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1 Introduction 
 
Infective endocarditis (IE) is a rare but deadly disease with an estimated 

incidence of 2–10 cases per 100,000 patients per year [28, 31]. Despite 
improvements following implementation of a multidisciplinary treatment 

approach by an” Endocarditis Team,” in-hospital mortality is still between 15 

and 30%, and the 5-year mortality rate is ~40% [13, 15]. Specific patient 
subgroups are at increased risk of IE because of damaged cardiac 

endothelium, abnormal blood flow, intracardiac prosthetic material, or 
immunosuppression. For example, the risk of developing IE for patients with 

a prosthetic valve, previous IE, or cyanotic congenital heart disease is 10- to 
50-fold higher than in the general population [16, 29].  

 
More than a century ago, Thomas Horder made the link between dental 

hygiene and IE. He observed that the mouth was the source of the infecting 
agent in most cases [14]. Streptococci are commensal flora of the 

oropharynx; however, viridans group streptococci account for 10–40% of IE 
cases [4, 8, 22]. Bacteremia frequently occurs after dental treatment 

procedures and is thought to be a precursor to the development of some 
cases of IE. The concept that bacteria colonizing the oral cavity may migrate 

through the bloodstream and cause IE was supported by the observation of 
complete biochemical and genetic identity of streptococci isolates from the 

blood and oral cavities of IE patients [9].  
 

Strategies that prevent bacteremia during dental procedures may be 

expected to reduce the risk of IE. Antibiotic prophylaxis has been used in at-
risk patients undergoing invasive dental procedures since the 1950s [23]. 

Initial guidelines recommended antibiotic prophylaxis in patients with a 
broad spectrum of predisposing cardiac conditions undergoing a wide range 

of procedures. However, between 2007 and 2009, the European Society for 
Cardiology (ESC) and American Heart Association/American College of 

Cardiology (AHA/ACC) recommended restricting antibiotic prophylaxis [12, 
33]. Today, it is only recommended for the highest-risk patients (e.g., 
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patients with previous IE, cyanotic congenital heart disease, or specific 

subgroups of heart transplant recipients) and for invasive dental procedures 
with a considerably high risk of bacteremia. In 2008, the National Institute 

for Health and Care Excellence (NICE) went a step further and advised 
against any antibiotic prophylaxis for dental and non-dental procedures 

regardless the patient’s risk [20]. An implementation advice, published in 
2018 by the Scottish Dental Clinical Effectiveness Programme (SDCEP) and 

formally endorsed by NICE, clarifies which patient groups are considered 
‘non-routine’ and for whom prophylaxis may be an option [25]. The SDCEP 

advice is essentially following the ESC-recommended approach. This clear 
opposition of IE prophylaxis, which put the NICE guidelines at odds with the 

guidance of the rest of the world, was changed in 2016. The reformed NICE 

guidelines stated, “antibiotic prophylaxis against IE is not recommended 
routinely for people undergoing dental procedures.” The addition of the 

word “routinely” allowed for the exception of prescribing antibiotic 
prophylaxis in high-risk IE individual cases. 

 
There are several reasons for limiting IE prophylaxis [28]. Because evidence-

based medicine is increasingly adopted, there is a need to perform 
prospective randomized controlled trials to assess the efficacy of antibiotic 

prophylaxis for prevention of IE. However, such studies are not available 
and are unlikely to be conducted in the near future [31]. The relative 

importance of dental procedures as a cause of IE is controversial. For 
example, low-grade but repeated bacteremia occurs more frequently during 

daily routine activities, such as brushing teeth, flossing, or chewing, with 
increased occurrence in individuals with poor dental health. Therefore, the 

risk of IE may be more related to cumulative low-grade bacteremia during 
daily life and poor oral hygiene rather than sporadic high-grade bacteremia 

after dental procedures. [13] Adverse effects of antibiotics may outweigh 

the potential benefits of prophylaxis. Widespread use of antibiotics for IE 
prophylaxis increases the risks of anaphylaxis and Clostridium difficile 
infections and may contribute to the emergence of resistant microorganisms 
[29].  
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This equipoise was best articulated in the conclusion of a review by a 
Cochrane [11]: “There remains no evidence about whether antibiotic 

prophylaxis is effective or ineffective against bacterial endocarditis in people 
at risk who are about to undergo an invasive dental procedure Ethically, 

practitioners need to discuss the potential benefits and harms of antibiotic 
prophylaxis with their patients before a decision is made about 

administration.”  
 

1.1 Aims of the study 
 
Against the background of changing and discordant guideline 

recommendations, oral surgeons, who routinely apply invasive oral 
treatments carrying a high risk of bacteremia, are asked to put antibiotic 

prophylaxis for IE into practice. Thus, the aim of our nationwide study was 
to investigate how German hospitals and outpatient clinics of oral and 

maxillofacial surgery define their in-house IE prophylaxis standards. The 
secondary aim was to determine the degree of adherence of these in-house 

standards to the current European guidelines.  
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2 Materials and Methods  
 
2.1 Study design 
 
We conducted a cross-sectional survey. 
 

2.2 Study population and procedure 
 
We invited all hospitals and outpatient clinics of oral and maxillofacial 
surgery in Germany, listed in a publicly available online database, to 

participate in our nationwide survey. We contacted the medical head of the 

respective clinic or department. In the first round, we sent the questionnaire 
through e-mail contact with the option to complete the survey online. We 

sent two reminders by postal mail at 6 weeks and 12 weeks after the initial 
date of contact with the option to return the questionnaire by postal mail 

using a prepaid envelope. Participants were informed about the background 
and aims of the research and about actions taken to protect their privacy 

such as the anonymized analysis of the data. Answering the questions was 
voluntary. Completion of the survey served as consent to study participation. 

We provided the opportunity to win an electronic tablet as an incentive to 
participate. According to local regulations, the research protocol (data were 

not personally identifiable, minimal risks of harm) was exempted from 
review by the local ethics committee.  

 

2.3 Questionnaire 
 
The questionnaire consisted of 6 parts (a copy of the survey is available in 

Supplementary Material). Part 1 inquired the frequency of IE prophylaxis 

in the respective hospital or outpatient clinic. Part 2 inquired the indications 

for IE prophylaxis with respect to cardiac conditions and the dental 

procedure. Parts 3 and 4 inquired about the use of oral and parenteral 

antibiotics, respectively (compound selection and timing before the 
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procedure). Part 5 addressed the use of topical antibiotics and antiseptics for 

IE prophylaxis. Part 6 asked participants to specify the adverse drug 

reactions (ADRs) following IE prophylaxis if any were observed. It might also 

have been of interest to ask questions about the knowledge of IE guidelines 

or reasons for non-compliance with IE guidelines. However, we decided not 

to ask questions that explicitly refer to guidelines because this could have 

introduced a response bias known as social desirability bias. Mentioning 

existing guidelines in the survey could prime respondents to answer in a 

particular way, leading to inaccurate self-reports and skewed study results. 

The questionnaire was pilot-tested in a small group of physicians for 

readability, comprehensibility, and clarity of questions. 

 

2.4 Data analysis and Statistical method 
 
The documentation analysis and preparation of data from literature searches 
and questionnaires was carried out using the descriptive statistical functions 

in Excel and Word (Microsoft Office Excel/Word 2007). A systematic 
overview with a summary of the available literature/guidelines and the 

information of the surveyed hospitals and outpatient clinics of oral and 

maxillofacial surgery was created. The results of this study from various 
publications, current recommended guidelines in dentistry, medicine and 

pharmacology led to a conclusion on the implementation of the prophylaxis 
of infectious endocarditis in everyday dental/oral surgery clinics. We 

computed descriptive statistics using SPSS Statistics 24.0 (IBM).  
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3 Results 

3.1 Comparison of current guidelines for IE prophylaxis 
 
We compared current guidelines for prophylaxis against IE in patients 

undergoing dental procedures. We extracted from the guidelines (a) the 
definitions of target groups (cardiac conditions), (b) the dental procedures 

for which IE prophylaxis is reasonable for patients in the respective target 
group, and (c) the antibiotic regimens for dental procedures 

(Supplementary Tables 1-3). Guidelines published by the American Heart 

Association (AHA) and the Americal College of Cardiology (ACC), the 
European Society of Cardiology (ESC), the National Institute for Health and 

Care Excellence (NICE) and the Therapeutic Guidelines Limited (TGL) were 
considered. The AHA/ACC, ESC and TGL guidelines recommend that 

antibiotic prophylaxis should be considered routinely in patients of the target 
group undergoing invasive dental procedures. In contrast, NICE 

recommends not to use antibiotic prophylaxis routinely. All guidelines define 
groups of patients with high-risk of IE as a potential target group of (routine 

or non-routine) antibiotic prophylaxis. Definitions, however, differ with 
respect to the inclusion of heart transplant patients, patients with rheumatic 

heart disease, or patients with hypertrophic cardiomyopathy. As a 
consensus, antibiotic prophylaxis regimen in all guidelines include 

aminopenicillins as a preferred choice and clindamycin as a second-line 
option in patients allergic to penicillins. The spectrum of recommended 

alternative drugs for patients with or without allergy to penicillins (such as 
first- and second-generation cephalosporins, macrolides), however, differs 

between guidelines. Moreover, the dose and timing have not been 
harmonized between guidelines. The guidelines, except the UK NICE 

guideline, maintain the principle of routine antibiotic prophylaxis in high-risk 

patients. Notably, the definition of “high risk” patients differs among 
guidelines. The AHA/ACC and Australian guidelines recommend prophylaxis 

in some cardiac transplant recipients; this is not supported by the ESC 
guidelines. The Australian guidelines include subgroups of patients with 
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rheumatic heart disease, whereas rheumatic heart disease is not a high-risk 

criterion in the AHA/ACC or ESC guidelines. All guidelines agree that 
antibiotic prophylaxis should be considered only for invasive dental 

procedures, i.e., procedures requiring manipulation of the gingival or 
periapical region of the teeth or perforation of the oral mucosa (excluding 

local anesthetic injections in non-infected soft tissues).  
 
Table 1: Synopsis of guideline recommendations antibiotics for IE 
prophylaxis by cardiac condition in of the dental / oral and maxillofacial 

surgery. Major differences between guidelines are marked in boldface. Note: 

The data from table, for antibiotic prophylaxis, from guidelines after the summary. 

Reference Cardiac conditions for which antibiotic prophylaxis should be 
considered  

AHA 2007,  
AHA/ACC 
2017 
[21-33] 

recommendations for IE prophylaxis only to those conditions listed: 
- Prosthetic cardiac valves, including transcatheterimplanted 

prostheses and homografts. 
- Prosthetic material used for cardiac valve repair, such as 

annuloplasty rings and chords. 
- Previous IE. 
- Unrepaired cyanotic congenital heart disease or repaired 

congenital heart disease, with residual shunts or valvular 
regurgitation at the site of or adjacent to the site of a prosthetic 
patch or prosthetic device. 

- Cardiac transplant with valve regurgitation due to a structurally 
abnormal valve.  

NICE 2016, 
SDCEP 2018 
[20] 

Antibiotic prophylaxis against infective endocarditis is not 
recommended routinely for people undergoing dental [or other] 
procedures.  
Healthcare professionals should regard people with the following 
cardiac conditions as being at increased risk of developing infective 
endocarditis: 
- acquired valvular heart disease with stenosis or regurgitation 
- hypertrophic cardiomyopathy 
- previous infective endocarditis 
- structural congenital heart disease, including surgically corrected 

or palliated structural conditions, but excluding isolated atrial 
septal defect, fully repaired ventricular septal defect or fully 
repaired patent ductus arteriosus, and closure devices that are 
judged to be endothelialised 

- valve replacement. 
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Reference Cardiac conditions for which antibiotic prophylaxis should be 
considered  

ESC 2015 
[13] 

Antibiotic prophylaxis should be considered for patients at highest risk 
for IE: 
- Patients with any prosthetic valve, including a transcatheter valve, 

or those in whom any prosthetic material was used for cardiac 
valve repair. 

- Patients with a previous episode of IE. 
- Patients with congenital heart disease: 

- Any type of cyanotic congenital heart disease. 
- Any type of congenital heart disease repaired with a 

prosthetic material, whether placed surgically or by 
percutaneous techniques, up to 6 months after the 
procedure or lifelong if residual shunt or valvular 
regurgitation remains. 

-  
Antibiotic prophylaxis is not recommended in other forms of valvular 
or congenital heart disease. 

TGL 2014,  
SAAGAR 
2017 
[26-27] 

- Prosthetic cardiac valve or prosthetic material used for cardiac 
valve repair 

- Previous infective endocarditis 
- Congenital heart disease but onlyif it involves: 

- unrepaired cyanotic defects, including palliative shunts and 
conduits 

- completely repaired defects with prosthetic material or devices, 
whether placed by surgery or catheter intervention, during the 
first six months after the procedure (after which the prosthetic 
material is likely to have been endothelialised) 

- repaired defects with residual defects at or adjacent to the site 
of a prosthetic patch or device (which inhibits 
endothelialisation) 

- Rheumatic heart disease in patients at high risk of endocarditis 
(indigenous Australians and those at significant socioeconomic 
disadvantage) 

- Heart transplant patients (consult the patient’s cardiologist for 
specific recommendations) 
 

 
TGL, Therapeutic Guidelines Limited; SAAGAR, South Australian expert 

Advisory Group on Antibiotic Resistance; NICE, The National Institute for 
Health and Care Excellence; ESC, European Society of Cardiology; AHA, 

American Heart Association; ACC, American College of Cardiology; IE, 
infective endocarditis  
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Table 2: Synopsis of guideline recommendations by type of dental procedure/ oral 

and maxillofacial surgery. Note: The data from table, for antibiotic prophylaxis, from 

guidelines after the summary. 

Reference Dental procedures for which IE prophylaxis is recommended 
or not recommended 
 

AHA 2007,  
AHA/ACC 
2017 
[21-33] 

Manipulation of gingival tissue, manipulation of the periapical region 
of teeth, or perforation of the oral mucosa 
The following procedures and events do not need prophylaxis: 
routine anesthetic injections through noninfected tissue, taking 
dental radiographs, placement of removable prosthodontic or 
orthodontic appliances, adjustment of orthodontic appliances, 
placement of orthodontic brackets, shedding of deciduous teeth, and 
bleeding from trauma to the lips or oral mucosa. 
 

NICE 2016, 
SDCEP 2018 
[20] 
 

People undergoing dental procedures  

ESC 2015 
[13] 

Antibiotic prophylaxis should only be considered for dental 
procedures requiring manipulation of the gingival or periapical 
region of the teeth or perforation of the oral mucosa. 
Antibiotic prophylaxis is not recommended for local anaesthetic 
injections in non-infected tissues, treatment of superficial caries, 
removal of sutures, dental X-rays, placement or adjustment of 
removable prosthodontic or orthodontic appliances or braces or 
following the shedding of deciduous teeth or trauma to the lips and 
oral mucosa 
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Reference Dental procedures for which IE prophylaxis is recommended 
or not recommended 
 

TGL 2014,  
SAAGAR 
2017 
[26-27] 

Prophylaxis always required: 
- extractions 
- periodontal procedures including surgery, subgingival scaling and 

root planning 
- replanting avulsed teeth 
- other surgical procedures (e.g. implant placement, apicoectomy). 
Consider prophylaxis for the following procedures if multiple 
procedures are being conducted, the procedure is prolonged, or 
periodontal disease is present: 
- full periodontal probing for patients with periodontitis 
- intraligamentary and intraosseous local and anaesthetic injection 
- supragingival calculus removal or cleaning 
- rubber dam placement with clamps (where risk of damaging 

gingiva) 
- restorative matrix band 
- strip placement 
- endodontics beyond the apical foramen 
- placement of orthodontic bands or interdental wedges 
- subgingival placement of retraction cords, antibiotic fibres or 

antibiotic strips 
Prophylaxis is not required: 
- oral examination 
- infiltration and block local anaesthetic injection 
- restorative dentistry 
- supragingival rubber dam clamping and placement of rubber 

dam 
- intracanal endodontic procedures 
- removal of sutures 
- impressions and construction of dentures 
- orthodontic bracket placement and adjustment of fixed 

appliances 
- application of gels 
- intraoral radiographs 
- supragingival plaque removal 
 

 
TGL, Therapeutic Guidelines Limited; SAAGAR, South Australian expert 

Advisory Group on Antibiotic Resistance; NICE, The National Institute for 
Health and Care Excellence; ESC, European Society of Cardiology; AHA, 

American Heart Association; ACC, American College of Cardiology; e.g. 
exempli gratia 
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Table 3: Recommendations for antibiotic prophylaxis and dosage guidelines before 

dental surgery / oral and maxillofacial surgery. Note: The data from table, for antibiotic 

prophylaxis and dosage from guidelines after the summary. 

Reference Antibiotic prophylaxis regimen, dose in adults (dose in 
children)  
 

AHA 2007,  
AHA/ACC 
2017 
[21-33] 

Single dose 30 to 60 min before procedure 

Amoxicillin    2 g PO   (50 mg/kg PO) 
Ampicillin    2 g IM or IV   (50 mg/kg IM or IV) 
Cefazolin    1 g IM or IV  (50 mg/kg IM or IV) 
Ceftriaxone   1 g IM or IV  (50 mg/kg IM or IV) 

Allergic to penicillins or ampicillin 
Cephalexin   2 g PO   (50 mg/kg PO) 
Clindamycin   600 mg PO  (20 mg/kg PO) 
Azithromycin   500 mg PO  (15 mg/kg PO) 
Clarithromycin   500 mg PO  (15 mg/kg PO) 
Cefazolin   1 g IM or IV  (50 mg/kg IM or IV) 
Ceftriaxone   1 g IM or IV  (50 mg/kg IM or IV) 
Clindamycin   600 mg IM or IV (20 mg/kg IM or IV) 

NICE 2016, 
SDCEP 2018 
[20] 
 

NICE: advice not given 

SDCEP implementation advice of the NICE guideline: 

PO drugs: single dose 60 min before procedure 
IV drugs: just before the procedure or at induction of anesthesia 

Amoxicillin    3 g PO   (50 mg/kg PO) 
Amoxicillin    1 g IV   (50 mg/kg IV) 

In patiets who are allergic to penicillin 
Clindamycin   600 mg PO  (20 mg/kg PO) 
Azithromycin   500 mg PO  (15 mg/kg PO) 
Clindamycin   300 mg IV  (20 mg/kg IV) 
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Reference Antibiotic prophylaxis regimen, dose in adults (dose in 
children)  
 

ESC 2015 
[13] 

Single-dose 30–60 minutes before procedure 

Amoxicillin    2 g PO or IV  (50 mg/kg PO or IV) 
Ampicillin    2 g PO or IV   (50 mg/kg PO or IV) 

Alternatively 
Cephalexin   2 g PO   (50 mg/kg PO) 
Cefazolin    1 g IV   (50 mg/kg IV) 
Ceftriaxone   1 g IV   (50 mg/kg IV) 
Allergy to penicillins or ampicillin 
Clindamycin 600 mg PO or IV (20 mg/kg PO or IV) 

 

TGL 2014,  
SAAGAR 
2017 
[26-27] 

Single dose 1 hour prior to procedure 

Amoxicillin   2g PO 

If high risk penicillin/cephalosporin allergy 
Clindamycin    600 mg PO 
 

 
PO, orally; IV, intravenously; IM, intramuscular; Mg/kg, milligram/kilogram; 
G, Gram; TGL, Therapeutic Guidelines Limited; SAAGAR, South Australian 

expert Advisory Group on Antibiotic Resistance; NICE, The National Institute 
for Health and Care Excellence; ESC, European Society of Cardiology; AHA, 

American Heart Association; SDCEP, Scottish Dental Clinical Effectiveness 
Programme 

 
3.2 Survey study 
 
We invited 80 hospitals and outpatient clinics of oral and maxillofacial 

surgery (outpatient clinics 9%, university hospital departments of oral and 
maxillofacial surgery 41%). 42 (53%) responded to the survey (outpatient 

clinics 12%, university hospital departments of oral and maxillofacial surgery 
48%). 38 respondents fully completed the survey (completion rate 90.5%). 

The response rates did not significantly differ between outpatient clinics, 
non-university hospitals, and university hospitals (p>0.05, Chi-square test).  
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3.2.1 Frequency of IE prophylaxis 
 
The absolute number of prescriptions of IE prophylaxis per year differed 

between the hospitals (Figure 1). Approximately two-thirds of the 
respondents prescribe 10-99 treatments for IE prophylaxis per year whereas 

the remaining third has more than 100 prescriptions per year for IE 
prophylaxis. Differences become more obvious if the prescription rates are 

calculated (Figure 2). For example, four respondents report that at least 
one in every 20 patients receives IE prophylaxis in their clinic.  

Conversely, two clinics report that no more than one in every 200 patients 
undergoing oral and maxillofacial surgery receives IE prophylaxis.  
 
 

 
Figure 1: Absolute number of prescriptions of IE (infective endocarditis) 
prophylaxis per year in hospitals and outpatient clinics of oral and 

maxillofacial surgery (total number of respondents N=42 (%)). The absolute 
number of prescriptions of IE prophylaxis per year differed between the 

hospitals. Approximately two-thirds (64,3%) of the respondents prescribe 
10-99 treatments for IE prophylaxis per year whereas the remaining third 

has more (33,3%) than 100 prescriptions per year for IE prophylaxis. 
whereas the remaining has 2,4 % 1-9 prescriptions per year for IE 

prophylaxis. Note: The data on the figure, from the questionnaire after the 

summarizing of the results of the surveyed hospitals and outpatient clinics. 
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Figure 2: Prescriptions of IE (infective endocarditis) prophylaxis relative to 
the total number of treatments per year in hospitals and outpatient clinics of 

oral and maxillofacial surgery. Each bar represents one respondent (total 
number of respondents N=42). Lower limit only and Range number of 

prescriptions of IE prophylaxis per year in percent in hospitals and 
outpatient clinics of oral and maxillofacial surgery. For example, 0,01% 

lower limit only number of prescriptions of IE prophylaxis per year in percent 

in hospitals and outpatient clinics of oral and maxillofacial surgery. There 
was also a marked variation in the prescription rates between clinics, 

ranging from <5 to >50 per 1000 patients. Note: The data on the figure, from 

the questionnaire after the summarizing of the results of the surveyed hospitals 

and outpatient clinics. 
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3.2.2 Indications for IE prophylaxis 
 
We asked for the source of information most frequently used to make the 
decision on prescribing an IE prophylaxis (Figure 3). Medical history of pre-

existing cardiac conditions obtained either through a personal interview or 
through a form filled by the patient is the most important source of 

information. Frequently used is also information provided through the 

patient’s Infective Endocarditis Wallet Card, which contains advice for the 
dentist. Consultation with the cardiologist or primary care physician is less 

important.   
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Figure 3: Source of information most frequently used to make the decision on prescribing an IE (infective endocarditis) 

prophylaxis. (total number of respondents N=42 respondents), Respondents (N=42) and Source of information 
black bars in percent (%). For example, 33,3% Respondents soure of information used case history obtained through 

a personal interview. Note: The data on the figure, from the questionnaire after the summarizing of the results of the surveyed 

hospitals and outpatient clinics.

Source of information 
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We provided a list of 11 different medical conditions (cardiac 

conditions/diagnoses, immunosuppression) and we asked whether an IE 
prophylaxis would be performed in the respondent’s clinic if the patient 

would carry the respective condition. Figure 4 summarizes the results. In 
patients with mechanical heart valve replacement, almost all clinics would 

perform IE prophylaxis, which conforms to current ESC and AHA/ACC 
guidelines. Between 10% and 24% of the respondents, however, would 

refuse IE prophylaxis in patients with cardiac conditions, for which current 
ESC and AHA/ACC guidelines recommend IE prophylaxis. Conversely, 14%-

67% of the respondents would prescribe IE prophylaxis for conditions for 
which guidelines do not recommend IE prophylaxis. 
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Figure 4: Conditions for IE (infective endocarditis) prophylaxis. Marked with boldface are cardiac conditions for which 
current US American (AHA/ACC) and European (ESC) guidelines recommend IE prophylaxis. Yes: use IE (infective 

endocarditis) prophylaxis, NO: no use IE prophylaxis, No answer: no answer to the question. Respondents (total 

number of respondents N=42) in % and Heart diseases are shown in bold, whereas the remaining are than no Heart 
diseases. For example, 97,6% Almost all clinics would perform IE prophylaxis in patients with mechanical heart valve 

replacement. Note: The data on the figure, from the questionnaire after the summarizing of the results of the surveyed hospitals 

and outpatient clinics.

Heart diseases are shown in bold, whereas 
the remaining are  than no  Heart diseases 
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Considering the type of the dental/oral surgery procedures, in almost all 
clinics IE prophylaxis is performed if highly invasive procedures are 

performed such as tumor resection, tooth extraction, apicoectomy, 
placement of enossal implants or gingivectomy and gingivoplasty (Figure 
5). In some clinics, endocarditis prophylaxis is performed for non-invasive 
procedures such as removal of sutures, (supragingival) restorations, 

placement or adjustment of orthodontic braces, or block local anesthetic 
injections in non-infected soft tissues (10%-36% of the respondents) for 

which guidelines do not recommend IE prophylaxis. 
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Figure 5: Conditions for IE (infective endocarditis) prophylaxis. Marked with boldface are dental treatments for which 
current US American (AHA/ACC) and European (ESC) guidelines recommend infective endocarditis prophylaxis. 

Respondents (total number of respondents N=42) and Dental Procedure (the type of the dental/oral surgery 
procedures) in %. Boldface used infective endocarditis prophylaxis, NO IE (infective endocarditis) prophylaxis: no 

use IE prophylaxis, No answer: no answer to the question. For example, considering the type of the dental/oral surgery 
procedures, in almost all clinics IE prophylaxis 90-100% is performed if highly invasive procedures are performed such 

as tumor resection, tooth extraction, apicoectomy, placement of enossal implants or gingivectomy and gingivoplasty IE 

prophylaxis. Note: The data on the figure, from the questionnaire after the summarizing of the results of the surveyed hospitals 

and outpatient clinic.
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3.2.3 Drugs used for IE prophylaxis 
 
Approximately two-thirds of the clinics use both, oral and parenteral 

antibiotics, 26% use oral antibiotics only and 7% use parenteral antibiotics 

only for IE prophylaxis (Figure 6). Interestingly, one clinic uses antibiotics 

topically.  

 

 
 

Figure 6: Use of antibiotics according to the route of administration (oral 

vs. parenteral, systemic vs. topical) for IE (infective endocarditis) 

prophylaxis in hospitals and outpatient clinics of oral and maxillofacial 

surgery in percent (%) and total number of respondents (N=42) in %. For 

example, 64,3% of the clinics use both, oral and parenteral antibiotics, 

26,2% use oral antibiotics only and 7,1% use parenteral antibiotics only for 

IE prophylaxis, 2,4 % use oral plus lockal antibiotics for IE prophylaxis. Note: 

The data on the figure, from the questionnaire after the summarizing of the results 

of the surveyed hospitals and outpatient clinics. 

The spectrum of oral first-line antibiotics used in the surveyed clinics 

includes aminopenicillins with or without beta-lactamase inhibitors (94.9%) 

or penicillin V (two respondents) (Table 4). Four clinics use also clindamycin 

in patients without any contraindications (e.g., allergy against penicillins). As 

the preferred second-line antibiotic in patients with known penicillin allergy, 

most clinics use clindamycin 94.9%. One clinic each uses also cefuroxime, 
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doxycycline, and vancomycin in parallel with clindamycin. Two clinics 

preferentially use the second-generation cephalosporin cefuroxime and one 

clinic each uses moxifloxacin or midecamycin.  

 

Table 4: Oral antibiotic prophylaxis regimen in hospitals and outpatient 

clinics of oral and maxillofacial surgery. Total number of surveyed clinics 

using oral antibiotics N=39. Number of respondes in %, For example, the 

spectrum of oral first-line antibiotics used in the surveyed clinics includes 

aminopenicillins with or without beta-lactamase inhibitors 94.9% or penicillin 

V (two respondents), 48,7% respondents used Timing before the procedure 

single dose 30-60 minute for IE  (infective endocarditis) prophylaxis. Note: 

The data from table, from the questionnaire after the summarizing of the results of 

the surveyed hospitals and outpatient clinics. 

Preferred drugs 
used for IE 
prophylaxis in adult 
patients without 
contraindications  

Preferred drugs 
used for IE 
prophylaxis in adult 
patients allergic to 
penicillins or 
aminopenicillins  

Timing before  
the procedure 

Number of 
respondens 
(%) 

Aminopenicillin 

Cefuroxime Single dose >60 min  1 (2.6%) 
Single dose 30-60 min  1 (2.6%) 

Clindamycin Single dose >60 min  7 (17.9%) 
Single dose 30-60 min  19 (48.7%) 

Midecamycin Single dose >60 min  1 (2.6%) 
Moxifloxacin Single dose 30-60 min  1 (2.6%) 

Aminopenicillin + BLI 

Clindamycin Single dose >60 min  1 (2.6%) 
Single dose 30-60 min  1 (2.6%) 

Clindamycin or 
cefuroxime Single dose >60 min  1 (2.6%) 

Clindamycin or 
vancomycin Single dose >60 min  1 (2.6%) 

Aminopenicillin + BLI 
or clindamycin Clindymycin Single dose >60 min  1 (2.6%) 

Aminopenicillin +/- BLI 
or clindamycin Clindamycin Single dose >60 min  1 (2.6%) 

Aminopenicillin or 
clindamycin 

Clindamycin or 
doxycycline Single dose >60 min  1 (2.6%) 

Penicillin V Clindamycin Single dose 30-60 min  1 (2.6%) 
Penicillin V or 
clindamycin Clindamycin Start 1 day before the 

procedure 1 (2.6%) 

BLI, beta-lactamase inhibitor; min, minute 
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As the preferred first-line parenteral antibiotic 80.0% of the surveyed clinics 

use an aminopenicillin (alone or together with a beta-lactamase inhibitor) 

(Table 5). The remaining clinics use either a first- or second-generation 

cephalosporin (cefazolin and cefuroxime, one respondent each), clindamycin 

(one clinic), or penicillin G (3 respondents). As the preferred second-line 

antibiotic in patients allergic to penicillins most clinics use clindamycin 

(90.0%); one clinic also uses cefuroxime in parallel with clindamycin.  

Two clinics preferentially use moxifloxacin and one clinic uses the second-

generation cephalosporin cefuroxime as the preferred second-line parenteral 

antibiotic for IE prophylaxis. 
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Table 5: Parenteral antibiotic prophylaxis regimen in hospitals and 

outpatient clinics of oral and maxillofacial surgery. Total number of surveyed 

clinics using oral antibiotics N=30. Number of respondes in % (N=30). For 

example, as the preferred first-line parenteral antibiotic 80.0% of the 

surveyed clinics use an aminopenicillin (alone or together with a beta-

lactamase inhibitor). The remaining clinics use either a first- or second-

generation cephalosporin (cefazolin and cefuroxime, one respondent each), 

clindamycin (one clinic), or penicillin G (3 respondents), 23,3 % respondents 

used Timing before the procedure single dose 30-60 minute for IE  (infective 

endocarditis) prophylaxis. Note: The data from table, from the questionnaire 

after the summarizing of the results of the surveyed hospitals and outpatient 

clinics. 

Preferred drugs 
used for IE 
prophylaxis in 
adult patients 
without 
contraindications  

Preferred drugs 
used for IE 
prophylaxis in adult 
patients allergic to 
penicillins or 
aminopenicillins  

Timing before  
the procedure 

Number of 
respondents 
(%) 

Aminopenicillin Clindamycin 
Single dose 30-60 min  5 (16.7%) 

Single dose immediate  1 (3.3%) 

Aminopenicillin + BLI 

Clindamycin 

Single dose >60 min  2 (6.7%) 

Single dose 30-60 min  7 (23.3%) 

Single dose immediate  5 (16.7%) 

Cefuroxime Single dose 30-60 min  1 (3.3%) 

Clindamycin or 
cefuroxime Single dose 30-60 min  1 (3.3%) 

Moxifloxacin Single dose immediate  2 (6.7%) 

Cefazolin Clindamycin Single dose immediate  1 (3.3%) 

Cefuroxime Clindamycin Single dose immediate  1 (3.3%) 

Clindamycin Clindamycin Single dose immediate  1 (3.3%) 

Penicillin G Clindamycin 
Single dose 30-60 min  2 (6.7%) 

Single dose immediate  1 (3.3%) 

BLI, beta-lactamase inhibitor; min, minute 
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Most clinics administer oral antibiotics 30-60 minutes before the procedure 

(59.0%). In the remaining clinics, oral antibiotic prophylaxis is administered 

more than 60 minutes prior to the procedure/incision. In one clinic, the oral 

antibiotic is started the day before the procedure. 16 clinics (53.3%) 

administer parenteral antibiotics between 60 and 30 minutes and 2 clinics 

(6.7%) more than 60 minutes prior to procedure/incision. In 12 clinics 

(40.0%), parenteral antibiotics for IE prophylaxis are administered 

immediately before the procedure.  

Antiseptics are used in 59.5% of the surveyed clinics for prophylaxis of IE 

(as an adjunct therapy) (Figure 7).  

 

 
 

Figure 7:  Use of antiseptics such as povidone-iodine and chlorhexidine for 

IE (infective endocarditis) prophylaxis in hospitals and outpatient clinics of 

oral and maxillofacial surgery. Number of respondents hospitals and 

outpatient clinics of oral and maxillofacial surgery in % (total number of 

respondents N=42). For example, respondents use of antiseptics for 

(infective endocarditis) prophylaxis 59,5% and 40,5% no antiseptics for IE 

(infective endocarditis) prophylaxis. Note: The data on the figure, from the 

questionnaire after the summarizing of the results of the surveyed hospitals and 

outpatient clinics. 
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3.2.4 Adverse drug reactions 
 
Only eight clinics out of 42 respondents ever noticed ADRs (Table 6). 

Gastrointestinal disorders (diarrhea, vomiting), general disorders 

(discomfort), immune system disorders (hypersensitivity, urticaria), and 

cutaneous disorders (erythema, pruritus, rash) were reported. None of the 

observed ADR were serious (i.e., results in death, life-threatening, requires 

inpatient hospitalization or prolongation of existing hospitalization, or results 

in persistent or significant disability or incapacity). 

 
Table 6: The spectrum of adverse drug reactions due to antibiotic 

prophylaxis of IE (Infective endocarditis). Multiple responses per respondent 

were allowed. Eight hospitals / outpatient clinics out of 42 respondents ever 

noticed adverse drug reactions. None of the adverse drug reactions were 

serious. For example, 3 hospitals / outpatient clinics have adverse drug 

reactions Diarrhoea, Medical Dictionary for Regulatory Activities (MedDRA): 

Diarrhoea, Vomiting, Urticaria, Rash, Prutitus. Note: The data from table, from 

the questionnaire after the summarizing of the results of the surveyed hospitals 

and outpatient clinics. 

System Organ Class 
MedDRA preferred 
term 

Number of 
respondents 
(multiple responses 
allowed) 

Gastrointestinal disorders 

Diarrhoea 3 

Gastrointestinal disorder 1 

Vomiting 1 
General disorders and 
administration site conditions Discomfort 1 

Immune system disorders 
Drug hypersensitivity 1 

Urticaria 2 

Skin and subcutaneous tissue 
disorders 

Erythema 1 

Pruritus 1 

Rash 3 

Mucocutaneous rash 2 
MedDRA, Medical Dictionary for Regulatory Activities  
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4 Discussion 
 
IE prophylaxis has become a focus in healthcare research with several 

survey studies published in recent years [1, 2]. The aim of our study was to 

investigate how German clinics for oral and maxillofacial surgery implement 

IE prophylaxis in daily clinical practice against a background of partially 

inconsistent international guideline recommendations. We observed 

significant heterogeneity in the implementation of IE prophylaxis among 

clinics. This relates to the definition of the cardiac conditions and the kind of 

procedures that require IE prophylaxis, as well as the antibiotic regimen. 

Heterogeneous implementation of IE prophylaxis may partially explain the 

marked variability in the relative frequency of IE prophylaxis prescriptions, 

varying between 1 in every 200 and 1 in every 20 patients undergoing oral 

and maxillofacial surgery. The type of clinic (e.g., outpatient clinics with less 

invasive procedures vs. inpatient university hospitals with comorbid patients 

and more invasive procedures) may also explain differences in the standards 

and relative frequency of IE prophylaxis.  

 

To decide whether a patient needs IE prophylaxis (i.e., whether the patient 

is considered high risk), the oral and maxillofacial surgeon needs information 

about the patient’s medical history and diagnoses. Unlike previous survey 

studies, we were also interested in the source of information used to guide 

treatment decisions. Anamnesis, either through a personal interview or 

history form, was the primary source of information, as well as the patient’s 

issued infective endocarditis wallet card. Improved information quality and 

access could be achieved through implementation of an electronic health 

record (EHR). EHR introduction in Germany is planned for 2021. The EHR 

will serve as a central storage point for all relevant patient health 

information. In the future, it will be possible to make medical histories 

available to physicians, including vital information on conditions requiring 

antibiotic prophylaxis or drug intolerances or allergies.  
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Another aim was to determine the degree of adherence of in-house 

standards to current guidelines. We choose the ESC guidelines, being aware 

that international guidelines differ. For example, the UK NICE guidelines do 

not recommend IE prophylaxis routinely [20]. According to NICE, the vast 

majority of patients at increased risk of IE will not be prescribed prophylaxis. 

However, it may be prudent to consider antibiotic prophylaxis for a very 

small number of patients. Furthermore, NICE does not provide 

recommendations about the drug, dose, or timing for the non-routine 

management of these patients. The Scottish Dental Clinical Effectiveness 

Programs has filled this gap with the publication of implementation advice 

[3].   

 

Although there is no clear evidence about whether antibiotic prophylaxis is 

effective or ineffective against IE in at-risk patients, the American, 

European, and Australian guidelines maintain the principle of antibiotic 

prophylaxis in high-risk patients [12, 21, 27, 33]. This pragmatic approach 

could be justified because (a) high-risk patients account for a much smaller 

number than patients at intermediate risk, thereby reducing potential harm 

due to adverse effects of antibiotic prophylaxis, and (b) given the worse 

prognosis of IE in high-risk patients, in particular those with prosthetic IE, 

the risk-benefit ratio may be acceptable in this population. Although routine 

prescription of IE prophylaxis in high-risk patients is the consensus 

worldwide except in the UK, the definition of “high risk” differs among 

American, European, and Australian guidelines. The AHA/ACC and Australian 

guidelines recommend prophylaxis in some cardiac transplant recipients 

(e.g., who develop cardiac valvulopathy); this is not supported by the ESC 

guidelines. The Australian guidelines include subgroups of patients with 

rheumatic heart disease, such as indigenous Australians and those at a 

significant socioeconomic disadvantage, whereas rheumatic heart disease is 

not a high-risk criterion in the AHA/ACC or ESC guidelines.  

 

The main conclusion of our study is that there is notable noncompliance with 

the current ESC recommendations on IE prophylaxis among oral and 
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maxillofacial surgery clinics. We observed antibiotic overuse in patients for 

whom it is not currently recommended and, above all, in patients without 

risk of IE after dental procedures (e.g., those with aortocoronary bypass, 

hypertrophic obstructive cardiomyopathy, implanted cardiac defibrillator or 

pacemaker; non-invasive dental procedures such as removal of sutures, 

placement or adjustment of orthodontic braces, supra-gingival restorations, 

and block local anesthetic injections in non-infected soft tissues).  

 

In our survey, 62% of clinics routinely offered antibiotic prophylaxis to 

patients with immunosuppression. There is very little data to direct efforts to 

prevent IE in immunocompromised patients such as transplant or 

neutropenic patients [18]. Practitioners tend to err on the conservative side 

because of the dire consequences of IE in these patients, but no clear 

guidelines are available.  

 

Selection of antibiotics also deviated from current ESC recommendations. 

The combination of oral or parenteral aminopenicillins with a beta-lactamase 

inhibitor and use of oral or parenteral moxifloxacin in patients with penicillin 

allergies conflict with the guidelines. Difficulty in determining whether 

specific antibiotics can reduce IE incidence has led to the use of post-

procedure bacteremia as a surrogate outcome. Aminopenicillins without 

beta-lactamase inhibitors have been proven effective in preventing 

bacteremia following dental procedures in humans [17, 19]. A study 

comparing intravenous amoxicillin/clavulanate with oral amoxicillin 

confirmed that prophylactic amoxicillin significantly reduced the prevalence 

and duration of post-extraction bacteremia, although its efficacy was lower 

than that of the amoxicillin/clavulanate combination [17]. It is unclear 

whether the superior efficacy of the combination treatment in this study was 

due to increased antimicrobial coverage through the beta-lactamase inhibitor 

or better bioavailability of amoxicillin with parenteral administration. 

Uncritical overuse of aminopenicillin/beta-lactamase inhibitor combinations 

may increase the risk of antibiotic resistance development, which could lead 
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to the loss of this class of drugs as effective agents for treating other 

conditions like bronchopulmonary infections.  

 

There is uncertainty about the efficiency of clindamycin in preventing 

bacteremia secondary to dental procedures. Some reports suggest that 

prophylactic clindamycin did not significantly reduce the percentage of 

positive post-extraction blood cultures compared with a control group that 

did not receive antibiotics [7, 19]. Some authors have proposed moxifloxacin 

as an alternative for patients with penicillin allergies, given its prophylactic 

efficacy against experimental endocarditis [24] and in preventing bacteremia 

following dental procedures in humans [7]. Recent European Medicines 

Agency and Food & Drug Administration safety reviews found that both oral 

and injectable fluoroquinolones including moxifloxacin are associated with 

disabling side effects involving tendons, muscles, joints, nerves, and the 

central nervous system [10]. Therefore, moxifloxacin is considered a reserve 

antibiotic and should be used with caution for IE prophylaxis. Some clinics 

use antibiotics that were not tested in clinical trials for effective prevention 

of bacteremia as a surrogate endpoint for IE. These include oral vancomycin 

(which is not systematically absorbed and is approved for treatment of 

staphylococcal enterocolitis and antibiotic-associated pseudomembranous 

colitis caused by C. difficile only), doxycycline, and midecamycin [4]. 

Guidelines of IE prophylaxis for dental procedures do not recommend these 

antibiotics because there is no evidence from clinical trials.  

 

Not all clinics strictly adhere to the timing recommendations given in the ESC 

guidelines; based on expert opinion, application of a single drug dose 30–60 

minutes before the procedure is recommended [13]. Optimal timing for 

antibiotic IE prophylaxis depends on the administration route, absorption 

rate of the oral drug, half-life, and procedure duration. The World Health 

Organization Global Guidelines for the Prevention of Surgical Side Infections 

recommend administering antibiotic prophylaxis within 120 minutes before 

incision [34], which may also be acceptable for IE prophylaxis. One 

respondent, however, reported application of the drug 1 day before the 
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procedure, which is not expected to effectively reduce intraoperative 

bacteremia.  

 

Unlike previous surveys, we also investigated whether topical antibiotics or 

antiseptics were used for IE prophylaxis. Although not recommended in any 

guidelines, one clinic used topical antibiotics, and most surveyed clinics 

employ antiseptics for IE prophylaxis. We do not know which compounds 

the respondents use. Topical amoxicillin, as well as antiseptic treatments 

with povidone-iodine or chlorhexidine, are not effective in reducing the 

incidence of bacteremia after dental procedures [19, 33, 6].  

 

Only 19% of clinics in our survey observed ADRs following antibiotic 

prophylaxis of IE, none of which were serious. For an assessment of the 

benefit-risk ratio, the AHA guideline estimated that fatal anaphylactic 

reactions occur in 15 to 25 individuals per 1 million patients who receive a 

dose of penicillin [33]. Data from England suggest that ADR rates of 

amoxicillin use for IE prophylaxis are low, with 0 fatal and 23 non-fatal ADRs 

per million prescriptions [30]. In contrast, clindamycin use was associated 

with a sizable ADR rate, including 13 fatal and 149 non-fatal ADR reports per 

million prescriptions, the majority related to C. difficile infection [30]. These 

data suggest that clindamycin for antibiotic prophylaxis carries a significant 

risk of serious ADRs that may exceed the risk for IE, which has been 

estimated to be 9-11 cases per million dental procedures in patients with a 

prosthetic cardiac valve or previous IE [33].  

 

In summary, there is a notable knowledge gap among oral and maxillofacial 

surgeons about important aspects of IE prophylaxis regimens. This 

translates to under-prescription of IE prophylaxis in high-risk patients, the 

excessive use of antibiotic prophylaxis in patients not at high risk of IE, and 

the use of inappropriate drugs. It therefore seems necessary to develop 

educational strategies to improve standards of IE prophylaxis in oral and 

maxillofacial surgery clinics. 
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5 Summary 
 
Infective endocarditis is a devastating disease with high mortality. Most 

guidelines recommend routine use of antibiotic prophylaxis during oral 

surgery to prevent infective endocarditis in patients with specific 

predisposing cardiac conditions, but this is not the case in the United 

Kingdom. The conflicting opinions and guidance is confusing and may affect 

implementation of infective endocarditis prophylaxis. We investigated how 

standards of infective endocarditis prophylaxis are defined in hospitals and 

outpatient clinics of oral and maxillofacial surgery. A survey was sent to 80 

surgeons heading departments of oral and maxillofacial surgery in Germany. 

The overall response rate was 53% (42 respondents), completion rate was 

90.5%. We observed significant heterogeneity in implementation of Infective 

endocarditis prophylaxis among the clinics. This diversity was in relation to 

(a) the definition of predisposing cardiac conditions, (b) the type of dental 

and surgical procedures performed that require infective endocarditis 

prophylaxis, (c) the spectrum of compounds used, and (d) the timing of 

antibiotic prophylaxis. We observed overuse of antibiotic prophylaxis in 

patients not at risk of infective endocarditis and the use of inappropriate 

drugs. These findings suggest that educational strategies and adequate 

guidelines are needed to improve standards of infective endocarditis 

prophylaxis in oral and maxillofacial surgery clinics. 
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Supplement 
Questionnaire 
 

“Korrespondenz der Einladung zur Teilnahme an einer Umfrage zur 
Endokarditisprophylaxe aus Gründen des Datenschutzes entfernt"  
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Ethical Exemption  
“Korrespondenz der Ethikkommission aus Gründen des Datenschutzes 
entfernt"  
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Ethical Exemption  
“Korrespondenz der Ethikkommission aus Gründen des Datenschutzes 
entfernt"  
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