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Abstract

:

Antibiotic prophylaxis in dentistry has been recommended for different groups of patients, such as patients with impaired immunologic function, patients at risk of developing infective endocarditis or prosthetic joint infection, patients previously exposed to high-dose irradiation of the head and neck regions, and patients receiving intravenous bisphosphonate and antiangiogenic treatment. The guidelines have been changed over the years, and the list of medical conditions requiring antibiotic prophylaxis has been shortened considerably in the context of antibiotic resistance and unnecessary antibiotic prescription.
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1. Introduction


Bacteremia presents the presence of bacteria in the bloodstream. Transient bacteremia is associated with invasive dental procedures but it can also occur after everyday activities like chewing, flossing, and teeth brushing, and in healthy individuals it usually does not cause the development of symptoms. However, in some patients, bacteremia can lead to serious complications [1].



Antibiotic prophylaxis (AP) is defined as a procedure of prescribing antibiotics to prevent the development of a bacterial infection. Antibiotic prophylaxis in dentistry usually involves a single dose of antibiotics 30 min to 1 h before an invasive dental procedure, and its effectiveness is short-lived, limited to several hours after the procedure during transient bacteremia. Antibiotic prophylaxis is directed at multiple pathogens to achieve an adequate antimicrobial effect by reducing their number or completely eliminating them from the bloodstream [2].



Recommendations for antibiotic prophylaxis before dental procedures were first designed back in 1955 [1]. Antibiotic prophylaxis in dentistry has been recommended for different groups of patients as patients with a damaged immune system, patients who are at risk of developing infective endocarditis (IE) or prosthetic joint infection after a dental procedure, patients previously exposed to high-dose irradiation of the head and neck regions, and patients receiving intravenous bisphosphonate and antiangiogenic treatment. The guidelines have been changed over the years, and the list of medical conditions requiring antibiotic prophylaxis was considerably shortened in the context of antibiotic resistance and unnecessary antibiotic prescribing. The continuous updating of the guidelines is a necessary consequence of new findings.



The most common drugs prescribed for antibiotic prophylaxis in dentistry are antibiotics from the β-lactam group. The recommended first choice of antibiotic for the patients not allergic to penicillin is oral amoxicillin, and, if the person is not able to take the drug orally due to a certain condition, ampicillin is administered parenterally. Cephalosporins are the second choice, but only if a patient had no history of a real and severe allergic reaction to penicillin, due to a possible cross-reaction between cephalosporins and penicillin [3]. If a person is allergic to penicillin, azithromycin, or clarithromycin should be prescribed [4].



In 2021, the American Heart Association (AHA) recommended that clindamycin should no longer be used for the prevention of IE in the case of allergies to amoxicillin or ampicillin because clindamycin “may cause more frequent and severe adverse reactions than other antibiotics used for antibiotic prophylaxis” (this also includes infection with C. difficile) [4].



According to the World Health Organization (WHO), the emergence of resistance to antibiotics is accelerating. The main reasons for this are the misuse and overuse of antibiotics, and the insufficient prevention and control of infections. Antibiotic resistance will remain a great problem, even if we develop new drugs, if we do not change the way antibiotics are prescribed [5]. Infection with antimicrobial resistant bacteria can cause a prolonged stay in hospital due to serious illnesses. This leads to higher costs for the healthcare system, worse outcomes, and treatment failures [6]. According to a study published in The Lancet in 2019, in the period between 2007 and 2015, the number of deaths caused by antibiotic resistance in EU/EEA countries increased by 2.5 times. The number of deaths due to infections with C. pneumoniae resistant to carbapenems increased the most (6.16 times). The results of the study in The Lancet showed that the burden of infections caused by bacteria that are resistant to antibiotics is higher in infants. In the adult population, these infections increase with age. As the EU/EE population is getting older, this could result in the increased problem of infections caused by antibiotic-resistant bacteria [7].



The aim of this narrative review was to present the contemporary principles and guidelines for antibiotic prophylaxis, and to emphasize the importance of rational prescription of antibiotics due to the increasing development of antibiotic resistance as an important global problem.




2. Antibiotic Prophylaxis Prior to Dental Procedure Depending on the Indication


There are a number of medical conditions where antibiotic prophylaxis prior to an invasive dental procedure may be considered. These include patients with the risk for the development of infective endocarditis, patients with artificial joints, patients with diabetes, patients with transplanted organs, patients at risk of osteoradionecrosis of the jaw (previous head and neck irradiation), patients at risk of medically related osteonecrosis of the jaw (MRONJ) (patients taking antiresorptive and antiangiogenic drugs), patients with HIV infection, patients on dialysis, and patients on biological therapy.



2.1. Antibiotic Prophylaxis in a Patient with a Risk for IE Development


Based on a comprehensive review of papers published in the relevant literature, AHA adopted the new guidelines for the prevention of IE before dental procedures in May 2021. Despite the fact that the disease is rare, and the fact that there is no convincing direct evidence that dental procedures induce IE, the AHA continues to recommend antibiotic prophylaxis prior to dental procedures in some cases [4]. The AHA also considers that prophylaxis before dental procedures can only prevent a small percentage of IE, even if prophylaxis would be completely effective [4,8].



According to the 2021 AHA guidelines, antibiotic prophylaxis is indicated before certain dental procedures in groups of cardiovascular patients who are at greater risk of poor outcome from IE [8,9]. Prior to a dental procedure which involves an operation in the gingival area, periapical tooth manipulation and biopsy/perforation or oral mucosal tissue antibiotic prophylaxis should be prescribed in the group of patients with valvular heart disease and any of the following diagnoses listed in Table 1:



Prescribing AP in patients after aortocoronary bypass surgery or following the implantation of coronary stents in arteries, electronic devices such as pacemakers or defibrillators, or ventriculoatrial shunts in the central nervous system, is not necessary [4].



Current American Dental Association (ADA) recommendations available online at the time of writing this paper (August 2023) recommend doctors of dental medicine to follow 2021 AHA recommendations [10].



In addition, they emphasize that, for the prevention of IE, good oral hygiene and regular dental examinations every 6 months are crucial. Antibiotic prophylaxis is recommended for every dental procedure which involves the gingival tissue, the periapical tooth area, or biopsy/perforation of the oral mucosal tissue [4].



Antibiotic prophylaxis should not be used in the case of [4,8]:




	
the application of anesthetic in non-inflamed tissue;



	
taking dental X-rays;



	
during the placement of mobile prosthetic and orthodontic devices;



	
adjustments to orthodontic appliances;



	
the placement of orthodontic braces;



	
the falling out of deciduous teeth and lips, or oral mucosa bleeding due to trauma.








Antibiotic prophylaxis regimens for dental procedures according to AHA [4] include oral Amoxicillin in doses of 2 g or 50 mg/kg in children. If the patient is unable to take oral medication, intramuscular (IM) or intravenous (IV) Ampicillin in a dose of 2 g should be used in adults, and 50 mg/kg in children. Alternative medication is Cefazolin or Ceftriaxsone in a dose of 1 g IM or IV in adults, and 50 mg/kg in children. If the patient is allergic to penicillin or ampicillin, oral Cephalexin in a dose of 2 g in adults and 50 mg/kg in children should be used (or other first- or second-generation oral cephalosporin equivalents for adults or children). An alternative medication is oral Azithromycin or Clarithromycin in a dose of 500 mg in adults and 15 mg/kg in children, or Doxycycline in a dose of 100 mg in adults and 2.2 mg/kg (<45 kg) or 100 mg (>45 kg). If the patient is allergic to penicillin or ampicillin, and unable to take oral medication, Cefazolin or Ceftriaxone in a dose of 1 g IM or IV, and 50 mg/kg in children, is indicated (in case of a history of anaphylaxis, angioedema, or urticaria to penicillin, Cephalosporins should not be used).



Prophylaxis should be taken in one dose, 30–60 min before the procedure. If prophylaxis is not given before the procedure, it can be given afterwards within 2 h. In patients who are already taking a full dose of antibiotics (administered for 7–10 days) which are recommended for antibiotic prophylaxis, it is necessary to administer another of the recommended antibiotics if the last dose of antibiotic was administered more than 3 h ago. Alternatively, the procedure can be postponed for 10 days after the last dose of antibiotics [4,9]. Patients who are on intravenous antimicrobial therapy due to IE or some other infection, and require a specific invasive dental procedure, still receive the applied antibiotic parenterally during the procedure [4].



During dental procedures that last longer than 6 h, it is necessary to repeat the prophylaxis with the same doses [11].



Recently, the European Society of Cardiology (ESC) has published updated guidelines which are in accordance with AHA guidelines [12].




2.2. Antibiotic Prophylaxis in Patients with Artificial Joints


In 2015, the Scientific Committee of the ADA concluded, based on a review of the literature, and at the same time considering clinical recommendations from 2012 and 2013, that there is no objective proven association between invasive dental procedures and the infection of artificial joints.



Accordingly, the Committee recommended that routine antibiotic prophylaxis in patients with artificial joints is not necessary. If a dentist considers the prescription of antibiotic prophylaxis due to a certain complex condition, for example in the case of a previous infection of the artificial joint, it is best that an orthopedic surgeon assess the need for prophylaxis and prescribe the best antibiotic [13].



European guidelines for prescribing antibiotic prophylaxis in patients with artificial joints are adopted on the basis of an extensive review of the literature. The working group concluded in 2017 that it is not necessary to prescribe antibiotic prophylaxis before invasive dental procedures, even in immunocompromised patients. Emphasizing the importance of oral hygiene and regular dental check-ups are the most important preventive measures and can minimize the risk of infection of the artificial joint during dental procedures [14].




2.3. Antibiotic Prophylaxis in Patients with Diabetes


By reviewing the literature on prescribing antibiotic prophylaxis in patients with diabetes before invasive procedures, it was concluded that there are no scientifically based facts that would speak in favor of an increased risk of postoperative infections, especially if patients have normal glycemic control. Therefore, antibiotic prophylaxis should not be routinely prescribed to patients with diabetes [15].



In patients with diabetes, prophylactic antibiotics are not generally required. They may be given in postoperative setting for patients with very difficult to control diabetes if the invasive procedure is performed. The need for antibiotics in these situations is also indicated if the fasting plasma glucose levels exceed 200 mg/dL. If the clinical response is poor, it is best to prescribe a more effective antibiotic based on antibiotic sensitivity results [16], as shown in Table 2.




2.4. Antibiotic Prophylaxis in Patients with Transplanted Organs


The approach to the dental treatment of patients with transplanted organs can be divided into two periods, pre-transplantation and post-transplantation. Consultation with a patient’s doctor is essential in each case. In the pre-transplantation period, it is necessary to remove all potential factors that could lead to infection in the oral cavity in the post-transplantation period. Recent studies support the influence of local intraoral infections on the prognosis of a transplanted organ [17].



Searching literature, there is no generally accepted, strictly prescribed protocol regarding the use of antibiotic prophylaxis (or antibiotic therapy) in the pre-transplantation period, but antibiotic prophylaxis can be justified since patients may have an uncontrolled systemic disease such as uncontrolled diabetes, high-risk cardiovascular diseases, blood dyscrasias, and others [18].



Patients with leukemia or lymphoma undergoing a stem cell transplantation may be prone to infection due to neutropenia. Before an invasive dental procedure, a dentist should have an insight into laboratory findings like complete blood count, coagulation test, and others, depending on the underlying disease.



In the post-transplantation period, patients are at high risk of infection due to a high dose of immunosuppressants, and it is justified to prescribe antibiotic prophylaxis.



There are no universally agreed-upon indications for antibiotic prophylaxis before dental treatment due to immunosuppression alone [19].



Antibiotic prophylaxis is usually prescribed according to the AHA guidelines for the prevention of IE in patients with transplanted heart who develop valvular heart disease. [4]. The American Academy of Pediatric Dentists (AAPD) guidelines recommend considering prescribing prophylactic antibiotics according to the AHA guidelines for pediatric dental patients at risk for infection, including transplant recipients on immunosuppressive therapy when ANC (absolute neutrophile count) is between 1000 and 2000 cells/mm3; when the ANC is <1000, the AAPD recommends antibiotic prophylaxis of an extended course of antibiotic [20,21].



Recommendations from the literature are summarized in Table 3.



However, the fact that immunosuppressive drugs change the oral microflora should be taken into account, and it is difficult to determine the most suitable antibiotic for prophylaxis. There should be an individual approach to each patient, including a consultation with the patient’s doctor. If the oral hygiene is satisfactory, and the graft is stable, prophylaxis is not even necessary. However, if the patient is taking high doses of immunosuppressants and has active periodontitis, the risk of infection is high, and AP should be considered. In each case, consultation with physicians is necessary.



Although there is no universal algorithm for patients who are preparing for transplantation or those in the post-transplantation period, at our University Dental Clinic we follow AHA and AAPD guidelines, closely co-operating with the patient’s transplant team.




2.5. Antibiotic Prophylaxis in Patients at Risk of Osteonecrosis of the Jaw


2.5.1. Patients Who Had Head and Neck Irradiation Therapy


In patients who have undergone head and neck irradiation, the blood flow through the bone is reduced, and it is questionable whether the antibiotic can reach the affected part of the bone [22]. Despite this, AP is recommended for patients irradiated in the head and neck areas in order to prevent osteoradionecrosis of the jaw. In addition, most authors believe that the injury of the oral mucosa represents the entry point for oral microorganisms to the irradiated part of the jaw [23].



Antibiotic prescription regimens for these patients during invasive dental procedures vary greatly between clinics and clinicians. No universally accepted guidelines exist. Al-Bazie et al. [23] prescribe amoxicillin in a dose of 500 mg, or clindamycin in a dose of 300 mg in the case of penicillin allergy, every 8 h, ten days before the procedure, and recommend continuing with the same therapy for another seven days after, until the integrity of the mucous membrane is established. In addition, the patient should rinse the oral cavity daily with 10 mL of 0.12% chlorhexidine solution, every 12 h for one minute.



On the other hand, Maxymiw et al. [24] recommend the preoperative administration of penicillin V (phenoxymethylpenicillin) in a dose of 2 g 1 h before the procedure, which, at the same time in a dose of 600 mg four times a day, takes another week after the procedure. Lye et al. [25] prescribed 2 g of penicillin V 1 h before the procedure, which the patient took in combination with metronidazole and with chlorhexidine for another week after the procedure.




2.5.2. Patients Taking Antiresorptive and Antiangiogenic Drugs


There are no universally accepted antibiotic prophylaxis guidelines in patients on antiresorptive and antiangiogenic drugs. Akashi et al. [26] in 2018 published a review paper about use of antibiotics for the prevention of MRONJ, and concluded that oral and maxillofacial surgeons generally prefer penicillin antibiotics with the addition of β-lactamase inhibitors or metronidazole. Therapy duration is individual and based on clinical experience.



Heufelder et al. [27] recommend 875 mg of amoxicillin with 125 mg of clavulanic acid twice a day, or 600 mg of clindamycin three times a day if the patient is allergic to penicillin, 48 h before the procedure and seven days after. In addition, they recommend the perioperative use of topical antimicrobial chlorhexidine mouthwash two to three times daily until mucosal integrity is established.



Recommendations for antibiotic prophylaxis in patients at risk of osteonecrosis of the jaw are summarized in Table 4.





2.6. Antibiotic Prophylaxis in HIV-Positive Patients


There is no significant difference in postoperative infections between HIV-infected and HIV-negative patients. Antibiotic prophylaxis should be prescribed individually to each patient in accordance with blood parameter values (number of neutrophils and CD4 + T lymphocytes). If the patient has neutropenia and the number of neutrophils is less than 0.5 × 109/L, AP should be prescribed according to AHA guidelines for the prevention of IE [28].



One should be careful when prescribing antibiotics to HIV-infected patients, especially in the advanced stage of the disease, due to a greater tendency of unwanted reactions such as opportunistic infections and microorganism resistance [29].




2.7. Antibiotic Prophylaxis in Patients on Dialysis


There is a low risk of possible infection of the arterio-venous fistula in hemodialysis patients, which can occur during invasive dental procedures, and can result in septicemia, septic emboli, infective endarteritis, and IE [30]. Current AHA guidelines do not include a recommendation of prophylactic antibiotic before invasive dental procedures when performed on patients with intravascular access devices to prevent endarteritis or infective endocarditis, except if the patient has a history of an abscess which was incised and drained [30]. Prophylaxis should be prescribed if the patient has underlying heart disease, for which guidelines recommend antibiotic prophylaxis.



The safest drugs for dialyzed patients are penicillin, clindamycin, and cephalosporins, while tetracyclines and aminoglycosides should be avoided due to their nephrotoxicity.




2.8. Antibiotic Prophylaxis in Patients on Biological Therapy


Patients taking biological therapy are at higher risk of infection. Biological therapy is used for autoimmune diseases and cancer, and targets specific parts of the immune system. There is limited information about invasive dental procedures and infection risk in patients taking biological therapy.



For example, according to a patient information leaflet for infliximab (Remicade®, Janssen Biotech, Beerse, Belgium), surgery, dental work, or other invasive procedures should be scheduled between drug infusions. The time that has to pass after the infusion is a minimum of 14 days. The drug should be restarted after the wound from the surgery has healed completely with no sign of infection, and no less than 14 days after the surgery [31].



Since numerous biological drugs are placed on the market every day, and their side effects are recorded, it is necessary to assess the need for prescribing antibiotics before or after an invasive dental procedure individually for each patient.





3. Discussion


Antibiotic prophylaxis for infective endocarditis has always been a subject of debate. In 2008, the NICE (National Institute for Health and Care Excellence) published a guideline for antibiotic prophylaxis for patients who are undergoing invasive procedures in dentistry, as well as some non-dental procedures. The aim was to give a recommendation to clinicians, based on the published evidence in the literature. This guideline recommended that patients a risk of infective endocarditis who are undergoing invasive procedures in dentistry, and respiratory, gastrointestinal, or genitourinary invasive procedures, should not take antibiotic prophylaxis for infective endocarditis [32]. After this recommendation, it was shown that infective endocarditis incidence had increased. The reasons were not fully clarified. However, a study in The Lancet from 2015 showed an increase in infective endocarditis cases from 2000 to 2013, following the NICE recommendation [33].



According to the current guidelines, prior to invasive dental procedures, antibiotic prophylaxis is recommended, but less often than in the past. The above is a consequence of spreading awareness of the growing global problem of antimicrobial resistance and a better understanding of the daily incidence of bacteraemia caused by routine activities (chewing, performing oral hygiene). The importance of adequate oral hygiene and regular dental check-ups should be emphasized to all patients. In addition, the antimicrobial effect of antibiotics that are prescribed prophylactically is controversial and a debatable issue regarding the fact that some studies speak in favour of their positive effect, while others do not. According to the latest AHA guidelines from 2021, clindamycin should no longer be prescribed at all as an antibiotic for prophylaxis in the case of hypersensitivity to penicillin due to an increased risk of pseudomembranous colitis. In these situations, cephalexin, doxycycline, azithromycin, or clarithromycin are prescribed [4]. Recently, the European Society of Cardiology published updated guidelines which are in accordance with AHA guidelines, and they no longer recommend clindamycin [12].



Recent meta-analyses have shown that the use of AP is associated with a lower risk of infective endocarditis after invasive dental procedures in patients at high risk. In patients with low or unknown risk, the association was not proven. These results support current AHA and ESC recommendations [34].



Clindamycin is efficient against most odontogenic pathogens, and its use in odontogenic infection is justified, despite not being given for prophylaxis. Regarding adverse reactions, clostridium is associated with diarrhea, on which basis it is excluded from AHA and ESC guidelines; this adverse reaction is associated with all wide-spectrum antibiotics. Therefore, the warning applies to all antibiotics (including clindamycin), which have reported side effects (from mild diarrhea to more severe forms of colitis) associated with C. difficile (CDI). These warnings entered the drug information in the period from 2010 to 2014, when they were placed in the ‘Warnings’ section of the drug label. The warnings were subsequently placed in the black box, due to the increasing number of reports of such side effects associated with the use of antibiotics, including clindamycin, in the United States of America. Also, there is a certain group of patients more prone to exhibit this reaction. These are patients older than 65, patients with a previous history of hospitalization, patients frequently receiving antibiotic therapy, and patients on parenteral nutrition. Regarding IE, current guidelines by the AHA and the ESC take into account a narrow spectrum of clinical conditions with a high risk of IE occurrence in which antibiotic prophylaxis should be prescribed before invasive dental procedures.



Guidelines for prescribing antibiotic prophylaxis in patients with implanted artificial joints have been changing from year to year, and included the recommendation of prescribing within the first three months and up to 2 years from the surgical procedure. Back in 2005, there was a protocol in Australia prescribing AP to all patients before tooth extraction within the first three months of artificial joint placement. Five years later, the guidelines were changed due to a higher risk of side effects compared to the benefits derived from AP. Nowadays, in most countries around the world, including the United States, Canada, the United Kingdom, Australia, and New Zealand, the prescription of antibiotic prophylaxis is not recommended for patients with artificial joints [35], even if they are immunocompromised [13,14].



Recent studies also suggest that routine AP before dental procedures is not necessary after total hip or total knee arthroplasty [36], which is very important for reducing unnecessary antibiotic prescriptions, helping reduce antibiotic resistance.



Antibiotic prophylaxis before invasive dental procedures in patients with controlled diabetes is not required. On the other hand, in the case of unregulated disease (where HbA1c is greater than 8%) and if an invasive procedure is necessary, perioperative antibiotic coverage is recommended due to the increased risk of infections, vascular changes, and prolonged wound healing. A full therapeutic dose of antibiotics is usually prescribed, most often penicillin [15].



For patients with transplanted organs, there are no precisely defined guidelines for antibiotic prophylaxis in the pre-transplantation and post-transplantation periods. However, antibiotic prophylaxis is often justified, primarily due to uncontrolled systemic diseases in the pre-transplant period and the increased risk of infections in the post-transplantation period due to high doses of immunosuppressive drugs even though the evidence base is scarce. The American Academy of Pediatric Dentists’ guidelines recommend considering prescribing prophylactic antibiotics according to the AHA guidelines for pediatric dental patients at risk of infection, including transplant recipients on immunosuppressive therapy when the ANC is between 1000 and 2000 cells/mm3; when the ANC is <1000, the AAPD recommends antibiotic prophylaxis through an extended course of antibiotics [20,21].



Prescribing antibiotic prophylaxis to patients at risk of osteonecrosis of the jaw is the biggest issue discussed and, accordingly, there are different prescribing protocols depending on the therapist and the clinic. In this group of patients, antibiotic therapy must start a day or a few days before the invasive procedure and continue for some time after it, usually until the integrity of the mucous membrane is restored. The first choice of antibiotic is definitely penicillin, or clindamycin in the case of hypersensitivity to penicillin. Alternatively, a combination of metronidazole and quinolone, or metronidazole and erythromycin, could be prescribed. Certain authors list clindamycin as the first choice of antibiotic primarily because of its broad spectrum and good bone penetration. As it is known for its side effects in patients who are more prone to the development of clostridia-associated enterocolitis, doxycycline could be prescribed six days after the surgery until suture removal [37].



There is a little evidence to support routine antibiotic prophylaxis for all HIV-infected patients. In these patients, it is necessary to seek laboratory parameters (level of neutrophils and CD4 + T lymphocytes), and in case of significant deficiency antibiotic prophylaxis should be prescribed [28,29].



In patients on haemodialysis, the leading cause of death is the occurrence of staphylococcal infection during surgery due to established access to the patient’s bloodstream, with the consequent bacteraemia, which it can lead to. Antibiotic prophylaxis is recommended, according to the latest ADA guidelines, if the patient belongs to the high-risk group of patients for IE due to a certain underlying heart disease [37]. Routine antibiotic prophylaxis is not necessary either in patients on haemodialysis or on peritoneal dialysis [30]. It is possibly considered justified in the first six months from the formed access to the bloodstream in haemodialysis patients [38].



In patients taking biological therapy, the decision to prescribe antibiotics should be made individually. It depends on the patient’s white blood count and the severity of a dental procedure. It is important to do the procedure midway between infusions and not within two weeks before or after receiving the therapy.




4. Conclusions and Future Directions


Based on the review of the available literature, it can be concluded that the guidelines and protocols for antibiotic prophylaxis continuously change from year to year based on the knowledge brought by new research. Therefore, the constant education of dentists on the latest guidelines is necessary.



The first choice of antibiotic for antibiotic prophylaxis is always amoxicillin, and, in the case of allergy, azithromycin or clarithromycin should be prescribed. Clindamycin is no longer recommended due to its serious side effect, necrotizing enterocolitis.



In some cases, consultation with a patient’s medical doctor who is in charge of the underlying disease would be necessary to make the right decision for antibiotic prophylaxis. Taking into consideration that each patient needs individual assessment, this interdisciplinary approach is of a great importance for the best outcome of a dental procedure in medically compromised dental patients.



It is also necessary to raise awareness about the unjustified prescription of antibiotics that leads to the increase in the resistance of a large number of microorganisms.







Author Contributions


Conceptualization, D.V.J.; writing—review and editing, D.V.J., A.A.R., B.L.B., D.G., M.G., K.P., I.Š. (Ivana Šutej) and A.I.; writing—original draft, I.Š. (Ivana Škrinjar) and T.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



American Academy of Pediatric Dentistry. Antibiotic prophylaxis for dental patients at risk for infection. In The Reference Manual of Pediatric Dentistry; American Academy of Pediatric Dentistry: Chicago, IL, USA, 2024; pp. 538–544. [Google Scholar]

	



Leekha, S.; Terrell, C.L.; Edson, R.S. General Principles of Antimicrobial Therapy. Mayo Clin. Proc. 2011, 86, 156–167. [Google Scholar] [CrossRef] [PubMed]

	



Chaudry, S.B.; Veve, M.P.; Wagner, J.L. Cephalosporins: A Focus on Side Chains and β-Laczam Cross-Reactivity. Pharmacy 2019, 7, 103. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, W.R.; Gewitz, M.; Lockhart, P.B.; Bolger, A.F.; DeSimone, D.C.; Kazi, D.S.; Couper, D.J.; Beaton, A.; Kilmartin, C.; Miro, J.M.; et al. Prevention of Viridans Group Streptococcal Infective Endocarditis: A Scientific Statement From the American Heart Association. Circulation 2021, 143, e963–e978. [Google Scholar] [CrossRef] [PubMed]

	



Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance in 2019: A systematic analysis. Lancet 2022, 399, 629–655. [Google Scholar] [CrossRef]

	



ECDC. Surveillance of Antimicrobial Resistance in Europe. 2017. Available online: https://www.ecdc.europa.eu/sites/default/files/documents/EARS-Net-report-2017-update-jan-2019.pdf (accessed on 13 July 2023).

	



Cassini, A.; Högberg, L.D.; Plachouras, D.; Quattrocchi, A.; Hoxha, A.; Simonsen, G.S.; Colomb-Cotinat, M.; Kretzschmar, M.E.; Devleesschauwer, B.; Cecchini, M.; et al. Attributable deaths and disability-adjusted life-years caused by infections with antibiotic-resistant bacteria in the EU and the European Economic Area in 2015: A population-level modelling analysis. Lancet Infect. Dis. 2019, 19, 56–66. [Google Scholar] [CrossRef]

	



Infective (Bacterial) Endocarditis Wallet Card | American Heart Association. Available online: https://www.heart.org/-/media/Files/Health-Topics/Infective-Endocarditis/Infective-Endocarditis-Wallet-Card.pdf (accessed on 8 May 2021).

	



AAE. Quick Reference Guide on Antibiotic Prophylaxis 2017 Update. Available online: https://www.aae.org/specialty/wp-content/uploads/sites/2/2017/06/aae_antibiotic-prophylaxis-2017update.pdf (accessed on 10 November 2024).

	



ADA. Antibiotic Prophylaxis Prior to Dental Procedures. Available online: https://www.ada.org/resources/ada-library/oral-health-topics/antibiotic-prophylaxis (accessed on 27 October 2024).

	



Little, J.W.; Falace, D.A.; Miller, C.S.; Rhodus, N.L. Dental Management of the Medically Compromised Patient: Cardiovascular Disease, 9th ed.; Infective Endocarditis; Mosby: St. Louis, MO, USA, 2017; pp. 19–37. [Google Scholar]

	



Delgado, V.; Marsan, N.A.; de Waha, S.; Bonaros, N.; Brida, M.; Burri, H.; Caselli, S.; Doenst, T.; Ederhy, S.; Erba, P.A.; et al. 2023 ESC Guidelines for the management of endocarditis. Eur. Heart J. 2023, 44, 3948–4042. [Google Scholar]

	



Sollecito, T.P.; Abt, E.; Lockhart, P.B.; Truelove, E.; Paumier, T.M.; Tracy, S.L.; Tampi, M.; Beltrán-Aguilar, E.D.; Frantsve-Hawley, J. The use of prophylactic antibiotics prior to dental procedures in patients with prosthetic joints: Evidence-based clinical practice guideline for dental practitioners—A report of the American Dental Association Council on Scientific Affairs. J. Am. Dent. Assoc. 2015, 146, 11–16.e8. [Google Scholar] [CrossRef]

	



Rademacher, W.M.H.; Walenkamp, G.H.I.M.; Jan FMoojen, D.; Hendriks, J.G.E.; Goedendorp, T.A.; Rozema, F.R. Antibiotic prophylaxis is not indicated prior to dental procedures for prevention of periprosthetic joint infections. Acta Orthop. 2017, 88, 568–574. [Google Scholar] [CrossRef]

	



Fernandes, K.S.; Glick, M.; de Souza, M.S.; Kokron, C.M.; Gallottini, M. Association between immunologic parameters, glycemic control, and postextraction complications in patients with type 2 diabetes. J. Am. Dent. Assoc. 2015, 146, 592–599. [Google Scholar] [CrossRef]

	



Miller, C.; Rhodus, N.L.; Treister, N.S.; Stoopler, E.T.; Kerr, A.R. Little and Falace’s Dental Management of the Medically Compromised Patient: Endocrine and Metabolic Disease, 10th ed.; Diabetes Mellitus; Elsevier: Riverport Lane, MO, USA, 2023; pp. 216–236. [Google Scholar]

	



Kwak, E.-J.; Kim, D.-J.; Choi, Y.; Joo, D.J.; Park, W. Importance of oral health and dental treatment in organ transplant recipients. Int. Dent. J. 2020, 70, 477–481. [Google Scholar] [CrossRef]

	



Little, J.W.; Falace, D.A.; Miller, C.S.; Rhodus, N.L. Dental Management of the Medically Compromised Patient, 8th ed.; Organ and Bone Marrow Transplantation; Mosby: St Louis, MO, USA, 2012; pp. 347–369. [Google Scholar]

	



Kerr, A.R.; Miller, C.S.; Rhodus, N.L.; Stoopler, E.T.; Treister, N.S. Little and Falace’s Dental Management of the Medically Compromised Patient: Immunologic Disease, 10th ed.; Organ Transplantation; Elsevier: Riverport Lane, MO, USA, 2023; pp. 333–349. [Google Scholar]

	



American Academy of Pediatric Dentistry. Dental Management of peadiatric patients receiving immunosuppressive therapy. In The Reference Manual of Pediatric Dentistry; American Academy of Pediatric Dentistry: Chicago, IL, USA, 2020; pp. 453–461. [Google Scholar]

	



American Academy of Pediatric Dentistry. Antibiotic prophylaxis for dental patients at risk for infection. In The Reference Manual of Pediatric Dentistry; American Academy of Pediatric Dentistry: Chicago, IL, USA, 2020; pp. 447–452. [Google Scholar]

	



Little, J.W.; Falace, D.A.; Miller, C.S.; Rhodus, N.L. Dental Management of the Medically Compromised Patient: Hematologic and Oncologic Disease, 9th ed.; Cancer and Oral Care of Patients With Cancer; Mosby: St. Louis, MO, USA, 2017; pp. 480–514. [Google Scholar]

	



Al-Bazie, S.A.; Bahatheq, M.; Al-Ghazi, M.; Al-Rajhi, N.; Ramalingam, S. Antibiotic protocol for the prevention of osteoradionecrosis following dental extractions in irradiated head and neck cancer patients: A 10 years prospective study. J. Cancer Res. Ther. 2016, 12, 565–570. [Google Scholar] [CrossRef] [PubMed]

	



Maxymiw, W.G.; Wood, R.E.; Liu, F.F. Postradiation dental extractions without hyperbaric oxygen. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 1991, 72, 270–274. [Google Scholar] [CrossRef] [PubMed]

	



Lye, K.W.; Wee, J.; Gao, F.; Neo, P.S.; Soong, Y.L.; Poon, C.Y. The effect of prior radiation therapy for treatment of nasopharyngeal cancer on wound healing following extractions: Incidence of complications and risk factors. Int. J. Oral Maxillofac. Surg. 2007, 36, 315–320. [Google Scholar] [CrossRef]

	



Akashi, M.; Kusumoto, J.; Takeda, D.; Shigeta, T.; Hasegawa, T.; Komori, T. A literature review of perioperative antibiotic administration in surgery for medication-related osteonecrosis of the jaw. Oral Maxillofac. Surg. 2018, 22, 369–378. [Google Scholar] [CrossRef]

	



Heufelder, M.J.; Hendricks, J.; Remmerbach, T.; Frerich, B.; Hemproch, A.; Wilde, F. Principles of oral surgery for prevention of the bisphosphonate-related osteonecrosis of the jaw. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2014, 117, e429–e435. [Google Scholar] [CrossRef]

	



Shirlaw, P.J.; Chikte, U.; MacPhail, L.; Schmidt-Westhausen, A.; Croser, D.; Reichart, P. Oral and dental care and treatment protocols for the management of HIV-infected patients. Oral Dis. 2002, 8, 136–143. [Google Scholar] [CrossRef]

	



Human Immunodeficiency Virus (HIV). Available online: https://www.ada.org/en/member-center/oral-health-topics/hiv (accessed on 8 May 2021).

	



Kerr, A.R.; Miller, C.S.; Rhodus, N.L.; Stoopler, E.T.; Treister, N.S. Little and Falace´s Dental Management of the Medically Compromised Patient: Genitourinary Disease, 10th ed.; Chronic Kidney Disease and Dialysis; Elsevier: Riverport Lane, MO, USA, 2023; pp. 192–198. [Google Scholar]

	



Vancouver CoastalHealth. Mary Pack Arthritis Program (MPAP). Available online: http://mpap.vch.ca/wp-content/uploads/sites/16/2014/08/Remicade-Infliximab.pdf (accessed on 8 August 2022).

	



Prophylaxis Against Infective Endocarditis: Antimicrobial Prophylaxis Against Infective Endocarditis in Adults and Children Undergoing Interventional Procedures. Clinical Guideline [CG64]. Available online: https://www.nice.org.uk/guidance/cg64 (accessed on 10 August 2022).

	



Dayer, M.J.; Jones, S.; Prendergast, B.; Baddour, L.M.; Lockhart, P.B.; Thornhill, M.H. Incidence of infective endocarditis in England, 2000–2013: A secular trend, interrupted time-series analysis. Lancet 2015, 385, 1219–1228. [Google Scholar] [CrossRef]

	



Sperotto, F.; France, K.; Gobbo, M.; Bindakhil, M.; Pimolbutr, K.; Holmes, H.; Monteiro, L.; Graham, L.; Hong, C.H.; Sollecito, T.P.; et al. Antibiotic Prophylaxis and Infective Endocarditis Incidence Following Invasive Dental Procedures: A Systematic Review and Meta-Analysis. JAMA Cardiol. 2024, 9, 599–610. [Google Scholar] [CrossRef]

	



Daly, C.G. Antibiotic Prophylaxis for Dental Procedures. Available online: https://www.nps.org.au/australian-prescriber/articles/antibiotic-prophylaxis-fordental-procedures (accessed on 6 June 2021).

	



Simon, S.J.; Aziz, A.A.; Coden, G.S.; Smith, E.L.; Hollenbeck, B.L. Antibiotic Prophylaxis Prior to Dental Procedures After Total Hip and Knee Arthroplasty Does Not Decrease the Risk of Periprosthetic Joint Infection. J. Arthroplast. 2024, 39, S420–S424. [Google Scholar] [CrossRef]

	



Jakiel, J.; Jenda, D.; Rahnama, M. Prophylaxis of medication-related necrosis of the jaws in dental patients—Study of 49 cases. J. Pre-Clin. Clin. Res. 2018, 12, 77–81. [Google Scholar] [CrossRef]

	



Costantinides, F.; Castronovo, G.; Vettori, E.; Frattini, C.; Artero, M.L.; Bevilacqua, L.; Berton, F.; Nicolin, V.; Di Lenarda, R. Dental Care for Patients with End-Stage Renal Disease and Undergoing Hemodialysis. Int. J. Dent. 2018, 2018, 9610892. [Google Scholar] [CrossRef] [PubMed]








 





Table 1. Diagnoses that require antibiotic prophylaxis before dental procedures [4].
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	Diagnoses That Requires Antibiotic Prophylaxis Before Dental Procedures [4]





	Prosthetic cardiac valves, including transcatheter-implanted prostheses and homografts



	Prosthetic material used for cardiac valve repair, such as annuloplasty rings, chords or clips



	History of previous IE



	Unrepaired cyanotic congenital heart defect or repaired congenital heart defect, with residual shunts or valvular regurgitation at the site of or adjacent to the site of a prosthetic patch or prosthetic device *



	Patients with cardiac transplant with valve regurgitation due to a structurally abnormal valve







* Except for the listed diagnoses, antibiotic prophylaxis prior to invasive dental procedures is not recommended for other types of congenital heart defect.













 





Table 2. Recommendations for antibiotic regimen in patients with diabetes undergoing dental procedures [16].
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	Fasting Plasma Glucose Level
	Antibiotic Regimen





	<200 mg/dL
	Generally not required



	>200 mL/dL
	Prophylaxis prior to dental procedure is not necessary but antibiotics should be given postoperatively in case of invasive dental procedures










 





Table 3. Recommendations for dental treatment in patients with transplanted organs [18,19,20,21].
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Recommendations for Dental Treatment in Patients with Transplanted Organs [18,19,20,21]






	
Pre-transplantation period

	

	
Remove all potential source of infection.



	
No general recommendation for AP but can be justified if patients have an uncontrolled systemic disease such as uncontrolled diabetes, high-risk cardiovascular diseases, blood dyscrasias, and others.



	
Check complete blood count, coagulation test, and others, depending on the underlying disease.



	
Consultation with the patient’s doctor is essential.









	
Post-transplantation period

	

	
Prescribe AP due to immunosuppression and high risk of infection.



	
If ANC is between 1000 and 2000 cells/mm3, consider AP according to the AHA guidelines.



	
If ANC is less than 1000 cells/mm3, AP and extended course of antibiotic should be prescribed.
















 





Table 4. Recommendations for antibiotic regimen in patients at risk of osteonecrosis of the jaw.
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