stronger monocyte response, biofilm

staphylococci from denture wearers are phagocytized less effectively than those from the nonwearers.

2020 - Al-Akwa et al & S aureus was the predominant pathogen (43.1%). The prevalence of MRSA was 23.5%.

2021-Chervinets et al.® | The microbiota of the oral cavity of patients with periodontitis was characterized by a decrease in the frequency of bacteria

of the genera: streptococcus, peptostreptococcus, peptococcus, and an increase in S. aureus, Veillonella spp., Bacillus spp.

2021- Garbacz et al.® 110 oral S aureus isolates were phage-typed, and their antibiotic resistance was determined using standard

and molecular methods. The prevalence of MSSA and MRSA strains was 89.1% and 10.9%, respectively.

2021- Uribe-Garcia et al.® | ‘S aureus was identified in 18.6% (50/268) of the samples. “All strains were resistant to methicillin, ampicillin,
dicloxacillin, cefotaxime, and penicillin and were multidrug-resistant to 6-12 antibiotics. “Although S. aureus
has been considered a transient member of the oral microbiota, our results indicate a high-level expression

of virulence genes and multidrug resistance in the strains isolated from periodontal lesions.”

2023 - Colombo et al.® “The overall prevalence of subgingival staphylococci was 46%, especially in severe periodontitis (> 60%; p < 0.01).
“Penicillin-resistant staphylococci is highly prevalent in the subgingival biofilm regardless of the periodontal
status. Strains carrying virulence genes related to tissue adhesion/invasion, inflammation, and cytotoxicity

support the pathogenic potential of these opportunists in the periodontal microenvironment.”

4 DentalAcademyofCE.com



PREVENTING ACUTE AND CHRONIC ENDOCARDITIS IN DENTISTRY

result from a deposition of immune
complexes, following the inflamma-
tory response that leads to swelling,
redness, and pain that characterize
these lesions.®

Janeway lesions are red or pur-
ple painless spots that form on the
palms, soles, or under the toes or fin-
gers® and are also a common sign of
IE. Janeway lesions differ from Osler
nodes in that they are nontender and
are thought to be due to embolic phe-
nomenon in cutaneous palmar and
plantar blood vessels.

Endocarditis diagnosis
The diagnostic work-up of IE begins
with laboratory blood tests. A com-
plete blood count (CBC) will deter-
mine if leukocytosis or anemia is
present; both are signs of infection.”
Other lab tests include testing the in-
flammatory condition with C-reactive
protein and erythrocyte sedimenta-
tion rate assays. Also, liver and kid-
ney function are generally tested for
diagnostic criteria for endocarditis.®®
Blood cultures are a crucial part of
the diagnostic work-up for IE, as they
will identify the causative organism
of the infection. Two to three blood
cultures should be obtained from
separate venipuncture sites to con-
firm proper antibiotic therapy. Com-
mon blood culture isolates include
Staphylococcus aureus, Streptococcus
viridans, enterococci, and coagulase-
negative staphylococci.””
Echocardiography plays a vital
function in the diagnosis and man-
agement of IE. It can help determine
the underlying anatomy of the val-
vular structures, as well as the pres-
ence, location, size, and number of
vegetation-like masses.”® Two types
of echocardiograms are commonly
used: transthoracic echocardiogram
(TTE) and transesophageal echocar-
diogram (TEE). TTE is a noninvasive
test that uses sound waves to create
images of the heart. TEE provides a
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closer look at the heart’s valves and
chambers, making it a more sensitive
and specific test in diagnosing IE.”*

Current AHA guidelines and
endocarditis prevalence
The current recommendations from
the American Dental Association and
the AHA for endocarditis prophy-
laxis are based on the belief that the
causative organisms from the mouth
are streptococcal species.® This has
been the standard belief since the
2007 prophylaxis recommendations.
In 2007, the AHA issued a warning,
advising dentists to cease prescrib-
ing prophylactic antibiotics to a broad
group of previously treated patients
due to growing concerns about anti-
biotics and the risk of antibiotic-resis-
tant organisms.»”2

However, not long after the new
recommendations, researchers in the
United Kingdom studied the impact of
cutting back on prophylactic antibi-
otic prescriptions and found that as
the number of prescriptions went
down, the number of bacterial endo-
carditis cases increased by 35 more
per month.” This data strongly sug-
gested a correlation between reduced
AP recommendations and an uptick
in endocarditis cases.

A changing microhiome in the
mouth: cause for concern

For many years, decisions have been
made about AP for dental therapy
based on the belief that dental pro-
fessionals were protecting patients
against streptococcal species such
as Streptococcus sanguinis.”* As dis-
cussed above, streptococcal species
generally cause a more slowly devel-
oping chronic endocarditis® than
staphylococcal species, which cause
more acute and aggressive endocar-
ditis.?® In recent years, it has become
apparent that both streptococci and
staphylococci are present in oral mi-
crobiota, and these findings indicate

that prophylactic protocols to prevent
bacterial endocarditis related to den-
tal care should also be reexamined.

Staphylococcus aureus found in
oral infections increased in the de-
cade from 1990 to 2000, with reports
ranging from 1% to 15%.*” By 2010, re-
searchers were also culturing signif-
icant amounts of Staphylococcus epi-
dermidis from refractory endodontic
lesions.”® In the last 15 years, the dis-
covery of staphylococcal species in
the oral microbiome and oral infec-
tions has significantly increased.
See Table 1.

Many researchers have recently
discussed the need for alterations
to AP recommendations to address
these emerging findings from a vari-
ety of perspectives.

In 2017, Pippi deliberated on the
issue of increasing comorbidities in
dental patients, stating, “Another is-
sue in IE prevention is to establish
whether and when the existence of
any comorbidity conditions which
may imply a reduction of host de-
fenses, such as older age, diabetes
mellitus, immunosuppressive con-
ditions or therapies, and dialysis, in-
dicates AP in cardiac conditions for
which, although at risk for endocar-
ditis, prophylaxis to date is not indi-
cated.”¥” Pippi further stated, “These
conditions may complicate IE. Each
of them independently increases the
risk of an adverse outcome from IE,
and they often occur in combination,
which further increases morbid-
ity and mortality rates ... Therefore,
in absence of any specific indica-
tions by international guidelines, it
seems reasonable to perform AP in
all patients with compromised im-
mune defenses having risk condi-
tions for IE."”

In 2019, Garg et al. showed that
S. aureus IE hospitalizations in-
creased substantially after the new
2007 guidelines for adults 18 to 64
years old.®®



In 2022, Dreyfuss et al. stated,
“Should S. pyogenes or S. aureus infect
beyond skin incision and get seeded
in the blood, they have a strong
chance of contributing to an infective
endocarditis.” Also, in 2022, @ster-
gaard et al. stated, “S. aureus was the
most frequent microbiological cause
of IE, followed by streptococcus spe-
cies and enterococcus species. Pa-
tients with S. aureus IE had the high-
est in-hospital mortality.”®

In 2023, Lean et al. conducted a
systematic review and meta-anal-
ysis of prophylactic antibiotic use
for IE. They concluded that “None of
the high-risk patients developed IE
across all studies where 100% of the
patients were treated with prophylac-
tic antibiotics, and IE patients are 12%
more likely to have undergone recent
dental manipulation compared with
matched controls.”

While some clinicians and re-
searchers have argued that AP can
be dangerous, with increased mor-
bidity and mortality, it has been de-
finitively shown that this is not the
case with amoxicillin and doxycy-
cline.>* Cloitre et al. stated, “Fatal or
severe adverse drug reactions with
amoxicillin or clindamycin is not a
rational argument to stop IE AP be-
fore invasive dental procedures.”*
Further, Hussein et al. stated, “Three
out of four clinical practice guide-
lines support that the benefits of
prevention of infective endocarditis
outweigh the risks of antibiotic re-
sistance.” Some reports have also
identified dental misuse of antibiot-
ics as a large driver of antibiotic re-
sistance, but these claims have been
demonstrated to be overblown. Much
of the peer-reviewed evidence in the
last decade is contrary to this opin-
ion, showing that the vast majority
of antimicrobial use that causes re-
sistance is in animal feed and other
nontherapeutic uses, with smaller
contributions from poor adherence
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to antibiotic prescriptions and poor
antibiotic choice.?®1°°

Finally, in outright criticism of the
current AP guidelines, van den Brink
et al. recently stated, “We should,
therefore be brave and admit that we
might have been wrong. We should re-
instate chemoprophylaxis for all pa-
tients with valvular anomalies to pre-
vent IE from affecting these patients
at risk. We should make all possible
effort to prevent this disease from
happening because we have great dif-
ficulty in treating it, and the toll that
patients have to pay is high.”™!

Conclusion

The prevalence of Staphylococcus
aureus found in oral microbiota has
increased in the last 25 years. This
finding combined with a growing
older demographic of dental patients,
who have more significant cardiovas-
cular, immunological, and metabolic
comorbidities and burdens, may high-
light the need for revision of guide-
lines for AP. Given that the peer-
reviewed evidence also shows (1) a
more aggressive and deadly acute
bacterial endocarditis due to highly
pathogenic Staphylococcus aureus is
on therise, (2) demonstrated high lev-
els of safety associated with AP when
amoxicillin and doxycycline are used,
and (3) a limited, if any, role of dental
prescribing patterns in antimicro-
bial resistance, it is time that we reas-
sess the current AP guidelines. Den-
tal practitioners should remember
that AP for dental patients remains
the choice of the dentist and patient,
based on the dentist’s best clinical
judgment, given the patient’s current
comorbidity and polypharmacy is-
sues at the time of the procedure. If a
dentist believes that a patient should
receive prophylaxis beyond the cur-
rent guidelines, that is what the den-
tist should do without fear of rami-
fications from any recommending
group or association.

DENTAL ACADEMY OF CONTINUING EDUCATION

REFERENCES

1

o

=

o

@

[l

©

Wilson W, Taubert KA, Gewitz M, et al. Prevention of
infective endocarditis: guidelines from the American
Heart Association: a guideline from the American Heart
Association Rheumatic Fever, Endocarditis, and
Kawasaki Disease Committee, Council on
Cardiovascular Disease in the Young, and the Council
on Clinical Cardiology, Council on Cardiovascular
Surgery and Anesthesia, and the Quality of Care
Outcomes Research Interdisciplinary Working Group.
Circulation. 2007;116(15):1736-1754. doi:10.1161/
CIRCULATIONAHA106.183095

. PantS, Patel NJ, Deshmukh A, et al. Trends ininfective

endocarditisincidence, microhiology, and valve
replacement in the United States from 2000 to 2011.J
Am Coll Cardiol. 2015;65(19):2070-2076. doi:10.1016/j.
jacc.2015.03.518 3.

. vanden Brink FS, Swaans MJ, Hoogendijk MG, et al.

Increased incidence of infective endocarditis after the
2009 European Society of Cardiology guideline update:
anationwide study in the Netherlands. Eur Heart J Qual
Care Clin Outcomes. 2017;3(2):141-147. doi:10.1093/
ehjgcco/qew039

. Brook|, Frazier EH, Gher ME. Aerobic and anaerohic

microbiology of periapical abscess. Oral Microbiol
Immunol. 1991,6(2):123-125.
doi:10.1111/}.1399-302x.1991.th00464.x

. Goumas PD, Naxakis SS, Papavasiliou DA, et al.

Periapical abscesses: causal bacteria and antibiotic
sensitivity. /Chemother. 1997,9(6):415-419.
doi10.1179/joc.1997.9.6.415

. Roche Y, Yoshimori RN. In-vitro activity of spiramycin

and metronidazole alone or in combination against
clinicalisolates from odontogenic abscesses. J
Antimicrob Chemother. 1997;40(3):353-357.
doi:10.1093/jac/40.3.353

. Kuriyama T, Nakagawa K, Karasawa T, et al. Past

administration of )-lactam antibiotics and increase in
the emergence of P-lactamase-producing bacteriain
patients with orofacial odontogenic infections. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod.
2000;89(2):186-192. doi:10.1067/moe.2000.102040

. Wilson WR, Gewitz M, Lockhart PB, et al. Prevention of

viridans group streptococcal infective endocarditis: a
scientific statement from the American Heart
Assaciation. Circulation. 2021;143(20):e963-e978.
doi:10.1161/CIR.0000000000000969

. ThunyF, Grisoli D, Cautela J, et al. Infective

endocarditis: prevention, diagnosis, and management.
Can J Cardiol. 2014;30(9):1046-1057. doi:10.1016/j.
cjca.2014.03.042

. Takata T, Mae Y, Sugihara T, Isomoto H. Infective

endocarditis-associated glomerulonephritis: a
comprehensive review of the clinical presentation,
histopathology, and management. Yonago Acta Med.
2022;65(1):1-7. doi:10.33160/yam.2022.02.011
Alkhouli M, Algahtani F, AlhajjiM, et al. Clinical and
economic burden of hospitalizations for infective
endocarditis in the United States. Mayo Clin Proc.
2020;95(5):858-866. doi:10.1016/.
mayocp.2019.08.023

. Del Giudice C, Vaia E, Liccardo D, et al. Infective

endocarditis: a focus on oral microbiota.
Microorganisms. 2021;9(6):1218. doi:10.3390/
microorganisms9061218

. Lockhart PB, Brennan MT, Sasser HC, et al. Bacteremia

associated with toothbrushing and dental extraction.
Circulation. 2008;117(24):3118-3125. doi:10.1161/
CIRCULATIONAHA.107.758524

Lockhart PB, Brennan MT, Thornhill M, et al. Poor oral
hygiene as arisk factor for infective endocarditis-
related bacteremia. JAm Dent Assoc.
2009;140(10):1238-1244. doi:10.14219/jada.
archive.2009.0046

. Priyamvara A, Dey AK, Bandyopadhyay D, et al.

Periodontal inflammation and the risk of
cardiovascular disease. Curr Atheroscler Rep.
2020;22(7):28. doi:10.1007/s11883-020-00848-6

. Lafon T, Baisse A, Barraud 0, et al. Association of

Staphylococcus aureus bacteriuria and prevalence of
infective endocarditis in the emergency department.
Eur JEmerg Med. 2022;29(1):75-77. doi:10.1097/
MEJ.0000000000000840

Said M, Tirthani E. Gonococcal infective endocarditis
returns. Cureus. 2021,13(9):¢17955. doi:10.7769/
cureus.17955

. Vervoort D, AnKR, Elbatarny M, et al. Dealing with the

epidemic of endocarditis in people who inject drugs.

DentalAcademyofCE.com



PREVENTING ACUTE AND CHRONIC ENDOCARDITIS IN DENTISTRY

Can J Cardiol. 2022;38(9):1406-1417. doi:10.1016/j.
cjca.2022.06.004

19. TamuraY, Abe T. Infective endocarditis associated with
atopic dermatitis. Clin Case Rep. 2023;11(12):e8321.
doi:10.1002/ccr3.8321

20. Kamde SP, Anjankar A. Pathogenesis, diagnosis,
antimicrobial therapy, and management of infective
endocarditis, and its complications. Cureus.
2022;14(9):¢29182. doi:10.7759/cureus.29182

Hubers SA, DeSimone DC, Gersh BJ, Anavekar NS.
Infective endocarditis: acontemporary review. Mayo
Clin Proc. 2020;95(5):982-997. doi:10.1016/.
mayocp.2019.12.008

22.Paz DL, Lakbar |, Tattevin P. Areview of current
treatment strategies for infective endocarditis. Expert
Rev AntiInfect Ther. 2021,19(3):297-307. doi:10.1080/14
787210.2020.1822165

23.CunhaBA, Gill MV, Lazar JM. Acute infective
endocarditis: diagnostic and therapeutic approach.
Infect Dis Clin North Am. 1996;10(4):811-834.
doi:10.1016/s0891-5520(05)70328-7

24, Almeida NEC, Gurram P, Garrigos ZE, et al. Diagnostic
imaging ininfective endocarditis: a contemporary
perspective. Expert Rev AntiInfect Ther.
2020;18(9):911-925. doi:10.1080/1478721
0.2020.1773260

25. Sehastian SA, Co EL, Mehendale M, et al. Challenges and
updates in the diagnosis and treatment of infective
endocarditis. Curr Probl Cardiol. 2022;47(9):101267.
doi:10.1016/j.cpcardiol.2022.101267

26. Cuervo G, Escrihuelia-Vidal F, Gudiol C, Carratala J.
Current challenges in the management of infective
endocarditis. Front Med (Lausanne). 2021;8:641243.
doi:10.3389/fmed.2021.641243

27. CallegariS, Cabrera A, Mejia L, Sanchez CA. Acase
series and literature review of subacute infective
endocarditis: a clinical challenge. Cureus.
2023;15(3):€35997. doi:10.7759/cureus.35997

28.Cuervo G, Hernandez-Meneses M, Falces C, et al.
Infective endocarditis: new challengesin a classic
disease. Semin Respir Crit Care Med. 2022;43(01):150-
172.doi10.1055/5-0042-1742482

29. AlbakriA, Ahsan A, Vengal M, et al. Antibiotic
prophylaxis before invasive dental procedures for
patients at high risk of infective endocarditis-a
systematic review. Indian J Dent Res. 2022;33(4):452-
458. doi:10.4103/ijdr.ijdr_810_21

30.Viehman JA, Smith BJ, Nanjappa S, et al. Microbiology of
endocarditis. In: Infective Endocarditis: A
Multidisciplinary Approach. Academic
Press; 2022:43-59.

WerdanK, Dietz S, Loffler B, et al. Mechanisms of
infective endocarditis: pathogen-host interaction and
risk states. Nat Rev Cardiol. 2014;11(1):35-50.
doi:10.1038/nrcardio.2013.174

32.Coffey S, Roberts-Thomson R, Brown A, et al. Global
epidemiology of valvular heart disease. Nat Rev Cardiol.
2021,18(12):853-864. doi:10.1038/
s41569-021-00570-z

33. GurvitzM, Dunn JE, Bhatt A, et al. Characteristics of
adults with congenital heart defects in the United
States.JAm Coll Cardiol. 2020;76(2):175-182.
doi:10.1016/j jacc.2020.05.025

34.0mmen SR, Mital S, Burke MA, et al. 2020 AHA/ACC
guideline for the diagnosis and treatment of patients
with hypertrophic cardiomyopathy: executive
summary: areport of the American College of
Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines.JAm Coll
Cardiol. 2020;76(25):3022-3065. doi:10.1016/j.
jacc.2020.08.044

35. TayamaE, et al. Prosthetic cardiac valves: history and
review of cardiac prostheses clinically available in
Japan. Surgery Today. 2022;52(4):521-531. doi:10.1007/
500595-021-02361-y

36.Sanaiha Y, Lyons R, Benharash P. Infective endocarditis
inintravenous drug users. Trends Cardiovasc Med.
2020;30(8):491-497. d0i:10.1016/j.tcm.2019.11.007

37. Evans SS, Repasky EA, Fisher DT. Fever and the thermal
regulation of immunity: the immune system feels the
heat. Nat Rev Immunol. 2015;15(6):335-349.
doi:10.1038/nri3843

38.Covino M, De Vita A, d'Aiello A, et al. Anew clinical
predictionrule for infective endocarditis in emergency
department patients with fever: definition and first
validation of the CREED score. JAm Heart Assoc.
2023;12(9):e027650. doi:10.1161/JAHA.122.027650

21.

31.

DentalAcademyofCE.com

39. Papadimitriou-0livgeris M, Monney P, Carron P-N, et al.
Evaluation of the clinical rule for endocarditis in the
emergency department among patients with
suspectedinfective endocarditis. JAm Heart Assoc.
2024;13(4):e032745. doi:10.1161/JAHA.123.032745

40.Epstein SE, Stern JA, Sykes JE. Cardiovascular
infections (bacteremia, endocarditis, myocarditis,
infectious pericarditis). Greene's Infectious Diseases of
the Dog and Cat. WB Saunders; 2021:1590-1602.

Siciliano RF, Gualandro DM, Bittencourt MS, et al.
Biomarkers for prediction of mortality in left-sided
infective endocarditis. Int J Infect Dis. 2020;96:25-30.
doi:10.1016/j.ijid.2020.03.009

42.Patel M, Adhikari B, Devkota A, Mohebtash M, et al.
Severe thrombocytopenia in infective endocarditis. J/
Community Hosp Intern Med Perspect. 2023;13(6):19.
doi:10.65729/2000-9666.1272

43. Yabluchansky M, Bogun L, Martymianoval, et al.
Valvular heart disease and infective endocarditis.
National University Medical School (lecture). 2017.

44.Landefeld J, Tran-Reina M, Henderson M. Approach to
the patient with a murmur. Med Clin. 2022;106(3):545-
555. doi:10.1016/j.mcna.2021.12.011

45.Bailoor S, Seo J-H, Schena S, Mittal R. Detecting aortic
valve anomaly from induced murmurs: insights from
computational hemodynamic models. Front Physiol.
2021,12:734224. doi:10.3389/fphys.2021.734224

48. Yale SH, Tekiner H, Mazza JA, et al. Tricuspid
insufficiency murmurs. In: Cardiovascular Eponymic
Signs: Diagnostic Skills Applied During the Physical
Examination. Springer Nature; 2021:143-156.

47. BuiJT, Schranz AJ, Strassle PD, et al. Pulmonary
complications cbserved in patients with infective
endocarditis with and without injection drug use: an
analysis of the National Inpatient Sample. PloS One.
2021,16(9):e0256757. doi:10.1371/journal.
pone.0256757

48.Vasconcelos M, Cardoso |, Fior A, Nunes AP. Acomplex
case of infective endocarditis with systemic
embolization: multidisciplinary approach to diagnosis
and management. Cureus. 2023;15(11):e48461.
doi:10.77569/cureus.48461

48.Baudoin J-P, Camoin-Jau L, Prasanth A, etal.
Ultrastructure of a late-stage bacterial endocarditis
valve vegetation. J Thromb Thrombolysis.
2021,51(3):821-826. doi:10.1007/s11239-020-02232-2

50.Tong Q, Li T, Wang Z, Qian Y. Nanoparticle, a promising
therapeutic strategy for the treatment of infective
endocarditis. Anatol J Cardiol. 2022;26(2):90-99.
doi:10.5152/AnatolJCardiol.2021.867

Gomes RT, Tiberto LR, Bello VNM, et al. Dermatologic
manifestations of infective endocarditis. An Bras
Dermatol. 2016;91(5 suppl 13:92-94. doi:10.1590/
abd1806-4841.20164718

52.Das AS, McKeown M, Jordan SA, et al. Neurological
complications and clinical outcomes of infective
endocarditis. J Stroke Cerebrovasc Dis.
2022;31(8):106626. doi:10.1016/j.
jstrokecerebrovasdis.2022.106626

53. Cooper HA, Thompson EC, Laureno R, et al. Subclinical
brain embolization in left-sided infective endocarditis:
results from the evaluation by MRI of the brains of
patients with left-sided intracardiac solid masses
(EMBOLISM) pilot study. Circulation. 2009;120(7):585-
591. doi:10.1161/CIRCULATIONAHA108.834432

54.Cantier M, Mazighi M, Sonneville R. Neurological
complications of infective endocarditis. In: Hasbun R,
Bloch KC, Bhimraj A, eds. Neurological Complications of
Infectious Diseases. Humana Press; 2021:83-94.

55. Chakraborty T, Rabinstein A, Wijdicks E. Neurologic
complications of infective endocarditis. Handb Clin
Neurol. 2021,177:125-134. doi:10.1016/
B978-0-12-819814-8.00008-1

56. Caldonazo T, Musleh R, Moschovas A, et al.
Antithrombotic therapy in patients with infective
endocarditis: a systematic review and meta-analysis.
JACC Adv.2023;3(2):100768. doi:10.1016/j.
jacadv.2023.100768

57. Wong C, Cheers MS, McGraw MA, et al. Ischemic stroke
and transient ischemic attack. In: Camphell TP, Kelly
KM, eds. Handbook of Emergency Neurology.
Cambridge University Press; 2023:137.

58. Aslani AQ, Haryawan Z, Sabrawi TA, et al. Embolization
of infective endocarditis vegetation causes
intracranial hemorrhage with hemorrhagic
transformation after ischemic stroke. Glob Cardiol Sci
Pract. 2024;2024(1):e202402.
doi10.215642/gcsp.2024.2

1.

=

51.

59.Wang Q, Fu B, Hu P, et al. Clinical evaluation of sepsis-1
and sepsis-3ininfective endocarditis. Int J Cardiol.
2023;393:131365. doi:10.1016/j.ijcard.2023.131365

60.CrestiA, Baratta P, De SensiF, et al. Clinical features
and mortality rate of infective endocarditis in
intensive care unit: alarge-scale study and literature
review. Anatol J Cardiol. 2024;28(1):44-54.
doi10.14744/Anatol)Cardiol.2023.3463

Budea CM, Bratosin F, Bogdan |, et al. Clinical
presentation and risk factors of infective endocarditis
in the elderly: a systematic review. J Pers Med.
2023;13(2):296. doi:10.3390/jpm13020296

62. Schwiebert R, Baig W, Wu J, Sandoe JAT. Diagnostic
accuracy of splinter haemorrhages in patients
referred for suspected infective endocarditis. Heart.
2022;108(24):1986-1990. doi:10.1136/
heartjnl-2022-321052

63. Gonzalez RAZ, Heung LJ. Osler's nodes in infective
endocarditis. /[DCases. 2023;33:e01862. doi:10.1016/j.
ider.2023.e01862

64.Sachdeva AS, Gomez GO, Wattanakit K. A case of aortic
valve infective endocarditis with dermatological
findings of infective endocarditis. Cureus.
2022;14(3):e23044. doi:10.7759/cureus.23044

65.Cheo SW, Low QJ. Janeway lesion and infective
endocarditis. QM. 2021,114(3):219-220. doi:10.1093/
gjmed/hcaal96

66.DiMarino S, Cortese F. Cutaneous manifestations of
infective endocarditis. Int Cardiovasc Forum J. 2020;21.
doi:10.17987/icfj.v20i0.713

67. Stefanescu GL, Tudose LA, Cojocaru N, etal. A
retrospective observational study: clinical and
paraclinical aspects of infectious endocarditis. Series
VI: Medical Sciences. Bull Transilvania U Brasov.
2023;1-10. doi:10.31926/but.ms.2023.65.16.2.1

68.Buburuz A-M, Petris A, Costache Il, et al. Evaluation of
laboratory predictors for in-hospital mortality in
infective endocarditis and negative blood culture
pattern characteristics. Pathogens. 2021;10(5):551.
doi:10.3390/pathogens10050551

69.MaedaK, Hirai Y, Nashi M, et al. Clinical features and
antimicrobial susceptibility of oral bacteriaisolated
from the blood cultures of patients with infective
endocarditis. J Dent Sci. 2022;17(2):870-875.
doi:10.1016/j.jds.2021.09.023

.Mihos CG, NappiF. A narrative review of
echocardiography ininfective endocarditis of the right
heart. Ann Trans! Med. 2020;8(23):1622.
doi:10.21037/atm-20-5198

Oliveira M, Guittet L, Hamon M, Hamon M. Comparative
value of cardiac CT and transesophageal
echocardiography ininfective endocarditis: a
systematic review and meta-analysis. Radlio/
Cardiothorac Imaging. 2020;2(3):e190189. doi:10.1148/
ryct.2020190189

. Lockhart PB. Guidelines for prevention of infective
endocarditis: an explanation of the changes. JAm Dent
Assoc. 2008;139(Suppl)2S. doi:10.14219/jada.
archive.2008.0344

Dayer MJ, Jones S, Prendergast B, et al. Incidence of
infective endocarditis in England, 2000-13: a secular
trend, interrupted time-series analysis. Lancet.
2015;385(9974):1219-1228. doi:10.1016/
S0140-6736(14)62007-9

74. Caufield PW, Dasanayake AP, Li Y, et al. Natural history
of Streptococcus sanguinis in the oral cavity of infants:
evidence for adiscrete window of infectivity. Infect
Immun. 2000;68(7):4018-4023. doi:10.1128/
IA1.68.7.4018-4023.2000

75. Niazi SA, Clarke D, Do T, et al. Propionibacterium acnes
and Staphylococcus epidermidis isolated from
refractory endodontic lesions are opportunistic
pathogens. J Clin Microbiol. 2010;48(11):3859-3869.
doi:10.1128/JCM.01326-10

76. Colombo AV, Barbosa GM, Higashi D, et al. Quantitative
detection of Staphylococcus aureus, Enterococcus
faecalis and Pseudomonas aeruginosa in human oral
epithelial cells from subjects with periodontitis and
periodontal health. JMed Microbiol. 2013;62(Pt
10):15692-1600. doi:10.1099/jmm.0.055830-0

77. Mahalle A, Deshmukh R, Mahalle A. Evaluating the
antibiotic susceptibility of bacteria isolated from the
pyogenic abscess of dental origin. J Dent Res Sci Dev.
2014;1(1):6-10.

78.Shah A, Ramola V, Nautiyal V. Aerobic microbiology and
culture sensitivity of head and neck space infection of
odontogenic origin. Nat/ J Maxillofac Surg.
2016;7(1):56-61. doi:10.4103/0975-5950.196126

61.

=

7

o

71.

=

7

N

7

@w



79. Fritoli A, Lobao E, Soares G, Retamal-Valdes B.
Evaluation of Enterococcus faecalis, Staphylococcus
warneri and Staphylococcus aureus species in adults
with generalized chronic periodontitis. Revista Gaticha
de Odontologia. 2017,65(2):121-127.
doi:10.1590/1981-863720170002000043137

80. Cahill TJ, Baddour LM, Hahib G, et al. Challenges in
infective endocarditis./Am Coll Cardiol.
2017;69(3):325-344. doi:10.1016/j.jacc.2016.10.066

GarbaczK, Jarzembowski T, Kwapisz E, et al. Do the oral
Staphylococcus aureus strains from denture wearers
have a greater pathogenicity potential? J Oral
Microbiol. 2018;11(1):1536193. doi:10.1080/2000229
7.2018.1536193

82. Al-Akwa A, Al-Shamahy HA, Al-labani MA, et al.
Prevalence of Staphylococcus aureus in dental
infections and the occurrence of MRSA inisolates.
Univers J Pharm Res. 2020;5(2):23-27.

83.Chervinets VM, Chervinets YV, Chichanovskaja LV, et al.
The microbiome of oral cavity patients with
periodontitis, adhesive and hiofilm forming properties.
Klin Lab Diagn. 2022;67(3):163-169.
doi:10.51620/0869-2084-2022-67-3-163-169

84.Garbacz K, Kwapisz E, Piechowicz L, Wierzhowska M.
Staphylococcus aureus isolated from the oral cavity:

81.

phage susceptibility in relation to antibiotic resistance.

Antibiotics (Basel). 2021,10(11):1329. doi:10.3390/
antibiotics10111329

85.Uribe-Garcia A, Paniagua-Contreras GL, Monroy-Pérez
E, etal. Frequency and expression of genes involved in
adhesion and biofilm formation in Staphylococcus
aureus strainsisolated from periodontal lesions. J
Microbiol Immunol Infect. 2021,64(2):267-275.
doi:10.1016/j.jmii.2019.05.010

86. Colombo APV, do Souto RM, Aratjo LL, et al.
Antimicrobial resistance and virulence of subgingival
staphylococciisolated from periodontal health and
diseases. Sci Rep. 2023;13(1):11613. doi:10.1038/
s41598-023-38599-4

87. PippiR. Antibiotic prophylaxis for infective
endocarditis: some rarely addressed issues. Br Dent J.
2017;222(8):583-587. doi:10.1038/s.bd].2017.356

88.Garg P, Ko DT, Jenkyn KMB, et al. Infective endocarditis
hospitalizations and antibiotic prophylaxis rates

before and after the 2007 American Heart Association
guideline revision. Circulation. 2019;140(3):170-180.
doi:10.1161/CIRCULATIONAHA118.037657

89.Dreyfuss |, Ramnot A, Jean-Pierre PH, et al. Review of
the current antibiotic guidelines used in dermatologic
surgery. Dermatol Ther. 2022;35(7):€15557.
doi:10.1111/dth.15557

90. @stergaard L, Voldstedlund M, Bruun NE, et al. Temporal
changes, patient characteristics, and mortality,
according to microbiological cause of infective
endocarditis: a nationwide study. JAm Heart Assoc.
2022;11(16):¢025801. doi:10.1161/JAHA122.025801

Lean SSH, Jou E, Ho JSY, Jou EGL. Prophylactic antibiotic
use forinfective endocarditis: a systematic review and
meta-analysis. BMJ Open. 2023;13(8):e077026.
doi:10.1136/bmjopen-2023-077026

92. Thornhill MH, Dayer MJ, Prendergast B, et al. Incidence
and nature of adverse reactions to antibiotics used as
endocarditis prophylaxis. J Antimicrob Chemother.
2015;70(8):2382-2388. doi:10.1093/jac/dkv115

93. Thornhill MH, Dayer MJ, Durkin MJ, et al. Risk of adverse
reactions to oral antibiotics prescribed by dentists. J/
Dent Res. 2019;98(10):1081-1087.
doi:10.1177/0022034519863645

94.Cloitre A, Duval X, Tubiana S, et al. Antibiotic
prophylaxis for the prevention of infective
endocarditis for dental procedures is not associated
with fatal adverse drug reactionsin France. Med Oral
Patol Oral Cir Bucal. 2019;24(3):e296-e304.
doi:10.4317/medoral.22818

95. Hussein H, Montesinos-Guevara C, Abouelkheir M, et al.
Quality appraisal of antibiotic prophylaxis guidelines to
preventinfective endocarditis following dental
procedures: a systematic review. Oral Surg Oral Med
Oral Pathol Oral Radiol. 2022;134(5):562-572.
doi:10.1016/j.0000.2022.07.012

96. Van Boeckel TP, Brower C, Gilbert M, et al. Global trends
inantimicrobial use in food animals. Proc Natl Acad Sci
USA. 2015;112(18):6649-5654. doi:10.1073/
pnas.1503141112

97. Tiseo K, Huber L, Gilbert M, et al. Global trends in
antimicrobial use in food animals from 2017 to 2030.
Antibiotics (Basel). 2020;9(12):918. doi:10.3390/
antibiotics9120918

91.

DENTAL ACADEMY OF CONTINUING EDUCATION

98. XuC,KonglL,GaoH,etal Areview of current bacterial
resistance to antibiotics in food animals. Front
Microbiol. 2022;5:1458. doi:10.3389/
fmich.2022.822689

99. Teohl, Stewart K, Marino R, McCullough M. Antibiotic
resistance and relevance to general dental practice in
Australia. Aust Dent J. 2018;63(4):414-421.
doi:10.1111/adj. 12643

100. Almansour AM, Alhadlag MA, Alzahrani KO, et al. The
silent threat: antimicrohial-resistant pathogensin
food-producing animals and their impact on public
health. Microorganisms. 2023;11(9):2127. doi:10.3390/
microorganisms11092127

van den Brink FS, Zivelonghi C, Ten Berg JM. Incidence
of infective valve endocarditis as after antibiotic
prophylaxis guidelines changed—there is a change.
Ann Cardiothoracic Surg. 2019;8(6):683-684.
doi:10.21037/acs.2019.06.05

101.

Eric S. Bornstein, DMD, BS,
isabiochemist, dentist, and
photobiologist. He has managed
six human clinical trials in the
infectious disease space
including periodontal disease. Dr.
Bornsteinis widely published in
peer-reviewed journals such as
Current Trends in Microbiology, Dentistry Today, and
Compendium. He currently delivers CE webinars for
the Institute for Natural Resources (inrseminars.com)
on the subjects of circadian medicine, inflammation,
pharmacology, marijuana, vaping, opioids
hallucinogens, and periodontal disease. His
best-selling medical and fiction books can be found at
drerichornstein.com

DentalAcademyofCE.com



EARN 3 CE CREDITS

QUESTIONS QUICK ACCESS CODE 22409

ONLINE COMPLETION: Use this page to review questions and answers. Visit dentalacademyofce.
com and signin. If you have not previously purchased the course, select it from the Course
Library and complete your online purchase. Once purchased, click the “Start Course” button
on the course page. You will have an opportunity to review an online version of the article.
When finished, click the “Next” button to advance to the quiz. Click “Start Quiz,” complete all
the program questions, and submit your answers. Animmediate grade report will be provided.
Upon receiving a grade of 70% or higher, your verification form will be provided immediately
for viewing and printing. Verification forms can be viewed and printed at any time in the future
by visiting the site and returning to your Dashboard page.

1. Infective endocarditis is:
A. Aninfection of the endocardium of the heart
B. Aninfection that affects the pericardium
C. Aninfection of the cardiac blood vessels
D. Adentalinfection

2. The most commonly affected cardiac
structures ininfective endocarditis are:

A. Valves

B. Chordae

C. Chamber walls

D. Periprosthetic tissues

3. High-risk groups for infective
endocarditis include:

A. Individuals with BMI of 20-30

B.20-year-old athletes

C.1Vdrug abusers and congenital heart disease
D.Women

4. Which of the following groups is at the highest
risk for developing bacterial endocarditis?

A. Children under the age of 10
B. Adults aged 30-40

C. Adults over the age of 60

D. Adolescents aged 15-20

5. Which of the following conditions increases
the risk of bacterial endocarditis?

A. Pulmonary insufficiency

B. Artificial (prosthetic) heart valves
C. Nonalcoholic fatty liver disease
D.Damaged heart valves

6. The symptoms of endocarditis include:
A.Fever, chills, fast heart rate

B. Fatigue, night sweats, aching
joints and muscles

C. Persistent cough or swelling in the feet,
legs, or abdomen

D. All of the above

7. Which of the following symptoms is commaonly
associated with bacterial endocarditis?

A. Sudden weight gain
B. Persistent cough

C. Joint pain
D.Frequent headaches
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8. Which of the following is not a common
symptom of bacterial endocarditis?

A. Fever and chills

B. Shortness of breath

C. Blood in the urine

D. Painless red spots on the soles of the feet

9. Antibiotics are molecules that inhibit the
growth of orkill:

A. Fungi

B. Viruses
C.Bacteria
D.Insects

10. Which of the following statements best
differentiates Osler nodes from Janeway lesions
in the context of bacterial endocarditis?

A. Osler nodes are painful, tender, and located
on the fingertips and toes; Janeway lesions are
painless, flat, and typically found on the

palms and soles.

B. Osler nodes are painless and flat; Janeway
lesions are painful, tender, and commonly
located on the fingertips.

C. Osler nodes are associated with high fever
and are usually located on the palms; Janeway
lesions are found on the mucous membranes.
D. Osler nodes result from immune complex
deposition, leading to necrosis; Janeway lesions
are associated with direct bacterial
embolization causing inflammation.

11. According to the American College of
Cardiology, the bacteria most commonly
associated with bacterial endocarditis is:

A. Staphylococcus aureus
B. Streptococcaceae

C. Enterococci

D. Albicans

12. Which of the following statements accurately
reflects the prevalence of different organisms in
infective endocarditis?

A. Fungal organisms are the most common
cause of infective endocarditis, followed by
enterococcal species.

B. Staphylococcal, streptococcal, and
enterococcal species are more prevalent in
infective endocarditis than fungal organisms.

C. Streptococcal species are the least prevalent
cause of infective endocarditis compared to
staphylococcal and fungal organisms.

D. Enterococcal species are less prevalent in
infective endocarditis compared to
fungal organisms.

13. Which bacteria are most commonly
associated with subacute bacterial
endocarditis?

A. Streptococcus pneumoniae
B. Streptococcus pyogenes
C. Streptococcus viridans

D. Streptococcus agalactiae

14. Dental professionals have been given
guidelines on antibiotic prophylaxis for bacterial
endocarditis by:

A.CDC

B.FDA
C.ADAand AHA
D. OSHA

15. Antibiotic resistance is:

A.Resistance on the part of the patient to
take antibiotics

B. Resistance on the part of the dentist to
prescribe antibiotics

C. Resistance on the part of the pharmacist to
dispense antibiotics

D. The ahility of the bacteria to resist
the antibiotics

16. The most common reason that antibiotic
resistance develops is due to inappropriate
antibiotic use in:

A. Dental patients

B. Farmers and livestock
C. Cardiac patients

D. Orthopedic patients

17. Antibiotic prophylaxis for dental
patients remains:

A. The choice of the dentist and patient
B. The mandate of the ADA
C. The mandate of the FDA
D. The mandate of the CDC
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18. What is the primary characteristic of
hypertrophic cardiomyopathy?
A.Enlarged heart chambers
B. Thinning of the heart muscle
C. Thickening of the heart muscle
D.Irregular heartbeats

19. Why does endocarditis pose a threat to the
heart valves?

A. Bacteria can grow on the valves, leading to
embolization.

B. Bacteria cause thickening of the
valve leaflets.

C. Bacteria weaken the heart muscle.

D. Bacteria cause calcification of the
valve annulus.

20. For many years, decisions have been made
about antibiotic prophylaxis for dental therapy
based on the belief that dental professionals
were protecting patients against:

A.Vibrio species

B. Staphylococcal species
C. Streptococcal species
D. Candidal species

21. Which imaging technique is used to detect
damaged heart valvesinIE?

A. Echocardiogram

B. Computerized tomography scan
C. Magnetic resonance imaging

D. Ultrasound

22.What does a blood culture test help
identifyin IE?
A. White blood cell count
B. Microorganisms in the bloodstream
C. Valve calcification
D. Heart murmur

23. Which patients are currently recommended
for antibiotic prophylaxis before dental or
surgical procedures to prevent IE?

A. Patients with artificial heart valves
B. Patients with hypertension

C. Patients with a history of rheumatic
heart disease

D. Patients with mitral regurgitation

24. What is the primary cause of the changing
epidemiology of IE in the elderly population?

A.Increased incidence of rheumatic fever

B.Rise in diabetes mellitus, immunosuppressive
conditions or therapies, and dialysis

C. Decreased use of valvular prostheses
D. Higher prevalence of Staphylococcus aureus

DENTAL ACADEMY OF CONTINUING EDUCATION

25. Aggressive biofilm producing species of S.
aureus are now found more frequently:

A.Inodontogenic infections
B. In periodontal pockets
C.Onremovable prostheses
D. All of the above

26. What are painless hemorrhages seen on the
palms and soles in patients with [E called?

A. Petechiae

B. Splinter hemorrhages
C. Osler nodes

D. Janeway lesions

27. What term describes hemorrhages in the nail
beds (usually seen as dark streaks under the
nails) associated with [E?

A. Petechiae

B. Splinter hemorrhages
C. Osler nodes

D. Janeway lesions

28. What is the most common neurologic
complication associated with IE?

A. Meningitis

B. Transient ischemic attack or
intracranial hemorrhage

C. Parkinson's disease symptoms
D. Mycotic aneurysm

29. Why should the AHA revisit its current
recommendations for subacute bacterial
endocarditis prophylaxis?

A. The oral microbiome has heen stable for the
last 25 years.

B. The oral microbiome has become less
pathogenic in the last 25 years.

C. The oral microbiome now has more
pathogenic staphylococcal species.

D. There are now more fungi in the mouth than
in previous decades.

30. Why are evidence-based guidelines
important in managing endocarditis?

A. They ensure compliance with
insurance policies.

B. They help reduce health-care costs.
C. They improve patient outcomes.

D. They promote pharmaceutical
companies’ products.
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