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Key points  56 

Question: Is antibiotic prophylaxis associated with decreased risk of infective endocarditis after invasive dental 57 

procedures? 58 

Findings: This systematic review and meta-analysis including data on 1,152,345 cases of infective endocarditis 59 

demonstrated that antibiotic prophylaxis is associated with reduced risk of infective endocarditis following invasive 60 

dental procedures in high-risk subjects. This association was not proven for subjects with moderate risk, nor for those 61 

with low/unknown risk. 62 

Meaning: These findings support the use of antibiotic prophylaxis for high-risk subjects undergoing invasive dental 63 

procedures, supporting current American Heart Association and European Society of Cardiology guidelines.  64 

 65 

 66 

 67 

Tweet: This #metaanalysis demonstrated that #antibioticprophylaxis is associated with reduced risk of 68 

#infectiveendocarditis following invasive #dentalprocedures in high-risk subjects, supporting current #AHA and 69 

#ESC guidelines.   70 
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Abstract  71 

Importance: The association between antibiotic prophylaxis (AP) and infective endocarditis (IE) after invasive dental 72 

procedures (IDPs) is still unclear. Indications for AP were restricted by guidelines beginning in 2007.  73 

Objective: To systematically review and analyse existing evidence on the association between AP and IE following 74 

IDPs.  75 

Data Sources: We systematically searched PubMed, Cochrane-CENTRAL, Scopus, Web of Science, Proquest, 76 

Embase, Dentistry and Oral Sciences Source, and clinicaltrials.gov, from inception to May 2023.  77 

Study selection: Studies on the association between AP and IE following IDPs or time-trend analyses of IE incidence 78 

pre- and post-current AP guidelines were included.  79 

Data Extraction and Synthesis: Study quality was evaluated using structured tools. Data were extracted by 80 

independent observers. A pooled-relative risk (RR) of developing IE following IDPs in patients receiving AP versus 81 

not was computed by random-effects meta-analysis. 82 

Main Outcomes and Measures: The outcome of interest was the incidence of IE following IDPs, in relation to AP. 83 

Results: Of 11,217 records identified, 30 were included (1,152,345 IE cases). Of them, 8 (including 12 sub-studies) 84 

were either case-control/crossover, cohort studies, or self-controlled case-series, while 22 were time-trend studies; all 85 

were of good quality. Eight of the 12 case-control/crossover, cohort or self-controlled case-series sub-studies 86 

performed a formal statistical analysis; 5 supported a protective role of AP, especially among high-risk subjects, while 87 

3 did not. By meta-analysis, AP was associated with a significantly lower risk of IE after IDPs in high-risk subjects 88 

(pooled-RR=0.41, 95% confidence interval 0.29-0.57; p for heterogeneity=0.513; I2=0%). Nineteen of the 22 time-89 

trend studies performed a formal pre-post statistical analysis; 9 found no significant changes in IE incidence, 7 90 

demonstrated a significant increase for the overall population or sub-populations (high- and moderate-risk subjects, 91 

Streptococcus-IE, and viridans group streptococci-IE), whereas 3 found a significant decrease for the overall 92 

population and among oral Streptococcus-IE.  93 

Conclusions and Relevance: While results from time-trend studies are inconsistent, data from case-control/crossover, 94 

cohort, and self-controlled studies showed that use of AP is associated with reduced risk of IE following IDPs in high-95 

risk subjects, while no association was proven for low/unknown-risk subjects, thereby supporting current American 96 
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Heart Association and European Society of Cardiology recommendations. Currently, there is insufficient data to 97 

support any benefit of AP in subjects at moderate risk. 98 

 99 

Keywords: Infective endocarditis; Antibiotic prophylaxis; Invasive dental procedures; Evidence-based policy 100 

development; Guidelines; Systematic review; Meta-analysis.  101 
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Introduction  102 

Infective endocarditis (IE) is a rare but life-threatening condition1,2. The estimated global crude incidence ranges from 103 

1.5 to 11.6 cases/100,000 person-years3, but recent studies suggest the incidence is rising4–10. Incidence rates are 104 

higher in subjects with underlying cardiac conditions such as prosthetic heart valves, congenital heart disease (CHD), 105 

or non-cardiac conditions such as presence of central venous catheters, haemodialysis for renal failure, and 106 

intravenous drug use1. Despite optimal treatment, IE is associated with high morbidity and an estimated mortality rate 107 

at one year of 30-40%1,2,11–13. Therefore, the identification of effective prevention strategies is crucial.  108 

For several decades, the evidence surrounding antibiotic prophylaxis (AP) for IE prevention has undergone substantial 109 

evolution, prompting a reassessment of traditional approaches. In 1955, the American Heart Association (AHA) issued 110 

the first statement on prevention of IE14: AP was recommended for all subjects with rheumatic or CHD undergoing 111 

dental extractions and other dental manipulations which disturb the gums, the removal of tonsils and adenoids, the 112 

delivery of pregnant women, and operations on the gastrointestinal or urinary tracts
14. In the ensuing 50 years, AP 113 

was recommended to a wide range of subjects, with controversies regarding subject and procedure selections, choice 114 

of antibiotics, and overall risk-benefit ratio15,16. Between 2007 and 2009, the AHA, the European Society of 115 

Cardiology (ESC), and the National Institute for Health and Care Excellence (NICE) recommended restriction to AP 116 

to different degrees. The AHA and ESC recommended AP to be considered only in subjects at the highest risk (i.e. 117 

those with a previous history of IE, prosthetic heart valves or prosthetic material used in cardiac valve repair, 118 

unrepaired cyanotic CHD, CHD subjects with prosthetic materials/devices placed in the previous six months or with 119 

residual defects and those undergoing surgical or interventional procedures) who undergo an invasive dental 120 

procedure (IDP), defined as procedure that involve manipulation of the gingival tissue, periapical region of teeth or 121 

perforation of the oral mucosa17,18. Conversely, AP was no longer recommended for subjects at moderate risk, i.e. 122 

subjects with acquired valvular heart disease, hypertrophic cardiomyopathy, and most of the other CHDs. This 123 

message was later reinforced in updated statements19,20. In parallel, in 2008, NICE advised against routine AP use21, 124 

although in 2016 this message was revised with a softer statement suggesting AP not be routinely recommended22.  125 

The longstanding dispute over the effectiveness of AP to prevent IE following IDPs persists due to the scarcity of 126 

robust data and absence of randomised controlled trials (RCTs). In this setting, a comprehensive analysis of existing 127 
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evidence is valuable. Herein, we reviewed and meta-analysed the existing evidence to evaluate the association of AP 128 

and the incidence of IE following IDPs. In particular, we explored if AP is able to influence the association between 129 

IDP and IE (case-control/crossover, cohort studies, and self-controlled case-series) and if changes in the AP guidelines 130 

were associated with IE incidence over time (time-trend studies). Particular attention was given to stratified analyses 131 

by patient risk profile. 132 

 133 

Methods  134 

Data collection and reporting followed the guidelines for Systematic Review and Meta-Analysis of Observational 135 

Studies (MOOSE)23 and the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 136 

guidelines24. The study was conducted within the initiative World Workshop of Oral Medicine VIII 137 

(https://wworalmed.org) and registered in the National Institute for Health and Care Research (NIHR) International 138 

Prospective Register of Systematic Reviews (PROSPERO, CRD4202017398, 139 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=272740).  140 

 141 

Data sources and search strategy 142 

A systematic search of PubMed, Cochrane-CENTRAL, Scopus, Web of Science, Proquest, Embase, Dentistry and 143 

Oral Sciences Source (DOSS), and clinicaltrials.gov was conducted from inception to May 17-19, 2023. The search 144 

strategy was developed with the help of a dental librarian (L.G.) using both keywords and controlled vocabulary terms 145 

around the topics of infective endocarditis, antibiotic prophylaxis, guideline, and dental procedure (eMethods 1). 146 

References of selected articles were screened by hand to identify additional articles. Covidence software (Veritas 147 

Health Innovation, Melbourne, Australia) was used to support the review process. 148 

 149 

Study selection  150 

Studies were screened by two independent investigators (K.F., M.B., M.G., H.H., L.M., V.E.) at the title and abstract 151 

level. The same reviewers independently performed the full-text review. Reasons for exclusion were systematically 152 

recorded. Disagreements were discussed with senior investigators (G.L., P.D.D.) until consensus was reached. 153 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=272740
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Studies were selected if they included data on IE incidence and either: (1) data on the association between AP and IE 154 

following IDPs, or (2) a time-trend analysis of IE incidence around the time of AP guidelines implementation. The 155 

main outcome of interest was the IE incidence following IDPs, in relation to AP. Clinical trials, observational 156 

prospective or retrospective cohort studies, case-crossover studies, case-control studies, self-controlled case-series, or 157 

longitudinal ecological time-trend studies were all candidates for inclusion. Reviews, case reports, case-series (n≤10 to 158 

eliminate positive outcome bias), letters, editorials, animal studies, and conference abstracts were excluded. Criteria 159 

for exclusion are listed in eFigure 1. 160 

 161 

Quality assessment  162 

Quality of selected studies was independently assessed by two investigators (K.F., M.B.) and reviewed by two senior 163 

investigators (F.T., F.S.). The following quality assessment tools were adapted following a consensus process 164 

involving all authors: (1) the Effective Practice and Organization of Care (EPOC) criteria developed by the Cochrane 165 

Collaboration for time-trend studies; (2) the National Heart Lung and Blood Institutes (NHLBI) Quality Assessment 166 

Tool for Observational Cohort Studies and the NHLBI Quality Assessment Tool for Case-Control Studies for 167 

cohort/self-controlled case-series and case-control/crossover studies, respectively25,26 (eMethods 2-4).  168 

 169 

Data extraction and visualization 170 

Data extraction was performed independently by two investigators (M.B., M.G., H.H., K.F., G.L, F.S., F.T.). 171 

Disagreements were discussed with senior investigators (G.L., P.D.D., V.E.) until consensus was reached. Data were 172 

collected and summarized in structured tables, approved by all investigators. Sub-analyses based on pathogen or risk 173 

profile were also extracted. Records with overlapping data were flagged. 174 

From case-control, case-crossover and cohort studies, we extracted results of the two possible types of assessment for 175 

the association between AP and IE incidence: (1) direct assessment: single comparison between subjects who 176 

underwent IDPs and received AP versus subjects who did not receive AP before IDPs, and (2) indirect assessment: the 177 

two-fold comparison between subjects who did or did not receive AP before IDPs, both versus subjects who did not 178 

undergo IDPs. Results from the indirect assessment were plotted using a forest plot. For time-trend studies, we 179 
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extracted any measure of IE incidence changes (e.g., incidence rate ratios, differences in slope, differences in annual 180 

percentage change) pre- and post-AP guidelines.  181 

 182 

Statistical analysis 183 

For the direct assessment, we performed a random-effects meta-analysis of relative risk (RR) estimates (RR, odds 184 

ratio [OR], or incidence rate ratio [IRR]) of developing IE in high-risk subjects who underwent IDPs and received AP 185 

versus subjects who did not receive AP before IDPs, by using the Der Simonian and Laird method27. Heterogeneity 186 

among studies was assessed using the χ2 test and inconsistency was quantified using the I2 statistic28. All statistical 187 

analyses were performed using Stata Statistical Software (version 18; Stata Corp., College Station, TX). 188 

 189 

Results 190 

Study selection and characteristics 191 

A total of 11,217 records were identified. Following removal of duplicates (n=7,331), 3,886 titles and abstracts were 192 

screened. Of the 123 full-text articles retrieved, 30 were included, for a total of 1,152,345 IE cases (eFigure 1)4-13,29–48. 193 

All studies were observational: 8 were either case-control, case-crossover, cohort studies, or self-controlled case-series 194 

(4 included two separate sub-studies with different designs, for a total of 12 sub-studies) and 22 were time-trend 195 

studies. Twenty-seven (90%) were multi-centre (23 based on national databases) and 3 (10%) were single-centre 196 

studies. Twelve studies (40%) collected data from the United States, 13 (43%) from Europe (United Kingdom, France, 197 

Germany, The Netherlands, Sweden), three (10%) from Taiwan, and two (7%) from Canada.  198 

 199 

Role of AP on the association between IDPs and IE: results from case-control/crossover, cohort studies, and self-200 

controlled case-series 201 

Seven of 12 sub-studies (58%) from case-control/crossover, cohort studies, and self-controlled case-series found a 202 

significant association between IDPs and IE (2 in the overall population31,35, 3 among high-risk subjects32,36, and 2 203 

among moderate- and low/unknown-risk subjects32,36) (Table 1 and eTable 1). Regarding the role of AP on this 204 

association (8 sub-studies with available data), 3 out of the 4 sub-studies that provided a direct assessment found a 205 
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significantly lower risk of IE in high-risk subjects who underwent IDPs and received AP, compared to those who 206 

underwent IDPs without AP (Figure 1)32,36; by random-effects meta-analysis, the pooled-RR for developing IE after 207 

IDPs when receiving versus not receiving AP among high-risk subjects was 0.41 (95% confidence interval, CI 0.29-208 

0.57; p for heterogeneity=0.513 by χ2 test; I2 statistic=0%) (Figure 1). None of the pooled studies contained 209 

overlapping data. Only one of the previous 4 sub-studies showed a significant inverse association between use of AP 210 

before IDPs and IE for moderate-risk subjects32, while no sub-studies found a significant association in low/unknown-211 

risk subjects. Regarding the indirect assessment, 3 out of 6 sub-studies found a significantly higher risk of IE in 212 

subjects who underwent IDPs without AP, compared to subjects who did not undergo IDPs (one of them for the 213 

overall population31 and two in high-risk subjects only32,36); such sub-studies did not find  significantly higher risks for 214 

those who underwent IDPs receiving AP compared to those who did not undergo IDPs (eFigure 2).  215 

 216 

Association between AP guidelines change and the incidence of IE: results from time-trend studies 217 

Twenty-two time-trend studies were included in the systematic review (Table 2 and eTable 2). In time-trend 218 

analyses, interrupted time series of IE incidence were collected at multiple time-points before and after AP guideline 219 

changes (i.e. intervention). The effect of the intervention was generally evaluated by changes in the level and slope of 220 

the post-intervention time series, compared to a counterfactual trend estimated based on the pre-intervention data. The 221 

most frequent statistical approaches were segmented regression, which assumes the change has occurred at the 222 

guideline change time-point, and change-point analysis, which assumes that changes, if any, might have occurred at 223 

any point over time (details in eTable 2). Ten studies found a significant change in trends of hospitalization for IE 224 

after guideline changes (7 significant increase, 3 significant decrease), 9 studies did not detect significant changes, and 225 

3 did not perform any formal statistical pre-post comparison. Among the 7 studies that found a significant increase in 226 

IE rate, 4 were conducted in North America around the change in AHA guidelines and found a significant increase in 227 

specific sub-populations (high- and moderate-risk subjects only8,40, Streptococcus IE39, or viridans group 228 

Streptococcus [VGS]-IE7), while 3 were conducted in Europe around the NICE47 or ESC guideline changes5,44 and 229 

found a significant increase in the overall population (Table 2 and eTable 2). Of note, two of these studies contained 230 

overlapping data7,39. Conversely, 3 studies found a significant decrease in IE trends: 2 were conducted in the United 231 
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States around the AHA guideline change11,13 and found a significant decrease in the overall population, while one was 232 

conducted in Europe around the release of new French national guidelines46 and found a significant decrease in oral 233 

Streptococcus [OS]-IE only (Table 2 and eTable 2). No significant change in trends of IE incidence was 234 

demonstrated in low/unknown-risk subjects.  235 

 236 

Quality assessment  237 

Study quality is detailed in eFigure 3 and eTable 3. Case-control, case-crossover, cohort studies, and self-controlled 238 

case-series were overall of good quality, with nine of 12 studies (75%) with at most two items not met. The lowest 239 

scoring criteria were the sample size justification that was fulfilled in one study only (1/12=8%), followed by the 240 

blinding of the assessors to either the case/control status (case-control/crossover studies) or the exposure status (cohort 241 

studies/self-controlled case-series) which was fulfilled by only two studies (2/12=17%). Control for confounding with 242 

adjustment or stratification/sub-analyses was assessed in 9 studies (9/12=75%). Time-trend studies were overall of 243 

good quality, with sixteen studies (16/22 =73%) having zero, one, or at most two items at high risk of bias. The lowest 244 

scoring criteria were the performance of time-trend analyses by subgroups (9/22, 41%), and the parallel evaluation of 245 

actual implementation of the intervention (12/22, 54%). A statistically appropriate time-trend analysis was carried out 246 

in 17/22 (77%) of the studies; 18/22 (82%) had clearly defined time-points; and 19/22 (86%) had a sufficiently large 247 

time interval before and after intervention. 248 

 249 

Discussion 250 

This systematic review and meta-analysis explored the role of AP on the incidence of IE following IDPs bringing 251 

together data from 30 studies and eight countries, for a total of 1,152,345 IE cases. Among the 12 case-control, case-252 

crossover, cohort, or self-controlled case-series sub-studies, 8 formally evaluated a role of AP on IE after IDPs: 5 253 

supported a protective role of AP, especially among high-risk subjects (cohort and case-crossover studies32,36 and a 254 

self-controlled case series31), while 3 did not (nested case-control30 and cohort and case-crossover studies33). By meta-255 

analysis, we found that high-risk subjects who received AP before IDPs were 59% (95% CI: 43-71%) less likely to 256 

develop IE compared to those who did not receive AP, thereby supporting current AHA and ESC recommendations. 257 
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This association was not proven for subjects with low/unknown risk nor for those with moderate risk. In parallel, we 258 

found that results from time-trend studies were inconsistent. While roughly one-third showed a significant increase in 259 

IE incidence after AP restriction, two-thirds showed no change or a significant decrease in incidence. None of the 260 

studies demonstrated a significant change in IE incidence in low/unknown-risk subjects.  261 

The absence of RCTs addressing the association between AP and the incidence of IE remains a critical limitation for 262 

the establishment of definitive causal relationships. However, major challenges and restraints exist in performing an 263 

RCT. First, the rare incidence of IE engenders a large sample size requirement, extended trial duration and high 264 

resource demands, thereby impacting trial feasibility. Moreover, ethical concerns exist around withholding AP 265 

measures from at-risk populations22. In this setting, the synthesis of evidence from observational studies assumes 266 

particular significance. A meta-analysis of observational studies published in 2017 found that AP decreased the risk 267 

for bacteraemia (pooled-RR=0.53 [95% CI 0.49-0.57]), but not the risk for IE (pooled-OR=0.59 [95% CI 0.27-1.30]), 268 

likely due to limited statistical power49. Another meta-analysis of four studies revealed a 0% pooled-incidence of IE 269 

after IPDs among high-risk subjects receiving AP (0/413 subjects)50 concluding that AP was likely to reduce IE 270 

incidence. These meta-analyses were limited by either small sample sizes of the included studies49,50, evaluation of the 271 

overall population without stratifying for patient risk profile49, or lack of a comparison group not exposed to AP50. Our 272 

meta-analysis brings together the most recent data – among which two large case-crossover/cohort studies32,36 – 273 

allowing for control group comparison and group stratification, finally providing stronger – although still limited - 274 

evidence to support the role of AP in preventing IE after IDPs in high-risk patients. 275 

Results from time-trend studies remain controversial. While 9 of the included studies showed no significant changes in 276 

trends of IE incidence after guidelines recommending AP restriction, 7 showed a significant increase, and 3 a 277 

significant decrease. Reasons for inconsistency of these results are numerous. The infrequent occurrence of IE 278 

necessitates large populations to generate adequate statistical power. Studies assessing prescription data are scant, and 279 

most studies assume guideline adherence. However, a recent systematic review including studies across 20 countries 280 

showed that only approximately 25% of dentists were compliant51. Changes in the epidemiology of IE pathogens may 281 

have influenced results: around one third of IE cases may be attributed to oral streptococci, which are most commonly 282 

implicated in IE following IDPs, while the prevalence of staphylococcus-IE is rising1,52. Furthermore, pathogens’ 283 
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epidemiology also differs by country1,52. Variation exists on duration of the defined exposure period, length of follow-284 

up, and IE diagnostic criteria. While age and sex were often considered as confounders, comorbidities, 285 

immunosuppression, and exposure to other invasive procedures or presence of intravascular devices were not 286 

assessed. Finally, we cannot exclude that any changes in IE incidence over time might have been driven by other 287 

factors that changed concurrently. Overall, time-trend studies exhibit significant limitations in effectively defining the 288 

role of AP in determining the incidence of IE. 289 

Although one case-crossover study identified a small but significant effect of AP in reducing IE incidence following 290 

IDPs in subject at moderate risk32, this was not confirmed in 3 other case-crossover36 and cohort studies32,36. Similarly, 291 

results from time-trend studies regarding moderate-risk subjects are inconsistent. While recent studies continue to 292 

investigate and confirm the increased risk of IE for some of the lower-risk categories of subjects – e.g. those with 293 

cardiac implantable electronic devices (CIEDs) and hypertrophic cardiomyopathy - compared to the general 294 

population53,54, there is currently insufficient evidence to suggest that AP is effective in reducing IE incidence in these 295 

subjects. Further studies are needed to clarify this topic.  296 

Limitations 297 

This study has limitations. Evidence was derived from different study designs with a different potential to answer the 298 

study question, from the more informative direct assessments to the least informative time-trend studies. Meta-299 

analysis was limited to direct assessment and included only four studies. Meta-analysis was not feasible for indirect 300 

assessments due to the lack of an overarching statistical measure comparing the two study-specific RRs, nor for time-301 

trend studies given the variety of statistical measures employed. The included studies are observational and are 302 

therefore affected by intrinsic biases. The definition of IE varied across studies, ranging from clinical criteria to 303 

International Classification of Diseases (ICD)-codes. ICD codes are affected by poor granularity, and coding 304 

variability exists across countries. Data on guideline adherence were limited and assumptions were made on AP 305 

prescription, administration, and regimen. Finally, external factors such as subjects’ increased longevity, greater 306 

patient complexity and comorbidities, increased number of prosthetic valves and CIED placements, and improvements 307 

in IE diagnosis - which may, at least in part, explain an increase in IE incidence - were not accounted for by most 308 

studies.  309 



 14 

Conclusions 310 

Despite these limitations, we believe our data add valuable evidence in defining the role of AP in preventing IE 311 

following IDPs. While consistent conclusions from time-trend studies are difficult to extrapolate due to their intrinsic 312 

limitations and heterogeneity, data from case-control, case-crossover, cohort studies, and self-controlled case-series 313 

provide clearer evidence that AP is associated with reduced IE incidence following IDPs in high-risk subjects, while 314 

no association was proven for low/unknown-risk subjects, thereby supporting the current AHA and ESC 315 

recommendations. There are currently insufficient data to support the use of AP in subjects at moderate risk. Overall, 316 

further studies with a rigorous scientific approach are needed. These may include pragmatic clinical trials which, 317 

despite their acknowledged limitations, could leverage national health system data to achieve the necessary statistical 318 

power with reasonable feasibility.  319 



 15 

Acknowledgement Section 320 

 321 

Contributors 322 

FS, KF, FT, CHLH, TPS, GL, PBL, MT, PDD and VE contributed to the design and conceptualization of the study. 323 

FS, KF, FT, MG, MB, HH, LM, and VE contributed to data collection and verified the underlying data reported in the 324 

manuscript. FS, KF, FT, and VE contributed to data analysis or interpretation. VE led the World Workshop on Oral 325 

Medicine (WWOM) VIII group on infective endocarditis and had primary responsibility for the final content of the 326 

manuscript. All authors contributed to drafting the work or revising it critically for important intellectual content and 327 

approved the final version. All authors had full access to all the data, accept full responsibility of ensuring accuracy or 328 

integrity of any part of the work, approved the final version of the manuscript and agreed to submit it for publication. 329 

 330 

Funding/Support 331 

The WWOM VIII Steering Committee gratefully acknowledges the following organizations, companies, and subjects 332 

that provided financial support for WWOM VIII: American Academy of Oral Medicine, European Association of Oral 333 

Medicine, Church & Dwight Co. Inc., Colgate Palmolive, and patients of Dr. Ross Kerr. The funding organizations 334 

had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; 335 

preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication. 336 

 337 

Non-author contributions 338 

The WWOM VIII Steering Committee provided the conceptual framework and logistical support to produce the 339 

WWOM VIII Conference in May 2022 in Memphis, Tennessee, USA. In addition, the Steering Committee provided 340 

scientific and editorial critiques of this manuscript. The Steering Committee is listed below, in alphabetical order: 341 

Arwa M Farag (Saudi Arabia/USA), Timothy A Hodgson (UK), Catherine HL Hong (Singapore), Siri B Jensen 342 

(Denmark), Ross A Kerr (USA), Giovanni Lodi (Italy), Richeal N Riordain (Ireland), and Thomas P Sollecito (USA). 343 

 344 

Access to Data and Data Analysis Statement 345 



 16 

Valeria Edefonti had full access to all the data in the study and takes responsibility for the integrity of the data and the 346 

accuracy of the data analysis. 347 

Data sharing statement 348 

Data are extracted from literature and are publicly available. 349 

 350 

Conflict of interest disclosures 351 

MT has research grant funding from the National Institutes for Health (USA), Delta Dental of Michigan Research and 352 

Data Institute’s Research Committee, and Renaissance Health Service Corporation (USA). PBL was the liaison from 353 

the American Dental Association (ADA) to the American Heart Association (AHA) and served on the Guidelines 354 

Committees for the 2007 and 2021; he also has research grant funding from the National Institutes for Health, 355 

National Institute of Dental and Craniofacial Research (USA). None of these funding sources had any role 356 

in supporting the study design; in the collection, analysis, and interpretation of data; in the writing of the report, or in 357 

the decision to submit the paper for publication. All the other authors have no conflicts of interests to declare. 358 



 17 

References 359 

1.  Cahill TJ, Baddour LM, Habib G, et al. Challenges in Infective Endocarditis. J Am Coll Cardiol. 360 

2017;69(3):325-344. doi:10.1016/j.jacc.2016.10.066 361 

2.  Thornhill MH, Dayer M, Lockhart PB, Prendergast B. Antibiotic Prophylaxis of Infective Endocarditis. Curr 362 

Infect Dis Rep. 2017;19(2). doi:10.1007/s11908-017-0564-y 363 

3.  Bin Abdulhak AA, Baddour LM, Erwin PJ, et al. Global and regional burden of infective endocarditis, 1990-364 

2010: A systematic review of the literature. Glob Heart. 2014;9(1):131-143. doi:10.1016/j.gheart.2014.01.002 365 

4.  Keller K, von Bardeleben RS, Ostad MA, et al. Temporal Trends in the Prevalence of Infective Endocarditis 366 

in Germany Between 2005 and 2014. Am J Cardiol. 2017;119(2):317-322. doi:10.1016/j.amjcard.2016.09.035 367 

5.  Van Den Brink FS, Swaans MJ, Hoogendijk MG, et al. Increased incidence of infective endocarditis after the 368 

2009 European Society of Cardiology guideline update: A nationwide study in the Netherlands. Eur Hear J - 369 

Qual Care Clin Outcomes. 2017;3(2):141-147. doi:10.1093/ehjqcco/qcw039 370 

6.  Bates KE, Hall M, Shah SS, Hill KD, Pasquali SK. Trends in infective endocarditis hospitalisations at United 371 

States children’s hospitals from 2003 to 2014: Impact of the 2007 American Heart Association antibiotic 372 

prophylaxis guidelines. Cardiol Young. 2017;27(4):686-690. doi:10.1017/S1047951116001086 373 

7.  Sakai Bizmark R, Chang RKR, Tsugawa Y, Zangwill KM, Kawachi I. Impact of AHA’s 2007 guideline 374 

change on incidence of infective endocarditis in infants and children. Am Heart J. 2017;189:110-119. 375 

doi:10.1016/j.ahj.2017.04.006 376 

8.  Garg P, Ko DT, Bray Jenkyn KM, Li L, Shariff SZ. Infective Endocarditis Hospitalizations and Antibiotic 377 

Prophylaxis Rates Before and After the 2007 American Heart Association Guideline Revision. Circulation. 378 

2019;140(3):170-180. doi:10.1161/CIRCULATIONAHA.118.037657 379 

9.  Quan TP, Muller-Pebody B, Fawcett N, et al. Investigation of the impact of the NICE guidelines regarding 380 

antibiotic prophylaxis during invasive dental procedures on the incidence of infective endocarditis in England: 381 

An electronic health records study. BMC Med. 2020;18(1):1-17. doi:10.1186/s12916-020-01531-y 382 

10.  Vähäsarja N, Lund B, Ternhag A, et al. Incidence of infective endocarditis caused by viridans group 383 

streptococci in Sweden–effect of cessation of antibiotic prophylaxis in dentistry for risk individuals. J Oral 384 



 18 

Microbiol. 2020;12(1):1768342. doi:10.1080/20002297.2020.1768342 385 

11.  Bikdeli B, Wang Y, Kim N, Desai MM, Quagliarello V, Krumholz HM. Trends in hospitalization rates and 386 

outcomes of endocarditis among medicare beneficiaries. J Am Coll Cardiol. 2013;62(23):2217-2226. 387 

doi:10.1016/j.jacc.2013.07.071 388 

12.  DeSimone D, Tleyjeh I, Correa de Sa D, et al. Incidence of Infective Endocarditis due to Viridans Group 389 

Streptococci Before and After the 2007 American Heart Association’s Prevention Guidelines: An Extended 390 

Evaluation of the Olmsted County, Minnesota Population and Nationwide Inpatient Sample. Mayo Clin Proc. 391 

2015;90(7):874-881. doi:10.1016/j.mayocp.2015.04.019 392 

13.  Toyoda N, Chikwe J, Itagaki S, Gelijns AC, Adams DH, Egorova NN. Trends in infective endocarditis in 393 

California and New York state, 1998-2013. JAMA. 2017;317(16):1652-1660. doi:10.1001/jama.2017.4287 394 

14.  Jones T, Baumgartner L, Bellows M, Breese B, Kuttner A, McCarty M. Prevention of rheumatic fever and 395 

bacterial endocarditis through control of streptococcal infections. Circulation. 1955;11:317-320. 396 

15.  Leport C, Horstkotte D, Burckhardt D, et al. Antibiotic prophylaxis for infective endocarditis from an 397 

international group of experts towards a European consensus. Eur Heart J. 1995;16(SUPPL. B):126-131. 398 

doi:10.1093/eurheartj/16.suppl_b.126 399 

16.  Dajani AS, Taubert KA, Wilson W, et al. Prevention of Bacterial Endocarditis: Recommendations by the 400 

American Heart Association. JAMA. 1997;277(22):1794-1801. 401 

17.  Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective endocarditis: Guidelines from the American 402 

Heart Association. Circulation. 2007;116(15):1736-1754. doi:10.1161/CIRCULATIONAHA.106.183095 403 

18.  Habib G, Hoen B, Tornos P, et al. Guidelines on the prevention, diagnosis, and treatment of infective 404 

endocarditis. Eur Heart J. 2009;30(19):2369-2413. doi:10.1093/eurheartj/ehp285 405 

19.  Wilson WR, Gewitz M, Lockhart PB, et al. Prevention of Viridans Group Streptococcal Infective 406 

Endocarditis: A Scientific Statement from the American Heart Association. Circulation. 2021;143(20):E963-407 

E978. doi:10.1161/CIR.0000000000000969 408 

20.  Habib G, Lancellotti P, Antunes MJ, et al. 2015 ESC Guidelines for the management of infective endocarditis. 409 

Eur Heart J. 2015;36(44):3075-3123. doi:10.1093/eurheartj/ehv319 410 



 19 

21.  NICE. Prophylaxis against infective endocarditis Antimicrobial prophylaxis against infective endocarditis in 411 

adults and children. Natl Inst Clin Excell Guidel 64. 2008;(March):1-107. 412 

papers3://publication/uuid/42FCFEA6-9616-44E2-84A0-21074528BE46. 413 

22.  Thornhill MH, Dayer M, Lockhart PB, et al. Prophylaxis guidelines: Plea to NICE. Br Dent J. 2016;221(1):2-414 

3. doi:10.1038/sj.bdj.2016.470 415 

23.  Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of Observational Studies: a proposal for reporting. 416 

JAMA. 2000;283(15):2008-2012. 417 

24.  Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: An updated guideline for reporting 418 

systematic reviews. Br Med J. 2021;372(71):1-9. doi:10.1136/bmj.n71 419 

25.  National Heart, Lung, and Blood Institutes (NHLBI) Quality Assessment Tool for Observational Cohort and 420 

Cross-Sectional Studies. https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools. 421 

26.  National Heart, Lung, and Blood Institutes (NHLBI) Quality Assessment Tool for Case-Control Studies. 422 

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools. 423 

27.  Higgins JP, Thompson SG, Deeks JK, Altman DG. Measuring inconsistency in meta-analyses. BMJ. 424 

2003;327(7414):557-560. doi:10.1136/bmj.327.7414.557 425 

28.  DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986;7(3):177-188. 426 

doi:10.1016/0197-2456(86)90046-2 427 

29.  Chen PC, Tung YC, Wu PW, et al. Dental procedures and the risk of infective endocarditis. Med (United 428 

States). 2015;94(43):1-6. doi:10.1097/MD.0000000000001826 429 

30.  Sun LC, Lai CC, Wang CY, et al. Risk factors for infective endocarditis in children with congenital heart 430 

diseases - A nationwide population-based case control study. Int J Cardiol. 2017;248:126-130. 431 

doi:10.1016/j.ijcard.2017.08.009 432 

31.  Chen TT, Yeh YC, Chien KL, Lai MS, Tu YK. Risk of infective endocarditis after invasive dental treatments. 433 

Circulation. 2018;138(4):356-363. doi:10.1161/CIRCULATIONAHA.117.033131 434 

32.  Thornhill MH, Gibson TB, Yoon F, et al. Antibiotic Prophylaxis Against Infective Endocarditis Before 435 

Invasive Dental Procedures. J Am Coll Cardiol. 2022;80(11):1029-1041. doi:10.1016/j.jacc.2022.06.030 436 



 20 

33.  Tubiana S, Blotière PO, Hoen B, et al. Dental procedures, antibiotic prophylaxis, and endocarditis among 437 

people with prosthetic heart valves: Nationwide population based cohort and a case crossover study. BMJ. 438 

2017;358:1-9. doi:10.1136/bmj.j3776 439 

34.  Thornhill MH, Crum A, Rex S, et al. Infective endocarditis following invasive dental procedures: IDEA case-440 

crossover study. Health Technol Assess (Rockv). 2022;26(28). doi:10.3310/NEZW6709 441 

35.  Thornhill MH, Crum A, Campbell R, et al. Temporal association between invasive procedures and infective 442 

endocarditis. Heart. 2022;109(3):223-231. doi:10.1136/heartjnl-2022-321519 443 

36.  Thornhill MH, Gibson TB, Yoon F, et al. Endocarditis, invasive dental procedures, and antibiotic prophylaxis 444 

efficacy in US Medicaid patients. Oral Dis. 2023;Epub ahead:1-15. doi:10.1111/odi.14585 445 

37.  Rogers AM, Schiller NB. Impact of the First Nine Months of Revised Infective Endocarditis Prophylaxis 446 

Guidelines at a University Hospital: So Far So Good. J Am Soc Echocardiogr. 2008;21(6):775. 447 

doi:10.1016/j.echo.2008.04.001 448 

38.  Pasquali SK, He X, Mohamad Z, et al. Trends in endocarditis hospitalizations at US children’s hospitals: 449 

Impact of the 2007 American Heart Association antibiotic prophylaxis guidelines. Am Heart J. 450 

2012;163(5):894-899. doi:10.1016/j.ahj.2012.03.002 451 

39.  Pant S, Patel NJ, Deshmukh A, et al. Trends in infective endocarditis incidence, microbiology, and valve 452 

replacement in the United States from 2000 to 2011. J Am Coll Cardiol. 2015;65(19):2070-2076. 453 

doi:10.1016/j.jacc.2015.03.518 454 

40.  Thornhill MH, Gibson TB, Cutler E, et al. Antibiotic Prophylaxis and Incidence of Endocarditis Before and 455 

After the 2007 AHA Recommendations. J Am Coll Cardiol. 2018;72(20):2443-2454. 456 

doi:10.1016/j.jacc.2018.08.2178 457 

41.  Desimone DC, Lahr BD, Anavekar NS, et al. Temporal Trends of Infective Endocarditis in Olmsted County, 458 

Minnesota, between 1970 and 2018: A Population-Based Analysis. Open Forum Infect Dis. 2021;8(3):1-10. 459 

doi:10.1093/ofid/ofab038 460 

42.  Mackie AS, Liu W, Savu A, Marelli AJ, Kaul P. Infective Endocarditis Hospitalizations Before and After the 461 

2007 American Heart Association Prophylaxis Guidelines. Can J Cardiol. 2016;32(8):942-948. 462 



 21 

doi:10.1016/j.cjca.2015.09.021 463 

43.  Knirsch W, Schuler SK, Christmann M, Weber R. Time‑trend population analysis of the clinical and 464 

epidemiologic effect on pediatric infective endocarditis after change of antibiotic prophylaxis guidelines. 465 

Infection. 2020;48(5):679. doi:10.1007/s15010-020-01490-9 466 

44.  Weber C, Luehr M, Petrov G, et al. Impact of the 2009 ESC Guideline Change on Surgically Treated Infective 467 

Endocarditis. Ann Thorac Surg. 2022;114(4):1349-1356. doi:10.1016/j.athoracsur.2022.01.054 468 

45.  Krul MMG, Vonk ABA, Cornel JH. Trends in incidence of infective endocarditis at the medical center of 469 

Alkmaar. Netherlands Hear J. 2015;23(11):548-554. doi:10.1007/s12471-015-0743-0 470 

46.  Duval X, Delahaye F, Alla F, et al. Temporal trends in infective endocarditis in the context of prophylaxis 471 

guideline modifications: Three successive population-based surveys. J Am Coll Cardiol. 2012;59(22):1968-472 

1976. doi:10.1016/j.jacc.2012.02.029 473 

47.  Dayer MJ, Jones S, Prendergast B, Baddour LM, Lockhart PB, Thornhill MH. Incidence of infective 474 

endocarditis in England, 2000-13: A secular trend, interrupted time-series analysis. Lancet. 475 

2015;385(9974):1219-1228. doi:10.1016/S0140-6736(14)62007-9 476 

48.  Shah ASV, McAllister DA, Gallacher P, et al. Incidence, Microbiology, and Outcomes in Patients 477 

Hospitalized with Infective Endocarditis. Circulation. 2020;141(25):2067-2077. 478 

doi:10.1161/CIRCULATIONAHA.119.044913 479 

49.  Cahill TJ, Harrison JL, Jewell P, et al. Antibiotic prophylaxis for infective endocarditis: A systematic review 480 

and meta-Analysis. Heart. 2017;103(12):937-944. doi:10.1136/heartjnl-2015-309102 481 

50.  Lean SSH, Jou E, Sin J, Ho Y, Jou EGL. Prophylactic antibiotic use for infective endocarditis : a systematic 482 

review and meta- ­ analysis. BMJ Open. 2023;13:e077026. doi:10.1136/bmjopen-2023-077026 483 

51.  Diz Dios P, Monteiro L, Pimolbutr K, et al. World Workshop on Oral Medicine VIII: Dentists’ compliance 484 

with infective endocarditis prophylaxis guidelines for patients with high-risk cardiac conditions: a systematic 485 

review. Oral Surg Oral Med Oral Pathol Oral Radiol. 2023;135(6):757-771. doi:10.1016/j.oooo.2022.12.017 486 

52.  Khan O, Shafi AMA, Timmis A. International guideline changes and the incidence of infective endocarditis: 487 

A systematic review. Open Hear. 2016;3(2):e000498. doi:10.1136/openhrt-2016-000498 488 



 22 

53.  Østergaard L, Valeur N, Wang A, et al. Incidence of infective endocarditis in patients considered at moderate 489 

risk. Eur Heart J. 2019;40(17):1355-1361. doi:10.1093/eurheartj/ehy629 490 

54.  Kim JY, Park SJ, Lee SH, Seo GH, Jang SW. Risk of infective endocarditis associated with invasive dental 491 

procedures in patients with cardiac rhythm devices. Europace. 2022;24(12):1967-1972. 492 

doi:10.1093/europace/euac086 493 

  494 



 23 

Figure Titles and Legends 495 

 496 

Figure 1. Forest plot and meta-analysis of relative risk measures comparing the risk of developing infective 497 

endocarditis after invasive dental procedures in high-risk patients who received antibiotic prophylaxis versus 498 

patients who did not (direct assessment). Relative risks and 95% confidence intervals are showed for each study 499 

using black squares and bars, respectively. The white diamond represents the pooled-relative risk and 95% confidence 500 

intervals. AP: antibiotic prophylaxis; CI: confidence interval; IDP: invasive dental procedure; RR: relative risk.  501 

 502 

  503 
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Table 1. Summary of study characteristics and main findings for case-control, case-crossover and cohort studies assessing the association 504 
between invasive dental procedures and infective endocarditis, as well as the role of antibiotic prophylaxis on this association. 505 
 506 

Author, publication 

date, setting, 

country, study 

period, guidelines 

 

Study design and 

study period 

N of IE cases/  

N of controls, 

N population at 

risk, 

Age 

Association between IDPs and IE Role of AP on the association between IDPs and IE 

Chen et al., 201529  
National data, Taiwan  
 
Taiwan guidelines  
 
Partially 

overlapping data* 

Case-crossover study 
1999-2012 
 
 

713 IE 
 
Mean age 58 years  
(SD 20) 

No significant association between IDPs 
and IE 
(See eTable 1 for ORs for specific IDPs) 
 

After adjusting for AP, no difference in odds of IE between 
case- and matched control-periods 
(See eTable 1 for ORs for specific IDPs) 
 
 
 

Sun et al., 201730 
National data, Taiwan 

 

Taiwan guidelines  

Nested case-control 
study 
1997-2010  

 
 

237 IE 
 
Median age 1.2 
years  
(IQR 0.6–3.0) 
 
Controls: 4,725 
Similar age due to 
matching 

No analysis for overall IDPs No significant association between use of AP before IDPs 
and IE: 
IDPs without AP: OR of IE 0.35 (95% CI: 0.11-1.27) vs. no 
IDPs; 
IDPs with AP: OR of IE 1.31 (95% CI: 0.64-2.66) vs. no IDPs 
[Indirect assessement] 

Chen et al., 201831 
National data, Taiwan  
 
Taiwan guidelines 
 
Partially 

overlapping data* 

Case-crossover study 
2005-2011 
 
 

9,120 IE 
 
Age ≥20 years 

No significant association between IDPs 
and IE  
(See eTable 1 for the OR for the 12-weeks 
case-period) 

NR  

Self-controlled case-
series 
2004-2013 
 
 

8,181 IE 
 
Age ≥20 years 

Significant increase in IE incidence in the 

1-4 weeks after IDPs (IRR of IE 1.14, 95% 
CI: 1.02-1.26, vs. control-period), but not 
for IE occurring 5-16 weeks after IDPs 

Significant increase in IE incidence in the 1-4 weeks after 

IDPs without AP (IRR of IE 1.16, 95% CI: 1.03-1.31, vs. no 
IDPs), but not for IE occurring 5-16 weeks after 
No significant increase in IE incidence after IDPs with AP 

for all the timeframes (1-4 weeks IRR of IE 1.07, 95% CI: 
0.88-1.30, vs. no IDPs) 
[Indirect assessement] 

Thornhill et al., 
202232 
National data, USA  
 
AHA guidelines 2007 

Cohort study 
2000-2015 
 

3,774 
IE/7,951,972 
subjects 
 
Age ≥18 years 
 

No significant association between IDPs 
and IE: OR to develop IE in the 4-weeks 
following IDPs in high-risk† subjects 1.17 
(95% CI 0.74-1.92) vs. no IDPs  
 
Significant direct association between 
dental extraction and IE: 
- high-risk†: OR 9.22 (95% CI 5.54-
15.88);  
- moderate-risk†: OR 3.25 (95% CI 1.61-
6.46);  
- low-risk: OR 2.41 (95% CI 1.44-3.95)   
Significant direct association between oral 
surgery and IE: 
- high-risk†: OR 20.18 (95% CI 11.22-
36.74);  
- low-risk: OR 3.74 (95% CI 1.79-7.15) 

Significant inverse association between use of AP before 
IDPs and IE in high-risk† subjects: OR of IE 0.38 (95% CI 
0.22-0.62) vs. no AP 
[Direct assessement] 
 
No significant association in moderate-risk† subjects 
 
 

Case-crossover study 
2000-2015 
 
 

3,774 IE 
 
Age ≥18 years 
 
 

Significant direct association between 
IDPs and IE in high-risk† subjects: OR of 
IE 2.00 (95% CI: 1.59-2.52) vs. control-
period 
 
No association between IDPs and IE in 
moderate-risk† or low/unknown-risk 
subjects 

Significant inverse association between use of AP before 
IDPs and IE in high-risk† subjects: OR of IE 0.49 (95% CI: 
0.29-0.85) vs. no AP 
[Direct assessement] 
 
Risk of IE after IDPs without AP vs. no IDPs in high-risk† 
subjects: OR of IE 2.44 (95% CI: 1.87-3.18); 
Risk of IE after IDPs with AP vs. no IDPs in high-risk† 
subjects: OR of IE 1.20 (95% CI: 0.74-1.93) 
[Indirect assessement] 
 
Significant inverse association between use of AP before 
IDPs and IE in moderate-risk subjects†: OR of IE 0.34 (95% 
CI: 0.14-0.88) vs no AP 
[Direct assessement] 

Tubiana et al., 201733 
National data, France 
 
ESC guidelines 2015  
 

Cohort study 
2009-2014 
 

267 IE/138,876 
subjects 
 
Median age 74 
years  
(IQR 63-80) 
 

Study included only high-risk† subjects 
(prosthetic valves) 
 

No significant association between IDPs 
and IE: IRR to develop IE in the 3 months 
following IDPs 1.25 (95% CI: 0.82-1.82) 
vs. no IDPs 

Study included only high-risk† subjects (prosthetic valves) 
 
After stratifying for AP, no difference in risk of IE after 
IDPs: 
IDPs without AP: IRR of IE 1.57 (95% CI: 0.90-2.53) vs. no 
IDPs;  
IDPs with AP: IRR of IE 0.83 (95% CI: 0.33-1.69) vs. no 
IDPs 
[Indirect assessement] 
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Case-crossover 
2009-2014 
 
 
 

648 IE 
 
Median age 77 
years  
(IQR 68-82) 
 
 

Study included only high-risk† subjects 
(oral streptococcal IE on prosthetic valves) 
 

Significant direct association between 
IDPs and IE: OR of IE 1.66 (95% CI: 1.05-
2.63) vs. control-period 

Study included only high-risk† subjects (oral streptococcal IE 
on prosthetic valves) 
 
After stratifying for AP, results were similar but no longer 

significant: 
IDPs without AP: OR of IE 1.62 (95% CI: 0.81-3.27) vs. no 
IDPs;  
IDPs with AP: OR of IE 1.69 (95% CI: 0.93-3.06) vs. no IDPs 
[Indirect assessement] 

Thornhill et al., 
202234 National data, 
England 
 
NICE guidelines 2008 
 
Overlapping data* 

Case-crossover study 
2010-2016 
 

17,732 IE  
(4,296 with linked 
dental data) 
 
Mean age 61 years  
(SD 21)  
(62 years, SD 19, 
with linked dental 
data) 

Significant inverse association between 
IDPs in the 3 months before IE and IE in 

high-risk† subjects: IRR of IE for the 
control-period 1.36 (95% CI: 1.16-1.59) vs. 
case-period 
 
 

IE cases not receiving AP for IDPs: 7205/7340 (98.16%) 
IE cases receiving AP for IDPs: 135/7340 (1.84%) 
 
Total IDPs not receiving AP: 3,675,440/3,744,280 (98.16%) 
Total IDPs receiving AP: 68,840/3,744,280 (1.84%) 

Thornhill et al., 
202335 National data, 
England 
 
NICE guidelines 2008 
 
Overlapping data* 

Case-crossover study 
2010-2016 
 

14,731 IE 
 
Mean age 62 years  
(SD 20) 

Significant direct association between 
dental extraction and IE: OR to develop IE 
in the 3 months following IDPs 2.14 (95% 
CI: 1.22-3.76) vs. control-period 
 
Increased risk for other surgical 
scaling/gingival procedures as well, 
however not statistically significant 

Assumed that no AP was administered given NICE guidelines 
2008 
 
In high-risk† subjects, estimated 50 (95% CI: 9-120) 
additional IE cases/100,000 dental extractions 
 
In moderate-risk† subjects, estimated 4 (95% CI: 1-9) 
additional IE cases/100,000 dental extractions 

Thornhill et al., 
202336 National data, 
USA 
 
AHA guidelines 2007  
 

Cohort study 
2000-2015 
 

2,647 
IE/1,678,190 
subjects 
 
Age ≥18 years 
 

Significant direct association between 
IDPs and IE: OR to develop IE in the 30 
days following IDPs 

- high-risk†: 6.58 (95% CI: 2.76-20.33) vs. 
no IDPs;  
- low/unknown-risk: 2.06 (95% CI: 1.07-
4.33) vs. no IDPs; 
- moderate-risk†: 4.09 (95% CI: 1.18-
11.99) vs. no IDPs for oral surgery  

Significant inverse association between AP before IDPs and 
IE in high-risk† subjects: OR to develop IE 0.20 (95% CI: 
0.06-0.53) vs. no AP 
[Direct assessement] 
 
No significant association in moderate-risk† or low/unknown-
risk subjects 
 

 

Case-crossover study 
2000-2015 
 
 

2,647 IE 
 
Age ≥18 years 
 

Significant direct association between 
IDPs and IE in high-risk† subjects: OR of 
IE 2.91 (95% CI: 2.15-3.95) vs. control-
period 
 
No association between IDPs and IE in 
moderate-risk† or low/unknown-risk 
subjects 
 

No significant association between AP before IDPs and IE in 

high-risk† subjects: OR of IE 0.50 (95% CI: 0.17-1.49) vs. 
no AP 
[Direct assessement] 
 
Risk of IE after IDPs without AP in high-risk† subjects: OR 
of IE 3.14 (95% CI: 2.28-4.32) vs. no IDPs; 
Risk of IE after IDPs with AP in high-risk† subjects: OR of 
IE 1.57 (95% CI: 0.55-4.44) vs. no IDPs 
[Indirect assessement] 
 
No significant association in moderate-risk† or low/unknown-
risk subjects 
 

 507 
Additional details are reported in eTable 1. 508 
* Chen et al., 201831 partially overlaps with Chen et al., 201529; Thornhill et al., 202335 overlaps with Thornhill et al., 2022.34 509 
† High-risk subjects were defined as subjects with cardiac conditions that included previous IE, prosthetic cardiac valve replacement or prosthetic material used 510 
in cardiac valve repair, and certain forms of congenital heart disease (CHD) (i.e. unrepaired cyanotic CHD, CHD subjects with prosthetic materials/devices 511 
placed in the previous 6 months or with residual defects or those undergoing surgical or interventional procedures). Moderate-risk subjects were defined as 512 
subjects with cardiac conditions that included acquired valvular heart disease, hypertrophic cardiomyopathy, and most of the other CHDs.  513 
 514 
Abbreviations: AHA: American Heart Association; AP: antibiotic prophylaxis; CI: confidence interval; ESC: European Society of Cardiology; IDP: invasive 515 
dental procedure; IE: infective endocarditis; IQR: interquartile range; IRR: incidence rate ratio; N: number; NICE: National Institute for Health and Care 516 
Excellence; NR: not reported; OR: odds ratio; RR: relative risk; SD: standard deviation. 517 
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Table 2. Summary of study characteristics and main findings for time-trend studies assessing the association between AP guideline 518 
change and the incidence of infective endocarditis. 519 
Author, publication date, 

setting, country, study period, 

guidelines 

  

N of IE cases,  

Age  

  

Reported IE measure before and after guidelines Association between AP guideline change and 

incidence of IE and reported measure of change (when 

available) 

  Before  After  

Bates et al., 20176 
Multicentre, USA 
2003-2014 
 
AHA guidelines 2007 

Overlapping data* 

841 IE 
 
Median age 13 years  
(IQR 9-15)  

Mean IR 4.6/10,000 child-6 
months 

Mean IR  
4.6/10,000 child-6 months 

Study included only oral Streptococcus IE 
 

No significant change in trends of IE before and after 
guidelines: difference in slope NR (p=0.895) 
 
CHD: NS 

 

Bikdeli et al.,201311 
National data, USA 
1999-2010 
 
AHA guidelines 2007 

262,658 IE 
 
Mean age 79.4 years 
(SD 8.0) (1999-2000) 
–  
Mean age 79.2 years 
(SD 8.8) (2009-2010)  

IR 
1999: 72.0/100,000  
per year 
2005: 83.5/100,000  
per year 
2007: 81.4/100,000  
per year 

IR 
2008: 
79.2/100,000 per year 
2009: 
74.9/100,000 per year 
2010: 
70.6/100,000 per year 

Significant decrease in trends of IE post- compared to 
pre-guidelines:  
2008 vs. 2007 IRR 0.97 (95% CI: 0.94-0.99) 
2009 vs. 2007 IRR 0.91 (95% CI: 0.89-0.93) 
2010 vs. 2007 IRR 0.86 (95% CI: 0.84-0.88) 

 

De Simone et al., 201512 
National data, USA 
2000-2011 
 
AHA guidelines 2007 
Overlapping data* 

Projected nationwide 
estimates: from 17,110 
(2003) to 13,334 
(2010) 
 
Age NR 

NR NR Study included VGS-IE only  

 

No significant change in trends of IE before and after 
guidelines (p value NR) 
 

 

DeSimone et al., 202141 
National data, USA 
1970-2018  
 
AHA guidelines 2007 
Overlapping data* 

269 IE 
 
Median age 67  
(IQR 52-78) 

IR 2000-2009:  
 
Females 5.4 (95% CI: 3.7-
7.8) /100,000 per year 
Males 7.8 (95% CI: 5.5-10.7) 
/100,000 per year 

IR 2010-2018:  
 
Females 5.7 (95% CI: 3.9-
8.0) /100,000 per year 
Males 13.3 (95% CI: 10.2-
16.9) /100,000 per year 

No overall analysis 
 
No significant increase in trends of VGS-IE incidence 
before and after guidelines: difference NS (p=0.482) 
 

Pant et al., 201539  
National data, USA 
2000-2011 
 
AHA guidelines 2007 
Overlapping data* 

457,052 IE 
 
Age NR 

IR 2000: 
11/100,000 per year 
IR 2006:  
14/100,000 per year 

IR 2008:  
14/100,000 per year 
IR 2011:  
15/100,000 per year 
 
 

No significant change in trends of IE before and after 
guidelines: difference in slope 0.06 (95% CI: -0.36, +0.49, 
p=0.74) 
 
Streptococcus IE: significant increase (p=0.002) 
Staphylococcus IE: NS 
Valve replacement for IE: NS 

 

Pasquali et al., 201238 
Multicentre, USA 
2003-2010  
 
AHA guidelines 2007 
Overlapping data* 

1,157 IE  
 
Median age 2.9 years 
(IQR 2.5 months - 12.4 
years) 

Annual change in IE cases 
per 1,000 hospital 
admissions: 
-5.9 (95% CI: -9.9, -1.8) 

Annual change in IE cases 
per 1,000 hospital 
admissions: 
-11.5 (95% CI: -15.7, -7.1) 

No significant change in trends of IE before and after 
guidelines: annual change difference -5.9% (95% CI: -
13.3%, +2.2%, p=0.150) 
 
Oral Streptococcus IE: NS 
IE in CHD: NS 
 

Rogers et al., 200837 
Single centre, USA 
2001-2008 
 
AHA guidelines 2007 

396 IE 
 
Age NR 

39 to 50 IE incident cases per 
month 

42 IE incident cases per 
month 

No substantial change in IE incidence before and after 
guidelines 
 

 

Sakai-Bizmark et al., 20177  
National data, USA 
2001-2012 
 
AHA guidelines 2007 
Overlapping data* 

3,748 IE 
 
Median age 8.4 years 
(IQR 1.6–13.6)  

IR 2001:  
3.48/1,000,000 per year 
IR 2006:  
5.26/1,000,000 per year  

IR 2008:  
4.06/1,000,000 per year 
IR 2012:  
4.14/1,000,000 per year 

No significant change in trends of IE before and after 
guidelines: difference in slope -0.02 (95% CI: -0.23, 
+0.20, p=0.89) 
 
VGS-IE ≥10 years: significant increase (p<0.01), VGS-IE 
<10 years NS 
 

Thornhill et al., 201840 
National data, USA 
2003-2015 
 
AHA guidelines 2007  

20,340 IE  
 
Age >18 years 

IR 
- high-risk‡: 
11.04 IE cases/100,000 per 
month 
- moderate-risk‡: 
1.9 IE cases/100,000 per 
month 
- low/unknown-risk: NR 

IR 
- high-risk‡:  
30.6 IE cases/100,000  
per month 
- moderate-risk‡:  
3.4 IE cases/100,000 per 
month 
- low/unknown-risk: NR 

Significant increase in trends of IE post compared to 
pre-guidelines among high-risk‡ subjects (177% 
estimated increase, 95% CI: 66-361%) and moderate-

risk‡ subjects (75% estimated increase, 95% CI: 3-300%) 
 
No significant change in trends of IE before and after 
guidelines among low/unknown-risk subjects (12% 
estimated increase, 95% CI: -29, +76%) 
 

Toyoda et al., 201713 

Multicentre, USA 
1998-2013  
 
AHA guidelines 2007 
 

75,829 IE 
 
Mean age 62.3 years 
(SD 18.9)  

NR NR Significant decrease in trends of IE before and after 
guidelines: difference in slope -0.07 (95% CI: -0.11, -0.02, 
p=0.004) 
 
Oral Streptococcus IE: significant decrease (p=0.002) 
Staphylococcus IE: NS 
 

Garg et al., 20198 
Multicentre, Canada 
2002-2014  
 
AHA guidelines 2007 

7,551 IE (6684 
subjects) 
 
Median age 63 years 
(IQR 48-75)  

2002-2006: 
395 - 448 IE incident cases 
per year 

2008-2014: 
447 - 813 IE incident cases 
per year 

No significant change in trends of IE before and after 
guidelines (p value NR) 
 
Significant increase in trends of IE after 2010 in both 
high- and moderate- risk‡ subjects 
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Mackie et al., 201642 
National data, Canada 
2002-2013  
 
AHA guidelines 2007 

9,431 IE 
 
Median age 55 years 
(IQR 38-71)  

Monthly change in IE cases 
per 10,000,000 general 
population: 
0.05 (95% CI: 0.005-0.009) 

Monthly change in IE cases 
per 10,000,000 general 
population: 
0.07 (95% CI: NR) 

No significant change in trends of IE before and after 
guidelines: difference in slope NR (p=0.521) 
 
 

Duval et al., 201246 
Multicentre, France 
1991-1999 
 
France guidelines 2002 

993 IE  
 
Mean age: 
1991: 58 years (SD 17)  
1999: 60 years (SD 16)  
2008: 62 years (SD 16)  

IR 1991: 
35.2 IE cases/1,000,000 per 
year 
IR 1999: 
33.5 IE cases/1,000,000 per 
year  

IR 2008:  
32.1 IE cases/1,000,000 per 
year  

No significant differences in IE incidence rates among 
the three time points (two before and one after guidelines) 
(p=0.980) 
 
Oral Streptococcus IE: NS 
Staphylococcus IE: NS 
Previously known native heart disease: NS 
Oral Streptococcus IE in previously known native heart 
disease: significant decrease (p=0.03) 
Staphylococcus IE in previously known native heart 
disease: NS 
 

Knirsch et al, 202043 
Singlecentre, Switzerland 
1995-2017 
 
AHA guidelines 2007 
 

25 IE 
 
Median age 7 years 
(IQR 0.1–19) 

IR 1995–2005: 
0.195/1,000 CHD pediatric 
subjects per year 

IR 2006–2017: 
0.399/1,000 CHD pediatric 
subjects per year 

Study included CHD subjects only 
 

No change in IE incidence post- compared to pre-
guidelines (p=0.072) 
 
 

Dayer et al., 201547 
National data, England 
2000-2013 
 
NICE guidelines 2008 
Overlapping data* 

19,804 IE 
 
Mean age:  
2000-2007: 59 years 
(SD 20)  
2008-2013: 59 years 
(SD 21)  

NR NR Significant increase in trends of IE incidence before and 
after guidelines: difference in slope 0.11 (95% CI: 0.05-
0.16, p<0.0001) 
 
High-risk‡: significant increase in trends of IE incidence 
(p=0.025) 
Moderate-‡ or low-risk: significant increase in trends of 
IE incidence (p=0.0002) 
 

Quan et al., 20209 
National data, England 
1998-2017 
 
NICE guidelines 2008 
Overlapping data* 

35,752 IE 
 
Age NR 

IR 1998:  
22.2 - 41.3 /1,000,000 per 
year depending on ICD-10 
code-based criteria  

IR 2017:  
42.0 - 67.7/1,000,000 per 
year depending on ICD-10 
code-based criteria 

No apparent change in trends of IE before and after 
guidelines based on multiple models and ICD-10 codes 
criteria (different change-points identified by different 
models) 
 
 

Shah et al., 202048 
National data, Scotland 
1990-2014  
 
NICE guidelines 2008 

7,638 IE (7513 
subjects) 
 
Mean age: 65 years 
(SD 17)  

IR 1990:  
5.3/100,000 per year  
IR 2007:  
7.6/100,000 per year 

IR 2009:  
7.8/100,000 per year  
IR 2014:  
8.1100,000 per year 

No significant increase in incidence of IE pre- and post-
guideline: RR of change 1.06 (95% CI: 0.94-1.20) 
 
 

Keller et al., 20174 
National data, Germany 
2005-2014 
 
ESC guidelines 2009 

94,364 IE 
 
Age NR 

2005-2008: 
8,283 IE incident cases per 
year 
 

2010-2014: 
10,455 IE incident cases per 
year 
 

Relative increase in the annual IE incidence (26%) 
post- compared to pre-guidelines 
 
 

Weber et al., 202244 
Multicentre, Germany 
1994-2018 
 
ESC guidelines 2009 

4,917 IE 
 
Median age 65 years 
(IQR 54-73) 

NR NR Significant increase in trends of IE involving the mitral 
valve before and after guidelines (p=0.035) 
 
No significant changes in trends of IE before and after 
guidelines for aortic, pulmonary, and tricuspid valve 
 
Streptococcus IE: significant increase (p=0.002) 
Staphylococcus IE: NS 
Enterococcus IE: NS 
Other pathogens: NS 
 

van den Brink et al., 20175 
National data, The Netherlands 
2005-2011 
  
ESC guidelines 2009 

5,213 IE  
 
Mean age 67.5 years 
(range 22-97) 

IR 2005:  
30.2 IE/1,000,000 per year 

IR 2011:  
62.9 IE/1,000,000 per year 

Significant increase in IE incidence post- compared to 
pre- guidelines: IRR 1.33 (95% CI: 1.21-1.46, p<0.001) in 
2009 
 
 

Krul et al., 201545 
Single centre, The Netherlands 
2008-2013 
 
The Netherlands guidelines 2008 

89 IE 
 
Median age 68 years 
(IQR 59-75) 

NR NR Increase in the annual IE incidence, especially post- 
guidelines between 2011 and 2013 
 
 

Vähäsarja et al., 202010 
National data, Sweden 
2008-2017 
 
Sweden guidelines 2012 

4,649 IE 
 
Mean age 65 years 
(range 17-100) 

Monthly change in IE cases 
per 10,000,000 general 
population: 
0.344 (95% CI: 0.187-0.502) 

Monthly change in IE cases 
per 10,000,000 general 
population: 
0.266 (95% CI: 0.115-0.416) 

No significant change in trends of IE before and after 
guidelines: change in slope −0.007 (95% CI:  −0.085, 
+0.082) 
 
VGS-IE: NS 
Staphylococcus aureus IE: NS 
 

 520 
Additional details are reported in eTable 2. 521 
*DeSimone et al.,2015, Sakai-Bizmark et al.,2017, and DeSimone et al., 2021, overlap with Pant et al., 2015 (National Inpatient Sample database). Quan et al., 2020, overlaps with 522 
Dayer et al., 2015 (National Hospital Episode Statistics database). Bates et al., 2017, overlaps with Pasquali et al., 2012 (Pediatric Health Information System database). 523 
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† DeSimone et al., 2015, included also an analysis derived from the hospital internal database and the Rochester Epidemiology Project (REP) database, which was excluded due to 524 
duplicate data with DeSimone et al., 2021. 525 
‡ High-risk subjects were defined as subjects with cardiac conditions that included previous IE, prosthetic cardiac valve replacement or prosthetic material used in cardiac valve repair, 526 
and certain forms of CHD (unrepaired cyanotic CHD or CHD subjects undergoing surgical or interventional procedures). Moderate-risk subjects were defined as subjects with cardiac 527 
conditions that included acquired valvular heart disease, hypertrophic cardiomyopathy, and most of the other CHDs.  528 
 529 
Abbreviations: AHA: American Heart Association; AP: antibiotic prophylaxis; CHD: congenital heart disease; CI: confidence interval; ESC: European Society of Cardiology; IE: 530 
infective endocarditis; IQR: interquartile range. IR: incidence rate; IRR: incidence rate ratio; NICE: National Institute for Health and Care Excellence; NR: not reported; NS: not 531 
significant; RR: relative risk; SD: standard deviation; VGS: viridans group Streptococcus.  532 
 533 



Overall  (I-squared = 0.0%, p = 0.513)

Thornill et al. 2022 (cohort, high-risk) [32]

Thornill et al. 2023 (cohort, high-risk) [36]

Thornill et al. 2023 (case-crossover, high-risk) [36]

Thornill et al. 2022 (case-crossover, high-risk) [32]

Reference

IDPs with AP vs IDPs without AP

IDPs with AP vs IDPs without AP

IDPs with AP vs IDPs without AP

IDPs with AP vs IDPs without AP

Comparison

0.41 (0.29, 0.57)

0.38 (0.22, 0.62)

0.20 (0.06, 0.53)

0.50 (0.17, 1.49)

0.49 (0.29, 0.85)

RR (95% CI)

100.00

41.98

9.49

9.56

38.97

Weight (%)

0.41 (0.29, 0.57)

0.38 (0.22, 0.62)

0.20 (0.06, 0.53)

0.50 (0.17, 1.49)

0.49 (0.29, 0.85)

RR (95% CI)

100.00

41.98

9.49

9.56

38.97

Weight
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