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Abstract: Infective endocarditis is a rare but usually severe and often fatal inflammatory disease affecting
the endocardial surface, native and prosthetic valves or cardiac devices. Besides various staphylococcus
species, oral viridans streptococci are known to play a crucial role in the development of endocarditis,
especially in patients with underlying cardiac conditions, such as valve replacement, congenital heart disease
and a history of previous infective endocarditis. Particularly undetected persisting odontogenic infections and
their secondary symptoms, as well as various therapeutic measures for their prevention and treatment, may
lead to bacterial transfer from the oral cavity into the bloodstream, eventually enabling bacterial adherence
to endocardial surfaces and thus promoting infective endocarditis. The administration of antibiotics prior
to dental interventions in order to prevent this mechanism was initially recommended almost seventy years
ago and has been the subject of research and intensive discussion ever since. Recently, numerous professional
societies worldwide have published guidelines and updates on the prevention of endocarditis with divergent
recommendations regarding the requirement of prophylactic antibiotic regimen prior to dental procedures.
The objective of this article was therefore to review the currently available literature regarding oral health
and infective endocarditis and to examine the rationale behind the inconsistent recommendation situation,

critically.
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Introduction prophylactic antibiotic regimen prior to dental interventions
to prevent possible endocarditis has been controversially

Infective endocarditis (IE) is an uncommon but usually discussed time and again

severe and often fatal inflammatory disease of the Particularly within the last five years, numerous

professional societies worldwide have published guidelines
and updates on the prevention of endocarditis, revealing
partly very divergent interpretations of the available

endocardium. The potentially prominent role of oral
pathogens in the development of endocarditis, which

enter the bloodstream as part of physiological processes,

but especially during certain dental procedures, has been
emphasized for decades (1). Considering increasing
antimicrobial resistance, especially the effectiveness of a

evidence. The different recommendations derived from
this has unavoidably led to a confusing and contradictory
recommendation situation for patients with underlying
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cardiac conditions and clinicians alike (2-4). A critical
analysis of the published recommendations and their
evaluation in the current state of science is therefore
essential. This review was based on a systematic search for
the relevant literature conducted in MEDLINE/Pubmed
including articles Epub ahead of print. We present the
following article in accordance with the Narrative Review
reporting checklist (available at http://dx.doi.org/10.21037/
cdt-20-908).

Infective endocarditis

The development of endocarditis requires a complex
interplay of different factors that cause certain
microorganisms to adhere to the cardiac endothelium
and trigger an inflammatory process (1,5). Congenital
or acquired diseases of the heart can lead to partial loss
of endothelial integrity, resulting in an increased risk for
the development of infective endocarditis (5-7). Loss of
endothelial integrity and disruption of the inner cell layer
enable the formation of a platelet-derived thrombus and a
corresponding inflammatory cascade. The resulting non-
bacterial endocarditis (NBTE) is considered a prerequisite
for the adhesion of microorganisms that enter the
bloodstream in the course of bacteremia (1,5,8).

The cause of transient bacteremia usually lies in the
disintegration of a bacterially colonized surface, such as
the skin or mucous membrane, which harbors numerous
commensals but also opportunistic pathogens. While up
to 90% of IE are caused by gram-positive Staphylococcus
sp. (species), Streprococcus sp. and Enterococcus sp. (9),
Staphylococcus aureus is considered the most common
in high-income countries (10). Coagulase-negative
Staphylococcus sp. such as S. epidermis are ubiquitous skin
commensals and account for approximately 10% of IE
whereas streptococcal infections by the oral viridans
group (e.g., S. mutans, S. mitis, S. anguinis) cause almost
20% of infective endocarditis (9). Hence, a more precise
evaluation of the oral cavity as an outstanding environment
for bacteria is reasonable. The oral microbiome consists
of over 700 different species of bacteria (11), including
numerous commensal and also opportunistic pathogens,
some of which are organized in complex biofilms entering
the bloodstream in the event of mucosal or gingival
disruption. Traumatic injury to the mucosa or gingiva as
part of physiological processes such as chewing food or
oral hygiene (12), but also particularly in diseases such
as dental caries or periodontitis and their secondary
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symptoms, as well as in various therapeutic measures for
their prevention and treatment, can thus inevitably lead
to the transfer of bacterial pathogens from the oral cavity
into the bloodstream, resulting in bacteremia (1). Bacterial
adhesion of microorganisms to disrupted endothelial
walls and resulting thrombotic formations is promoted by
specific mediators such as surface components that serve as
virulence factors in various microbial species (1,13-16). In
this manner, several species of streptococci, staphylococci
and enterococci can colonize impaired endocardium and
cause infective endocarditis.

Dental conditions and oral bacteria
Dental caries and periapical conditions

Dental caries is considered an infectious disease mediated
by a pathogenic bacterial biofilm that may form on tooth
surfaces (17). A change of the microbial composition
to a more acidic environment favors proliferation and
phenotypic adaptation of acid-tolerant bacteria inducing a
dysbiotic shift of the biofilm. Dsybiosis refers to changes of
the relative amount of certain bacteria ultimately resulting
in the transition from a commensalic to a highly pathogenic
bacterial community. In terms of dental caries this shift
eventually enhances the acidic potential of the biofilm and
thus leads to demineralization of dental hard tissues known
as caries (18,19).

While initially it was assumed that Lacrobacillus sp.
and Streptococcus sp, especially Streptococcus mutans, were
responsible for the acidification of the biofilm (20,21), more
recently composed etiological models have shown that
many other endogenous bacteria found in the dental biofilm
are capable of acidification. Others are able to increase pH
values and thus counteract over-acidification (21-23).

Although the formation of a dental biofilm is known to
be essential for the initial development of carious lesions, it
must be emphasized that dental caries is based on a complex
multifactorial etiology in which, in addition to the biofilm,
interactions between components such as salivary flow and
composition, structure of dental hard tissues, environmental
factors and genetic predisposition are required (24).

Behavioral factors such as dietary habits and oral hygiene
play a crucial role in the formation of carious lesions.
Continuous intake of fermentable carbohydrates, i.e., sugar
leads to a prolonged reduction of pH value in the biofilm (17),
which causes the demineralization of hydroxyapatite
(25,26), ultimately resulting in manifestation of a clinically
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Figure 1 Caries lesions affecting the anterior maxillary dentition
showing severe decay of the clinical crowns due to insufficient

removal of dental plaque by regular oral hygiene measures.

Figure 2 Radiography of the left lateral maxillary incisor
previously treated with a prosthetic crown. The periapical tissue
presents with a round radiolucent area within in the osseous tissue
indicating a periapical bacterial infection due to necrosis of the

pulpal tissue.

detectable caries lesion, including discoloration and
cavitation (27) (Figure I).

As the carious lesion progresses, it increasingly destroys
parts of the clinical crown. If left untreated, the lesion
reaches the pulp chamber and causes an initially reversible
and then irreversible inflammation, which inevitably leads
to necrosis of the entire pulp soft tissue.

Consequently, bacteria initially colonize the necrotic
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tissue and then penetrate the periapical tissue, i.e., the apical
parts of the periodontal ligament and the surrounding
alveolar bone (Figure 2). In these inflammatory lesions,
there is usually a comparatively diverse and complex
bacterial flora consisting of 10-20 different, predominantly
Gram-negative species (28,29). In contrast, in the event of
recurrence in teeth already endodontically treated, there is a
reduced bacterial spectrum consisting of 3-6 different gram-
positive and gram-negative species, including Staphylococcus
sp. (30). The described bacterial infection usually leads to
an inflammatory process within the periapical tissue that
often has a chronic, asymptomatic course. The absence of
clinical symptoms such as pain or swelling usually leads to
the inflammatory process manifesting itself over a longer
period, remaining undetected.

Periodontal disease

Besides dental caries and its consequences, diseases of the
tooth surrounding and supporting tissues are highly prevalent
and must be mentioned in this context. Periodontitis is a
multifactorial disease that is associated with dysbiotic dental
biofilms and is considered one of the most common chronic
inflammatory disease in humans (31). Migration of dental
biofilm from the gingival margin into the gingival crevice
lead to a shift of the microbial community, consisting of
approximately 100-300 endogenous microorganisms, from
a symbiotic to a dysbiotic state, resulting in the formation
of a periodontal pocket and further shifts in bacterial
composition (32-34). The formation of a periodontal pocket
is accompanied by irreversible loss of tooth supporting soft
and hard tissues, ultimately resulting in tooth loss (Figure 3).
For a long period of time, the prevailing hypothesis was
that several specific gram-negative anaerobic bacteria such
as Prophyromonas gingivalis, Tannerella forsythia, Treponema
denticola and Aggregatibacter actinomycetemcomitans are major
determinants of the pathogenesis of periodontitis (35).
However, recent results of metagenomics analysis have
shown that the relative abundance of many different bacterial
species may significantly influence the pathogenicity of the
periodontal biofilm, consequently leading to an altered,
excessive host immune response. Thus, it is not so much
individual bacterial species, but rather the mutual complex
dysbiotic shift of the biofilm and the increased release of
inflammatory cytokines and degenerative enzymes that
ultimately lead to the destruction of periodontal soft and hard
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Figure 3 Anterior mandibular dentition presenting with progressive
loss of tooth supporting periodontal tissue including gingival
recession due to persistent periodontitis. The gingival margin is
shifted apically particularly at the left lateral incisor indicating the

inflammation associated bone loss.

tissues (32).

Dental conditions causing bacteremia

As the described odontogenic infections are associated with
pathogenic microorganisms, gingival or mucosal trauma
or the manipulation of the periapical region of the tooth
may cause a transient bacteremia of these microorganisms
that, in a patient at risk, can cause infective endocarditis.
Tatrogenic gingival or mucosal traumas mainly occur during
dental procedures such as tooth extractions, periodontal
and apical surgery, removal of caries affecting cervical or
subgingival portions of the tooth, dental prophylaxis as
well as non-surgical periodontal therapy (36). Endodontic
treatment on the other hand may lead to manipulation of
the periapical region, causing bacteremia of microorganisms
involved in endodontic and periapical inflammation (37).
In addition, diagnostic procedures like periodontal probing may
cause micro trauma in the apical lining of a periodontal pocket,
resulting in clinically visible gingival bleeding. Besides gingival
and mucosal trauma that occur during dental procedures,
clinical studies haven proven oral bacteremia after daily activities
such as chewing, tooth brushing and flossing (38). Since, it
is commonly accepted that the presence and the magnitude
of bacteremia caused by odontogenic infections are directly
proportional to the severity of oral inflammation (39,40), good
oral and dental health has to be highlighted as a major factor
regarding prevention of infective endocarditis (3,12,36,41,42).

Current strategies on prevention

The entity of infective endocarditis was first described over
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130 years ago and has been the subject of research ever
since. In the 1950s, the American Heart Association (AHA)
have released the first clinical guideline for the prevention
of IE highlighting dental procedures and antibiotic
prophylaxis (43). Since then, the AHA (36,44-50), the
European Society of Cardiology (ESC) (3,14,51) and
several other national and multinational societies have
published guidelines and regular updates for the prevention
of infective endocarditis with various recommendations
regarding the requirement of antibiotic prophylaxis
before dental procedures (1able I). Especially considering
patients suffering from congenital heart defects (CHD),
however, there is still no uniform opinion on whether
these recommendations on prevention can be fully applied
(52,53). Always considering the patient’s cardiac risk and
the growing development of antibiotic resistance in the
society, the regularly updated AHA and ESC guidelines
have increasingly tightened the indication for antibiotic
prophylaxis in recent years and currently only recommend
it for patients with the highest risk of developing
endocarditis (3,42). In contrast to these internationally
acknowledged recommendations, the British National
Institute for Health and Care Excellence (NICE), under the
leadership of the National Health Service (NHS), decided
in 2008 to withdraw all recommendations for antibiotic
prophylaxis prior to dental procedures, regardless of the
patient's individual cardiac risk profile or the type of dental
procedure (54).

A more detailed review of the NICE and the published
guidelines is essential to understand how this very different
interpretation of the same data could have arisen. The
NICE—although officially a non-departmental public
body (NDPB)—is scientifically less independent than the
AHA and the ESC, being subject to considerable political
influence by the Department of Health and Social Care
of the British government (4). In contrast to the AHA
and ESC guidelines, where review panels consist of 30-50
independent clinicians, including cardiologist, dentist and
infectious disease experts and final recommendations are
usually adopted by consensus, the NICE guidelines are
developed primarily by a standing committee, that works on
multiple guidelines and topic-specific, consulting experts as
well as patient representatives and care providers.

The cessation of antibiotic prophylaxis prior to dental
procedures as advice in the NICE guidelines is mainly
explained by a lack of robust evidence from the available
scientific data. In fact, almost no data from randomized
clinical trials (RCT) on the effectiveness of antibiotic
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prophylaxis in the context of dental procedures to prevent
infective endocarditis are available, most likely because the
conduct of such studies is ethically highly controversial.
Excluding conclusive animal studies from the outset as
well as data from case control studies and any kind of
observational studies from the literature review has led
to the alleged lack of evidence promoted in the NICE
guidelines.

Besides the criticism of the supposed lack of robust
evidence for antibiotic administration, cost-effectiveness
seems to play a predominant role in the NICE guideline
and the resulting recommendations. The primary emphasis
on the cost to the health care system of prescribing
antibiotics as a prophylaxis raises legitimate questions about
a possible political motivation of the guidelines.

Although the single-handed approach of the British
NICE to advice against any prophylactic, antibiotic therapy
is difficult to understand and highly questionable given
the unity of the leading North American and European
societies, a unique situation has arisen. For the first time,
European data on the direct impact of the abandonment
of antibiotic prophylaxis prior to dental interventions in
patients at risk of endocarditis in a large nationwide cohort
is available, which paradoxically means that the NICE
guideline itself has contributed to new evidence, regarding
the necessity of antibiotic prophylaxis.

Considering this data, in 2015 Dayer et 4/. published an
observational large-scale study regarding the incidence of
infective endocarditis between 2000 and 2013 in England (55).
The authors, among them leading British and U.S.
dentists and cardiologist, reported a significant increase
in the incidence of patients with infective endocarditis
and a significant decreased prescription of antibiotics
over the same period of time. It can be stated that one of
the objectives of the NICE, namely to structure costs for
the health care system more effectively by reducing the
prescription of antibiotics, has apparently been achieved
over the observed period. As this data is derived from an
observational study once more, the grade of evidence has
to be discussed as well as conclusions about the causality of
cessation of antibiotic prescription and increased incidence
of IE. Two other surveys conducted in the U.S. did not
observe an increased incidence of IE after the adaptation
of the 1997 AHA guidelines in 2007 and the associated
abandonment of antibiotic prophylaxis in patients at
moderate risk, indicating the clinical effectiveness of the
more rigorous recommendation (56,57).

Despite the published data, the updated NICE

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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guidelines released in 2015 (58) maintained to its original
advise against antibiotic prophylaxis as allegedly no further
evidence on a sufficient level has been published, obviously
grading the level of evidence of the study by Dayer et al.
as not sufficient. The updated guidelines of the ESC in
2015 (3) and the AHA in 2017 (42) on the other hand
evaluated the available literature differently, reaffirming
their recommendation for antibiotic prophylaxis prior to
invasive dental procedures in patients at increased risk for
IE and at high risk for adverse outcomes from IE. In its
guideline published in 2016, the British Dental Association
(BDA) reacted on the NICE guidelines directly, discussing
the risk-benefit profile of antibiotic prophylaxis extensively
comparing potential adverse drug reaction (ADR) related
with antibiotic prophylaxis and cases of IE that could
result in cessation of prophylaxis (4). They concluded that
the risk of triggering a disease with high morbidity or
mortality through dental therapy if antibiotic prophylaxis is
completely abandoned is significantly higher than the risk
of ADR related with the frequency of dental measures and
the resulting frequency of antibiotic prevention with a rigid
recommendation. In fact, considering the data regarding
ADRs (59,60) and data published by Dayer er al. (55)
cessation of antibiotic prophylaxis as recommended by
NICE potentially results in over 400 extra cases of IE
including more than 60 possibly fatal courses. On the
other hand, according to Thornhill ez 4/. (4) application
of antibiotic prophylaxis as recommended by the ESC (3)
could lead to seven ADRs annually including one death
in three years. Following Cahill et a/. (9) the restriction of
antibiotic prophylaxis to amoxicillin or an alternative to
clindamycin could even decrease ADR to two cases per year
without any fatal courses. These projections impressively
suggest the rationale of the currently valid European and
North American guidelines and make the NICE guidelines
even more difficult to follow.

Since a change in this confusing and contradictory
recommendation situation is not foreseeable, clinicians
faced with the decision to prescribe antibiotic
prophylaxis in patients with an increased risk for IE
should not only consider national guidelines, but also
international recommendations. To ensure responsible
and well-balanced therapy practitioners should more
over regularly observe the scientific discourse and review
latest updates. Eventually, it has to be emphasized that
besides antibiotic prophylaxis prior to certain dental
procedures the maintenance of good oral health in
patients at risk seems to play an even more important

Cardiovasc Diagn Ther 2021;11(6):1403-1415 | http://dx.doi.org/10.21037/cdt-20-908
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role in preventing IE (1,12,41,42,61,62), since persisting
odontogenic infections may remain undetected (61)
causing bacteremia with high frequency and intensity
during every-day activities (38). Therefore, the prevention
of oro-dental infections and the consistent adherence to oral
maintenance care including regular dental and periodontal
examinations as well as prophylaxis are crucial in the
prevention of infective endocarditis, especially in patients at
increased risk for IE and those at high risk of severe disease
outcome (4,9,12).
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