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Abstract

Background: Infective endocarditis (IE) is a severe and multifactorial condition historically
linked to dental procedures. Current evidence shows that most cases arise from complex
host-microbe interactions and biofilm colonization on damaged endothelium or intracar-
diac/prosthetic material, while the inappropriate use of antibiotics in dentistry promotes
antimicrobial resistance. Objectives: To provide a narrative synthesis of contemporary
evidence on (i) the relative contribution of dental procedures versus daily oral inflammatory
burden to bacteremia and IE risk, (ii) the role of periodontal disease and the oral resistome
in AMR, and (iii) the clinical and medico-legal implications of antibiotic prescribing and
guideline adherence in dental practice. Materials and Methods: A narrative review was
conducted using PubMed, Scopus, ResearchGate, and Google Scholar, complemented by
manual screening of reference lists and relevant guideline documents. The search covered
approximately the last decade (2015-2025) and included ESC 2023 and AHA 2021 guidance

i

on IE prevention. Search terms combined concepts related to “infective endocarditis”, “an-

v

tibiotic prophylaxis”,

7o

dentistry/dental procedures”, “periodontitis/periodontal disease”,

i

“bacteremia”, “biofilm”, “oral microbiome/oral resistome”, and “antimicrobial steward-
ship/antibiotic resistance”, using Boolean operators. Eligible sources included clinical
studies, systematic reviews/meta-analyses, consensus statements and guidelines, and
selected medico-legal literature relevant to dental decision-making and documentation. Ed-
itorials and non-peer-reviewed items without retrievable full text were not considered for
evidence synthesis. Results: The reviewed evidence supports that spontaneous bacteremia
associated with active periodontitis and daily oral activities may be more frequent than
procedure-related bacteremia, suggesting that inflammation control and biofilm manage-
ment represent a major preventive lever. Antibiotic prophylaxis should be reserved for a
limited subset of high-risk cardiac patients as per contemporary ESC/AHA recommen-
dations, whereas routine “defensive” prescribing in low-risk contexts provides minimal
expected benefit and carries individual and societal harms (adverse events, microbiome
disruption, AMR selection). Integrating periodontal care pathways with risk stratification
and targeted antibiotic stewardship can improve patient safety and support public health.
Conclusions: Dentistry plays a strategic preventive role in IE and AMR primarily through
periodontal inflammation control, asepsis, and prudent antibiotic use. From a medico-legal
standpoint, professional liability should be assessed on a process-based standard (risk
assessment, adherence to updated guidelines, causal local treatment, informed consent,
and traceable follow-up) rather than on outcome-driven hindsight.
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1. Introduction

Infective endocarditis (IE) is a severe and potentially life-threatening disease character-
ized by a multifactorial pathogenesis involving microbial, host-related, and environmental
determinants [1,2]. Historically, dental procedures have been considered a relevant trigger
for bacteremia and subsequent IE in susceptible individuals, leading to the widespread
use of antibiotic prophylaxis in dental practice [3]. However, accumulating evidence has
progressively challenged this causal attribution, showing that most cases of IE arise from
complex processes of microbial colonization and biofilm formation on damaged endothe-
lium, intracardiac devices, or prosthetic material, rather than from properly performed
dental procedures [4,5].

At the same time, the inappropriate and excessive use of antibiotics in dentistry has
emerged as a significant contributor to antimicrobial resistance (AMR), with implications
that extend beyond individual patient safety to public health sustainability [6,7]. Contem-
porary international guidelines have therefore substantially restricted the indications for
antibiotic prophylaxis, limiting its use to a small subset of patients at high cardiological
risk, while discouraging routine or defensive prescribing in the vast majority of dental
procedures [6,8].

Despite these updates, a substantial gap persists between guideline recommendations
and everyday clinical practice. Antibiotics continue to be prescribed in low-risk situations,
often driven by historical habits, perceived medico-legal vulnerability, patient expectations,
and uncertainty in interdisciplinary communication [9,10]. This discrepancy highlights the
need to reassess not only clinical indications but also the underlying causal assumptions
linking dentistry, bacteremia, and IE.

Current research suggests that active periodontal disease, as a chronic biofilm-
mediated inflammatory condition, may represent a more relevant source of repeated
spontaneous bacteremia than episodic dental interventions [11-13]. Moreover, periodontal
inflammation contributes to systemic immune dysregulation and may increase biological
susceptibility in predisposed individuals, thereby reinforcing the plausibility of indirect
oral contributions to IE risk without implying a direct causal relationship [11,14].

When addressing infections and antibiotic use, the main clinical risk lies not in ther-
apeutic omission but in oversimplification of complex biological systems [3]. Linear in-
terpretations of cause—effect relationships may foster inappropriate preventive antibiotic
strategies that offer minimal benefit while generating predictable harm, including micro-
biome disruption and selection of resistant strains [6,7]. In this context, non-prescription
of antibiotics, when grounded in evidence-based risk assessment and appropriate local
treatment, represents a responsible clinical choice rather than a failure of care [1,15].

Beyond the clinical domain, these issues carry important medico-legal implications.
Professional responsibility in dentistry should be evaluated according to adherence to up-
dated standards of care, appropriateness of clinical reasoning, documentation of risk strati-
fication, and organization of follow-up, rather than on outcome-based or hindsight-driven
judgments [10,16]. The transition from a fault-based to a process-based evaluation model is
particularly relevant in the context of antibiotic stewardship and IE prevention [14,17].

The aim of this narrative review is to analyze the role of dentistry in the preven-
tion of infective endocarditis within the broader framework of antimicrobial resistance,
integrating microbiological, clinical, and medico-legal perspectives. By revisiting causal
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links, guideline-based indications, and documentation practices, this work seeks to clarify
clinical implications for dental practice and contribute to a more sustainable and defensible
approach to antibiotic use.

2. Materials and Methods

This work was designed as a narrative review, aiming to synthesize contemporary
evidence on the role of dentistry in the prevention of infective endocarditis (IE) within the
broader context of antimicrobial resistance (AMR), integrating clinical, microbiological,
and medico-legal perspectives.

2.1. Search Strategy

A literature search was conducted using PubMed, Scopus, ResearchGate and Google
Scholar as primary sources. In addition, reference lists of key articles and international
guidelines were manually screened to identify further relevant publications. The search
covered approximately the last decade, from January 2015 to January 2025, in order to
capture recent advances in clinical practice, microbiology, and antibiotic stewardship.

The search strategy combined the following main keywords and MeSH terms, used
alone or in combination with Boolean operators (AND/OR):

“infective endocarditis”, “antibiotic prophylaxis”, “dentistry”, “dental procedures”, “periodontal dis-

ease”, “periodontitis”, “bacteremia”, “biofilm”, “oral microbiome”, “oral resistome”, “antimicrobial
resistance”, and “antibiotic stewardship”.

Current international guidelines on IE prevention and management, including those
issued by the European Society of Cardiology (ESC, 2023) [6] and the American Heart
Association (AHA, 2021) [8], were specifically included because of their direct relevance to
dental decision-making.

2.2. Eligibility Criteria
Eligible sources included clinical studies, observational and interventional research,

systematic reviews and meta-analyses, consensus documents, and international guidelines
addressing at least one of the following domains:

1.  pathophysiology and epidemiology of infective endocarditis;

bacteremia associated with dental procedures or periodontal disease;
periodontal inflammation, oral microbiota, and systemic inflammatory burden;
antibiotic prophylaxis and antimicrobial stewardship in dentistry;

SNSRI

clinical or medico-legal aspects of dental decision-making related to infection prevention.

Articles were limited to those published in English and in peer-reviewed journals.

Sources such as editorials, commentaries, abstracts without available full text, and
non-peer-reviewed materials were not considered for evidence synthesis. Isolated case
reports and highly specific subpopulations (e.g., exclusively pediatric cohorts) were not
used as primary evidence for clinical recommendations but could be cited illustratively
when relevant to contextual, epidemiological, or medico-legal considerations.

2.3. Study Selection and Synthesis

The literature selection process was conducted independently by the authors through
title and abstract screening, followed by full-text assessment of potentially relevant publica-
tions. Discrepancies were resolved through joint discussion.

Given the narrative nature of the review, no formal quality scoring or meta-analytic
synthesis was performed. Instead, emphasis was placed on conceptual consistency, bio-
logical plausibility, and convergence of evidence across different study designs, including
clinical studies, mechanistic research, and guideline recommendations.
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The final body of literature was qualitatively synthesized to explore the following:

1. the relative contribution of dental procedures versus chronic oral inflammation to
bacteremia and IE risk;

2. the impact of periodontal disease and oral biofilms on systemic inflammation and
antimicrobial resistance;

3. the clinical implications of antibiotic stewardship in dental practice;

4. the medico-legal consequences of prescribing and non-prescribing behaviors, with
particular attention to process-based evaluation and adherence to the lex artis.

3. Discussion
3.1. Periodontal Disease, Systemic Inflammation, and Infective Endocarditis Risk

The development of infective endocarditis (IE) results from the interaction between
microbial factors, host susceptibility, and environmental or iatrogenic elements. Within
this multifactorial framework, dentistry does not represent an isolated causal trigger
but may influence risk indirectly through the control of oral inflammatory burden and
biofilm load [1,2].

Periodontitis is a chronic biofilm-mediated inflammatory disease that extends
beyond the oral cavity, contributing to systemic immune activation and endothelial
dysfunction [11,12]. Experimental and clinical studies have shown that active periodontal
inflammation is associated with increased levels of circulating inflammatory mediators,
including C-reactive protein (CRP) and interleukin-6 (IL-6), as well as with dysregulation
of innate and adaptive immune responses [18-21]. These mechanisms may enhance bio-
logical susceptibility in predisposed individuals without implying a direct cause—effect
relationship between periodontal disease and IE.

Importantly, spontaneous bacteremia related to daily activities such as chewing or
tooth brushing occurs more frequently in patients with active periodontitis than bac-
teremia induced by single dental procedures performed under appropriate aseptic condi-
tions [11,13]. This observation supports the concept that chronic oral inflammation, rather
than episodic dental interventions, represents a more relevant and continuous microbial
challenge for the cardiovascular system.

Clinical studies indicate that effective periodontal treatment reduces systemic in-
flammatory markers for several months, reinforcing the role of oral health promotion as
a preventive strategy with potential cardiovascular benefits [13,21]. From this perspective,
routine periodontal care and biofilm control should be regarded as central components of
IE risk mitigation.

3.2. Dental Procedures, Bacteremia, and the Reassessment of Causality

Traditional preventive paradigms in dentistry have been largely shaped by the as-
sumption that transient bacteremia following dental procedures constitutes a major trigger
for IE. However, contemporary evidence suggests that IE more commonly arises from com-
plex colonization processes and biofilm formation on damaged endothelium, prosthetic
valves, or intracardiac devices, rather than from single transient inocula [2,4,5].

Guideline updates from major scientific societies reflect this shift. Both ESC (2023) and
AHA (2021) recommendations restrict antibiotic prophylaxis to a limited group of patients
at high cardiological risk, acknowledging that the absolute risk reduction achievable
through routine prophylaxis in low-risk individuals is minimal [6,8]. Large observational
studies and systematic reviews have failed to demonstrate a consistent protective effect of
antibiotic prophylaxis for the general dental population [22-24].

These findings support a re-evaluation of causal attribution in dental practice. While
bacteremia is a biologically plausible phenomenon, its occurrence alone does not equate to
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clinically meaningful risk in the absence of host susceptibility and conducive microbial—-
endothelial interactions. Consequently, the indiscriminate extension of antibiotic prophy-
laxis lacks evidentiary support and may generate more harm than benefit.

3.3. Antibiotic Use in Dentistry and Antimicrobial Resistance

Despite clear guideline recommendations, antibiotic overprescription remains com-
mon in dental practice, particularly in low-risk clinical scenarios [7,9,25]. This phenomenon
reflects a combination of historical prescribing habits, diagnostic uncertainty, organizational
constraints, and defensive medical behavior [9,26].

From a microbiological perspective, unnecessary antibiotic exposure disrupts the
oral and gut microbiota, promotes the selection of resistant strains, and contributes to the
expansion of the oral resistome [14,27-29]. The cumulative effect of repeated low-value
prescriptions represents a measurable public health risk, with limited or no compensatory
benefit in IE prevention.

Antibiotic stewardship principles emphasize that effective infection prevention in
dentistry relies primarily on causal local treatment, asepsis, inflammation control, and
structured follow-up, rather than on pharmacological “coverage” [30-32]. When antibiotics
are indicated, their use should be targeted, time-limited, and clearly justified based on
documented risk stratification.

3.4. Clinical Decision-Making in a Complex Biological System

Clinical reasoning in dentistry must account for the complexity and non-linearity
of biological systems. Simplistic cause—effect interpretations may encourage defensive
prescribing behaviors that do not align with current evidence [3]. In contrast, an integrated
approach recognizes that host factors, microbial ecology, procedural quality, and continuity
of care jointly determine clinical outcomes.

Managing uncertainty does not require routine antibiotic prescription. Instead, it
involves structured clinical pathways, including timely causal interventions, clear patient
communication, identification of warning signs, and planned reassessment [33,34]. Such
strategies allow clinicians to address potential complications proactively while avoiding
unnecessary antimicrobial exposure.

Within this framework, the dentist assumes a proactive preventive role, coordinating
oral health maintenance with systemic risk assessment and interdisciplinary collaboration,
particularly for patients with known cardiovascular comorbidities [14,35].

3.5. Medico-Legal Implications: From Outcome-Based to Process-Based Evaluation

The persistence of inappropriate antibiotic use is closely linked to medico-legal con-
cerns. Defensive medicine fosters the belief that action such as prescribing antibiotics
is inherently safer than inaction, even when evidence suggests otherwise [36]. How-
ever, professional responsibility cannot be grounded in outcome-based hindsight or
presumed causality.

Contemporary medico-legal evaluation increasingly emphasizes a process-based
standard, focusing on adherence to the lex artis in force at the time of care, quality of
clinical reasoning, documentation of risk assessment, informed consent, and organiza-
tion of follow-up [10,16,17]. Within this paradigm, the non-prescription of antibiotics,
when supported by evidence-based decision-making and appropriate local treatment, does
not constitute negligence.

Clear documentation tools including risk stratification forms, justification of pre-
scribing or non-prescribing decisions, and structured follow-up plans serve both clinical
quality assurance and medico-legal defensibility [14,37-39]. Aligning clinical practice
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with these principles reduces reliance on defensive prescribing and supports sustainable
antibiotic governance.

3.6. Clinical Implications for Dental Practice

From a practical perspective, the evidence discussed above and current international
guidelines indicate that the prevention of infective endocarditis (IE) in dental settings
should be grounded in risk stratification, causal local treatment, and antimicrobial steward-
ship, rather than routine or defensive antibiotic prophylaxis.

Antibiotic prophylaxis is indicated only in a limited group of high-risk cardiac patients,
including the following;:

e  patients with prosthetic heart valves or prosthetic material used for valve repair;
e  patients with a previous history of infective endocarditis;
e  selected congenital heart diseases considered at high risk, as defined by contemporary

ESC (2023) and AHA (2021) recommendations [6-8].

In these patients, antibiotic prophylaxis should be prescribed strictly according to
guideline indications, with appropriate timing, dosage, and antimicrobial spectrum.

Conversely, antibiotic prophylaxis is not indicated in patients with periodontal disease
or other oral inflammatory conditions in the absence of high-risk cardiac features, nor
for routine dental procedures performed under adequate aseptic conditions in low- or
moderate-risk individuals. In these scenarios, causal local treatment such as drainage,
scaling and root planing, endodontic therapy, or extraction when indicated represents the
primary and sufficient intervention.

For the majority of dental patients, optimal oral hygiene, biofilm control, inflamma-
tion reduction, and careful procedural execution, combined with structured follow-up,
constitute the most effective preventive strategy. Clear communication with patients
regarding the rationale for antibiotic non-prescription is essential to align expectations,
support shared decision-making, and reduce inappropriate demand for pharmacological
“coverage” [40-42].

3.7. A Practical Decision-Making Algorithm for Dental Patients with
Cardiovascular Comorbidities

In patients undergoing dental care who present with known or suspected cardiovascu-
lar comorbidities, clinical management should follow a structured, stepwise decision-making
process aimed at ensuring both clinical appropriateness and medico-legal traceability.

1.  Medical history and cardiovascular risk stratification

A detailed medical history should be obtained to identify the presence of high-risk cardiac
conditions according to ESC/AHA criteria, including prosthetic heart valves, previous IE,
or selected congenital heart diseases.

2. Oral and periodontal assessment

The clinician should assess the presence and severity of periodontal inflammation, active
infection, or other biofilm-mediated oral diseases that may require causal treatment.

3. Indication for antibiotic prophylaxis

e If a high-risk cardiac condition is present, antibiotic prophylaxis should be
prescribed in accordance with guideline recommendations.

e If no high-risk condition is identified, antibiotic prophylaxis should not
be prescribed.
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4.  Causal local treatment

Appropriate dental or periodontal therapy should be performed under aseptic conditions,
prioritizing biofilm removal, infection control, and reduction of inflammatory burden.

5.  Documentation and informed consent

Risk assessment, the rationale for prescribing or non-prescribing antibiotics, the treatment
plan, and the information provided to the patient should be clearly documented in the
clinical record.

6.  Structured follow-up and safety-netting

A follow-up plan should be established, including clinical reassessment when indicated,
clear instructions regarding warning signs, and accessibility for prompt review in case of
symptom progression.

This algorithm emphasizes process quality, proportionality, and traceability over
precautionary pharmacological interventions.

3.8. Illustrative Clinical Scenarios

The following clinical scenarios exemplify how risk stratification, guideline adher-
ence, and documentation can guide appropriate decision-making and reduce medico-legal
vulnerability in daily dental practice.

3.8.1. High-Risk Patient

A 68-year-old male with a mechanical aortic valve prosthesis presents with generalized
stage III periodontitis requiring scaling and root planing.

Following medical history review, the patient is classified as high cardiac risk according
to ESC/AHA criteria [6-8]. Antibiotic prophylaxis is therefore prescribed in accordance
with guideline-recommended protocols. Periodontal therapy is performed under aseptic
conditions. The indication for prophylaxis, the treatment plan, and the follow-up schedule
are clearly documented. The patient is informed about the rationale for antibiotic use and
the importance of long-term periodontal maintenance.

3.8.2. Low-Risk Patient

A 62-year-old female with stable ischemic heart disease and no previous history of
infective endocarditis presents with localized moderate periodontitis.

The patient does not meet the criteria for high-risk cardiac conditions. Antibiotic
prophylaxis is not prescribed. Causal periodontal therapy is performed, accompanied by
reinforcement of oral hygiene measures and a scheduled follow-up visit. The clinical record
documents cardiovascular risk stratification, justification for non-prescription, and patient
consent.

These scenarios demonstrate how structured clinical reasoning, appropriate documen-
tation, and follow-up organization support safe, evidence-based care while minimizing
unnecessary antibiotic exposure [43-45].

4. Conclusions

The relationship between infective endocarditis, antibiotic resistance, and dental
practice requires a systemic and evidence-based interpretation that goes beyond linear
cause—effect assumptions. Contemporary data indicate that infective endocarditis is rarely
a direct consequence of dental procedures per se, but rather the result of complex interac-
tions between host susceptibility, microbial ecology, and biofilm colonization on damaged
endothelium or intracardiac devices.
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Within this framework, dentistry should not be regarded as a primary risk factor for
infective endocarditis, but as a strategic component of prevention. Control of periodontal
inflammation, biofilm management, aseptic procedural techniques, and continuity of care
represent the most effective and sustainable preventive measures, with potential benefits
extending to systemic and cardiovascular health.

Antibiotic prophylaxis retains a role only for a narrowly defined subset of high-risk
cardiac patients, as specified by contemporary ESC and AHA guidelines. In the vast
majority of dental patients, routine or defensive antibiotic prescribing offers minimal
expected benefit and contributes to avoidable harms, including adverse drug reactions,
microbiome disruption, and the selection of antimicrobial resistance. In this context,
prescribing less does not mean treating less, but rather treating more appropriately.

From a medico-legal perspective, professional responsibility should be evaluated
according to a process-based standard of care, focusing on risk stratification, adherence to
updated guidelines, appropriateness of causal local treatment, informed patient commu-
nication, and traceable follow-up planning. The absence of antibiotic prescription, when
grounded in evidence-based clinical reasoning and proper documentation, does not consti-
tute negligence and should not be judged through outcome-based or hindsight-driven bias.

In conclusion, the modern dentist plays a pivotal role at the intersection of clinical
care, public health, and professional responsibility. By integrating microbiological knowl-
edge, guideline-based decision-making, and structured documentation within a preventive
and interdisciplinary approach, dental practice can contribute meaningfully to infective
endocarditis prevention, antimicrobial stewardship, and medico-legal defensibility in an
increasingly complex healthcare environment.
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Abbreviations

The following abbreviations are used in this manuscript:

AHA American Heart Association
AMR Antimicrobial Resistance

CRP C-reactive Protein

ESC European Society of Cardiology
1IE Infective Endocarditis

IL-6 Interleukin-6

Thl7 T-helper 17 lymphocytes

Treg Regulatory T lymphocytes

S.aureus  Staphylococcus aureus
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