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ABSTRACT 

Background: 

Embolic events (EE) are major complications of infective endocarditis (IE). Animal models have 

demonstrated the benefit of aspirin (ASA) and statins (ST) in their prevention, but clinical studies 

gave conflicting results. The aim of our study was to evaluate the benefit of prior ASA and/or ST 

therapy on embolic risk in patients with IE. 

Methods: 

In a retrospective study from 2010 to 2016, the impact of daily ASA or ST therapy on outcome of 

patients with IE was assessed. The primary end point was EE. The secondary end points were 

cerebral emboli, EE according to causative bacteria, hemorrhagic events and 30-day mortality.  

Results: 

Among 529 patients with IE, 135 (25%) were treated by ASA, 130 (24%) by ST, and 66 (12%) by 

both therapies at the time of hospitalization. EE occurred in 264 (50%) patients.  

As compared with 330 patients with no therapy, the 66 patients treated with combined ASA and 

ST presented with less frequent EE (23 (34%) vs 179 (54%), OR=0.46 [0.26-0.78] p=0.004) and 

less cerebral hemorrhage (2 (3%) vs 38 (11%), OR 0.29 [0.06-0.91] p=0.03). 

EE were significantly reduced by ASA in Staphylococcus coagulase negative (0R=0.23 [0.06-

0.73] p=0.01) and Streptococcus gallolyticus IE (OR=0.26 [0.05-0.95] p=0.04), and by ST in 

Staphyloccus aureus IE (0R=0.46 [0.2-0.99] p=0.046).  

By multivariate analysis, only combined therapy was protective against EE (OR=0.3 [0.06- 0.96]). 

Conclusions: 

Prior aspirin combined to statin therapy reduces embolic events and hemorrhagic complications in 

patients with IE. Additional prospective studies are warranted to assess the benefits of both 

treatments in reducing morbidity and mortality in IE. 
 

Key words  

Infective endocarditis, aspirin, statin, emboli.  
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Aspirine, statines et réduction du risque embolique dans l'endocardite infectieuse. 

RESUME 

Introduction 

Les évènements emboliques (EE) représentent la complication majeure de l’endocardite 

infectieuse (EI). Le bénéfice d’un traitement par aspirine (ASA) et statines (ST) a été 

démontré par des études animales, mais les conclusions des études cliniques sont 

discordantes. Le but de cette étude était d’évaluer le bénéfice d’une préexposition à l’aspirine 

et/ou aux statines sur le risque embolique chez des patients présentant une EI.  

Méthode 

Dans une étude rétrospective menée de 2010 à 2016, nous avons évalué l’impact d’un 

traitement quotidien par ASA ou ST sur les complications liées à l’EI. Le critère de jugement 

principal était les EE. Les critères secondaires étaient les emboles cérébraux, les EE en 

fonction de la bactérie impliquée, les évènements hémorragiques et la mortalité à 30 jours.  

Résultats 

Parmi 529 patients porteurs d’une endocardite infectieuse, à l’admission 135 (23%) patients 

étaient traités par ASA, 130 (24%) par ST, et 66 (12%) recevaient la combinaison des deux. 

Au total, 264 (50%) patients ont présenté un EE. 

En comparant aux 330 patients non traités, les 66 patients recevant la combinaison ASA et ST 

présentaient moins d’EE (23 (34%) vs 179 (54%), OR=0.46 [0.26-0.78] p=0.004) et moins 

d’hémorragies cérébrales (2 (3%) vs 38 (11%), OR 0.29 [0.06-0.91] p=0.03). 

Les EE étaient significativement réduits par l’ASA dans les EI à Staphylocoque coagulase 

négative (0R=0.23 [0.06-0.73] p=0.01) et les EI à Streptocoque gallolyticus (OR=0.26 [0.05-

0.95] p=0.04), et par les ST dans les EI à Staphylocoque aureus (0R=0.46 [0.2-0.99] 

p=0.046). 

En analyse multivariée, seule la thérapie combinée était protectrice contre les EE (OR=0.3 

[0.06- 0.96]).  

Conclusions 

Une préexposition à un traitement combiné par aspirine et statine réduit les évènements 

emboliques ainsi que les complications hémorragiques dans l’endocardite infectieuse. Des 

études supplémentaires sont requises pour établir le bénéfice de ces deux traitements en 

termes de morbidité et de mortalité dans l’endocardite infectieuse.    
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Introduction 

 

Embolic events (EE) are a major complication of Infective Endocarditis (IE) (1-2) with 

a high mortality and morbidity since death is the result in a quarter of patients (3-4). The 

incidence of systemic embolism in endocarditis ranges from 13% to 49% and remains high 

despite improvement in medical and surgical treatment (5-6). 

Early antibiotic and surgical therapy in specific subgroups are effective in preventing 

embolism (7). The embolic risk is correlated to the presence and the length of vegetations. 

(8-9)  

Since vegetation is made up of an aggregation of fibrin and platelets (10-12), it has 

been suggested that aspirin used early in the disease have a beneficial effect in reducing 

embolic events (13). Animal models have demonstrated the benefit of aspirin (ASA) in this 

indication. (14-15) However clinical studies have given conflicting results (16-23). 

Statin (ST) therapy has pleiotropic effects, including inhibition of platelet activation 

and anti-inflammatory properties (24-28) and may theoretically be useful to reduce embolic 

risk, but data on their use in IE are very scarce. (22) 

In addition, the risk of embolism may differ according to the pathogen (5), but the 

effect of ASA or ST according to different microorganisms has never been studied. 

To evaluate the benefit of prior ASA and/or ST therapy on embolic risk, we undertook 

a retrospective study of a large cohort of patients with a diagnosis of IE  
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Methods 

Data sources  

This retrospective observational study was performed at La Timone Hospital, 

Marseille, France, in our endocarditis reference center database of IE, including adult 

patients hospitalized from 01/01/2010 to 31/12/2106 with a diagnosis of IE according to the 

modified Duke criteria (29). Diagnosis of IE was based on clinical assessment, blood 

cultures, causative pathogen serology, transthoracic and transesophageal echocardiography, 

nuclear imaging and cerebrothoracoabdominal CT scans or magnetic resonance. Antibiotic 

therapy was started as soon as the diagnosis of IE was suspected. The choice of antibiotic 

treatments (ATB) was made at the judgement of the infectious disease specialists. From the 

medical records, demographic information, data on pre-existing comorbidities, risk factors 

for IE (prosthetic valves, other cardiac abnormalities, use of injection drugs), pathogens, 

clinical, laboratory and echocardiographic findings, treatment (medical, surgical), chronic 

ASA and ST therapy, cardiac and extracardiac complications and mortality were recorded in 

the database by research engineers. In this study, patients with left-sided, right-sided, 

prosthetic valve or intracardiac device-associated IE were included but only if they were due 

to Staphylococcus aureus, Staphylococcus coagulase negative (S. co-neg), Streptococci or 

Enterococcus in the idea to carry out the bacterial analysis on sufficient size samples. 

Variables  

ASA therapy and ST therapy were defined as daily use of aspirin and statin, 

respectively, prior to admission. From this database, no information on the dosage or 

duration of ASA and ST therapy was available. ST therapy included atorvastatin, 

pravastatin, simvastatin, fluvastatin or rosuvastatin.  

Embolism was defined as one or more of coronary, cerebral, splenic, renal, mesenteric, 

peripheral and pulmonary embolism, either symptomatic or not. A stroke consisted of a 

neurological deficit lasting more than 24 hours and presumed of vascular origin. (30) 

Hemorrhagic complications involved intracranial hemorrhages only. In-hospital mortality 

was defined as death occurring during the 30 first days from the start of antibiotic therapy. 

End points  

The Primary end point was embolic events (EE) occurring before or during 

hospitalization for EI. Secondary end points were cerebral emboli, the occurrence of a 

hemorrhagic event, 30 days mortality among the global population, and EE according to the 

pathogen.  
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Outcomes 

During hospitalization all patients were observed daily in the cardiology unit by 

cardiologists, infectious disease specialists and had additional consultations when indicated. 

CT scan, systematically performed during the first week of hospitalization, was subsequently 

repeated if clinically indicated. Patients were systematically reviewed at one month after 

discharge for a follow-up consultation. 

 

Statistical analyses 

First a descriptive analysis of clinical, echocardiographic, therapeutic and biological 

characteristics of the included patients was performed. Quantitative variables were described 

as means ± standard deviations. Qualitative variables were described as numbers and 

percentages. These characteristics were also described and compared according to treatment 

groups. Quantitative variables were compared using Student t test (or Mann-Whitney test 

depending on the conditions of application) and qualitative variables were compared using 

chi-square test (or Fisher test depending on the conditions of application).  

Then a bivariate analysis between these clinical and biological characteristics and the 

various endpoints was performed using bivariate logistic regression. Crude odds ratios were 

estimated with their 95% confidence intervals. Firth’s (31-32) correction was applied by 

performing penalized-likelihood logistic regression to take into account small numbers when 

necessary. Finally, a multivariate analysis was performed to assess the independent 

associations of clinical and biological characteristics and the various endpoints. Multivariate 

logistic regression models were built using prognostic factors identified according to 

literature, and therapeutic regimen which was systematically forced in the models. Adjusted 

odds ratios were estimated with their 95% confidence intervals.   

An exploratory analysis was performed according to the type of germ identified, by 

estimating crude odds ratios between therapeutic regimen and the endpoint.  

All statistical analyses were performed using R software. All tests were two-sided. A 

value of p<0.05 was considered as significant. 
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Results 

 

I. Patient Characteristics on Admission  

From 01/01/2010 to 31/12/2106, 529 patients with a definite diagnosis of IE were 

included. Patient baseline characteristics are detailed in Table 1. Mean age was 65.2 ± 15 

years (range 16 to 91 years) and 26% of patients were females. Left sided EI occurred in 478 

patients (88.7%). A vegetation was identified in 417 patients (78.8%), it was superior to 10 

mm in 252 (46.7%) patients. 135 patients (25.5%) were treated by ASA, 130 (24.5%) by ST, 

and 66 (12%) by both. Patients receiving ASA or ST or both therapies were older, more 

frequently men, with a higher incidence of hypertension, diabetes and history of myocardial 

infarction or prosthetic valve implantation. Staphylococcus aureus was the most frequently 

observed microorganism (Table 1), without difference according to ASA, ST or combined 

therapy groups. Compared with non-treated patients, ASA, ST and combined therapy were 

associated with significantly less valvular injury (perforation and severe regurgitation) and 

fewer mitral and/or tricuspid vegetations. 

 

II. Embolic events 

EE occurred in 264 (50%) patients including 242 events (46%) before and 45 (8.5%) 

after initiation of ATB therapy (Figure 1 and Table 3). 

S. aureus infection, presence of vegetation and vegetation length > 10 mm are 

associated with significant higher incidence of EE (Table 2). Similarly, an history of stroke, 

right sided IE and IV drug use was associated with an increased embolic risk.  

Conversely, older age, diabetes, atrial fibrillation, and previous myocardial infarction 

were paradoxically associated with a lower risk of embolism. Use of VKA was also 

associated with a reduced embolic risk (Table 2). 

 

EE according to ASA and ST therapy  

As compared with the 394 patients without prior ASA therapy, the 135 patients treated 

by ASA presented with less frequent EE (53 (39%) vs 211 (54%), OR 0.56 [0.38-0.83] 

p=0.004), (Table 3). 

Similarly, the 130 patients treated by ST presented with less frequent EE (55 (42%) vs 

209 (52%), OR 0.67 [0.45-0.99] p= 0.04) compared with the 399 patients without previous 

ST therapy. 
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The benefit was even more significant in patients with combined therapy. Since as 

compared with 330 patients without ST and without ASA, the 66 patients presented with less 

frequent EE (23 (34%) vs 179 (54%), OR 0.46 [0.26-0.78] p=0.004) (Table 3). 

By multivariate analysis, only combined therapy (OR 0.5 [0.28-0.89] p=0.018) was 

protective against EE (Table 4). 

EE occurring after initiation of ATB therapy (45/529, 8.5%) were not reduced by ASA, 

ST or combined therapy (Table 3 and Figure 1).  

 

III. Secondary end points  
 

Micro bacteriological results   

In 176 patients with Staphylococcus aureus IE, EE occurred in 100 (56.8%) of them. 

Significant reduced risk of EE (OR 0.34 [0.17-0.67] p=0.002) and cerebral emboli (0R 0.46 

[0.20-0.99] p=0.046) was observed in patients treated by ST. Combined therapy was also 

associated with less EE (OR 0.36 [0.15-0.83] p=0.02). Conversely, ASA therapy was not 

associated with a significant decrease of EE (OR 0.76 [0.40-1.44] p=0.4). 

In 61 patients with Staphylococcus coagulase negative IE, EE occurred in 25 (40,9%) of 

them. ASA and combined therapy induced a significant decrease in EE, (respectively, 0R 

0.23 [0.06-0.73] p=0.01 and OR 0.24 [0.04-0.98] p=0.046). Conversely, ST therapy did not 

induce a significant decrease in EE (OR 0,65 [0.20-1.96] p=0.4).  

In 30 (38.5%) patients with Streptococcus gallolyticus IE, only ASA therapy induced a 

benefit through a significant decrease of EE (OR 0.26 [0.05-0.95] p=0.04).  

Among patients with Enterococcus or Streptococcus viridans associated IE, EE occurred 

in 48% and 62 % of them. Surprisingly, prevalence of EE with S. viridans and in a lesser 

extend with Enterococcus was not decreased whatever the therapy (Table 5 and Figure 2). 
 

Cerebral embolism 

Among the global population, 134 (25.3%) patients had presented a cerebral embolism.  

History of stroke, left heart IE, vegetation length, and valvular or annular complications 

(valve perforation, severe regurgitation or abscess) were associated with an increased risk of 

cerebral embolism (Table 6). Only the combined therapy was associated with a significant 

decrease of cerebral emboli rate: 9/66 (13%) with combined therapy group compared to 

82/330 (24%) without therapy group (0R 0.50 [0.23-0.99]) p=0.0046) (Table 3 and 6). 

However, this significance could not be maintained by multivariate analysis (OR 0.51 [0.23-

1.04] p=0.064).  
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Hemorrhagic complications  

Among the 529 patients, cerebral hemorrhage occurred in 53 (10%) patients. Compared 

with the 394 patients without prior ASA therapy, the 135 patients treated by ASA presented 

a trend toward a complication rate reduction (8 (5.9%) vs 45 (11.4%), OR 0.51 [0.22-1.04] 

p=0.06). Patients treated by ST had similar hemorrhagic complications compared with 

patients without previous ST therapy (9 (7%) vs 44 (11%) OR 0.62 [0.28-1.24] p=0.19). 

Patients with combined therapy had significantly less hemorrhagic complications 

compared with patients without ST and without ASA therapy (2 (3%) vs 38 (11.5%), OR 

0.29 [0.06-0.91]) p=0.03) in univariate analysis (Table 3 and 6) confirmed by multivariate 

analysis (Table 7). Unexpectedly, age, diabetes and use of VKA are associated with a 

decrease in risk of cerebral hemorrhages (Table 6). 

 

30 days mortality 

30 days after admission, 489 patients were still alive, 40 (7.6%) were died. There are no 

significant association with prior ASA therapy (OR 1.0 [0.46-2.01] p=0.99), prior ST 

therapy (OR 1.21 [0.57-2.40] p=0.6) or combined therapy (OR 1.08 [0.38-2.56] p=0.87) 

(Table 3). Prosthetic valve as use of VKA was associated with an increased mortality               

(Table 6). 
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Discussion 

 

The exact role of aspirin and to a lesser extent statin in IE has been largely debated and 

past studies gave conflicting results. The present study was initiated to assess the association 

between prior therapy by ASA, ST or both with embolic events, cerebral bleeding and 

mortality in patients with IE. The present study although retrospective, clearly demonstrates 

that daily combined ASA and ST therapy prior to EI diagnosis is associated with a reduction 

of EE and related complications as cerebral hemorrhages.  

Vegetation consists of an aggregation of fibrin, platelet and bacteria on endothelial 

lesions (10-12). Besides their hemostatic role, platelets have other functions, particularly in 

innate immunity, host defense against infection and inflammatory process (14-15) (33-34). 

Regarding the key role of platelets in vegetation, the effect of ASA has been evaluated 

through animal models and clinical trials (12). Numerous in vitro models have demonstrated 

that ASA had pleiotropic effects on platelet-bacteria interactions (35). In parallel, animal 

models have demonstrated the benefit of ASA trough reducing of weight vegetations and their 

sterilization (12) (16) (36-37). However, experimental models differed according to the 

studies notably the dose used.  

The supposed benefits of ST therapy include a combination of immunomodulatory, anti-

inflammatory and antiplatelet effects. It is established that statins, as a manifestation of their 

pleiotropic effects, exert an antiplatelet effect (24). Indeed, ST use is associated with a 

reduced thrombosis burden and diminished platelet activity, which have been demonstrated in 

both animal models and in vitro studies (25-26). Moreover, statin has been shown to inhibit 

the inflammatory response to Staphylococcus aureus toxin in rats and clinical trials in 

atherosclerosis have demonstrated a positive influence of statins on endothelial function               

(38-40). 

In a retrospective cohort of patients with a diagnosis of IE, Anavekar et al also 

demonstrated that EE occurred significantly less among those who had received daily aspirin 

prior IE diagnosis (18). By opposite, Pepin et al observed in a small retrospective study that 

chronic antiplatelet therapy was not associated with a significantly lower risk of major 

embolism (19). Surprisingly, Anavekar et al did not confirm in a second study the benefit of 

ASA on native valves (22). The authors explained this discrepancy through many hypothesis 

notably aspirin resistance and higher proportion of patients with severe comorbidities. In 

another model of clinical trial, Chan et al excluded all patients with prior ASA therapy and 
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demonstrated that once the diagnosis is made, late adjunctive ASA therapy are not 

associated with less EE according with animal models of experimental endocarditis in which 

antiplatelet therapy was started prior to infection onset (12).  

Our study failed to show the effectiveness of ASA, ST or combined therapy once the 

antibiotic beginning, may be by a lack of power or by the underlying physiopathological 

mechanism and need additional data (figure 1).  

Another main result of this study is the benefit of ST therapy prior IE. Although patients 

treated by ST were older and presented more comorbidity, EE were significantly less 

frequent compared to patients without ST. The benefit of ST in embolisms prevention has 

already been demonstrated on native valves (22). In another clinical settings, statin has 

demonstrated their interest (28). Indeed, ST presented anti-inflammatory, anti-platelets and 

anti-infectious effect (24-27) (38-39). 

For the first time, we demonstrated that patients treated by ASA and ST presented a 

lower risk of embolic events notably cerebral embolisms with a decrease in cerebral 

bleeding. Furthermore, our results demonstrated that reduction of EE induced by therapies 

such as ASA or ST differs according to causative microorganisms. Indeed, best results 

seemed to be achieved on the Staphylococcus aureus for the statin therapy and on the 

Staphylococcus coagulase negative and Strepococcus gallolyticus for the ASA therapy. 

Strengthening the Pepin’s report that “the effect of chronic antiplatelet therapy appears to be 

more pronounced in patients infected with pathogen other than Staphylococcus aureus” (19). 

Hence we could imagine an adaptation of treatment according to microbiologic findings. 

 

Although TAHA, then SNYGG-MARTIN found a decrease of vegetation growth in 

response to ASA, we did not confirm these observation in our study (16)(23). More 

precisely, we had not evaluated the growth of length vegetation but the maximal size of 

vegetation which was similar between all groups of patients whatever the treatment. 

We choose to include both native and prosthetic valve endocarditis in this trial. Indeed, 

the risk of excessive bleeding associated with the combined use of anticoagulants and aspirin 

in patients with mechanical heart valves may be different than native valve. Despite that, 

cerebral hemorrhages were not increased in patients treated as well by aspirin or statin. It is 

even necessary to underline once again a significant decrease of the risk associated to 

combined therapy according to Eisen data, which showed a negative association between 
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hemorrhagic strokes and chronic ASA therapy (OR 0.43, [0.18-1.01], p=0.05) (21). 

Otherwise, in term of safety, extensive clinical trial data have previously demonstrated that 

the risks of major bleeding episodes that are attributable to low-dose aspirin therapy are only 

2.6% (41-42). 

Although aspirin and statin reduced significantly embolic events and cerebral 

hemorrhages, we did not demonstrate a reduction of mortality at 30 days. This can be 

explained, in part, by an increased number of comorbid conditions that characterized patients 

who received these therapies. Administration of combined therapy was more common 

among older patients and those with various comorbidities that are themselves strongly 

associated with mortality. This absence of benefit was also observed by Anavekar during the 

first 6 months after diagnostic of IE whatever the treatment (18) (22).  

 

Limits 

This study had several limitations. First, it is a retrospective observational study. Our 

findings are based on data collected in a data-base and accuracy of the patient, as drug 

compliance cannot be guaranteed. Second, this was a single-center study. Unfortunately our 

study was limited by a lack of specific information on either the dose or duration of ASA 

therapy in patients prior to and after their diagnosis of IE, but a higher dose than 160mg/day 

was rarely indicated in clinical practice. We did not realize an assessment of the differential 

effects of aspirin, statin or both in native versus prosthetic valve endocarditis regarding the 

modest sample size. Finally, outcomes were measured only during the hospital period and at 

one month during the follow-up consultation, without long-term follow up assessment. 
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Conclusion 

Our study was the first to evaluate the association of ASA and ST in patients with IE. 

Our results highlighted the benefit of this bi-therapy through a significant reduction of EE, 

less cerebral embolism, less cerebral hemorrhages and a similar mortality. Moreover, we 

defined the interest of treatment according to species. 

Low-dose aspirin with statin therapy to prevent embolic morbi-mortality in infective 

endocarditis merits further evaluation. A definitive answer on efficacy would require a large 

multicenter clinical trial. The question remains open whether immediate administration of 

low-dose ASA and ST after EI diagnosis, when vegetations and valvular damages are 

already present, will still be beneficial. Finally, the type of offending organism may have 

different properties and these observational data call additional studies.   

  

13



 

Bibliography 

1. Netzer RO, Zollinger E, Seiler C, Cerny A. Infective endocarditis: clinical spectrum,

presentation and outcome. An analysis of 212 cases 1980-1995. Heart Br Card Soc. 2000;

84: 25-30.

2. Castillo JC, Anguita MP, Ramírez A, Siles JR, Torres F, Mesa D, et al. Long term

outcome of infective endocarditis in patients who were not drug addicts: a 10 year study.

Heart Br Card Soc. 2000; 83: 525-30.

3. Delahaye JP, Poncet P, Malquarti V, Beaune J, Garé JP, Mann JM. Cerebrovascular

accidents in infective endocarditis: role of anticoagulation. Eur Heart J. 1990; 11: 1074-8.

4. Heiro M, Nikoskelainen J, Engblom E, Kotilainen E, Marttila R, Kotilainen P.

Neurologic manifestations of infective endocarditis: a 17-year experience in a teaching

hospital in Finland. Arch Intern Med. 2000; 160: 2781-7.

5. Thuny F, Di Salvo G, Disalvo G, Belliard O, Avierinos J-F, Pergola V, et al. Risk of

embolism and death in infective endocarditis: prognostic value of echocardiography: a

prospective multicenter study. Circulation. 2005; 112: 69-75.

6. Hoen B, Alla F, Selton-Suty C, Béguinot I, Bouvet A, Briançon S, et al. Changing profile

of infective endocarditis: results of a 1-year survey in France. JAMA. 2002; 288: 75-81.

7. Dickerman SA, Abrutyn E, Barsic B, Bouza E, Cecchi E, Moreno A, et al. The

relationship between the initiation of antimicrobial therapy and the incidence of stroke in

infective endocarditis: an analysis from the ICE Prospective Cohort Study (ICE-PCS).

Am Heart J.2007 ; 154: 1086-94.

8. Di Salvo G, Habib G, Pergola V, Avierinos JF, Philip E, Casalta JP, et al.

Echocardiography predicts embolic events in infective endocarditis. J Am Coll Cardiol.

2001; 37: 1069-76.

9. Sanfilippo AJ, Picard MH, Newell JB, Rosas E, Davidoff R, Thomas JD, et al.

Echocardiographic assessment of patients with infectious endocarditis: prediction of risk

for complications. J Am Coll Cardiol.  1991; 18: 1191-9.

10. Calderone RA, Rotondo MF, Sande MA. Candida albicans endocarditis: ultrastructural

studies of vegetation formation. Infect Immun. 1978; 20: 279-89.

11. Bayer AS, Sullam PM, Ramos M, Li C, Cheung AL, Yeaman MR. Staphylococcus

aureus induces platelet aggregation via a fibrinogen-dependent mechanism which is

independent of principal platelet glycoprotein IIb/IIIa fibrinogen-binding domains. Infect

Immun. 1995; 63: 3634-41.

12. Kupferwasser LI, Yeaman MR, Shapiro SM, Nast CC, Sullam PM, Filler SG, et al.

Acetylsalicylic acid reduces vegetation bacterial density, hematogenous bacterial

dissemination, and frequency of embolic events in experimental Staphylococcus aureus

endocarditis through antiplatelet and antibacterial effects. Circulation. 1999; 99: 2791-7.

14



 
 

 

13.  Homma S, Grahame-Clarke C. Toward reducing embolic complications from 

endocarditis. J Am Coll Cardiol. 2003; 42: 781-3.  

14.  Kupferwasser LI, Yeaman MR, Nast CC, Kupferwasser D, Xiong Y-Q, Palma M, et al. 

Salicylic acid attenuates virulence in endovascular infections by targeting global 

regulatory pathways in Staphylococcus aureus. J Clin Invest. 2003; 112: 222-33.  

15.  Nicolau DP, Tessier PR, Nightingale CH. Beneficial effect of combination antiplatelet 

therapy on the development of experimental Staphylococcus aureus endocarditis. Int J 

Antimicrob Agents. 1999; 11: 159-61.  

16.  Taha TH, Durrant SS, Mazeika PK, Nihoyannopoulos P, Oakley CM. Aspirin to prevent 

growth of vegetations and cerebral emboli in infective endocarditis. J Intern Med. 1992; 

231: 543-6.  

17.  Chan K-L, Dumesnil JG, Cujec B, Sanfilippo AJ, Jue J, Turek MA, et al. A randomized 

trial of aspirin on the risk of embolic events in patients with infective endocarditis. J Am 

Coll Cardiol. 2003; 42: 775-80.  

18.  Anavekar NS, Tleyjeh IM, Anavekar NS, Mirzoyev Z, Steckelberg JM, Haddad C, et al. 

Impact of prior antiplatelet therapy on risk of embolism in infective endocarditis. Clin 

Infect Dis Off Publ Infect Dis Soc Am. 2007; 44: 1180-6.  

19.  Pepin J, Tremblay V, Bechard D, Rodier F, Walker C, Dufresne D, et al. Chronic 

antiplatelet therapy and mortality among patients with infective endocarditis. Clin 

Microbiol Infect Off Publ Eur Soc Clin Microbiol Infect Dis. 2009; 15: 193-9.  

20.  Chan K-L, Tam J, Dumesnil JG, Cujec B, Sanfilippo AJ, Jue J, et al. Effect of long-term 

aspirin use on embolic events in infective endocarditis. Clin Infect Dis Off Publ Infect 

Dis Soc Am. 2008; 46: 37-41.  

21.  Eisen DP, Corey GR, McBryde ES, Fowler VG, Miro JM, Cabell CH, et al. Reduced 

valve replacement surgery and complication rate in Staphylococcus aureus endocarditis 

patients receiving acetyl-salicylic acid. J Infect. 2009; 58: 332-8.  

22.  Anavekar NS, Schultz JC, De Sa DDC, Thomas JM, Lahr BD, Tleyjeh IM, et al. 

Modifiers of symptomatic embolic risk in infective endocarditis. Mayo Clin Proc. 2011; 

86: 1068-74.  

23.  Snygg-Martin U, Rasmussen RV, Hassager C, Bruun NE, Andersson R, Olaison L. The 

relationship between cerebrovascular complications and previously established use of 

antiplatelet therapy in left-sided infective endocarditis. Scand J Infect Dis. 2011; 43: 899-

904.  

24.  Serebruany VL, Miller M, Pokov AN, Malinin AI, Lowry DR, Tanguay J-F, et al. Effect 

of statins on platelet PAR-1 thrombin receptor in patients with the metabolic syndrome 

(from the PAR-1 inhibition by statins [PARIS] study). Am J Cardiol. 2006; 97: 1332-6.  

 

15



 
 

 

25.  Schäfer K, Kaiser K, Konstantinides S. Rosuvastatin exerts favourable effects on 

thrombosis and neointimal growth in a mouse model of endothelial injury. Thromb 

Haemost. 2005; 93: 145-52.  

26.  Undas A, Brozek J, Musial J. Anti-inflammatory and antithrombotic effects of statins in 

the management of coronary artery disease. Clin Lab. 2002; 48: 287-96.  

27.  Jain MK, Ridker PM. Anti-inflammatory effects of statins: clinical evidence and basic 

mechanisms. Nat Rev Drug Discov. 2005; 4: 977-87.  

28.  Tleyjeh IM, Kashour T, Hakim FA, Zimmerman VA, Erwin PJ, Sutton AJ, et al. Statins 

for the prevention and treatment of infections: a systematic review and meta-analysis. 

Arch Intern Med. 2009; 169: 1658-67.  

29.  Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG, Ryan T, et al. Proposed modifications 

to the Duke criteria for the diagnosis of infective endocarditis. Clin Infect Dis Off Publ 

Infect Dis Soc Am. 2000; 30:633-8.  

30.  Hatano S. Experience from a multicentre stroke register: a preliminary report. Bull World 

Health Organ. 1976; 54: 541-53.  

31.  Firth D. ‘Bias reduction of maximum likelihood estimates’. Biometrika. 1995; 82: 667-

667.  

32.  Heinze G, Schemper M. A solution to the problem of separation in logistic regression. 

Stat Med. 2002; 21:2409-19.  

33.  Farber BF, Wolff AG. The use of nonsteroidal antiinflammatory drugs to prevent 

adherence of Staphylococcus epidermidis to medical polymers. J Infect Dis. 1992; 

166:861-5.  

34.  Polonio RE, Mermel LA, Paquette GE, Sperry JF. Eradication of biofilm-forming 

Staphylococcus epidermidis (RP62A) by a combination of sodium salicylate and 

vancomycin. Antimicrob Agents Chemother. 2001; 45: 3262-6.  

35.  Herrmann M. Salicylic acid: an old dog, new tricks, and staphylococcal disease. J Clin 

Invest. 2003;112: 149-51.  

36.  Johnson CE, Dewar HA. Effect of sulphinpyrazone on the development of experimental 

endocardial vegetations. Cardiovasc Res. 1982; 16: 657-62.  

37.  Nicolau DP, Marangos MN, Nightingale CH, Quintiliani R. Influence of aspirin on 

development and treatment of experimental Staphylococcus aureus endocarditis. 

Antimicrob Agents Chemother.  1995; 39: 1748-51.  

38.  Pruefer D, Makowski J, Schnell M, Buerke U, Dahm M, Oelert H, et al. Simvastatin 

inhibits inflammatory properties of Staphylococcus aureus alpha-toxin. Circulation. 

2002;106: 2104-10.  

 

16



 

39. Cines DB, Pollak ES, Buck CA, Loscalzo J, Zimmerman GA, McEver RP, et al.

Endothelial cells in physiology and in the pathophysiology of vascular disorders. Blood.

1998; 91: 3527-61.

40. Laufs U, Liao JK. Post-transcriptional regulation of endothelial nitric oxide synthase

mRNA stability by Rho GTPase. J Biol Chem. 1998; 273:24266-71.

41. Dutch TIA Trial Study Group, van Gijn J, Algra A, Kappelle J, Koudstaal PJ, van Latum

A. A comparison of two doses of aspirin (30 mg vs. 283 mg a day) in patients after a

transient ischemic attack or minor ischemic stroke. N Engl J Med. 1991; 325:1261-6.

42. Weinberger J. Adverse effects and drug interactions of antithrombotic agents used in

prevention of ischaemic stroke. Drugs. 2005; 65: 461-71.

17



 

18

ANNEXES 



Table 2  clinical, echocardiographic and laboratory findings in 529 cases of IE with and 
without EE 

Global pop.  
(n=529) 

EE 
(n=264) 

no EE 
(n=265) 

IC 95% OR P 

136(25.7%) 28.8% 22.6% 0.49-1.07 0.3 0.1 

Clinical data 

(n, %) 

Female sex  

Age (Y), mean± SD 65±15 62±16 68±13 0.96-0.98 0.97 0.000 

Diabetes 114(21.5%) 17.9% 25.4% 0.42-0.98 0.64 0.038 

Smoking 178(33%) 47.7% 40.9% 0.89-1.95 1.32 0.17 

Hemodialysis 16(3%) 4.2% 1.9% 0.80-6.54 2.15 0.13 

Myocardial infarct 56(10.6%) 7.6% 13.6% 0.29-0.92 0.53 0.025 

History of stroke 38(7.2%) 9.8% 4.5% 1.1-4.66 2.25 0.018 

HTA 222(42%) 38.6% 45.2% 0.54-1.08 0.76 0.12 

Atrial fibrillation 151(28.5%) 23.4% 37.9% 0.34-0.74 0.50 0.000 

IV drug use 49(9.2%) 13.3% 5.3% 1.45-5.22 2.68 0.001 

Localization 
(n, %) 
Ao valve invol. 267(50.4%) 53.4% 47.5% 0.90-1.78 1.26 0.18 

Mi valve invol. 211(39.9%) 41.3% 38.5% 0.79-1.59 1.12 0.51 

Tric valve invol. 50(9.4%) 14.0% 4.9% 1.65-6.09 3.08 0.000 

Prosthetic valve 144(27.2%) 22.7% 31.7% 0.43-0.93 0.64 0.020 

Echocardiograph 
(n, %) 
Vegetation 417(78.8%) 86.7% 79.9% 1.72-4.17 2.66 0.000 

Veget lenght 

10 to 15mm 11±6 22.4% 17.7% 1.31-3.21 2.04 0.001 

>15mm 14±8 36.2% 15.1% 2.5-6.0 3.84 0.000 

LVEF  % 58±11 59±9 56±12 1.01-1.05 1.03 0.000 

Treatment 
(n, %) 
Use of VKA 139(26.5%) 21.4% 31.7% 0.40-0.87 0.59 0.007 

Use of aspirin 135(25.5%) 20.1% 30.9% 0.38-0.83 0.56 0.004 

Use of statin 130(24.5%) 20.8% 28.3% 0.45-0.99 0.67 0.046 

Aspirin and statin 66(12.5%) 8.71% 16.23% 0.26-0.78 0.46 0.004 

Biology 

Hemoglobin (g/L) 108±18 105±17 111±19 0.97-0.99 0.98 0.000 

Platelets  (G/L) 250±121 246±126 254±115 1.00-1.00 1.00 0.47 

CRP (mg/L) 112±97 128±97 96±94 1.00-1.00 1.00 0.002 

S. aureus (n, %) 176(33.2%) 37.9% 28.7% 1.05-2.18 1.51 0.024 

EE= embolic events before or during hospitalization, HTA = high blood pressure, IV = intra-venous, Ao = aortic, 
Mi = mitral, Tric = tricuspid, LVEF = left ventricular ejection fraction,  VKA = vitamin k antagonist, CRP = C-
reactive protein.
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Table 4: EE by multivariate analysis 

OR IC 95% p 

AGE 0.98 0.97-0.99 .002 

VEGET LENGTH (10 to 15mm) 1.88 1.19-2.99 .01 

VEGET LENGHT (> 15mm) 3.51 2.25-5.55 .0000 

STAPH AUREUS 1.34 0.91-2.00 .1 

AF 0.74 0.47-1.16 .2 

ASA only (n=69) 0.74 0.42-1.27 .3 

ST only (n=64) 1.08 0.62-1.89 .8 

ASA and ST (n=66) 0.50 0.28-0.89 .018 

AF = atrial fibrillation 
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Table 5: Association between ASA,ST or combined therapy and EE according to causative 
bacteria. 

N EE % OR IC P 

STAPH AUREUS IE  

No ASA + No ST 105 66 62.9% 1 

ASA 52 27 51.9% 0.76 0.39-1.44 0.4 

ST 46 17 36.9% 0.34 0.17-1.67 0.002 

COMBINED THERAPY 27 10 37.0% 0.36 0.15-0.83 0.017 

STAPH COAG NEG IE 

No ASA + No ST 34 17 50.0% 

ASA 21 4 19.0% 0.23 0.06-0.73 0.012 

ST 18 6 33.3% 0.65 0.20-1.96 0.5 

COMBINED THERAPY 12 2 16.7% 0.24 0.04-0.98 0.047 

STRETPO GALLOLYTICUS IE 

No ASA + No ST 52 22 42.3% 1 

ASA 14 2 14.3% 0.26 0.05-0.95 0.041 

ST 19 8 42.1% 1.23 0.43-3.44 0.7 

COMBINED THERAPY 7 2 28.6% 0.62 0.10-2.83 0.5 

STREPTO VIRIDANS IE 

No ASA + No ST 65 40 61.5% 1 

ASA 12 8 66.7% 1.20 0.36-4.48 0.8 

ST 16 10 62.5% 1.00 0.34-3.10 0.9 

COMBINED THERAPY 6 4 66.7% 1.13 0.23-6.89 0.9 

ENTEROCOCCUS IE  

No ASA + No ST 59 30 50.1% 1 

ASA 30 11 36.7% 0.53 0.22-1.24 0.1 

ST 27 13 48.1% 1.01 0.42-2.39 0.9 

COMBINED THERAPY 12 4 33.3% 0.51 0.13-1.73 0.3 
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TABLE 6: secondary outcomes and baseline characteristics 

Cerebral emboli 
N=134 

Hemorrhagic complications 
N=53 

30D mortality 
N=40 

Clinical data IC OR p IC OR P IC OR P 
Female sex  0.54-1.29 0.83 0.41 0.42-1.45 0.77 0.40 0.40-1.61 0.78 0.48 

Age mean 0.98-1.01 0.99 0.28 0.97-1.00 0.98 0.047 1.00-1.05 1.02 0.07 

Diabetes  0.51-1.35 0.84 9.48 0.10-0.72 0.30 0.005 0.79-3.25 1.65 0.17 

Smoking  0.50-1.28 0.8 0.35 0.39-1.45 0.76 0.41 0.37-1.56 0.78 0.48 

Hemodialysis 0.46-3.85 1.42 0.51 0.00-1.98 0.26 0.24 0.41-7.30 2.13 0.33 

Myocardial infarct 0.25-1.10 0.56 0.09 0.15-1.48 0.055 0.26 0.62-3.76 1.64 0.29 

History of stroke 1.49-5.65 2.91 0.002 0.52-3.61 1.50 0.42 0.50-4.21 1.63 0.38 

HTA 0.64-1.41 0.95 0.81 0.38-1.24 0.69 0.22 0.93-3.37 1.76 0.08 

Atrial fibrillation 0.65-1.57 1.01 0.95 0.40-1.49 0.79 0.48 0.99-3.76 1.94 0.05 

Hist of malignancy 0.56-1.59 0.96 0.87 0.19-1.19 0.52 0.13 0.29-1.72 0.73 0.49 

IV drug use 0.20-1.03 0.49 0.061 0.52-3.09 1.36 0.50 0.38-3.06 1.20 0.07 

Localization 

Ao valve invol. 1.11-1.45 1.64 0.013 1.23-4.11 2.21 0.007 0.71-2.60 1.35 0.36 

Mi valve invol. 1.32-2.92 1.97 0.001 0.55-1.76 0.99 0.98 0.73-2.66 1.40 0.30 

Tric valve invol. 0.24-1.14 0.56 0.11 0.03-0.95 0.25 0.039 0.023-2.39 0;87 0.81 

Prosthetic valve 0.77-1.83 1.20 0.42 0.56-1.98 1.08 0.81 1.22-4.51 2.36 0.011 

Echocardiography 

Vegetation 1.35-4.19 2.31 0.001 0.73-3.44 1.50 0.28 0.66-3.83 1.47 0.36 

Veget lenght 

10 to 15mm 1.25-3.45 2.09 0.05 0.62-2.80 1.36 0.43 0.11-1.18 0.42 0.10 

>15mm 1.66-4.18 2.63 0.000 0.99-3.57 1.88 0.05 0.86-3.36 1.71 0.13 

LVEF   1.00-1.04 1.02 0.02 0.99-1.06 1.02 0.14 0.96-1.01 0.98 0.17 

Severe regurgitat. 1.35-4.19 1.68 0.01 1.47-4.97 2.64 0.001 0.36-1.32 0.69 0.26 

Valve perforation 1.05-2.44 1.61 0.02 1.01-3.24 1.82 0.047 0.41-1.76 1.71 0.73 

Absess 1.15-5.95 2.64 0.02 0.90-6.76 2.66 0.07 0.85-7.65 2.82 0.08 

Complete AVB  0.73-3.53 1.65 0.22 0.05-1.75 0.44 0.28 0.99-7.35 2.94 0.05 

Treatment 

Use of VKA 0.43-1.54 0.99 0.97 0.21-0.99 0.48 0.045 1.18-4.44 2.31 0.014 

Use of aspirin 0.56-1.40 0.90 0.64 0.22-1.04 0.51 0.06 0.46-2.01 1.00 0.99 

Use of statin 0.50-1.28 0.81 0.37 0.00-1.68 0.22 0.19 0.57-2.40 1.21 0.60 

Aspirin and statin 0.23-0.99 0.50 0.046 0.06-0.91 0.29 0.031 0.38-2.75 1.12 0.82 

Biology 

Hemoglobin 0.98-1.00 0.99 0.13 0.98-1.02 1.00 0.96 0.99-1.03 1.01 0.22 

Platelets  1.00-1.00 1.00 0.027 1.00-1.00 1.00 0.15 1.00-1.00 1.00 0.54 

CRP 1.00-1.00 1.00 0.006 1.00-1.00 1.00 0.19 1.00-1.01 1.01 0.000 

Creatinin 1.00-1.00 1.00 0.37 0.99-1.00 1.00 0.12 1.00-1.00 1.00 0.12 

BNP 1.00-1.00 1.00 0.67 1.00-1.00 1.00 0.40 1.00-1.00 1.00 0.003 

S. aureus 1.05-2.36 1.58 0.028 1.18-3.69 2.09 0.01 0.89-3.27 1.72 0.10 

HTA = high blood pressure, IV = intra-venous, Ao = aortic, Mi = mitral, Tric = tricuspid, LVEF = left ventricular ejection fraction, 
AV = atrioventricular, VKA = vitamin k antagonist, CRP = C-reactive protein, BNP = B-type Natriuretic Peptide.
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Table 7: 53 cerebral hemorrhagic complications: multivariate analysis 

OR IC 95% p 

AGE 0.99 0.97-1.01 0.25 

VEGETATION LENGTH : 10 to 15 mm 1.29 0.59-2.70 0.51 

VEGETATION LENGTH : sup 15 mm 1.62 0.83-3.12 0.16 

STAPH AUREUS 1.91 1.06-3.44 0.033 

ATRIAL FIBRILLATION 1.21 0.57-2.45 0.62 

ST or ASA 0.94 0.46-1.80 0.85 

ST and ASA 0.30 0.06-0.96 0.041 
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RESUME 

Introduction 
Les évènements emboliques (EE) représentent la complication majeure de l’endocardite infectieuse (EI). 
Le bénéfice d’un traitement par aspirine (ASA) et statines (ST) a été démontré par des études animales, 
mais les conclusions des études cliniques sont discordantes. Le but de cette étude était d’évaluer le bénéfice 
d’une préexposition à l’aspirine et/ou aux statines sur le risque embolique chez des patients présentant une 
EI.  
Méthode 
Dans une étude rétrospective menée de 2010 à 2016, nous avons évalué l’impact d’un traitement quotidien 
par ASA ou ST sur les complications liées à l’EI. Le critère de jugement principal était les EE. Les critères 
secondaires étaient les emboles cérébraux, les EE en fonction de la bactérie impliquée, les évènements 
hémorragiques et la mortalité à 30 jours.  
Résultats 
Parmi 529 patients porteurs d’une endocardite infectieuse, à l’admission 135 (23%) patients étaient traités 
par ASA, 130 (24%) par ST, et 66 (12%) recevaient la combinaison des deux. Au total, 264 (50%) patients 
ont présenté un EE. 
En comparant aux 330 patients non traités, les 66 patients recevant la combinaison ASA et ST présentaient 
moins d’EE (23 (34%) vs 179 (54%), OR=0.46 [0.26-0.78] p=0.004) et moins d’hémorragies cérébrales (2 
(3%) vs 38 (11%), OR 0.29 [0.06-0.91] p=0.03). 
Les EE étaient significativement réduits par l’ASA dans les EI à Staphylocoque coagulase négative 
(0R=0.23 [0.06-0.73] p=0.01) et les EI à Streptocoque gallolyticus (OR=0.26 [0.05-0.95] p=0.04), et par les 
ST dans les EI à Staphylocoque aureus (0R=0.46 [0.2-0.99] p=0.046). 
En analyse multivariée, seule la thérapie combinée était protectrice contre les EE (OR=0.3 [0.06- 0.96]).  
Conclusions 
Une préexposition à un traitement combiné par aspirine et statine réduit les évènements emboliques ainsi 
que les complications hémorragiques dans l’endocardite infectieuse. Des études supplémentaires sont 
requises pour établir le bénéfice de ces deux traitements en termes de morbidité et de mortalité dans 
l’endocardite infectieuse.    

ABSTRACT 

Background 
Embolic events (EE) are major complications of infective endocarditis (IE). Animal models have 
demonstrated the benefit of aspirin (ASA) and statins (ST) in their prevention, but clinical studies gave 
conflicting results. The aim of our study was to evaluate the benefit of prior ASA and/or ST therapy on 
embolic risk in patients with IE. 
Methods 
In a retrospective study from 2010 to 2016, the impact of daily ASA or ST therapy on outcome of patients 
with IE was assessed. The primary end point was EE. The secondary end points were cerebral emboli, EE 
according to causative bacteria, hemorrhagic events and 30-day mortality.  
Results 
Among 529 patients with IE, 135 (25%) were treated by ASA, 130 (24%) by ST, and 66 (12%) by both 
therapies at the time of hospitalization. EE occurred in 264 (50%) patients.  
As compared with 330 patients with no therapy, the 66 patients treated with combined ASA and ST 
presented with less frequent EE (23 (34%) vs 179 (54%), OR=0.46 [0.26-0.78] p=0.004) and less cerebral 
hemorrhage (2 (3%) vs 38 (11%), OR 0.29 [0.06-0.91] p=0.03). 
EE were significantly reduced by ASA in Staphylococcus coagulase negative (0R=0.23 [0.06-0.73] 
p=0.01) and Streptococcus gallolyticus IE (OR=0.26 [0.05-0.95] p=0.04), and by ST in Staphyloccus 
aureus IE (0R=0.46 [0.2-0.99] p=0.046).  
By multivariate analysis, only combined therapy was protective against EE (OR=0.3 [0.06- 0.96]). 
Conclusions 
Prior aspirin combined to statin therapy reduces embolic events and hemorrhagic complications in patients 
with IE. Additional prospective studies are warranted to assess the benefits of both treatments in reducing 
morbidity and mortality in IE. 
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