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There are currently no other recommendations for routinely evaluating all patients with IE for metastatic foci of infection, although many clinicians recommend such routine screening for all cases of S aureus IE. 2007; 44:1180–1186. Hughes CF, Noble N. Linezolid therapy for infective endocarditis.Clin Microbiol Infect. Patients should be aware that
relapses can occur and that new onset of fever, chills, or other evidence of systemic toxicity mandates immediate evaluation, including a thorough history and physical examination and ≥3 sets of blood cultures. Infective endocarditis in childhood: 2015 update: a scientific statement from the American Heart Association [published online ahead of print
September 14, 2015].Circulation. Wang A, Athan E, Pappas PA, Fowler VG, Olaison L, Paré C, Almirante B, Muñoz P, Rizzi M, Naber C, Logar M, Tattevin P, Iarussi DL, Selton-Suty C, Jones SB, Casabé J, Morris A, Corey GR, Cabell CH; International Collaboration on Endocarditis-Prospective Cohort Study Investigators. Linezolid and daptomycin are
the only 2 antimicrobial agents currently available in the United States that may be useful for the treatment of multidrug-resistant E faecium IE. 2008; 10:267–274.CrossrefMedlineGoogle Scholar223. 2007; 13:211–215. Heidenreich PA, Masoudi FA, Maini B, Chou TM, Foster E, Schiller NB, Owens DK. Escherichia coli and Pseudomonas aeruginosa
accounted for 51% of cases, and 59% had PVE. The blood cultures of patients who receive longer courses of high-dose bactericidal antimicrobials may remain negative for weeks.Selection of medical therapy for patients with culture-negative IE is difficult. Eishi K, Kawazoe K, Kuriyama Y, Kitoh Y, Kawashima Y, Omae T. Definition of Terms Used in the
Modified Duke Criteria for the Diagnosis of IE*Major criteria Blood culture positive for IE Typical microorganisms consistent with IE from 2 separate blood cultures: Viridans streptococci, Streptococcus bovis, HACEK group, Staphylococcus aureus; or community-acquired enterococci in the absence of a primary focus, or microorganisms consistent
with IE from persistently positive blood cultures defined as follows: at least 2 positive cultures of blood samples drawn >12 h apart or all 3 or a majority of ≥4 separate cultures of blood (with first and last sample drawn at least 1 h apart) Single positive blood culture for Coxiella burnetii or anti–phase 1 IgG antibody titer ≥1:800 Evidence of
endocardial involvement Echocardiogram positive for IE (TEE recommended for patients with prosthetic valves, rated at least possible IE by clinical criteria, or complicated IE [paravalvular abscess]; TTE as first test in other patients) defined as follows: oscillating intracardiac mass on valve or supporting structures, in the path of regurgitant jets, or
on implanted material in the absence of an alternative anatomic explanation; abscess; or new partial dehiscence of prosthetic valve or new valvular regurgitation (worsening or changing or pre-existing murmur not sufficient)Minor criteria Predisposition, predisposing heart condition, or IDU Fever, temperature >38°C Vascular phenomena, major
arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial hemorrhage, conjunctival hemorrhages, and Janeway lesions Immunological phenomena: glomerulonephritis, Osler nodes, Roth spots, and rheumatoid factor Microbiological evidence: positive blood culture but does not meet a major criterion as noted above (excludes single
positive cultures for coagulase-negative staphylococci and organisms that do not cause endocarditis) or serological evidence of active infection with organism consistent with IE Echocardiographic minor criteria eliminatedA diagnosis of IE with the original Duke criteria was based on the presence of either major or minor clinical criteria (Tables 2
and 3). 2001; 119(suppl):207S–219S.CrossrefMedlineGoogle Scholar286. Although rarely identified, β-lactamase–producing enterococci may account for relapse of infection. Lin JC, Aung G, Thomas A, Jahng M, Johns S, Fierer J. Disadvantages of streptomycin-containing regimens are outlined above.RecommendationsCeftriaxone-ampicillin
combination therapy is reasonable for IE caused by aminoglycoside-resistant enterococcal strains (Class IIa; Level of Evidence B).For gentamicin-resistant and streptomycin-susceptible Enterococcus species, ampicillin-ceftriaxone combination therapy is reasonable (Class IIa; Level of Evidence B).Vancomycin Therapy for Enterococcal IE in Patients
Unable to Tolerate β-Lactams or Patients With E faecalis Resistant to PenicillinThe regimens that are reasonable for these patients are shown in Table 14. Therefore, TTE should be done initially in all cases of suspected IE (Figure). 2013; 57:6213–6222. 1998; 42:3169–3172.MedlineGoogle Scholar94. Minocycline versus vancomycin for treatment of
experimental endocarditis caused by oxacillin-resistant Staphylococcus aureus.Antimicrob Agents Chemother. TaubertAmerican Heart AssociationNoneNoneNoneNoneNoneNoneNoneImad M. 2012; 56:3174–3180. On the other hand, if clinical suspicion of IE or its complications is high (eg, prosthetic valve or new atrioventricular block), then a
negative TTE will not definitely rule out IE or its potential complications, and TEE should be performed first. Stockheim JA, Chadwick EG, Kessler S, Amer M, Abdel-Haq N, Dajani AS, Shulman ST. 2010; 194:574–578. doi: 10.1086/529199.CrossrefMedlineGoogle Scholar127. 2010; 19:321–325.MedlineGoogle Scholar270. If valve replacement is
performed, then an individualized choice of prosthesis by the surgeon is reasonable.263,264RecommendationsSurgical intervention is reasonable for patients with certain complications (Class IIa; Level of Evidence C).Valve repair rather than replacement should be performed when feasible (Class I; Level of Evidence C).If valve replacement is
performed, then an individualized choice of prosthesis by the surgeon is reasonable (Class IIa; Level of Evidence C).It is reasonable to avoid surgery when possible in patients who are IDUs (Class IIa; Level of Evidence C).Valve Surgery in Patients With Prior Emboli/Hemorrhage/StrokeThe timing of valve surgery in IE patients with stroke remains
controversial. Transesophageal echocardiography in right-sided endocarditis.J Am Coll Cardiol. Effect of inoculum and of beta-lactamase on the anti-staphylococcal activity of thirteen penicillins and cephalosporins.Antimicrob Agents Chemother. 1983; 34:413–427.CrossrefMedlineGoogle Scholar188. The clinical significance of vancomycin minimum
inhibitory concentration in Staphylococcus aureus infections: a systematic review and meta-analysis.Clin Infect Dis. Echocardiographic assessment of patients with infectious endocarditis: prediction of risk for complications.J Am Coll Cardiol. 2003; 112:222–233. Developing or worsening heart failure is a common complication that should be
monitored for during short-term follow-up (Class I; Level of Evidence C).14. Absorption of orally administered antimicrobial agents may be unreliable, and such a strategy is generally not recommended as sole therapy for IE. Tattevin P, Uhel F, Fily F. Dickerman SA, Abrutyn E, Barsic B, Bouza E, Cecchi E, Moreno A, Doco-Lecompte T, Eisen DP,
Fortes CQ, Fowler VG, Lerakis S, Miro JM, Pappas P, Peterson GE, Rubinstein E, Sexton DJ, Suter F, Tornos P, Verhagen DW, Cabell CH; ICE Investigators. Studies of single daily dosing of gentamicin compared with divided doses in enterococcal experimental IE and in humans have yielded conflicting results. Treatment of right-sided Staphylococcus
aureus endocarditis in intravenous drug users with ciprofloxacin and rifampicin.Lancet. Relapse of type A beta-lactamase-producing Staphylococcus aureus native valve endocarditis during cefazolin therapy: revisiting the issue.Clin Infect Dis. Interestingly, all treatment failures with trimethoprim-sulfamethoxazole occurred in patients infected with
MSSA in that report,165 whereas patients with MRSA infection were uniformly cured. Shelburne SA, Greenberg SB, Aslam S, Tweardy DJ. Efficacy of ampicillin plus ceftriaxone in treatment of experimental endocarditis due to Enterococcus faecalis strains highly resistant to aminoglycosides.Antimicrob Agents Chemother. S gallolyticus (bovis)
expresses the group D antigen, but it can be distinguished from group D Enterococcus by appropriate biochemical tests. High-dose daptomycin therapy for left-sided infective endocarditis: a prospective study from the International Collaboration on Endocarditis.Antimicrob Agents Chemother. 2008;118:e497].Circulation. doi:
10.1093/jac/dkg440.CrossrefMedlineGoogle Scholar184. As outlined in the Therapy of MSSA IE in Patients Allergic to or Intolerant of β-Lactams section below, daptomycin may be a reasonable alternative to daptomycin for left-sided NVE caused by MRSA on the basis of limited data in a prospective, randomized trial; a multinational, prospective
cohort investigation of the use of high-dose (≈9 mg/kg per dose) daptomycin; and a multicenter, retrospective, observational study that included daptomycin at ≥8 mg/kg per dose.13,155 Selection of daptomycin dosing should be assisted by infectious diseases consultation.At this time, additional study of ceftaroline is needed to define its role, if any,
in the treatment of left-sided NVE caused by MRSA.RecommendationsGentamicin should not be used for treatment of NVE caused by MSSA or MRSA (Class III; Level of Evidence B).In cases of brain abscess resulting from MSSA IE, nafcillin should be used instead of cefazolin; vancomycin should be given in cases of nafcillin intolerance (Class I; Level
of Evidence C).The usefulness of empirical combination therapy with vancomycin plus an antistaphylococcal β-lactam antibiotic in patients with S aureus bacteremia until oxacillin susceptibility is known is uncertain (Class IIb; Level of Evidence B).IE caused by staphylococci that are penicillin susceptible should be treated with antistaphylococcal βlactam antibiotics rather than aqueous crystalline penicillin G because clinical laboratories are not able to detect penicillin susceptibility (Class I; Level of Evidence B).Six weeks of nafcillin (or equivalent antistaphylococcal penicillin) is recommended for uncomplicated left-sided NVE caused by MSSA; at least 6 weeks of nafcillin (or equivalent
antistaphylococcal penicillin) is recommended for complicated left-sided NVE caused by this organism (Class I; Level of Evidence C).Daptomycin may be a reasonable alternative to vancomycin for treatment of left-sided IE resulting from MRSA (Class IIb; Level of Evidence B).Selection of daptomycin dosing should be assisted by infectious diseases
consultation (Class I; Level of Evidence C).Therapy of MSSA IE in Patients Allergic to or Intolerant of β-LactamsTherapy for MSSA IE in patients truly unable to tolerate β-lactams is problematic. Baddour LM; Infectious Diseases Society of America’s Emerging Infections Network. The 2005 AHA document12 recommended streptomycin for patients
with gentamicin-resistant strains of enterococci. Blood cultures should be obtained. Bactericidal effects of antibiotics on slowly growing and nongrowing bacteria.Antimicrob Agents Chemother. doi: 10.1161/01.CIR.0000124719.61827.7F.LinkGoogle Scholar285. doi: 10.1128/AAC.01563-13.CrossrefMedlineGoogle Scholar156. For example, in a
multicenter, prospective, observational investigation involving >1000 consecutive patients with definite IE from >20 countries, S aureus was the most common cause of PVE (25.8% of 214 cases), whereas 64 cases of NVE (8%) resulted from CoNS.136 In addition, the prevalence of CoNS NVE appears to be increasing.137 Thus, it is important to
consider both pathogen groups when a patient with suspected IE has a preliminary blood culture that suggests staphylococci by Gram stain interpretation.S aureusS aureus is the most common cause of IE in much of the developed world.6–8 Data from >70 million hospitalizations in the United States suggest that rates of S aureus IE have increased
significantly relative to other causes of IE.3 This increase is primarily a consequence of healthcare contact (eg, intravascular catheters, surgical wounds, indwelling prosthetic devices, hemodialysis)6,8,9 and is especially prevalent in North America.6,138,139 Increasing rates of oxacillin-resistant S aureus or MRSA isolates in both hospital and
community settings and the recovery of clinical S aureus isolates both partially and fully138,139 resistant to vancomycin have complicated the treatment of S aureus IE. There are several disadvantages of using streptomycin-containing regimens, including a lack of familiarity among clinicians with streptomycin, a higher risk of ototoxicity, which may
not be reversible, and drug availability limitations. 2012; 67:269–289. Symposium on infective endocarditis, III: endocarditis due to Gram-negative bacteria: report of 56 cases.Mayo Clin Proc. Table 8 shows regimens for treatment of NVE caused by relatively penicillin-resistant strains (MIC >0.12–90% of enterococci are reportedly susceptible in vitro
to daptomycin, the emergence of daptomycin resistance is an increasing problem.207 Daptomycin is FDA approved for treatment of S aureus infections but not for enterococcal infections. Treatment includes a combination of a parenteral antifungal agent, usually an amphotericin B–containing product, and valve surgery. 1972; 53:50–
53.MedlineGoogle Scholar73. 1992; 36:2216–2221.CrossrefMedlineGoogle Scholar98. Transthoracic echocardiography is still useful in the initial evaluation of patients with suspected infective endocarditis: evaluation of a large cohort at a tertiary referral center.Mayo Clin Proc. At present, there are significant methodological problems associated
with proposing antibody titers that are positive for Bartonella and Chlamydia species or PCR-based testing for T whippelii as a major criterion in the Duke schema. Candida prosthetic valve endocarditis: prospective study of six cases and review of the literature.Clin Infect Dis. β-Lactams increase the antibacterial activity of daptomycin against clinical
methicillin-resistant Staphylococcus aureus strains and prevent selection of daptomycin-resistant derivatives.Antimicrob Agents Chemother. doi: 10.1093/cid/cir935.CrossrefMedlineGoogle Scholar141. The patient also should be monitored carefully for the development of periannular extension or extracardiac spread of infection. 2013; 57:66–73.
1980; 59:50–65.CrossrefMedlineGoogle Scholar315. Then she met the family of her teenage donor. McConeghy KW, Bleasdale SC, Rodvold KA. 1999; 99:2791–2797.CrossrefMedlineGoogle Scholar290. doi: 10.1111/j.1439-0507.2010.01884.x.CrossrefMedlineGoogle Scholar246. Diagnosis of 22 new cases of Bartonella endocarditis [published
correction appears in Ann Intern Med. Beta-lactamase production in experimental endocarditis due to aminoglycoside-resistant Streptococcus faecalis.J Infect Dis. 1988; 95:857–861.MedlineGoogle Scholar224. Antimicrobial susceptibility patterns among viridans group streptococcal isolates from infective endocarditis patients from 1971 to 1986 and
1994 to 2002.Antimicrob Agents Chemother. doi: 10.2146/ajhp080434.MedlineGoogle Scholar113. Empirical coverage could include vancomycin and cefepime as an initial regimen. Durack DT, Lukes AS, Bright DK. doi: 10.1093/jac/dkl219.CrossrefMedlineGoogle Scholar175. Patients may develop severe headache, altered sensorium, or focal
neurological deficits such as hemianopsia or cranial neuropathies. Group G streptococcal endocarditis: two case reports, a review of the literature and recommendations for treatment.J Infect. Evaluation of the Duke criteria versus the Beth Israel criteria for the diagnosis of infective endocarditis.Clin Infect Dis. doi:
10.1086/515076.CrossrefMedlineGoogle Scholar40. Preoperative evaluation in aortic endocarditis: findings on cardiac CT.AJR Am J Roentgenol. 1990; 5:68–72.CrossrefMedlineGoogle Scholar312. Baddour LM, Epstein AE, Erickson CC, Knight BP, Levison ME, Lockhart PB, Masoudi FA, Okum EJ, Wilson WR, Beerman LB, Bolger AF, Estes NA, Gewitz
M, Newburger JW, Schron EB, Taubert KA; on behalf of the American Heart Association Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee; Council on Cardiovascular Disease in Young; Council on Cardiovascular Surgery and Anesthesia; Council on Cardiovascular Nursing; Council on Clinical Cardiology; and Interdisciplinary Council
on Quality of Care. Streptococcus agalactiae infective endocarditis: analysis of 30 cases and review of the literature, 1962-1998.Clin Infect Dis. Heart valve involvement (Libman-Sacks endocarditis) in the antiphospholipid syndrome.Circulation. doi: 10.1592/phco.26.3.347.CrossrefMedlineGoogle Scholar210. Antithrombotic therapy in valvular heart
disease.Chest. Studies on the bacteremia of bacterial endocarditis.JAMA. Executive summary: diagnosis and management of prosthetic joint infection: clinical practice guidelines by the Infectious Diseases Society of America.Clin Infect Dis. Raoult D, Fournier PE, Drancourt M, Marrie TJ, Etienne J, Cosserat J, Cacoub P, Poinsignon Y, Leclercq P,
Sefton AM. doi: 10.1056/NEJMoa053783.CrossrefMedlineGoogle Scholar14. doi: 10.1016/j.ahj.2005.03.057.CrossrefMedlineGoogle Scholar256. 1989; 2:1071–1073.CrossrefMedlineGoogle Scholar152. Antibiotics prescribed for nonspecific or unproved febrile syndromes are a major cause of (blood) culture-negative IE, and this practice should be
strongly discouraged.RecommendationsMonths to years after completion of medical therapy for IE, patients should have ongoing observation for and education about recurrent infection and delayed onset of worsening valve dysfunction (Class I; Level of Evidence C).Daily dental hygiene should be stressed, with serial evaluations by a dentist who is
familiar with this patient population (Class I; Level of Evidence C).Patients should be questioned about symptoms of heart failure, and a thorough physical examination should be done (Class I; Level of Evidence C).Additional evaluations with echocardiography should be obtained in selected patients with positive findings from history and physical
examination (Class I; Level of Evidence C).Patients should be instructed to seek immediate medical evaluation for fever, and blood cultures should be obtained (Class I; Level of Evidence C).Antimicrobial therapy should not be initiated for the treatment of undefined febrile illnesses unless the patient’s condition (eg, sepsis) warrants it (Class III; Level
of Evidence C).Dental ManagementA large, prospective study demonstrated a strong association between 3 indexes of oral hygiene and gingival disease and the incidence of bacteremia from IE-related species.327 Poor oral hygiene results in gingivitis, which often leads to periodontitis, and it is likely that these 2 periodontal diseases are associated
with community-acquired IE. Unfortunately, the current laboratory screening procedures for detecting penicillin susceptibility may not be reliable. If any circumstances preclude the securing of optimal echocardiographic windows, including chronic obstructive lung disease, previous thoracic or cardiovascular surgery, morbid obesity, or other
conditions, then TEE should be performed as soon as possible after TTE. doi: 10.1056/NEJMoa025025.CrossrefMedlineGoogle Scholar139. 1986; 7:953–955.CrossrefMedlineGoogle Scholar308. It is reasonable for patients who have completed therapy to undergo an examination after completing antibiotic therapy.Developing or worsening heart failure
is a second complication that should be considered during short-term follow-up. Anguera I, Del Río A, Miró JM, Matínez-Lacasa X, Marco F, Gumá JR, Quaglio G, Claramonte X, Moreno A, Mestres CA, Mauri E, Azqueta M, Benito N, García-de la María C, Almela M, Jiménez-Expósito MJ, Sued O, De Lazzari E, Gatell JM; Hospital Clinic Endocarditis
Study Group. Blood culture positivity: suppression by outpatient antibiotic therapy in patients with bacterial endocarditis.Arch Intern Med. Pharmacokinetic and pharmacodynamic aspects of therapy of experimental endocarditis.Infect Dis Clin North Am. 1993; 7:37–51.MedlineGoogle Scholar95. 1997; 72:532–542. doi:
10.1093/cid/ciu183.CrossrefMedlineGoogle Scholar143. 2014; 89:799–805. 1996; 93:730–736.CrossrefMedlineGoogle Scholar51. Therefore, all patients with bloodstream infection resulting from Salmonella species should be evaluated for complicating cardiovascular infections, including IE, myocarditis, pericarditis, and endarteritis. 1971; 22:162–
164.MedlineGoogle Scholar225. Effect of long-term aspirin use on embolic events in infective endocarditis.Clin Infect Dis. Arterial branching points favor the impaction of emboli and are the most common sites of development of MAs. MAs caused by IE occur most frequently in the intracranial arteries, followed by the visceral arteries and the arteries
of the upper and lower extremities.A detailed analysis of the complex management of MAs has been included in a separate AHA Scientific Statement that addresses vascular infections and is pending publication; please refer to this document for additional information.Intracranial MAsIntracranial MAs (ICMAs) represent a relatively small but
extremely dangerous subset of neurological complications. In a survey that included the International Collaboration on Endocarditis cohort, Dickerman and colleagues280 focused on the incidence of stroke in a multicenter IE population and demonstrated that acute stroke rates fell significantly after initiation of antibiotic therapy regardless of valve
involved or pathogen identified. doi: 10.1128/AAC.06439-11.CrossrefMedlineGoogle Scholar214. Almost all strains of the HACEK group are susceptible to ceftriaxone (or other third- or fourth-generation cephalosporins). TTE is reasonable for this evaluation because spectral Doppler interrogation for functionality metrics is more thorough than TEE.
Prolonged intravenous use of vancomycin may be complicated by thrombophlebitis, rash, fever, neutropenia, and rarely ototoxic reactions. Feuchtner GM, Stolzmann P, Dichtl W, Schertler T, Bonatti J, Scheffel H, Mueller S, Plass A, Mueller L, Bartel T, Wolf F, Alkadhi H. Many believe that it is extremely important for the future care of these patients
to establish a new baseline for valvular morphology, including the presence of vegetations and valvular insufficiency, once treatment has been completed. Quinupristin-dalfopristin may be active in vitro but only against strains of E faecium and is inactive against E faecalis. Initial screening can be done with pyrrolidonyl aminopeptidase hydrolysis
testing, and isolates that test positive should be further identified by a multisubstrate identification system, matrix-assisted laser desorption ionization–time of flight, or other methods, including PCR.146,147RecommendationOngoing vigilance for IE complications, including perivalvular extension of infection and extracardiac foci of infection, is
reasonable (Class IIa; Level of Evidence C).IE Caused by Staphylococci in the Absence of Prosthetic Valves or Other Prosthetic MaterialRight-Sided IE in IDUsThe addition of gentamicin to nafcillin or oxacillin has traditionally been a standard approach for the treatment of right-sided IE. The use of ceftaroline fosamil in methicillin-resistant
Staphylococcus aureus endocarditis and deep-seated MRSA infections: a retrospective case series of 10 patients.J Infect Chemother. To purchase additional reprints, call 843-216-2533 or e-mail kelle.[email protected]com.The American Heart Association requests that this document be cited as follows: Baddour LM, Wilson WR, Bayer AS, Fowler VG Jr,
Tleyjeh IM, Rybak MJ, Barsic B, Lockhart PB, Gewitz MH, Levison ME, Bolger AF, Steckelberg JM, Baltimore RS, Fink AM, O’Gara P, Taubert KA; on behalf of the American Heart Association Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease of the Council on Cardiovascular Disease in the Young, Council on Clinical Cardiology,
Council on Cardiovascular Surgery and Anesthesia, and Stroke Council. For example, the curative dose of penicillin for streptococcal infections in animal models has been shown to increase markedly with the number of organisms inoculated and the duration of the infection, presumably because of the interim increase in the number of organisms in
the infected host.76 In addition, the stationary growth-phase conditions make it less likely that bacterial cell wall–active antibiotics (β-lactams and glycopeptides) are optimally effective.77–79 Stationary-phase organisms have been associated with a loss of penicillin-binding proteins that are the active target sites required for β-lactam antibacterial
activity. Daptomycin for the treatment of gram-positive bacteremia and infective endocarditis: a retrospective case series of 31 patients.Pharmacotherapy. 2003; 36:159–168. LevisonDrexel University College of MedicineNoneNoneNoneNoneNoneMerck Manual†NonePeter B. doi: 10.3109/00365548.2011.638317.CrossrefMedlineGoogle Scholar116.
2013; 106:52–62. Ampicillin plus ceftriaxone is as effective as ampicillin plus gentamicin for treating Enterococcus faecalis infective endocarditis.Clin Infect Dis. BaltimoreYale University School of MedicineNoneNoneNoneNoneNoneNoneNoneBruno BarsicHospital for Infectious Diseases, School of Medicine ZagrebNoneNoneAstellas*; Pfizer*;
MSD*NoneNoneNoneNoneArnold S. 2002; 34:159–166. Ceftriaxone is a reasonable alternative to penicillin. 2013; 56:1261–1268. doi: 10.1128/AAC.02800-14.CrossrefMedlineGoogle Scholar107. Baddour LM, Wilson WR, Bayer AS, Fowler VG, Bolger AF, Levison ME, Ferrieri P, Gerber MA, Tani LY, Gewitz MH, Tong DC, Steckelberg JM, Baltimore RS,
Shulman ST, Burns JC, Falace DA, Newburger JW, Pallasch TJ, Takahashi M, Taubert KA. If daptomycin therapy is selected, then doses of 10 to 12 mg·kg−1·24 h−1 may be considered. Goldenberger D, Künzli A, Vogt P, Zbinden R, Altwegg M. Mertes PM, Jehl F, Burtin P, Dopff C, Pinelli G, Villemot JP, Monteil H, Dureux JB. Because of the alarming
mortality rate associated with fungal IE and the availability of newer antifungal drugs, in particular fungicidal drugs like the echinocandins, a re-evaluation of these principles seems in order. 2013; 56:209–217. Werner AS, Cobbs CG, Kaye D, Hook EW. 2012; 54:755–771. Carugati M, Bayer AS, Miró JM, Park LP, Guimarães AC, Skoutelis A, Fortes CQ,
Durante-Mangoni E, Hannan MM, Nacinovich F, Fernández-Hidalgo N, Grossi P, Tan RS, Holland T, Fowler VG, Corey RG, Chu VH; International Collaboration on Endocarditis. Anatomical definition of aortic root abscesses by transesophageal echocardiography: planning a surgical strategy using homograft valves.Clin Cardiol. The role of valve
surgery in infective endocarditis management: a systematic review of observational studies that included propensity score analysis.Am Heart J. Nguyen MH, Nguyen ML, Yu VL, McMahon D, Keys TF, Amidi M. 2012; 42:470–479. Among patients with an initially positive TTE and a high risk for intracardiac complications, including perivalvular
extension of infection, TEE should be obtained as soon as possible. Infective endocarditis in patients with negative blood cultures: analysis of 88 cases from a one-year nationwide survey in France.Clin Infect Dis. 1998; 27:1451–1456.CrossrefMedlineGoogle Scholar37. 1988; 16:169–176.CrossrefMedlineGoogle Scholar133. doi:
10.1056/NEJMcp1206782.CrossrefMedlineGoogle Scholar248. 2009; 43:2108–2112. Is early surgery beneficial in infective endocarditis? Valve surgery should be done in most cases of fungal IE. Emboli often involve major arterial beds, including the brain, lungs, coronary arteries, spleen, bowel, and extremities. doi:
10.1086/420939.CrossrefMedlineGoogle Scholar326. Boland JM, Chung HH, Robberts FJ, Wilson WR, Steckelberg JM, Baddour LM, Miller DV. Salvage treatment for persistent methicillin-resistant Staphylococcus aureus bacteremia: efficacy of linezolid with or without carbapenem.Clin Infect Dis. The presence of poorly controlled heart failure,
neurological findings that may result from systemic emboli or bleeding MAs, cardiac conduction abnormalities, valve ring abscesses (usually detected by TEE), persistent fever, or persistently positive blood cultures should preclude OPAT.The risk for drug-related side effects usually increases with a prolonged drug exposure (eg, vestibular, auditory,
and nephrotoxicity resulting from aminoglycosides; leukopenia caused by β-lactams and vancomycin; and nephrotoxicity resulting from the combination of vancomycin and gentamicin) and requires close monitoring by the home infusion team consisting of representatives from nursing and pharmacy and clinicians with expertise in IE management.The

following criteria are essential for an effective OPAT program:A reliable support system at home and easy access to a hospital for prompt re-evaluation by an experienced clinician if a complication such as recurrence of fever, symptoms of a cardiac arrhythmia, heart failure, or a neurological event developsRegular visits by a home infusion nurse who
carefully monitors the patient for early detection of complications, failure to respond to therapy, problems with adherence to therapy, or complications (eg, catheter-related infection, catheter leakage or displacement, venous thrombosis) directly related to the antibiotics or intravenous accessRegular visits with an experienced clinician to assess
clinical status during the OPATRecommendationsPatients with IE should first be evaluated and stabilized in the hospital before being considered for outpatient therapy (Class I; Level of Evidence C).Patients selected for OPAT should be at low risk for the complications of IE, the most frequent of which are heart failure and systemic emboli (Class I;
Level of Evidence C).Care at Completion of Antimicrobial TherapyShort-Term Follow-UpThe majority of patients with IE are cured with appropriate medical and, if necessary, surgical treatment. 1991; 114:635–640. It acts by inhibiting ribosomal protein synthesis and is approved for use by the FDA in adults and children. Heldman AW, Hartert TV, Ray
SC, Daoud EG, Kowalski TE, Pompili VJ, Sisson SD, Tidmore WC, vom Eigen KA, Goodman SN, Lietman PS, Petty BG, Flexner C. Barton TL, Mottram PM, Stuart RL, Cameron JD, Moir S. Time-dependent bias was common in survival analyses published in leading clinical journals.J Clin Epidemiol. 2009;66:887].Am J Health Syst Pharm. doi:
10.1086/518174.CrossrefMedlineGoogle Scholar125. In other cases, tissue (usually valve) screening is required. Kupferwasser LI, Yeaman MR, Nast CC, Kupferwasser D, Xiong YQ, Palma M, Cheung AL, Bayer AS. 2003; 163:2066–2072. doi: 10.1128/AAC.02354-12.CrossrefMedlineGoogle Scholar172. Pharmacodynamics of intravenous ciprofloxacin in
seriously ill patients.Antimicrob Agents Chemother. Fluorescence microscopy demonstrates enhanced targeting of telavancin to the division septum of Staphylococcus aureus.Antimicrob Agents Chemother. 2013; 127:1763–1766. Infective endocarditis: diagnosis, antimicrobial therapy, and management of complications: a statement for healthcare
professionals from the Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease, Council on Cardiovascular Disease in the Young, and the Councils on Clinical Cardiology, Stroke, and Cardiovascular Surgery and Anesthesia, American Heart Association [published correction appears in Circulation. Until more convincing data demonstrate
that once-daily dosing of gentamicin is as effective as multiple dosing, in patients with normal renal function, gentamicin should be administered in daily multiple divided doses (total, ≈3 mg·kg−1·d−1) rather than a daily single dose to patients with enterococcal IE. An evaluation of the Duke criteria in 25 pathologically confirmed cases of prosthetic
valve endocarditis.Clin Infect Dis. Antibiotic toxicity still can occur after the completion of treatment and is a complication that should be considered during short-term follow-up (Class I; Level of Evidence C).16. 2007; 297:1354–1361. Second, serological results were positive in 47.7% of cases, primarily for Coxiella and Bartonella species infection.
Although coagulase-positive staphylococci were traditionally believed to cause primarily NVE and coagulase-negative staphylococci (CoNS) were associated with PVE, considerable overlap now exists. 2002; 35:130–139. In part related to findings that demonstrated a salutary effect of intravenous aspirin therapy in established experimental S aureus
IE,287 a randomized trial compared oral aspirin 325 mg/d with placebo in 115 IE patients.288 No significant benefit was observed in aspirin-treated patients in terms of vegetation resolution and embolic events. Enterococcal endocarditis: an analysis of 38 patients observed at the New York Hospital-Cornell Medical Center.Arch Intern Med.
Therefore, prolonged, parenteral, bactericidal therapy is required for attempted infection cure.Inoculum EffectThe effect of high bacterial densities on antimicrobial activity is called the inoculum effect in which certain groups of antimicrobials commonly used to treat IE such as β-lactams and glycopeptides (and, to a lesser extent, lipopeptides such as
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used.Treatment regimens outlined for VGS, A. Although microbiological differentiation of S lugdunensis requires specific biochemical assays, the poor outcomes associated with S lugdunensis underscore the importance of performing these specialized assays. doi: 10.1016/S0140-6736(12)61689-4.CrossrefMedlineGoogle Scholar5. Nannini EC, Singh
KV, Murray BE. At this time, the strategy for surgical intervention to avoid systemic embolization in IE remains specific to the individual patient, with benefit being greatest in the early phase of IE when embolic rates are highest and other predictors of a complicated course (ie, recurrent embolization; heart failure; aggressive, antibiotic-resistant
organisms; or PVE) are present (Table 5). Splenic abscess.Medicine (Baltimore). Tleyjeh IM, Kashour T, Zimmerman V, Steckelberg JM, Wilson WR, Baddour LM. The use of combination therapy is based not on studies of in vitro synergy but rather on the efficacy of this therapy for treatment of CoNS PVE, as well as the results of treatment of
experimental IE and infected devices. Administration of antimicrobial agents to IE patients before blood cultures are obtained reduces the recovery rate of bacteria by 35% to 40%.228–232 The antimicrobial susceptibility of the organism, the dose, and the duration and nature of previous antimicrobial therapy together determine the length of time
that blood cultures will remain negative.232 IE patients with blood cultures that are initially negative after only a few days of antibiotic therapy may have positive blood cultures after several days without antibiotics. Mügge A, Daniel WG, Frank G, Lichtlen PR. The disadvantages are toxicity (mild to severe neutropenia and thrombocytopenia that is
reversible); peripheral and optic neuritis, which is more often seen with longer durations of therapy and may not be reversible; multidrug interactions, especially serotonin uptake inhibitors; and emergence of resistance during treatment. Hoen B, Duval X. 2004; 48:1921–1933. 2001; 33:120–125. Fowler, Jr.Duke UniversityCDC†; Cerexa/Forest†;
MedImmune†; NIH†; FDA†; Cubist*NoneNoneWitness in case involving group B Streptococcal Vertebral osteomyelitis†NoneMedImmune*; Novartis†; The Medicines Comapy*; Novadigm*; Debiopharm*; Cerexa*;Affinium*; Tetraphase*; Bayer*; Theravance*; Cubist*; Genetech*; Basilea*NoneMichael H. To complicate matters, the APA syndrome may
develop secondary to IE.239Numerous other causes of noninfective vegetative endocarditis can mimic IE. Babcock HM, Ritchie DJ, Christiansen E, Starlin R, Little R, Stanley S. It is strongly recommended that a discussion of which laboratory (microbiology, pathology including cytology) studies will be needed once tissue or fluid aspirate specimens
are available takes place before an invasive procedure is performed.RecommendationThe choice of diagnostic procedure (eg, CT, MRI, ultrasonography) varies and the selection should be individualized for each patient (Class I; Level of Evidence C).Mycotic AneurysmsMAs are uncommon complications of IE that result from septic embolization of
vegetations to the arterial vasa vasorum or the intraluminal space, with subsequent spread of infection through the intima and outward through the vessel wall. 2012; 59:1968–1976. Although interesting results suggest that there may be a high negative predictive value of TTE in some patients,51 further work is needed to better define the subgroup
of patients with bloodstream infection caused by S aureus who need only TTE to evaluate for IE.Table 4. Prosthetic material used for heart valve repair, such as annuloplasty rings, chords or clips. 1994; 38:432–437.CrossrefMedlineGoogle Scholar99. Repeating the TEE in 3 to 5 days (or sooner if clinical findings change) after an initial negative result
is recommended when clinical suspicion of IE persists.60 In some cases, vegetations may reach a detectable size in the interval, or abscess cavities or fistulous tracts may become evident. Investigation in adults has shown TEE to be significantly more sensitive than TTE for the detection of vegetations and abscesses.47 In the setting of a prosthetic
valve, transthoracic images are greatly hampered by the structural components of the prosthesis and are inadequate for assessment of the perivalvular area where those infections often start.48 Although cost-effectiveness calculations suggest that TEE should be the first examination in adults with suspected IE (Table 4), particularly in the setting of
staphylococcal bacteremia,49,50 many patients are not candidates for immediate TEE because of having eaten within the preceding 6 hours or because the patients are in institutions that cannot provide 24-hour TEE services. 2013; 57:2376–2379. Snygg-Martin U, Gustafsson L, Rosengren L, Alsiö A, Ackerholm P, Andersson R, Olaison L. Evaluation
of standard- and high-dose daptomycin versus linezolid against vancomycin-resistant Enterococcus isolates in an in vitro pharmacokinetic/pharmacodynamic model with simulated endocardial vegetations.Antimicrob Agents Chemother. 1950; 144:524–527.CrossrefMedlineGoogle Scholar90. In 1 analysis, an embolic event was 1 of 4 early predictors of
in-hospital death caused by IE.285 Other independent predictors of death by logistic regression modeling among 267 consecutive patients with definite or possible IE by modified Duke criteria were diabetes mellitus, S aureus infection, and Acute Physiology And Chronic Health Evaluation (APACHE) II score.Another controversial topic is whether
imaging to detect emboli should be performed in all IE patients. 1949; 90:595–607.CrossrefMedlineGoogle Scholar77. In this trial, 76 patients with left-sided NVE, severe valve regurgitation without heart failure, and vegetations >10 mm were assigned to early surgery within 48 hours or to conventional treatment. However, in an observational study,
high-dose daptomycin (≈9 mg/kg per dose) for treatment of left-sided IE was as effective as standard-of-care therapy and cleared MRSA bacteremia significantly faster than did standard-of-care treatment.155The emergence of organisms with decreased susceptibility to daptomycin was observed in ≈5% of daptomycin-treated patients. Correlation of
echocardiographic and surgical findings in acute bacterial endocarditis.Eur Heart J. Thus, Aspergillus is a cause of culture-negative IE, and when this occurs, it is usually in a patient with a prosthetic cardiac valve.240 A variety of other fungi, including endemic mycoses, can rarely cause IE and can involve both native and prosthetic valves. For
patients with uncomplicated infection, 6 weeks of therapy is recommended. Staphylococcus lugdunensis endocarditis: the hidden peril of coagulase-negative staphylococcus in blood cultures.Eur J Clin Microbiol Infect Dis. 2011; 53:158–163. In aortic NVE, this generally occurs through the weakest portion of the annulus, which is near the
membranous septum and atrioventricular node.299 The anatomic vulnerability of this area explains both why abscesses occur in this location and why heart block is a frequent sequela.300 Periannular extension is common, occurring in 10% to 40% of all NVE and complicating aortic IE more commonly than mitral or tricuspid IE.301–304 Periannular
infection is of even greater concern with PVE, occurring in 56% to 100% of patients.298,302 Perivalvular abscesses are particularly common with prosthetic valves because the annulus, rather than the leaflet, is the usual primary site of infection, especially in early PVE and on bioprosthetic valves.302Under the influence of systemic intravascular
pressures, abscesses may progress to fistulous tracts that create intracardiac or pericardial shunts. Both β-lactam therapy alone and combination therapy with nafcillin and an aminoglycoside for only 2 weeks have been effective in patients with uncomplicated right-sided IE caused by S aureus91; monotherapy with a β-lactam would be selected for
use in cases of uncomplicated IE.92Of interest, right-sided vegetations tend to have lower bacterial densities, which may result from host defense mechanisms, including polymorphonuclear activity or platelet-derived antibacterial cationic peptides.90,91,93Drug PenetrationThe penetration of antibiotics is a significant issue in the treatment of IE
because cardiac vegetations, which are composed of layers of fibrin and platelets, pose a considerable mechanical barrier between the antibiotic and the embedded targeted microorganisms.94,95 The efficacy of antimicrobial drugs varies, depending on the degree of penetration into the vegetation, pattern of distribution within the vegetation, and
vegetation size.96,97 Patterns of diffusion differ by class of antibiotic, which may have implications for therapeutic outcomes in patients being treated for IE.98–100PK/PD and Dosing Implications in IEIn the design of dose regimens for the treatment of IE, it is important to fully optimize the PK/PD parameter for the selected antibiotic to increase the
likelihood of success and to decrease the potential for developing resistance.101 Antibiotic PK/PD is related to both PK and microorganism susceptibility to the drug.102 With the use of in vitro and in vivo evaluations, antibiotics are categorized on the basis of whether they possess concentration-dependent or time-dependent effects on
microorganisms and on the basis of 4 common PK/PD parameters that predict antibiotic efficacy: the ratio of the maximum serum concentration to the MIC, the ratio of the area under the 24-hour plasma concentration-time curve to the MIC (AUC24/MIC), the duration of time that the serum concentration exceeds the MIC, and the duration of the
postantibiotic effect.101,103 More detailed discussion of the calculation of these parameters has been given previously.100Whereas both the ratio of maximum serum concentration to MIC and the AUC24/MIC ratio have been shown to predict efficacy as the optimized PD parameters for aminoglycoside, fluoroquinolone, and daptomycin therapy, the
AUC24/MIC is the optimized PD activity for glycopeptides such as vancomycin, teicoplanin, telavancin, oritavancin, and lipopeptides such as daptomycin. Staphylococcus aureus prosthetic valve endocarditis: optimal management and risk factors for death.Clin Infect Dis. 2011; 54:354–360. Ceftaroline increases membrane binding and enhances the
activity of daptomycin against daptomycin-nonsusceptible vancomycin-intermediate Staphylococcus aureus in a pharmacokinetic/pharmacodynamic model [published correction appears in Antimicrob Agents Chemother. The benefits of early surgery were demonstrated in the prospective, randomized trial17 that was discussed earlier in this document.
2009; 66:82–98. 2014; 58:1668–1675. Silverman JA, Mortin LI, Vanpraagh AD, Li T, Alder J. Some patients will have significant valvular dysfunction at the end of otherwise successful antimicrobial treatment that will require eventual valvular surgery. If the strain of enterococcus is susceptible to both gentamicin and streptomycin, it is reasonable to
use gentamicin rather than streptomycin for therapy. Eagle H. In light of these important functions, at least 3 sets of blood cultures obtained from separate venipuncture sites should be obtained, with the first and last samples drawn at least 1 hour apart. Although the overall IE incidence has remained stable,1,2,5–9 the incidence of IE caused by
Staphylococcus aureus has increased, and S aureus is now the most common causative organism in most of the industrialized world. 1991; 5:53–60.CrossrefMedlineGoogle Scholar97. Unfortunately, most clinical laboratories do not perform molecular screening, and specimens must be sent to reference laboratories.The most prevalent pathogen
among these uncommon causes of culture-negative IE in this group has varied globally according to published data.236 Incidence data from population-based surveys for IE caused by these organisms are lacking in the United States. Pepin J, Tremblay V, Bechard D, Rodier F, Walker C, Dufresne D, Lafontaine A, Li N, Lacroix C, Lanthier L. Desch S,
Freund A, de Waha S, Eitel I, Lurz P, Stiermaier T, Fuernau G, Schuler G, Thiele H. Infective endocarditis caused by daptomycin-resistant Enterococcus faecalis: a case report.Scand J Infect Dis. Ceftriaxone may be considered instead of cefotaxime in the previous recommendations. doi: 10.1161/CIRCULATIONAHA.112.115204.LinkGoogle Scholar
Effect of vancomycin minimal inhibitory concentration on the outcome of methicillin-susceptible Staphylococcus aureus endocarditis.Clin Infect Dis. During the period between the collection of blood cultures and the determination of a pathogen or if blood cultures are ultimately deemed culture negative, empirical therapy is generally required. doi:
10.1016/j.amjmed.2006.04.001.CrossrefMedlineGoogle Scholar102. In contrast, short-course regimens with glycopeptides (teicoplanin or vancomycin) plus gentamicin appeared to be less effective for right-sided S aureus IE caused by either MSSA or MRSA strains.148 These glycopeptides may be less effective because of limited bactericidal activity,
poor penetration into vegetations, or increased drug clearance among IDUs.A growing body of evidence suggests that the addition of adjunctive aminoglycoside therapy not only is unnecessary for patients with uncomplicated right-sided native valve S aureus IE but may cause harm. Routine screening for β-lactamase production is not sensitive
enough, and specialized testing will be needed for detection.Compared with VGS and β-hemolytic streptococci, enterococci are relatively resistant to penicillin, ampicillin, and vancomycin. Knoll B, Tleyjeh IM, Steckelberg JM, Wilson WR, Baddour LM. doi: 10.1086/597031.CrossrefMedlineGoogle Scholar150. Many studies have attempted to use
echocardiography to identify a high-risk subset of IE patients who might benefit from early surgery to avoid embolization. 2014; 58:1494–1500. A correlation between longer survival and surgery may be wrongly interpreted as evidence that surgical treatment improves survival.257 Since 2007, at least 3 studies15,16,258 have documented the effect of
survivor bias on the association between surgery and mortality in IE patients. The Writing Group reviewed and assessed the strength of evidence supporting each recommendation with the level of evidence ranked as A, B, or C according to the specific definitions included in Table 1. Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG, Ryan T, Bashore T,
Corey GR. doi: 10.2214/AJR.08.2120.CrossrefMedlineGoogle Scholar69. Werth BJ, Vidaillac C, Murray KP, Newton KL, Sakoulas G, Nonejuie P, Pogliano J, Rybak MJ. Although new onset of heart failure caused by valvular dysfunction is unlikely during this period, valve function can deteriorate as a result of ongoing infection or mechanical stress
unrelated to infection. 1993; 17:313–320; quiz 321.CrossrefMedlineGoogle Scholar54. 2004; 38:1651–1672. 1994; 72:175–181.CrossrefMedlineGoogle Scholar306. doi: 10.1093/jac/dkp154.CrossrefMedlineGoogle Scholar204. In a reanalysis of patients in the Duke University database (containing records collected prospectively on >800 cases of
definite and possible IE since 1984), this echocardiographic criterion was used in only 5% of cases and was never used in the final analysis of any patient who underwent transesophageal echocardiography (TEE). Middlemost S, Wisenbaugh T, Meyerowitz C, Teeger S, Essop R, Skoularigis J, Cronje S, Sareli P. In some cases, progressive periannular
infection totally disrupts the ventricular-aortic continuity or the mitral-aortic trigone. These concentrations are higher than can be achieved safely in patients; however, cell wall–active agents such as penicillin, ampicillin, and vancomycin raise the permeability of the enterococcal cell so that a bactericidal effect can be achieved by relatively low
concentrations of an aminoglycoside. Lalani T, Cabell CH, Benjamin DK, Lasca O, Naber C, Fowler VG, Corey GR, Chu VH, Fenely M, Pachirat O, Tan RS, Watkin R, Ionac A, Moreno A, Mestres CA, Casabé J, Chipigina N, Eisen DP, Spelman D, Delahaye F, Peterson G, Olaison L, Wang A; International Collaboration on Endocarditis-Prospective Cohort
Study (ICE-PCS) Investigators. Monteiro CA, Cobbs CG. Vancomycin should be administered only if a patient is unable to tolerate penicillin or ampicillin. 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. doi: 10.1128/AAC.00300-08.CrossrefMedlineGoogle Scholar163. Fowler VG, Olsen MK, Corey GR, Woods CW, Cabell CH, Reller LB, Cheng AC, Dudley T, Oddone EZ. Six common but less specific findings of IE were included as minor criteria in the original Duke schema (Tables 2 and 3).In the mid to
late 1990s, direct analyses of the Duke criteria were made in 12 major studies27–38 including nearly 1700 patients composed of geographically and clinically diverse groups (adult, pediatric, and older adult [≥60 years of age] patients; patients from the community; IDU and non-IDU patients; and those with both native and prosthetic valves).
However, linezolid treatment failures of E faecium IE also were reported.206The advantages of linezolid therapy include high bioavailability of the oral formulation, approval for pediatric patients, and a lack of many therapeutic alternatives. Third, none of the patients in either study developed nephrotoxicity with ampicillin-ceftriaxone therapy,
whereas 20 of 87 (23%) ampicillin-gentamicin–treated patients developed nephrotoxicity (P0.1–1.0 µg/mL) or high penicillin resistance (MIC ≥2.0 µg/mL) are recovered uncommonly from patients with bacteremia.130 Moreover, cross-resistance of pneumococci to other antimicrobial agents such as cephalosporins, macrolides, fluoroquinolones,
carbapenems, and even vancomycin is increasing in frequency. 2013; 8:e63181. Ampicillin is a reasonable alternative to penicillin if shortages of penicillin exist.Table 8. Findings from these investigations have been mixed in terms of IE-related outcomes. In addition, valve lesions in right-sided IE usually do not create the peripheral emboli and
immunological vascular phenomena that can result from left-sided valvular involvement. Duval X, Delahaye F, Alla F, Tattevin P, Obadia JF, Le Moing V, Doco-Lecompte T, Celard M, Poyart C, Strady C, Chirouze C, Bes M, Cambau E, Iung B, Selton-Suty C, Hoen B; AEPEI Study Group. 2002; 74:650–659.CrossrefMedlineGoogle Scholar62. doi:
10.1093/cid/cit278.CrossrefMedlineGoogle Scholar234. 1996; 23:298–302.CrossrefMedlineGoogle Scholar38. 2012; 18:293–299. Birmingham MC, Rayner CR, Meagher AK, Flavin SM, Batts DH, Schentag JJ. Clinicians may appropriately and wisely decide whether or not to treat an individual patient, regardless of whether the patient meets or fails to
meet the criteria for definite or possible IE by the Duke criteria. Bouvet A, Cremieux AC, Contrepois A, Vallois JM, Lamesch C, Carbon C. Sabik JF, Lytle BW, Blackstone EH, Marullo AG, Pettersson GB, Cosgrove DM. 1996; 125:969–974.CrossrefMedlineGoogle Scholar93. 2004; 48:4665–4672. Stevens DL, Yan S, Bryant AE. Kashuba AD, Nafziger AN,
Drusano GL, Bertino JS. Use of antistaphylococcal beta-lactams to increase daptomycin activity in eradicating persistent bacteremia due to methicillin-resistant Staphylococcus aureus: role of enhanced daptomycin binding.Clin Infect Dis. For example, several of these bacteria may harbor “inducible β-lactamases” that could require supplemental
laboratory screening, in addition to routine in vitro susceptibility testing.Medical therapy may be successful in right-sided P aeruginosa IE in 50% to 75% of cases. doi: 10.1161/01.STR.0000229894.28591.3f.LinkGoogle Scholar271. The epidemiology of infective endocarditis has become more complex with today’s myriad healthcare-associated factors
that predispose to infection. These β-lactamase–producing strains are susceptible to ampicillin-sulbactam and to vancomycin. doi: 10.1056/NEJM199204303261809.CrossrefMedlineGoogle Scholar233. Comparison between adult endocarditis due to beta-hemolytic streptococci (serogroups A, B, C, and G) and Streptococcus milleri: a multicenter study
in France.Arch Intern Med. San Román JA, Vilacosta I, Zamorano JL, Almería C, Sánchez-Harguindey L. 2010; 16:555–562. Recommendations for treatment of human infections caused by Bartonella species.Antimicrob Agents Chemother. Although cefazolin may be more susceptible to β-lactamase–mediated hydrolysis than nafcillin157 and less
effective in the treatment of MSSA experimental IE, the clinical significance of these observations is unknown. doi: 10.1093/cid/cit052.CrossrefMedlineGoogle Scholar192. Of interest, data suggest that the overall outcomes for patients with CoNS IE and S aureus IE are similar.137 Most CoNS are resistant to methicillin. Tleyjeh IM, Ghomrawi HM,
Steckelberg JM, Montori VM, Hoskin TL, Enders F, Huskins WC, Mookadam F, Wilson WR, Zimmerman V, Baddour LM. IE is uncommon, but people with some heart conditions have a greater risk of developing it. doi: 10.1093/cid/cis966.CrossrefMedlineGoogle Scholar165. ECG-gated computed tomography: a new role for patients with suspected
aortic prosthetic valve endocarditis.Eur Radiol. In 1 multicenter study131 with a relatively large number of patients with IE caused by S pneumoniae resistant to penicillin (MIC, 0.1–4 µg/mL), patients were evaluated and compared with 39 patients who were infected with penicillin-susceptible strains. In the original Duke criteria, bacteremia resulting
from S aureus or enterococci was considered to fulfill a major criterion only if it was community acquired because ample literature suggested that this parameter was an important surrogate marker for underlying IE.27 However, an increasing number of more contemporary studies documented IE in patients experiencing nosocomial staphylococcal
bacteremia. Sixth, in the larger study, there were no significant differences between ampicillin-ceftriaxone and ampicillin-gentamicin in the need for surgery, complications (except for fewer cases of renal failure in the ampicillin-ceftriaxone group), relapse, or mortality. Identification of vegetations and incremental valvular insufficiency with
echocardiography often completes the diagnostic criteria for IE and affects the duration of therapy. BaddourMayo ClinicNoneNoneNoneNoneNoneNoneNoneRobert S. Di Salvo G, Habib G, Pergola V, Avierinos JF, Philip E, Casalta JP, Vailloud JM, Derumeaux G, Gouvernet J, Ambrosi P, Lambert M, Ferracci A, Raoult D, Luccioni R. Cardiac valve
replacement surgery may be necessary in patients who do not respond to linezolid therapy.DaptomycinDaptomycin is a cyclic lipopeptide antibiotic that has bactericidal activity in vitro against susceptible strains of enterococci. When TEE is not clinically possible or must be delayed, early TTE should be performed without delay. Previous scarring,
severe myxomatous change, and even normal structures such as Lambl excrescences may be indistinguishable from active changes in the valves. 1995; 107:898–903.CrossrefMedlineGoogle Scholar299. Clinical experience with quinupristin-dalfopristin as rescue treatment of critically ill patients infected with methicillin-resistant
staphylococci.Intensive Care Med. 2012; 50:216–222. Combination antibiotic therapy in staphylococcal endocarditis: the use of methicillin sodium-gentamicin sulfate therapy.Arch Intern Med. Inhibition of daptomycin by pulmonary surfactant: in vitro modeling and clinical impact.J Infect Dis. Chu VH, Cabell CH, Benjamin DK, Kuniholm EF, Fowler
VG, Engemann J, Sexton DJ, Corey GR, Wang A. Although management included cardiac surgery in 51% of cases, the in-hospital mortality rate was 24%.Despite the very rare occurrence of IE caused by Salmonella species in North America, this syndrome deserves specific mention because it occurs with some frequency in other geographic
areas.222Salmonella species have a proclivity to infect cardiovascular structures in adults. Walkes JC, Reardon MJ. Valve replacement in patients with endocarditis and acute neurologic deficit.Ann Thorac Surg. Lockhart PB. Liu YW, Tsai WC, Lin CC, Hsu CH, Li WT, Lin LJ, Chen JH. 2011;67:1304].J Antimicrob Chemother. doi:
10.1086/513197.CrossrefMedlineGoogle Scholar291. Maruyama M, Kuriyama Y, Sawada T, Yamaguchi T, Fujita T, Omae T. 2013; 173:1495–1504. 2008; 46:232–242. Impact of vancomycin exposure on outcomes in patients with methicillin-resistant Staphylococcus aureus bacteremia: support for consensus guidelines suggested targets.Clin Infect Dis.
1993; 167:1401–1405.CrossrefMedlineGoogle Scholar81. Antibiotic choice may not explain poorer outcomes in patients with Staphylococcus aureus bacteremia and high vancomycin minimum inhibitory concentrations.J Infect Dis. 1976; 38:281–292.CrossrefMedlineGoogle Scholar301. A systematic review of population-based studies of infective
endocarditis.Chest. Craig WA. Detection of Staphylococcus lugdunensis by a new species-specific PCR based on the fbl gene.FEMS Immunol Med Microbiol. Slow response to vancomycin or vancomycin plus rifampin in methicillin-resistant Staphylococcus aureus endocarditis.Ann Intern Med. Casapao AM, Davis SL, Barr VO, Klinker KP, Goff DA,
Barber KE, Kaye KS, Mynatt RP, Molloy LM, Pogue JM, Rybak MJ. 2013; 57:e22–e121. Subsequent regimen revision can be done when a pathogen is recovered from blood cultures.For patients with culture-negative PVE, coverage for staphylococci, enterococci, and aerobic Gram-negative bacilli is reasonable if the onset of symptoms is within 1 year of
prosthetic valve placement. Surgical management of infective endocarditis associated with cerebral complications: multi-center retrospective study in Japan.J Thorac Cardiovasc Surg. 1989; 96:1273–1279.CrossrefMedlineGoogle Scholar297. With the use of special diagnostic techniques, Bartonella species, C burnetii, and Brucella species have been
identified in the majority of cases of culture-negative IE caused by fastidious organisms. Rybak M, Lomaestro B, Rotschafer JC, Moellering R, Craig W, Billeter M, Dalovisio JR, Levine DP. Le T, Bayer AS. High-dose penicillin or a third-generation cephalosporin is reasonable in patients with penicillin-resistant IE without meningitis. Fourth, no cause
was defined in 35% of cases.Treatment of the wide variety of microorganisms that cause culture-negative IE without prior antibiotic exposure has been described anecdotally, and regimens of choice are based on limited data and can be found in other publications.Noninfectious causes of valvular vegetations can produce a syndrome similar to culturenegative IE. Globally, in 2010, IE was associated with 1.58 million disability-adjusted life-years or years of healthy life lost as a result of death and nonfatal illness or impairment.4Epidemiological surveys from France and the International Collaboration on Endocarditis have confirmed that the epidemiological profile of IE has changed substantially. Inhospital mortality in the early surgery group was comparable to that of the medically treated patients.After hemorrhagic stroke, the risk of exacerbation by surgery is prohibitively high in the first month but can extend beyond 1 month in some patients, possibly because of the presence of undetected mycotic aneurysms (MAs). The hope is that prompt
recognition and treatment of this infectious complication will diminish the likelihood of severe complications.Recommendations1. Although TTE will not definitively exclude vegetations or abscesses, it will allow identification of very-high-risk patients, establish the diagnosis in many, and guide early treatment decisions. Angiographically monitored
resolution of cerebral mycotic aneurysms.Neurology. 1986; 154:64–68.CrossrefMedlineGoogle Scholar89. Modified from Baddour et al.12 Copyright © 2005, American Heart Association, Inc.Many findings identified by TEE also can be detected on TTE. doi: 10.1086/313435.CrossrefMedlineGoogle Scholar157. A thorough dental evaluation is
reasonable, especially in patients deemed likely to require valve replacement, with all active sources of oral infection eradicated (Class IIa; Level of Evidence C).5. doi: 10.1055/s-2007-1019985.CrossrefMedlineGoogle Scholar307. doi: 10.1111/j.1469-0691.2008.02665.x.CrossrefMedlineGoogle Scholar294. Wilson WR, Bower TC, Creager MA, AminHanjani S, O’Gara PT, Lockhart PB, Darouiche RO, Ramlawi B, Derdeyn CP, Bolger AF, Levison ME, Taubert KA, Baltimore RS, Baddour LM; on behalf of the American Heart Association Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease of the Council on Cardiovascular Disease in the Young, Council on Cardiovascular and Stroke
Nursing, Council on Cardiovascular Radiology and Intervention, Council on Cardiovascular Surgery and Anesthesia, Council on Peripheral Vascular Disease, and Stroke Council. 1991; 39:273–280. Mehta S, Singh C, Plata KB, Chanda PK, Paul A, Riosa S, Rosato RR, Rosato AE. MRI findings may assist in subsequent medical and surgical
management.322RecommendationsCerebrospinal imaging should be performed to detect ICMA or CNS bleeding in all patients with IE or contiguous spread of infection who develop severe, localized headache, neurological deficits, or meningeal signs (Class I; Level of Evidence B).Cerebrovascular imaging may be considered in all patients with leftsided IE who have no CNS signs or symptoms (Class IIb; Level of Evidence C).CT angiography, magnetic resonance angiography, or digital subtraction angiography is reasonable as an initial imaging test for detection of ICMA (Class IIa, Level of Evidence B).Conventional angiography for detection of suspected ICMA is reasonable in patients with
negative CT angiography, magnetic resonance angiography, or digital subtraction angiography (Class IIa; Level of Evidence B).Extracranial MAsIntrathoracic or intra-abdominal MAs often are asymptomatic until leakage or rupture occurs. Update on cardiovascular implantable electronic device infections and their management: a scientific statement
from the American Heart Association.Circulation. 2001; 45:845–851. Because IE is a heterogeneous disease with highly variable clinical presentations, the use of these criteria alone will never suffice. doi: 10.1007/s00259-010-1380-x.CrossrefMedlineGoogle Scholar71. Podglajen I, Bellery F, Poyart C, Coudol P, Buu-Hoï A, Bruneval P, Mainardi JL. In
vivo activities and penetration of the two components of the streptogramin RP 59500 in cardiac vegetations of experimental endocarditis.Antimicrob Agents Chemother. doi: 10.1016/j.ahj.2007.07.023.CrossrefMedlineGoogle Scholar281. If the disease is refractory to antibiotics, then partial tricuspid valvulectomy or “vegetectomy”223 without valve
replacement is indicated.224 Typically, these patients have been IDUs, and because of their high recidivism risk, avoidance of placement of prosthetic valves is desirable.RecommendationsCardiac surgery is reasonable in combination with prolonged courses of combined antibiotic therapy for most patients with IE caused by non-HACEK Gramnegative aerobic bacilli, particularly P aeruginosa (Class IIb; Level of Evidence B).Combination antibiotic therapy with a β-lactam (penicillins, cephalosporins, or carbapenems) and either an aminoglycoside or fluoroquinolone for 6 weeks is reasonable (Class IIa; Level of Evidence C).Consultation with an infectious diseases expert in IE should be
sought because of the various mechanisms of antibiotic resistance that can be found in the non-HACEK Gram-negative aerobic bacilli (Class I; Level of Evidence C).Culture-Negative EndocarditisPositive blood cultures are a major diagnostic criterion in IE and key to identifying an pathogenic agent and an optimal antimicrobial regimen.225,226
Continuous bacteremia and a high frequency of positive blood cultures are typical hallmarks of this infection. 1994; 96:200–209.CrossrefMedlineGoogle Scholar24. 2007; 13:1024–1030. Kang DH, Kim YJ, Kim SH, Sun BJ, Kim DH, Yun SC, Song JM, Choo SJ, Chung CH, Song JK, Lee JW, Sohn DW. The presence of infection-related antiphospholipid
antibodies in infective endocarditis determines a major risk factor for embolic events.J Am Coll Cardiol. Carpenter JL. Riedel DJ, Weekes E, Forrest GN. Although there are no published data comparing ampicillin-ceftriaxone with streptomycin-containing regimens, we believe that ampicillin-ceftriaxone is reasonable for these patients. The class of
recommendation is an estimate of the size of the treatment effect, considering risks versus benefits, in addition to evidence or agreement that a given treatment or procedure is or is not useful or effective or in some situations may cause harm. Infective endocarditis due to penicillin-resistant viridans group streptococci.Clin Infect Dis. Staphylococcus
aureus endocarditis: a consequence of medical progress [published correction appears in JAMA. doi: 10.3201/eid1307.070019.CrossrefMedlineGoogle Scholar202. 2007; 132:1025–1035. Many experts regularly use cefazolin for S aureus IE instead of nafcillin because of drug tolerability and cost, for MSSA IE in penicillin-intolerant patients, or to
facilitate outpatient antibiotic administration.Vancomycin is often recommended as an alternative to β-lactam therapy for MSSA IE. van Walraven C, Davis D, Forster AJ, Wells GA. 2002; 122:302–310.CrossrefMedlineGoogle Scholar241. It should be pointed out that the Duke criteria were originally developed to facilitate epidemiological and clinical
research efforts so that investigators could compare and contrast the clinical features and outcomes of various case series of patients. 2012;87:309].Mayo Clin Proc. One initial treatment option could include vancomycin and ceftriaxone.If subsequent blood culture results or other laboratory methodologies define a pathogen, then empirical therapy
should be revised to focused therapy that is recommended for the specific pathogen identified.True culture-negative IE can be caused by uncommon or rare pathogens that do not grow in routinely used blood culture systems.234–237 The organisms that have garnered the most attention are Bartonella species, Chlamydia species, C burnetii, Brucella
species, Legionella species, Tropheryma whipplei, Candida, and non-Candida fungi (particularly Aspergillus species). 1986; 112:107–113.CrossrefMedlineGoogle Scholar276. 1978; 48:369–382.CrossrefMedlineGoogle Scholar316. In addition, several risk stratification models for quantifying morbidity and mortality in IE patients overall and particularly
in those undergoing valve surgeries have been developed and validated. Although the authors17 report a reduction in the composite outcome of in-hospital deaths and embolic events with early surgery (3% versus 23%), the differences between the 2 groups were driven by a significant decrease in embolic events with early surgery. Bacteremia caused
by HACEK microorganisms in the absence of an obvious focus of infection is highly suggestive of IE even without typical physical findings of IE.Previously, the HACEK group of microorganisms was uniformly susceptible to ampicillin. Investigation of blood culture-negative early prosthetic valve endocarditis reveals high prevalence of fungi.Heart. A
guide to utilization of the microbiology laboratory for diagnosis of infectious diseases: 2013 recommendations by the Infectious Diseases Society of America (IDSA) and the American Society for Microbiology (ASM)(a).Clin Infect Dis. The effects of loading changes on intraoperative Doppler assessment of mitral regurgitation.J Cardiothorac Vasc
Anesth. One treatment option could include vancomycin and ampicillin-sulbactam to provide some coverage for these organisms. Guidelines on the prevention, diagnosis, and treatment of infective endocarditis (new version 2009): the Task Force on the Prevention, Diagnosis, and Treatment of Infective Endocarditis of the European Society of
Cardiology (ESC): endorsed by the European Society of Clinical Microbiology and Infectious Diseases (ESCMID) and the International Society of Chemotherapy (ISC) for Infection and Cancer.Eur Heart J. Endocarditis-associated paravalvular abscesses: do clinical parameters predict the presence of abscess?Chest. In this regard, please refer the
Culture-Negative Endocarditis section of this statement and the related Table 6 for additional details.Table 6. Hunter TH. A relapse of IE is a primary concern. The overall mortality rate among IE patients with ICMAs is 60%. Morris AJ, Drinković D, Pottumarthy S, MacCulloch D, Kerr AR, West T. For patients with VGS or S gallolyticus (bovis) IE
caused by these relatively resistant strains, it is reasonable to administer penicillin for 4 weeks, together with single daily-dose gentamicin for the first 2 weeks of treatment. Indications for cardiac surgery in patients with active infective endocarditis.Am J Med. doi: 10.1128/AAC.00869-07.CrossrefMedlineGoogle Scholar111. The clinical examination
should rule out periodontal inflammation and pocketing around the teeth and caries that will eventually result in pulpal infection. Treatment of streptococcal endocarditis with a single daily dose of ceftriaxone sodium for 4 weeks: efficacy and outpatient treatment feasibility.JAMA. Subgroup analysis indicated a lower in-hospital and 1-year mortality

with early surgery only in the group of patients with the highest surgical propensity. Sakoulas G, Bayer AS, Pogliano J, Tsuji BT, Yang SJ, Mishra NN, Nizet V, Yeaman MR, Moise PA. Every effort should be made to determine the cause of signs or symptoms of infection. Echocardiography predicts embolic events in infective endocarditis.J Am Coll
Cardiol. Literature searches of the PubMed/MEDLINE databases were undertaken to identify pertinent articles. Brandt CM, Rouse MS, Laue NW, Stratton CW, Wilson WR, Steckelberg JM. Forrest A, Nix DE, Ballow CH, Goss TF, Birmingham MC, Schentag JJ. 2011; 141:98–106.e1–e2. Dhand A, Bayer AS, Pogliano J, Yang SJ, Bolaris M, Nizet V, Wang
G, Sakoulas G. 1998; 27:1470–1474.CrossrefMedlineGoogle Scholar121. 2011; 52:975–981. Penicillin-binding protein expression at different growth stages determines penicillin efficacy in vitro and in vivo: an explanation for the inoculum effect.J Infect Dis. Several imaging modalities can be used to identify ICMAs; currently, there is no preferred
initial imaging study that can be recommended.322 Techniques include cardiac (multislice) CT angiography with 3D reconstruction, digital subtraction angiography, and magnetic resonance angiography with 3D reconstruction. In animal studies, rifampin appears to be key in the complete sterilization of foreign bodies infected by MRSA.184,185For
infection caused by MSSA, nafcillin or oxacillin together with rifampin is suggested; with MRSA, vancomycin and rifampin should be used. Camarata PJ, Latchaw RE, Rüfenacht DA, Heros RC. Therefore, aminoglycoside-containing regimens would not be effective therapy for these patients.A number of factors should be considered in the selection of
aminoglycoside-containing regimens. doi: 10.1093/jac/dki163.CrossrefMedlineGoogle Scholar83. As outlined above, β-lactam allergy evaluation should be conducted in every case in which vancomycin is considered for use because poorer outcomes related to vancomycin therapy for a variety of MSSA infections are well recognized.140Clindamycin has
been associated with IE relapse and is not recommended.158 For MSSA IE in patients with anaphylactoid-type β-lactam allergy who exhibit either a suboptimal response to vancomycin or vancomycin allergy, β-lactam desensitization should be considered as noted above.159Daptomycin is a reasonable alternative to vancomycin for adults in the
treatment of S aureus NVE. Salicylic acid attenuates virulence in endovascular infections by targeting global regulatory pathways in Staphylococcus aureus.J Clin Invest. Pierrotti LC, Baddour LM. The previous high cost should decrease with generic availability soon. Fungal endocarditis: evidence in the world literature, 1965-1995.Clin Infect Dis.
Thuny F, Gaubert JY, Jacquier A, Tessonnier L, Cammilleri S, Raoult D, Habib G. Crémieux AC, Mazière B, Vallois JM, Ottaviani M, Bouvet A, Pocidalo JJ, Carbon C. The use and effect of surgical therapy for prosthetic valve infective endocarditis: a propensity analysis of a multicenter, international cohort.Am Heart J. Extending these criteria to the
clinical practice setting has been somewhat more difficult. Nonvalvular cardiovascular device-related infections.Circulation. In 1994, Durack and colleagues23 from the Duke University Medical Center proposed a diagnostic schema that stratified patients with suspected IE into 3 categories: definite, possible, and rejected cases (Tables 2 and 3).Table
2. Enterococcus faecalis infective endocarditis: a pilot study of the relationship between duration of gentamicin treatment and outcome.Circulation. doi: 10.1067/mje.2003.43.CrossrefMedlineGoogle Scholar48. 2012; 22:2407–2414. If heart failure develops or worsens, the patient should be evaluated immediately for cardiac surgery.Antibiotic toxicity
still can occur after the completion of treatment and is the third complication that should be considered during short-term follow-up. When feasible, all invasive procedures for the initial management of metastatic foci of infection should be done before valve surgery to reduce the likelihood of infecting a placed prosthetic valve or annuloplasty
ring.Cerebrovascular imaging may be considered in all patients with left-sided IE who have no CNS signs or symptoms (see the Intracranial MAs section below). Therapy for Endocarditis Involving a Prosthetic Valve or Other Prosthetic Material Caused by StaphylococciRegimenDose* and RouteDuration, wkStrength of
RecommendationCommentsOxacillin-susceptible strains Nafcillin or oxacillin12 g/24 h IV in 6 equally divided doses≥6Class I; Level of Evidence BVancomycin should be used in patients with immediate-type hypersensitivity reactions to β-lactam antibiotics (see Table 5 for dosing guidelines); cefazolin may be substituted for nafcillin or oxacillin in
patients with non–immediate-type hypersensitivity reactions to penicillins.Plus Rifampin900 mg per 24 h IV or orally in 3 equally divided doses≥6Plus Gentamicin†3 mg/kg per 24 h IV or IM in 2 or 3 equally divided doses2Oxacillin-resistant strains Vancomycin30 mg/kg 24 h in 2 equally divided doses≥6Class I; Level of Evidence BAdjust
vancomycin to a trough concentration of 10–20 μg/mL.(see text for gentamicin alternatives)Plus Rifampin900 mg/24 h IV/PO in 3 equally divided doses≥6Plus Gentamicin3 mg/kg per 24 h IV/IM in 2 or 3 equally divided doses2PVE, particularly when onset is within 12 months of cardiac valve implantation and an aortic valve prosthesis is involved, is
frequently complicated by perivalvular or myocardial abscesses or valvular dysfunction.136 Surgery is often required in these patients and may be lifesaving. Roberts R. Kainer MA, Devasia RA, Jones TF, Simmons BP, Melton K, Chow S, Broyles J, Moore KL, Craig AS, Schaffner W. Guidelines for the diagnosis and antibiotic treatment of endocarditis
in adults: a report of the Working Party of the British Society for Antimicrobial Chemotherapy [published correction appears in J Antimicrob Chemother. The species that most commonly cause IE are S sanguis, S oralis (mitis), S salivarius, S mutans, and Gemella morbillorum (formerly called S morbillorum). Yu VL, Chiou CC, Feldman C, Ortqvist A,
Rello J, Morris AJ, Baddour LM, Luna CM, Snydman DR, Ip M, Ko WC, Chedid MB, Andremont A, Klugman KP; International Pneumococcal Study Group. Arguello EA, Varini S, Romorini A, Elizari A, Clara L, Casabe H. On the one hand, there is a need to provide empirical antimicrobials for all likely pathogens. 2009; 150:586–594. In these patients, the
addition of gentamicin to penicillin or to ceftriaxone for at least the first 2 weeks of a 4- to 6-week course of antimicrobial therapy for group B, C, and G streptococcal IE may be considered.132,133 There is a clinical impression134,135 that early cardiac surgical intervention has improved overall survival rates among treated patients with β-hemolytic
streptococcal IE compared with patients treated decades ago. Although most previous studies have put the frequency of blood culture–negative IE at 5% to 10%, a European study of IE that included 820 cases indicated that ≈20% of patients with confirmed IE had all negative blood cultures.228 This may be attributable to inadequate microbiological
techniques, infection with highly fastidious bacteria or fungi, noncultivatable agents, or the previous administration of antimicrobial agents before blood cultures were obtained. Botelho-Nevers E, Thuny F, Casalta JP, Richet H, Gouriet F, Collart F, Riberi A, Habib G, Raoult D. TEE is useful in identifying MAs of the sinus of Valsalva and thoracic
aorta.RecommendationsEither CT scanning or multislice CT angiography with 3D reconstruction is indicated for initial imaging (Class I; Level of Evidence B).TEE is useful in identifying MAs of the sinus of Valsalva and thoracic aorta (Class I; Level of Evidence B).Outpatient TherapyOutpatient parenteral antibiotic therapy (OPAT) is efficacious, safe,
and cost-effective for a variety of infections,323–325 including IE that requires prolonged parenteral therapy in hospitalized patients who otherwise no longer require inpatient care but do require continued parenteral antimicrobial therapy. Killing of susceptible strains of enterococci requires the synergistic action of penicillin, ampicillin, or
vancomycin in combination with either gentamicin or streptomycin.Enterococci are relatively impermeable to aminoglycosides. Huston J, Nichols DA, Luetmer PH, Goodwin JT, Meyer FB, Wiebers DO, Weaver AL. 1988; 32:231–235.CrossrefMedlineGoogle Scholar87. A systematic review.Arch Cardiovasc Dis. 2008; 47:23–30. The in vitro activity of
carbapenems is variable, with imipenem being most active.Because there are few therapeutic alternatives to aminoglycoside-containing regimens, combinations of β-lactams were tested in vitro and in animal models of enterococcal experimental IE. Cephalosporins and antistaphylococcal penicillins (oxacillin, nafcillin) have minimal or no in vitro
activity against enterococci. Nettles RE, McCarty DE, Corey GR, Li J, Sexton DJ. Routine blood cultures are no longer recommended after the completion of antimicrobial therapy because the likelihood of a positive culture result in a patient who is otherwise without evidence of active infection is low.Table 18. Until definitive data are available, the
initiation of aspirin or other antiplatelet agents as adjunctive therapy in IE is not recommended. Steckelberg JM, Murphy JG, Ballard D, Bailey K, Tajik AJ, Taliercio CP, Giuliani ER, Wilson WR. Vancomycin alone may be a reasonable alternative if the patient is intolerant of β-lactam therapy (Class IIb; Level of Evidence C). 2014; 37:626–633.
Presumably, most extracranial MAs will rupture if not excised. doi: 10.1161/CIRCULATIONAHA.113.002431.LinkGoogle Scholar196. Ceftriaxone-ampicillin therapy is reasonable and is given for 6 weeks. The antibiotic therapy of bacterial endocarditis: therapeutic data on 172 patients seen from 1951 through 1957: additional observations on shortterm therapy (two weeks) for penicillin-sensitive streptococcal endocarditis.Med Clin North Am. 1958; 42:1101–1140.CrossrefMedlineGoogle Scholar195. 2013;57:1565].Antimicrob Agents Chemother. Infective endocarditis in children: clinical analyses and evaluation of two diagnostic criteria.Pediatr Infect Dis J. The efficacy of trimethoprimsulfamethoxazole and other folate antagonists may be attenuated by thymidine release from damaged host cells (eg, at sites of tissue damage such as abscesses).166 In an in vitro study,167 the addition of trimethoprim-sulfamethoxazole to daptomycin was rapidly bactericidal for a daptomycin-nonsusceptible strain compared with daptomycin
monotherapy. The combination of ampicillin and imipenem acted synergistically in vitro and was effective therapy of multidrug-resistant enterococcal experimental IE.198 This study led to additional studies of experimental IE that demonstrated that the combination of ampicillin-ceftriaxone was effective therapy for gentamicin-susceptible or highlevel gentamicin-resistant E faecalis experimental IE.199 The likely mechanism of double–β-lactam combinations against enterococci is saturation of different penicillin-binding proteins. Tigecycline is active in vitro against some strains of multidrug-resistant enterococci, but there are minimal published data on its use clinically. 2008; 46:584–593.
Baddour LM, Bettmann MA, Bolger AF, Epstein AE, Ferrieri P, Gerber MA, Gewitz MH, Jacobs AK, Levison ME, Newburger JW, Pallasch TJ, Wilson WR, Baltimore RS, Falace DA, Shulman ST, Tani LY, Taubert KA; AHA. Several case series suggest that it may have utility in complicated S aureus infections, including IE.179–181 These promising
observations should be verified with appropriately designed clinical studies before ceftaroline can be recommended for widespread use in such off-label settings.RecommendationsRoutine use of rifampin is not recommended for treatment of staphylococcal NVE (Class III; Level of Evidence B).IE caused by vancomycin-resistant staphylococci (hVISA,
VISA, or VRSA) should be managed in conjunction with an infectious diseases consultant (Class I; Level of Evidence C).IE Caused by Staphylococci in the Presence of Prosthetic Valves or Other Prosthetic MaterialCoagulase-Negative StaphylococciCoNS that cause PVE usually are methicillin resistant, particularly when IE develops within 1 year after
surgery.182 Unless susceptibility to methicillin can be demonstrated conclusively, it should be assumed that the organism is methicillin resistant, and treatment should be planned accordingly. In addition, bacteria that are otherwise killed at low densities by bactericidal antibiotics such as penicillins can be relatively resistant to or tolerant of their
bactericidal effect in dense populations. doi: 10.1086/653675.CrossrefMedlineGoogle Scholar237. Unrepaired cyanotic congenital heart defect (birth defects with oxygen levels lower than normal) or repaired congenital heart defect, with residual shunts or valvular regurgitation at the site adjacent to the site of a prosthetic patch or prosthetic device.
These resistant organisms are particularly prominent among patients with healthcare-associated staphylococcal IE. doi: 10.1345/aph.1M324.CrossrefMedlineGoogle Scholar212. Role of transthoracic and transesophageal echocardiography in predicting embolic events in patients with active infective endocarditis involving native cardiac valves.Am J
Cardiol. Chirouze C, Athan E, Alla F, Chu VH, Ralph Corey G, Selton-Suty C, Erpelding ML, Miro JM, Olaison L, Hoen B; International Collaboration on Endocarditis Study Group. Von Reyn CF, Levy BS, Arbeit RD, Friedland G, Crumpacker CS. doi: 10.1016/j.ejcts.2007.02.034.CrossrefMedlineGoogle Scholar264. Ampicillin enhances daptomycin- and
cationic host defense peptide-mediated killing of ampicillin- and vancomycin-resistant Enterococcus faecium.Antimicrob Agents Chemother. Fernicola DJ, Roberts WC. 1992; 104:511–520.MedlineGoogle Scholar313. The initial or induction phase consists of control of infection. Sabath LD, Garner C, Wilcox C, Finland M. 2003; 36:429–439. Patients
with IE caused by these strains should be treated by a care team including specialists in infectious diseases, cardiology, cardiac surgery, clinical pharmacy, and, in children, pediatrics. 2012; 56:838–844. doi: 10.1136/hrt.2009.181594.CrossrefMedlineGoogle Scholar236. A copy of the document is available at by selecting either the “By Topic” link or
the “By Publication Date” link. Because many of the patients with right-sided IE develop infection as a result of IDU (see the Right-Sided IE in IDUs section), the general approach is to treat these patients medically and to avoid placement of valve prostheses because of the subsequent risk of device infection with continued IDU. 1999; 107:198–
208.CrossrefMedlineGoogle Scholar50. doi: 10.1111/1469-0691.12166.CrossrefMedlineGoogle Scholar193. Moreover, coronary CT angiography can provide coronary artery evaluation in patients who are to undergo cardiac surgery for IE complications. Either CT scanning or multislice CT angiography with 3D reconstruction is indicated for initial
imaging. This 2-week regimen is not recommended for patients with known extracardiac infection or those with a creatinine clearance of 90%. Steed ME, Vidaillac C, Rybak MJ. doi: 10.1161/CIRCOUTCOMES.109.857938.LinkGoogle Scholar17. Historically, vancomycin has been used and is recommended. 2010; 54:5187–5192. Comparison of two
beta-lactamase-producing strains of Streptococcus faecalis.Antimicrob Agents Chemother. In addition, most laboratories do not routinely perform serum streptomycin assays and may not have access to a clinical pharmacist to assist in dosing adjustments. Rohmann S, Seifert T, Erbel R, Jakob H, Mohr-Kahaly S, Makowski T, Görge G, Oelert H, Meyer
J. Proposed modifications to the Duke criteria for the diagnosis of infective endocarditis.Clin Infect Dis. Infective endocarditis due to Staphylococcus aureus: 59 prospectively identified cases with follow-up.Clin Infect Dis. 1992; 267:264–267.CrossrefMedlineGoogle Scholar119. Sakoulas G, Rose W, Nonejuie P, Olson J, Pogliano J, Humphries R, Nizet
V. In contrast, the continuation of long-term antiplatelet therapy at the time of development of IE with no bleeding complications may be considered.RecommendationsDiscontinuation of all forms of anticoagulation in patients with mechanical valve IE who have experienced a CNS embolic event for at least 2 weeks is reasonable (Class IIa; Level of
Evidence C).Initiation of aspirin or other antiplatelet agents as adjunctive therapy in IE is not recommended (Class III; Level of Evidence B).The continuation of long-term antiplatelet therapy at the time of development of IE with no bleeding complications may be considered (Class IIb; Level of Evidence B).Periannular Extension of InfectionExtension
of IE beyond the valve annulus predicts a higher mortality rate, more frequent development of heart failure, and more frequent need for cardiac surgery.284,297,298 Perivalvular cavities form when annular infections break through and spread into contiguous tissue. Conventional and transoesophageal echocardiography in the diagnosis of infective
endocarditis.Eur Heart J. Moreover, the study with the largest number of patients (n=176) that assessed the value of TEE and included silent embolism detected by CT scanning demonstrated that the risk of embolic events was highly related to vegetation size and mobility but not to other known risk factors associated with embolism in IE.283 The
conflicting results on the relationship between echocardiography and embolic risk can be explained at least partially by the poor standardization of diagnostic criteria for IE in older series, inclusion or not of silent embolism, inclusion or not of previous embolism, echocardiographic method used, lack of focus on future embolic events after TEE, and
sample size.An increase in vegetation size over 4 to 8 weeks of therapy as documented by TEE appears to predict embolic events.282 In addition, a second, albeit infrequent, peak of late embolic events has been observed to occur 15 to 30 weeks after the diagnosis of IE and has been associated with nonhealing vegetations (failure of a vegetation to
stabilize or diminish in size) as defined by echocardiography.63The traditional indication for valvular surgery for IE to avoid embolization has been ≥2 major embolic events.284 This criterion is arbitrary and excludes cutaneous embolization, which is common, or embolism occurring before the institution of therapy, which is common among IE
patients who develop embolic events. Fowler VG, Boucher HW, Corey GR, Abrutyn E, Karchmer AW, Rupp ME, Levine DP, Chambers HF, Tally FP, Vigliani GA, Cabell CH, Link AS, DeMeyer I, Filler SG, Zervos M, Cook P, Parsonnet J, Bernstein JM, Price CS, Forrest GN, Fätkenheuer G, Gareca M, Rehm SJ, Brodt HR, Tice A, Cosgrove SE; S aureus
Endocarditis and Bacteremia Study Group. Three studies that included 2 cohorts of patients with NVE and PVE and 1 cohort with NVE showed an association between early surgery and lower mortality in IE patients in general or in specific subgroups of patients such as those with heart failure or paravalvular complications. 2009; 58:332–338. Musci
M, Siniawski H, Pasic M, Grauhan O, Weng Y, Meyer R, Yankah CA, Hetzer R. 2012; 44:270–275. Kupferwasser LI, Hafner G, Mohr-Kahaly S, Erbel R, Meyer J, Darius H. Although intraoperative postpump TEE views may be adequate for this new baseline, they should be reviewed for adequacy and repeated if necessary. Always remind your dentist or
doctor if you (or your child) are allergic to any antibiotics or other medications. Your health care team can provide you more information and answer your questions about preventing IE. AbstractInfective endocarditis is a potentially lethal disease that has undergone major changes in both host and pathogen. 2002; 34:1576–1584. Chang S, Sievert
DM, Hageman JC, Boulton ML, Tenover FC, Downes FP, Shah S, Rudrik JT, Pupp GR, Brown WJ, Cardo D, Fridkin SK; Vancomycin-Resistant Staphylococcus aureus Investigative Team. When Q fever serological results and a single blood culture positive for C burnetii were considered to be a major criterion, however, each of these 4 cases was
reclassified from possible IE to definite IE. Subclinical brain embolization in left-sided infective endocarditis: results from the Evaluation by MRI of the Brains of Patients With Left-Sided Intracardiac Solid Masses (EMBOLISM) pilot study.Circulation. No tools are routinely available for monitoring vestibular function, and patients should be told to
report the onset of any symptoms of vestibular toxicity during or after treatment.The second antibiotic-related adverse event is Clostridium difficile infection. Therapy for Endocarditis Involving a Native or Prosthetic Valve or Other Prosthetic Material Caused by HACEK MicroorganismsRegimenDose and RouteDuration, wkStrength of
RecommendationCommentsCeftriaxone sodium*2 g/24 h IV or IM in 1 dose4, NVE; 6, PVEClass IIa; Level of Evidence BPreferred therapy: cefotaxime or another third- or fourth-generation cephalosporin may be substituted.OrAmpicillin sodium2 g IV every 4 hClass IIa; Level of Evidence BAmpicillin sodium may be an option if the growth of the isolate
is sufficient to permit in vitro susceptibility results.OrCiprofloxacin†1000 mg/24 h orally or 800 mg/24 h IV in 2 equally divided dosesClass IIb; Level of Evidence CFluoroquinolone therapy‡ may be considered for patients unable to tolerate cephalosporin and ampicillin therapy; levofloxacin or moxifloxacin may be substituted; fluoroquinolones
generally is not recommended for patients 1 agent are often selected for use, the risks of drug-drug interactions and increased drug-related adverse events are problematic. The appearance of a tender, pulsatile mass in a patient with IE suggests an extracranial MA. Alsip SG, Blackstone EH, Kirklin JW, Cobbs CG. Other less active (in vitro)
combinations with daptomycin include gentamicin, rifampin, or tigecycline.RecommendationsPatients with IE attributable to Enterococcus species resistant to penicillin, aminoglycosides, and vancomycin should be managed by specialists in infectious diseases, cardiology, cardiovascular surgery, clinical pharmacy, and, if necessary, pediatrics (Class I;
Level of Evidence C).If daptomycin therapy is selected, then doses of 10 to 12 mg·kg−1·24 h−1 may be considered (Class IIb; Level of Evidence C).Combination therapy with daptomycin and ampicillin or ceftaroline may be considered, especially in patients with persistent bacteremia or enterococcal strains with high MICs (ie, 3 µg/mL) to daptomycin
within the susceptible range (Class IIb; Level of Evidence C).HACEK MicroorganismsIE caused by fastidious Gram-negative bacilli of the HACEK group (HACEK indicates Haemophilus species, Aggregatibacter species, Cardiobacterium hominis, Eikenella corrodens, and Kingella species) accounts for ≈5% to 10% of community-acquired NVE in
patients who are not IDUs.218 These microorganisms grow slowly in standard blood culture media, and recovery may require prolonged incubation. 1996; 61:1217–1222.CrossrefMedlineGoogle Scholar309. An assessment of the usefulness of the Duke criteria for diagnosing active infective endocarditis.Clin Infect Dis. 2014; 58:2541–2546.
Multivariate analysis demonstrated that factors associated with an increased risk of death included moderate to severe heart failure, PVE, and urgent or emergency surgical intervention. Dosing of gentamicin ranged from once daily to 3 times daily; therefore, the data were insufficient to compare the efficacy of once-daily doses with divided doses.
Failure of therapy in pseudomonas endocarditis: selection of resistant mutants.J Infect Dis. 2005; 111:e394–e434. doi: 10.1086/319986.CrossrefMedlineGoogle Scholar205. Sander A, Beiderlinden M, Schmid EN, Peters J. 2010; 152:497–504, W175. doi: 10.1128/AAC.48.12.4665-4672.2004.CrossrefMedlineGoogle Scholar74. 2013; 57:4190–4196.
Arbulu A, Thoms NW, Chiscano A, Wilson RF. 2010; 43:478–484. doi: 10.1016/j.acvd.2010.11.003.CrossrefMedlineGoogle Scholar249. 2007; 147:829–835.CrossrefMedlineGoogle Scholar222. In a prospective study of 25 IE cases, 18F-fluorodeoxyglucose positron emission tomography/CT was useful in identifying peripheral embolization in 11 patients
and in detecting IE extracardiac manifestations in 7 patients who did not demonstrate any clinical manifestations of IE.70The use of multimodality imaging in IE may increase in the future as the risks and benefits of each diagnostic tool are defined.71Antimicrobial TherapyTherapeutic PrinciplesThe primary goal of antibiotic treatment is to eradicate
infection, including sterilizing vegetations, although the unique characteristics of infected vegetations can pose a variety of challenges. doi: 10.1093/cid/civ120.CrossrefMedlineGoogle Scholar115. 2009; 64:175–180. Yamamoto S, Hosokawa N, Sogi M, Inakaku M, Imoto K, Ohji G, Doi A, Iwabuchi S, Iwata K. 2005; 26:288–297. In addition, antibiotics
may fail to eradicate infection as a result of increased binding of the drug to serum proteins, perturbations of antibiotic penetration into the vegetation, and unique antibiotic pharmacokinetic/pharmacodynamic (PK/PD) features. A referral to a program to assist in the cessation of drug use should be made for IDUs (Class I; Level of Evidence C).3.
2003; 42:775–780.CrossrefMedlineGoogle Scholar289. The recommendations provided in this document are intended to assist in the management of this uncommon but potentially deadly infection. 2000; 160:2781–2787.CrossrefMedlineGoogle Scholar278. 1987; 147:457–462.CrossrefMedlineGoogle Scholar26. 2005; 25:1389–1395. 2001; 33:203–209.
All indwelling intravenous catheters used to infuse antimicrobial treatment should be removed promptly at the end of therapy. 2003; 52:820–825. Delahaye F. Ho TT, Cadena J, Childs LM, Gonzalez-Velez M, Lewis JS. 1987; 20(suppl A):29–39.CrossrefMedlineGoogle Scholar227. Depending on the site of interest, the choice of diagnostic procedure (eg,
CT, MRI, ultrasonography) varies, and the selection should be individualized for each patient. Daptomycin activity against Staphylococcus aureus following vancomycin exposure in an in vitro pharmacodynamic model with simulated endocardial vegetations.Antimicrob Agents Chemother. Federspiel JJ, Stearns SC, Peppercorn AF, Chu VH, Fowler VG.
doi: 10.1128/JCM.05531-11.CrossrefMedlineGoogle Scholar238. Washington JA. Other studies6–8 suggest that the risk of neurological deterioration during cardiac surgery after a stroke is lower than previously assumed, particularly in patients with silent cerebrovascular emboli.The first study to evaluate the timing of surgery after stroke in IE that
included a risk adjustment for differences in patient characteristics comprised 198 patients.273 Fifty-eight patients who underwent surgery within 1 week of stroke were compared with 140 patients who underwent surgery ≥8 days after stroke. Clindamycin therapy of Staphylococcus aureus endocarditis: clinical relapse and development of resistance
to clindamycin, lincomycin and erythromycin.Am J Med. The choice of procedure may require consultation with experts. Selton-Suty C, Célard M, Le Moing V, Doco-Lecompte T, Chirouze C, Iung B, Strady C, Revest M, Vandenesch F, Bouvet A, Delahaye F, Alla F, Duval X, Hoen B; AEPEI Study Group. Rohmann S, Erbel R, Darius H, Görge G,
Makowski T, Zotz R, Mohr-Kahaly S, Nixdorff U, Drexler M, Meyer J. Successful ceftriaxone therapy of endocarditis due to penicillin non-susceptible viridans streptococci.J Infect. This approach was used in a series of patients initially categorized as possible IE by the original Duke criteria. The scheme for the class of recommendations and levels of
evidence is summarized in Table 1, which also provides suggested phrases for writing recommendations within each class of recommendation.Table 1. Although the use of case definitions to establish a diagnosis of IE should not replace clinical judgment,46 the recently modified Duke criteria24 have been useful in both epidemiological and clinical
trials and in individual patient management. 2010; 85:422–426.CrossrefMedlineGoogle Scholar3. Johnson CC, Livornese L, Gold MJ, Pitsakis PG, Taylor S, Levison ME. 1997; 80:1030–1034.CrossrefMedlineGoogle Scholar277. 2013; 127:2272–2284. 1998; 26:1–10; quiz 11–12.CrossrefMedlineGoogle Scholar104. First, because of the high relapse rate
of fungal IE and the prolonged delay (years in some cases) in relapse, oral azoles have been administered after combined medical and surgical induction therapy. In addition, this methodology may be useful in head-to-toe preoperative screening, including evaluation for central nervous system (CNS) lesions, and in intra-abdominal lesions (eg, silent
splenic abscesses). doi: 10.1038/nrmicro862.CrossrefMedlineGoogle Scholar103. 1995; 70:517–525. doi: 10.1086/588663.CrossrefMedlineGoogle Scholar272. Hamed KA, Dormitzer PR, Su CK, Relman DA. Daily dental hygiene should be stressed, with serial evaluations by a dentist who is familiar with this patient population. If the isolate is resistant
(MIC ≥2 µg/mL) to cefotaxime, then the addition of vancomycin and rifampin may be considered. Lunde CS, Rexer CH, Hartouni SR, Axt S, Benton BM. Liu PY, Huang YF, Tang CW, Chen YY, Hsieh KS, Ger LP, Chen YS, Liu YC. Emergence of coagulase-negative staphylococci as a cause of native valve endocarditis.Clin Infect Dis. Osmon DR, Berbari
EF, Berendt AR, Lew D, Zimmerli W, Steckelberg JM, Rao N, Hanssen A, Wilson WR; Infectious Diseases Society of America. Enterococci are the third leading cause of IE and account for ≈10% of cases in non-IDUs. E faecalis causes ≈97% of cases of IE; E faecium, ≈1% to 2%; and other species, ≈1%.Regimens recommended for enterococcal IE are
shown in Tables 12 through 15. Vancomycin is reasonable only for patients who are unable to tolerate a β-lactam antibiotic.In general, strains of group B, C, F, and G streptococci are slightly more resistant to penicillin than are strains of group A streptococci. Therapy for Endocarditis Involving a Native or Prosthetic Valve or Other Prosthetic Material
Resulting From Enterococcus Species Caused by Strains Resistant to Penicillin, Aminoglycosides, and VancomycinRegimenDose* and RouteDuration, wkStrength of RecommendationCommentsLinezolid600 mg IV or orally every 12 h>6Class IIb; Level of Evidence CLinezolid use may be associated with potentially severe bone marrow suppression,
neuropathy, and numerous drug interactions. doi: 10.1086/430352.CrossrefMedlineGoogle Scholar161. Haemophilus parainfluenzae endocarditis: application of a molecular approach for identification of pathogenic bacterial species.Clin Infect Dis. In contrast to other α-hemolytic streptococcal species, the S anginosus group tends to form abscesses
and to cause hematogenously disseminated infection (eg, myocardial and visceral abscesses, septic arthritis, and vertebral osteomyelitis). Treatment of streptomycin-susceptible and streptomycin-resistant enterococcal endocarditis.Ann Intern Med. 2011; 32:2003–2015. The meta-analysis included small, retrospective studies, however, which limits
support for initial combination therapy by some experts. doi: 10.1128/AAC.00111-13.CrossrefMedlineGoogle Scholar220. Gillinov AM, Shah RV, Curtis WE, Stuart RS, Cameron DE, Baumgartner WA, Greene PS. Early predictors of in-hospital death in infective endocarditis.Circulation. Muñoz P, Rodríguez-Creixéms M, Moreno M, Marín M, Ramallo V,
Bouza E; GAME Study Group. Previous IE. Wang A, Pappas P, Anstrom KJ, Abrutyn E, Fowler VG, Hoen B, Miro JM, Corey GR, Olaison L, Stafford JA, Mestres CA, Cabell CH; International Collaboration on Endocarditis Investigators. A meta-analysis of medical versus surgical therapy for Candida endocarditis.J Infect. Conclusion about the association
between valve surgery and mortality in an infective endocarditis cohort changed after adjusting for survivor bias.J Clin Epidemiol. Epidemiological Clues That May be Helpful in Defining the Etiological Diagnosis of Culture-Negative EndocarditisEpidemiological FeatureCommon MicroorganismIDUS aureus, including community-acquired oxacillinresistant strainsCoagulase-negative staphylococciβ-Hemolytic streptococciFungiAerobic Gram-negative bacilli, including Pseudomonas aeruginosaPolymicrobialIndwelling cardiovascular medical devicesS aureusCoagulase-negative staphylococciFungiAerobic Gram-negative bacilliCorynebacterium spGenitourinary disorders, infection, and
manipulation, including pregnancy, delivery, and abortionEnterococcus spGroup B streptococci (S agalactiae)Listeria monocytogenesAerobic Gram-negative bacilliNeisseria gonorrhoeaeChronic skin disorders, including recurrent infectionsS aureusβ-Hemolytic streptococciPoor dental health, dental proceduresVGSNutritionally variant
streptococciAbiotrophia defectivaGranulicatella spGemella spHACEK organismsAlcoholism, cirrhosisBartonella spAeromonas spListeria spS pneumoniaeβ-Hemolytic streptococciBurnS aureusAerobic Gram-negative bacilli, including P aeruginosaFungiDiabetes mellitusS aureusβ-Hemolytic streptococciS pneumoniaeEarly (≤1 y) prosthetic valve
placementCoagulase-negative staphylococciS aureusAerobic Gram-negative bacilliFungiCorynebacterium spLegionella spLate (>1 y) prosthetic valve placementCoagulase-negative staphylococciS aureusViridans group streptococciEnterococcus speciesFungiCorynebacterium spDog or cat exposureBartonella spPasteurella spCapnocytophaga
spContact with contaminated milk or infected farm animalsBrucella spCoxiella burnetiiErysipelothrix spHomeless, body liceBartonella spAIDSSalmonella spS pneumoniaeS aureusPneumonia, meningitisS pneumoniaeSolid organ transplantationS aureusAspergillus fumigatusEnterococcus spCandida spGastrointestinal lesionsS gallolyticus
(bovis)Enterococcus spClostridium septicumResults of clinical efficacy studies support the use of most treatment regimens described in these guidelines. 1999; 29:1251–1256. Candida and Aspergillus species account for the large majority of fungal IE, and Candida-related IE is much more common than Aspergillus-related disease.240,241 Blood
cultures are ultimately positive in most cases caused by the former pathogen, whereas they are rarely positive in cases caused by the latter fungus. High frequency of Tropheryma whipplei in culture-negative endocarditis.J Clin Microbiol. RybakWayne State UniversityCubist*; Forest*; MDCH*; NIH*; Actavis*; Theravance*NoneCubist*; Forest*;
Novartis*; Actavis*; The Medicines Company*NoneNoneCubist*; Forest*; Theravance*; Actavis†; The Medicines Company*NoneJames M. Patient selection criteria and management guidelines for outpatient parenteral antibiotic therapy for native valve infective endocarditis.Clin Infect Dis. Because of the striking increase in resistance of enterococci to
vancomycin, aminoglycosides, and penicillin, additional susceptibility tests may be necessary to identify alternative antimicrobial regimens. 1996; 61:1125–1129.CrossrefMedlineGoogle Scholar267. Thus, an anti–phase I immunoglobulin G antibody titer ≥1:800 or a single blood culture positive for C burnetii should be a major criterion in the modified
Duke schema.24Serological tests and PCR-based testing for other difficult-to-cultivate organisms such as Bartonella quintana or Tropheryma whippelii also have been discussed as future major criteria. Penicillin G-resistant viridans group streptococcal endocarditis and interpretation of the American Heart Association’s guidelines for the treatment of
infective endocarditis.Clin Infect Dis. 2012; 380:2197–2223. Miro JM, Pericas JM, del Rio A; Hospital Clinic Endocarditis Study Group. Smyth EG, Pallett AP, Davidson RN. In the study by Gavaldà et al,190 approximately half of the patients had IE caused by high-level aminoglycoside-resistant strains of E faecalis. 2008;94:1496].Heart. In particular,
should MRI of the brain be obtained in all IE patients because cerebral emboli are so commonplace? First, these are the largest series of E faecalis IE reported to date, 43 patients in 1 study190 and 272 in the other study.191 Second, high-level aminoglycoside-resistant E faecalis IE treated with ampicillin-ceftriaxone therapy was present in 50% of the
patients in the smaller study and 33% of patients in the larger study. Moreover, diagnostic innovations have emerged through new imaging techniques such as 3-dimensional (3D) echocardiography, “head-to-toe” multislice computed tomography (CT), and cardiac magnetic resonance imaging (MRI). Salem DN, Daudelin HD, Levine HJ, Pauker SG,
Eckman MH, Riff J. 2015; 60:750–752. doi: 10.1093/eurheartj/ehp008.CrossrefMedlineGoogle Scholar16. Vegetectomy: an alternative surgical treatment for infective endocarditis of the atrioventricular valves in drug addicts.J Thorac Cardiovasc Surg. Rohmann S, Erbel R, Görge G, Makowski T, Mohr-Kahaly S, Nixdorff U, Drexler M, Meyer J.
Akinosoglou K, Apostolakis E, Koutsogiannis N, Leivaditis V, Gogos CA. Mizunaga S, Kamiyama T, Fukuda Y, Takahata M, Mitsuyama J. Cabell CH, Abrutyn E, Fowler VG, Hoen B, Miro JM, Corey GR, Olaison L, Pappas P, Anstrom KJ, Stafford JA, Eykyn S, Habib G, Mestres CA, Wang A; International Collaboration on Endocarditis Merged Database
(ICE-MD) Study Group Investigators. Levine DP, Lamp KC. Successful medical therapy of mitral anular abscess complicating infective endocarditis.J Am Coll Cardiol. Markowitz N, Quinn EL, Saravolatz LD. Multiple other case reports describe daptomycin failures, some as a result of emergence of daptomycin-resistance during treatment.210,211
Other investigators have suggested that higher doses of daptomycin (8–10 mg·kg−1·d−1); daptomycin combined with gentamicin, ampicillin, ceftaroline, rifampin, or tigecycline; or various combinations of these should be used instead of daptomycin monotherapy.211–217 A number of in vitro evaluations214–216 suggested that ampicillin and
ceftaroline in combination with daptomycin demonstrate the greatest synergistic activity compared with other β-lactam–daptomycin combinations.Mave et al203 compared daptomycin with linezolid for vancomycin-resistant Enterococcus bacteremia. Kupferwasser LI, Yeaman MR, Shapiro SM, Nast CC, Sullam PM, Filler SG, Bayer AS. doi:
10.1128/JCM.00342-09.CrossrefMedlineGoogle Scholar148. 2007; 146:574–579.CrossrefMedlineGoogle Scholar191. McGiffin DC, Galbraith AJ, McLachlan GJ, Stower RE, Wong ML, Stafford EG, Gardner MA, Pohlner PG, O’Brien MF. The rate of bactericidal activity against some other organisms can also be enhanced by a combination of a β-lactam
antibiotic plus an aminoglycoside.Duration of Antimicrobial TherapyThe duration of therapy in IE must be sufficient to ensure complete eradication of microorganisms within vegetations. 2012; 172:363–365. TEE, however, may be merited to define the new baseline in some patients with poor acoustic windows or complicated anatomy such as after
extensive debridement and reconstruction. Durack DT, Beeson PB. Hojnik M, George J, Ziporen L, Shoenfeld Y. Morpeth S, Murdoch D, Cabell CH, Karchmer AW, Pappas P, Levine D, Nacinovich F, Tattevin P, Fernández-Hidalgo N, Dickerman S, Bouza E, del Río A, Lejko-Zupanc T, de Oliveira Ramos A, Iarussi D, Klein J, Chirouze C, Bedimo R, Corey
GR, Fowler VG; International Collaboration on Endocarditis Prospective Cohort Study (ICE-PCS) Investigators. 2003; 22:489–491. Patients should be questioned about symptoms of heart failure, and a thorough physical examination should be done. In the latter case, sustained fever can be a valuable clue, particularly when bloodstream infection has
been cleared or in cases when bloodstream infection persists despite adequate antimicrobial coverage. The likelihood of “red man” syndrome is reduced with an infusion of vancomycin over ≥1 hour. Comparison of penicillin and vancomycin, individually and in combination with gentamicin and amikacin, in the treatment of experimental endocarditis
induced by nutritionally variant streptococci.Antimicrob Agents Chemother. 2003; 36:615–621. Whether this higher dosing strategy prevents treatment-emergent resistance of daptomycin is still not answered.Daptomycin is inhibited by pulmonary surfactant160 and thus is contraindicated in the treatment of S aureus pneumonia acquired via the
aspiration route. In a prospective study, the duration of antimicrobial therapy in native valve E faecalis IE was based on the duration of infection before diagnosis and onset of effective therapy.196 Patients with 15 mm was a predictor of 1-year mortality (adjusted relative risk, 1.8; 95% confidence interval, 1.10–2.82; P=0.02) in multivariable
analysis.281The role of echocardiography in predicting embolic events has been controversial. Linezolid is bacteriostatic in vitro against enterococci, whereas daptomycin is bactericidal in vitro in susceptible strains. doi: 10.1001/jamainternmed.2013.8203.CrossrefMedlineGoogle Scholar260. These serological criteria would be applied in
circumstances in which the pathogenic organism is slow growing in routine blood cultures (eg, Brucella species) or requires special blood culture media (eg, Bartonella species, Legionella species, Tropheryma whipplei, fungi, and Mycobacterium species) or in which the organism is not culturable (eg, Coxiella burnetii, the agent of Q fever). Vlessis AA,
Hovaguimian H, Jaggers J, Ahmad A, Starr A. For certain conditions for which data were either unavailable or inadequate, recommendations were based on expert consensus and clinical experience, and these were ranked as Level of Evidence C. Sambola A, Miro JM, Tornos MP, Almirante B, Moreno-Torrico A, Gurgui M, Martinez E, Del Rio A,
Azqueta M, Marco F, Gatell JM. 1990; 34:2312–2317.CrossrefMedlineGoogle Scholar186. Another prospective TEE study, however, found no clear correlation of vegetation size with embolization.59 Nevertheless, the same investigators later reported the results of a new prospective study of 118 patients who underwent TEE and found that, on
multivariable analysis, risk factors associated with embolic risk included vegetation size >10 mm and mitral valve involvement.56 Overall, these data are compatible with previous observations that indicate that, in general, mitral vegetations of any size are associated with a higher risk of embolization (25%) than aortic vegetations (10%). Risk factors
for developing IE include: View an illustration of endocarditis. 1996; 125:646–652.CrossrefMedlineGoogle Scholar42. doi: 10.1097/MD.0b013e3182259d38.CrossrefMedlineGoogle Scholar247. Cosgrove SE, Vigliani GA, Fowler VG, Abrutyn E, Corey GR, Levine DP, Rupp ME, Chambers HF, Karchmer AW, Boucher HW. Segreti JA, Crank CW, Finney
MS. The risk of intracranial hemorrhage is dependent on several factors, including extent and size of infarction, whether it is ischemic or hemorrhagic, and the exact timing of surgery.One clinical quandary is whether early valve surgery can be safely performed within 7 days after a stroke or if it is better to postpone surgery for at least 1 week.
Documentation of heart rate, heart rhythm, and blood pressure at the time of echocardiographic study is important because changes in these conditions may explain future differences in valvular insufficiency independent of pathology (Table 4). Comparison of real-time PCR and conventional biochemical methods for identification of Staphylococcus
lugdunensis.J Clin Microbiol. The value of live/real time three-dimensional transesophageal echocardiography in the assessment of valvular vegetations.Echocardiography. 2013; 68:2921–2926. The last 2 groups of organisms are especially relevant to PV recipients. 2006; 58:273–280. Two weeks of postsurgical therapy may be enough for high-risk
cases of endocarditis caused by Streptococcus viridans or Streptococcus bovis.Clin Microbiol Infect. Modifiers of symptomatic embolic risk in infective endocarditis [published correction appears in Mayo Clin Proc. doi: 10.1161/CIRCULATIONAHA.105.165564.LinkGoogle Scholar13. Mave et al203 reported cure in 2 of 3 patients with E faecium IE
with linezolid. Fournier PE, Casalta JP, Habib G, Messana T, Raoult D. 1982; 142:263–268.MedlineGoogle Scholar232. Results of logistic regression analysis of clinical variables from cases of pneumococcal IE demonstrated the potential value of valve replacement in preventing early death in 1 investigation.129 For patients with NVE caused by highly
penicillin-susceptible S pneumoniae, it is reasonable to administer 4 weeks of antimicrobial therapy with penicillin, cefazolin, or ceftriaxone. Right-sided infective endocarditis: surgical management.Eur J Cardiothorac Surg. 2001; 322:209–212.CrossrefMedlineGoogle Scholar244. Management of complications of infective endocarditis.Mayo Clin Proc.
The empirical combination of vancomycin and a β-lactam for staphylococcal bacteremia.Clin Infect Dis. Patients with either S gallolyticus (bovis) bacteremia or IE should undergo a colonoscopy to determine whether malignancy or other mucosal lesions are present.Certain VGS have biological characteristics that may complicate diagnosis and
therapy. Role of folate antagonists in the treatment of methicillin-resistant Staphylococcus aureus infection.Clin Infect Dis. Despite the availability of new studies, the indications for surgery have not changed appreciably over time.18 Considering that observational studies are prone to bias and confounding, researchers have used regression analysis
and calculated propensity scores to adjust for prognostically important baseline differences between surgical and medical patients.14,253 Studies14,15,136,249,253–256 examining the association between valve surgery and outcome in left-sided IE using propensity score analysis, however, have demonstrated conflicting results, likely because of the
use of different analytical approaches.Until 2007, none of the published studies adjusted for survivor bias, which occurs because patients who live longer are more likely to undergo surgery than those who die early. For patients with a well-defined history of nonanaphylactoid reactions to penicillins (eg, simple skin rash), a first-generation
cephalosporin such as cefazolin is reasonable. This AUC24/MIC ratio was associated with trough serum concentrations >15 mg/L, attainable if the vancomycin MIC was 15 species within the Enterococcus genus, E faecalis and E faecium are the major species isolated from clinical sources in IE patients. Chirouze C, Alla F, Fowler VG, Sexton DJ, Corey
GR, Chu VH, Wang A, Erpelding ML, Durante-Mangoni E, Fernández-Hidalgo N, Giannitsioti E, Hannan MM, Lejko-Zupanc T, Miró JM, Muñoz P, Murdoch DR, Tattevin P, Tribouilloy C, Hoen B; ICE Prospective Investigators. Arnett EN, Roberts WC. 2010; 51:131–140. More study is needed, however, before a strong recommendation can be
made.105,106For concentration-dependent antibiotics such as aminoglycosides and fluoroquinolones, a ratio of maximum serum concentration to MIC of >10 was associated with improved efficacy in patients with Gram-negative pneumonia, whereas an AUC24/MIC >125 was associated with an improved clinical efficacy for ciprofloxacin against
infections caused by Pseudomonas aeruginosa.107,108 Liu et al109 demonstrated that the minimal AUC24/MIC requirement for daptomycin with an 80% kill efficacy in a S aureus infection mouse model was ≈250, which would be easily achieved by the recommended dose of 6 mg·kg−1·d−1 for complicated bacteremia, including right-sided IE.Some
experts have recommended daptomycin doses of 8 to 10 mg·kg−1·d−1 for the treatment of complicated methicillin-resistant S aureus (MRSA) bacteremia, particularly IE. Enterococcal endocarditis in the beginning of the 21st century: analysis from the International Collaboration on Endocarditis-Prospective Cohort Study.Clin Microbiol Infect. doi:
10.1161/CIRCULATIONAHA.104.493155.LinkGoogle Scholar282. Infective endocarditis: an analysis based on strict case definitions.Ann Intern Med. For tricuspid vegetations or abnormalities of the right ventricular outflow tract, visualization may be enhanced by choosing TTE rather than TEE.52 Finally, many cardiologists believe TTE is superior to
TEE for quantifying hemodynamic dysfunction manifested by valvular regurgitation, ventricular dysfunction, and elevated left and right ventricular filling pressures and pulmonary artery pressure. Staphylococcus lugdunensis infective endocarditis: description of 10 cases and analysis of native valve, prosthetic valve, and pacemaker lead endocarditis
clinical profiles.Heart. The relationship between cerebrovascular complications and previously established use of antiplatelet therapy in left-sided infective endocarditis.Scand J Infect Dis. For strains of enterococci resistant to β-lactams, vancomycin, or aminoglycosides, it is reasonable to test for susceptibility in vitro to daptomycin and linezolid.
Patients should be aware that relapses can occur and that new onset of fever, chills, or other evidence of systemic toxicity mandates immediate evaluation, including a thorough history and physical examination and ≥3 sets of blood cultures (Class I; Level of Evidence C).10. 2013;381:628].Lancet. 2002; 28:1157–1160. 2009; 15:193–199. Kanavos K,
Antoniadou A, Venetis C, Gezerlis P, Giamarellou H. Because it would likely not be possible to discriminate between hypersensitivities related to ampicillin or to ceftriaxone, both drugs might have to be discontinued with substitution of vancomycin-gentamicin therapy. We believe, however, that the modifications of the Duke criteria (Tables 2 and 3)
will help investigators who wish to examine the clinical and epidemiological features of IE and will serve as a guide for clinicians struggling with difficult diagnostic problems. There is less agreement on imaging, which can pose risks because contrast material is usually required, in patients without symptoms or signs of emboli, some of whom may
have silent or subclinical events. Suggested modifications to the Duke criteria for the clinical diagnosis of native valve and prosthetic valve endocarditis: analysis of 118 pathologically proven cases.Clin Infect Dis. A first-generation cephalosporin or vancomycin may be substituted for nafcillin/oxacillin for patients who are truly allergic to
penicillin.RecommendationsVancomycin and rifampin are recommended for a minimum of 6 weeks, with the use of gentamicin limited to the first 2 weeks of therapy (Class I; Level of Evidence B).If CoNS are resistant to gentamicin, then an aminoglycoside to which they are susceptible may be considered (Class IIb; Level of Evidence C).If CoNS are
resistant to all aminoglycosides, then substitution with a fluoroquinolone may be considered if the isolate is susceptible to a fluoroquinolone (Class IIb; Level of Evidence C).Organisms recovered from surgical specimens or blood from patients who have had a bacteriological relapse should be carefully retested for complete antibiotic susceptibility
profiles (Class I; Level of Evidence C).S aureusBecause of the high mortality rate associated with S aureus PVE,136 combination antimicrobial therapy is recommended (Table 11). doi: 10.1016/S0025-6196(11)64307-3.CrossrefMedlineGoogle Scholar310. doi: 10.1128/AAC.45.3.845-851.2001.CrossrefMedlineGoogle Scholar109. Therapeutic monitoring
of vancomycin in adult patients: a consensus review of the American Society of Health-System Pharmacists, the Infectious Diseases Society of America, and the Society of Infectious Diseases Pharmacists [published correction appears in Am J Health Syst Pharm. Schwalm JD, El-Helou P, Lee CH. 2007; 44:1585–1592. doi:
10.1093/jac/dkr450.CrossrefMedlineGoogle Scholar20. 2006; 26:347–352. Holmes NE, Turnidge JD, Munckhof WJ, Robinson JO, Korman TM, O’Sullivan MV, Anderson TL, Roberts SA, Gao W, Christiansen KJ, Coombs GW, Johnson PD, Howden BP. Direct Evidence Supporting an Association Between Valve Surgery and Lower Mortality From
Observational Studies: Level of Evidence BStudyMortalityIE GroupPE vs SALalani et al10In-hospital mortalityNVEPEBannay et al155-y mortalityNVE+PVEPEKiefer et al11In-hospital and 1-y mortalityCHF (NVE+PVE)PELalani et al10In-hospital mortalityParavalvular complications (NVE)SABannay et al155-y mortalityIntracardiac abscess
(NVE+PVE)SALalani et al10In-hospital mortalitySystemic embolization (NVE)SABannay et al155-y mortalitySystemic embolization (NVE+PVE)SALalani et al10In-hospital mortalityS aureus (NVE)SABannay et al155-y mortalityCHF (NVE+PVE)SALalani et al259In-hospital and 1-y mortalityPVE with the highest propensity to undergo
surgerySAIndications for SurgeryDecisions on surgical intervention are complex and depend on many clinical and prognostic factors257–262 that vary among patients, including infecting organism, vegetation size, presence of perivalvular infection, presence of embolism or heart failure, age, noncardiac comorbidities, and available surgical expertise.
Influence of the timing of cardiac surgery on the outcome of patients with infective endocarditis and stroke.Clin Infect Dis. 1996; 77:403–407.CrossrefMedlineGoogle Scholar30. doi: 10.1016/j.jacc.2012.02.029.CrossrefMedlineGoogle Scholar2. 2005; 51:230–247. The mortality rate was 41% in a series304 of patients with aorto-cavitary fistulization
despite surgical intervention in 87%. 2006; 37:2094–2099. Ceftriaxone once daily for four weeks compared with ceftriaxone plus gentamicin once daily for two weeks for treatment of endocarditis due to penicillin-susceptible streptococci: Endocarditis Treatment Consortium Group.Clin Infect Dis. Stories about people, science and health, from
American Heart Association News Feb 4, 2022 A type of stroke that causes bleeding into the brain has been increasing in the U.S. over the past decade and a half, particularly among adults under 65, new research shows. Surgical intervention, as mentioned above, may be required for radical infection cure. 2009; 169:463–473. Cure rates for rightsided S aureus IE in IDUs are high (>85%) and may be achieved with relatively short courses of either parenteral or oral treatment (2–4 weeks; see below). 2005; 191:2149–2152. Hidron AI, Schuetz AN, Nolte FS, Gould CV, Osborn MK. Diagnosis of infective endocarditis: sensitivity of the Duke vs von Reyn criteria.Arch Intern Med. Tunkel AR, Kaye
D. Impact of valve surgery on 6-month mortality in adults with complicated, left-sided native valve endocarditis: a propensity analysis.JAMA. Second, patients must understand that dietary measures are critically important in preventing the formation of plaque, especially in areas on the teeth that are difficult to keep clean. Chronic antiplatelet therapy
and mortality among patients with infective endocarditis.Clin Microbiol Infect. Total tricuspid valvulectomy without replacement in the treatment of Pseudomonas endocarditis.Surg Forum. 1994; 19:677–683.CrossrefMedlineGoogle Scholar43. Enterococci should be routinely tested in vitro for susceptibility to penicillin or ampicillin and vancomycin
(MIC determination) and for high-level resistance to gentamicin to predict synergistic interactions (see below). One decision analysis study concluded that patients with a questionable history of immediate-type hypersensitivity to penicillins in the context of IE caused by MSSA should be skin tested before starting antibiotic therapy.156 However, the
limited availability of standardized skin test reagents makes testing impractical. Short-course therapy for right-side endocarditis due to Staphylococcus aureus in drug abusers: cloxacillin versus glycopeptides in combination with gentamicin.Clin Infect Dis. Risk stratification models such as the Society of Thoracic Surgeons Endocarditis Score are
available to predict morbidity and mortality risks in IE patients after valve surgery and to assist in decision making and patient counseling.260Early Valve Surgery in Left-Sided NVE: RecommendationsEarly surgery (during initial hospitalization and before completion of a full course of antibiotics) is indicated in patients with IE who present with valve
dysfunction resulting in symptoms or signs of heart failure (Class I; Level of Evidence B).Early surgery should be considered particularly in patients with IE caused by fungi or highly resistant organisms (eg, vancomycin-resistant Enterococcus, multidrug-resistant Gram-negative bacilli) (Class I; Level of Evidence B).Early surgery is indicated in
patients with IE complicated by heart block, annular or aortic abscess, or destructive penetrating lesions (Class I; Level of Evidence B).Early surgery is indicated for evidence of persistent infection (manifested by persistent bacteremia or fever lasting >5–7 days and provided that other sites of infection and fever have been excluded) after the start of
appropriate antimicrobial therapy (Class I; Level of Evidence B).Early surgery is reasonable in patients who present with recurrent emboli and persistent or enlarging vegetations despite appropriate antibiotic therapy (Class IIa; Level of Evidence B).Early surgery is reasonable in patients with severe valve regurgitation and mobile vegetations >10
mm (Class IIa, Level of Evidence B).Early surgery may be considered in patients with mobile vegetations >10 mm, particularly when involving the anterior leaflet of the mitral valve and associated with other relative indications for surgery (Class IIb; Level of Evidence C).Early Valve Surgery in PVE: RecommendationsEarly surgery is indicated in
patients with symptoms or signs of heart failure resulting from valve dehiscence, intracardiac fistula, or severe prosthetic valve dysfunction (Class I; Level of Evidence B).Early surgery should be done in patients who have persistent bacteremia despite appropriate antibiotic therapy for 5 to 7 days in whom other sites of infection have been excluded
(Class I; Level of Evidence B).Early surgery is indicated when IE is complicated by heart block, annular or aortic abscess, or destructive penetrating lesions (Class I; Level of Evidence B).Early surgery is indicated in patients with PVE caused by fungi or highly resistant organisms (Class I; Level of Evidence B).Early surgery is reasonable for patients
with PVE who have recurrent emboli despite appropriate antibiotic treatment (Class IIa; Level of Evidence B).Early surgery is reasonable for patients with relapsing PVE (Class IIa; Level of Evidence C).Early surgery may be considered in patients with mobile vegetations >10 mm (Class IIb; Level of Evidence C).Valve Surgery in Patients With RightSided IEAlthough outcomes are better for patients with right-sided IE compared with patients with left-sided infection, surgical intervention is occasionally considered in the former group. García-Cabrera E, Fernández-Hidalgo N, Almirante B, Ivanova-Georgieva R, Noureddine M, Plata A, Lomas JM, Gálvez-Acebal J, Hidalgo-Tenorio C, Ruíz-Morales J,
Martínez-Marcos FJ, Reguera JM, de la Torre-Lima J, de Alarcón González A; Group for the Study of Cardiovascular Infections of the Andalusian Society of Infectious Diseases; Spanish Network for Research in Infectious Diseases. 2013; 127:1810–1817. Kullar R, Casapao AM, Davis SL, Levine DP, Zhao JJ, Crank CW, Segreti J, Sakoulas G, Cosgrove
SE, Rybak MJ. Snygg-Martin U, Rasmussen RV, Hassager C, Bruun NE, Andersson R, Olaison L. The risks and benefits of the alternative regimens are as follows.Streptomycin TherapyAlthough there are no published studies comparing the efficacy of regimens containing streptomycin or gentamicin, a similar cure rate was reported in a single
noncomparative study.197 The main advantage is that streptomycin is less nephrotoxic than gentamicin. doi: 10.1086/525536.CrossrefMedlineGoogle Scholar167. doi: 10.1086/324369.CrossrefMedlineGoogle Scholar324. Poor oral hygiene as a risk factor for infective endocarditis-related bacteremia.J Am Dent Assoc. LockhartCarolinas Medical
CenterNoneNoneNoneNoneNoneNoneNonePatrick O’GaraBrigham and Women’s HospitalNoneNoneNoneNoneNoneNoneNoneMichael J. doi: 10.1086/510583.CrossrefMedlineGoogle Scholar255. FinkUniversity of Illinois at ChicagoNoneNoneNoneNoneNoneNoneNoneVance G. 1999; 43:623–629.MedlineGoogle Scholar108. Wilson WR, Geraci JE.
1996; 93:1579–1587.CrossrefMedlineGoogle Scholar239. Aortic valve infection: risk factors for death and recurrent endocarditis after aortic valve replacement.J Thorac Cardiovasc Surg. 2009; 53:436–444. 1996; 100:629–633.CrossrefMedlineGoogle Scholar41. Increasing US rates of endocarditis with Staphylococcus aureus: 1999-2008.Arch Intern
Med. This is particularly important in IE caused by non-HACEK Gram-negative aerobic bacilli for several reasons. 1991; 115:674–680.CrossrefMedlineGoogle Scholar164. doi: 10.1093/ejcts/ezs084.CrossrefMedlineGoogle Scholar265. Activity of cefepime against ceftazidime-resistant Gram-negative bacilli using low and high inocula.J Antimicrob
Chemother. Pereira EM, Oliveira FL, Schuenck RP, Zoletti GO, Dos Santos KR. An increasing body of evidence suggests an association between high (but still susceptible on the basis of the Clinical and Laboratory Standards Institute definition) vancomycin MICs in S aureus and worse clinical outcome in both MRSA infections treated with
vancomycin140 and MRSA bacteremia treated with antistaphylococcal penicillins.141 Importantly, this association between higher vancomycin MIC in infecting MSSA and worse clinical outcomes among patients treated with antistaphylococcal penicillins (not vancomycin) was externally validated in a large cohort of patients with MSSA IE.142 These
data suggest that host- or pathogen-specific factors, rather than higher MICs of the infecting pathogen to vancomycin, contribute to the poor outcomes in these patients (because the latter patients were not treated with a glycopeptide).In non-IDUs, S aureus IE involves primarily the left side of the heart and is associated with mortality rates ranging
from 25% to 40%. Glazier JJ, Verwilghen J, Donaldson RM, Ross DN. 2012; 39:159–162. Reduced valve replacement surgery and complication rate in Staphylococcus aureus endocarditis patients receiving acetyl-salicylic acid.J Infect. PVE, NVE with symptoms >3 mo, or treatment with a double β-lactam regimen require a minimum of 6 wk of
therapy. PlusCeftriaxone2 g IV every 12 hAlternative for streptomycin susceptible/gentamicin resistant Either4–6Class IIa; Level of Evidence BUse is reasonable only for patients with availability of rapid streptomycin serum concentrations. The period of greatest risk for systemic emboli is before or within the first 1 to 2 weeks of antimicrobial
therapy, although serious complications such as heart failure and rupture of MAs may develop weeks to months after the initiation of antimicrobial therapy. When the original Duke criteria were used, 4 of the 20 patients were classified as having possible IE. 1992; 117:390–398. van Hal SJ, Lodise TP, Paterson DL. Antibiotic treatment of adults with
infective endocarditis due to streptococci, enterococci, staphylococci, and HACEK microorganisms: American Heart Association.JAMA. Considerations in timing of surgical intervention for infective endocarditis with cerebrovascular complications.J Heart Valve Dis. 1994; 96:211–219.CrossrefMedlineGoogle Scholar28. 1991; 13:127–
138.CrossrefMedlineGoogle Scholar303. It includes an evidence-based system for diagnostic and treatment recommendations used by the American College of Cardiology and the American Heart Association for treatment recommendations.Conclusions—Infective endocarditis is a complex disease, and patients with this disease generally require
management by a team of physicians and allied health providers with a variety of areas of expertise. This should occur when the patient is able to travel to a dental facility (Class I; Level of Evidence C).Writing Group DisclosuresWriting Group MemberEmploymentResearch GrantOther Research SupportSpeakers’ Bureau/HonorariaExpert
WitnessOwnership InterestConsultant/Advisory BoardOtherLarry M. Tornos P, Almirante B, Mirabet S, Permanyer G, Pahissa A, Soler-Soler J. 2012; 56:6192–6200. Surgery in this time frame was not associated with worse patient outcomes. These results may reflect different PK of aminoglycosides in animals compared with humans. As previously
mentioned in an earlier section (3D Echocardiography and Other Imaging Modalities), some have advocated this strategy in all patients who are to undergo valve surgery to identify those who may harbor embolic lesions that could pose a higher risk of intracranial bleeding with cardiopulmonary bypass and heparin administration used for cardiac
surgery.AnticoagulationAnticoagulation in IE patients is controversial, particularly in mechanical valve IE.286 Some authorities recommend continuation of anticoagulant therapy in patients with mechanical valve IE. Collection of additional clinical and laboratory data often dictates subsequent revisions in initial empirical therapy that will be
administered over the treatment course.For patients with acute (days) clinical presentations of native valve infection, coverage for S aureus, β-hemolytic streptococci, and aerobic Gram-negative bacilli is reasonable. Cremieux AC, Maziere B, Vallois JM, Ottaviani M, Azancot A, Raffoul H, Bouvet A, Pocidalo JJ, Carbon C. doi:
10.3201/eid0912.030229.MedlineGoogle Scholar44. A focus on all 4 measures should help to reduce the incidence of bacteremia and the risk for recurrent IE.RecommendationsInpatients with IE should be thoroughly evaluated by a dentist to identify and eliminate oral diseases that predispose to bacteremia and may therefore contribute to the risk
for recurrent IE (Class I; Level of Evidence C).The clinical examination should focus on periodontal inflammation and pocketing around teeth and caries that may result in pulpal infection and subsequent abscess (Class I; Level of Evidence C).A full series of intraoral radiographs will allow the identification of caries and periodontal disease and other
disease (eg, tooth fractures) not evident from the physical examination. Hoen B, Selton-Suty C, Lacassin F, Etienne J, Briançon S, Leport C, Canton P. Concurrent TTE images can serve as a baseline for rapid and noninvasive comparison of vegetation size, valvular insufficiency, or change in abscess cavities during the course of the patient’s treatment
should clinical deterioration occur. An inoculum effect has been demonstrated with penicillin versus streptococci in both in vitro and animal models. doi: 10.1172/JCI16876.CrossrefMedlineGoogle Scholar288. 2005; 150:1086–1091. However, all of the series that included >100 patients who underwent TEE showed a positive relationship between
embolic events and vegetation size. doi: 10.1111/j.1469-0691.2006.01585.x.CrossrefMedlineGoogle Scholar177. As noted above, CoNS may become resistant to rifampin during therapy for PVE. The duration of therapy for NVE of 4 weeks is reasonable; for PVE, the duration of therapy of 6 weeks is reasonable. doi:
10.1056/NEJMoa1112843.CrossrefMedlineGoogle Scholar18. Vancomycin-Containing Regimens for Vancomycin- and Aminoglycoside-Susceptible Penicillin-Resistant Enterococcus Species for Native or Prosthetic Valve (or Other Prosthetic Material) IE in Patients Unable to Tolerate β-LactamRegimenDose* and RouteDuration, wkStrength of
RecommendationCommentsUnable to tolerate β-lactams Vancomycin†30 mg/kg per 24 h IV in 2 equally divided doses6Class IIa; Level of Evidence BPlus Gentamicin‡3 mg/kg per 24 h IV or IM in 3 equally divided doses6Penicillin resistance; intrinsic or β-lactamase producer Vancomycin30 mg/kg per 24 h IV in 2 equally divided doses6Class IIb;
Level of Evidence CFor β-lactamase–producing strain, if able to tolerate a β-lactam antibiotic, ampicillin-sulbactam§ plus aminoglycoside therapy may be used.PlusGentamicin‡3 mg/kg per 24 h IV or IM in 3 equally divided doses6Rarely, strains of E faecalis produce an inducible β-lactamase. 2003; 348:1342–1347. A full series of intraoral radiographs
is required for the identification of caries and periodontal disease (eg, bone loss, tooth fractures). Moreover, changes in pathogen prevalence, in particular a more common staphylococcal origin, have affected outcomes, which have not improved despite medical and surgical advances.Methods and Results—This statement updates the 2005 iteration,
both of which were developed by the American Heart Association under the auspices of the Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease, Council on Cardiovascular Disease of the Young. Whether recurrent, asymptomatic emboli detected on advanced imaging studies should influence decision making should be considered on
an individual basis. Vancomycin-resistant enterococcal bacteraemia: is daptomycin as effective as linezolid?J Antimicrob Chemother. Infective endocarditis due to unusual or fastidious microorganisms.Mayo Clin Proc. 1996; 173:909–913.CrossrefMedlineGoogle Scholar199. If heart failure develops or worsens, the patient should be evaluated
immediately for cardiac surgery (Class I; Level of Evidence B).15. In addition, antibiotic prophylaxis is not recommended for patients with valvular heart disease who are at high risk of IE for nondental procedures (e.g., TEE, esophagogastroduodenoscopy, colonoscopy, or cystoscopy) in the absence of active infection. You can reduce the risk of IE by
maintaining good oral health through regular professional dental care and the use of dental products such as manual, powered and ultrasonic toothbrushes; dental floss; and other plaque-removal devices. If you meet the requirements for antibiotic prophylaxis for dental treatment or oral surgery, your cardiologist or other health care professional
may give you an American Heart Association wallet card (PDF). First, the cause of both periodontal disease and caries is bacterial plaque accumulation on teeth, and prevention is dependent on keeping teeth free of plaque. The recommendations that follow are intended to assist clinicians in selecting appropriate antimicrobial therapy for patients
with IE caused by VGS and S gallolyticus (bovis, a nonenterococcal penicillin-susceptible group D Streptococcus). The duration of therapy for NVE is based on this work, and the regimens that may be considered are listed in Table 12. Andrews MM, von Reyn CF. Early surgery versus conventional treatment for infective endocarditis.N Engl J Med. The
level of evidence is an estimate of the certainty or precision of the treatment effect. Input from specialists in infectious diseases who are experienced in the medical management of IE should be obtained to define an antibiotic regimen in each case. As noted above, the highest embolic risk (37%) has been seen in the subset of patients with mitral
vegetations attached to the anterior rather than the posterior mitral leaflet.59,63 This suggests that the mechanical effects of broad and abrupt leaflet excursion, occurring twice per heartbeat, may contribute to the propensity of a vegetation in this location to fragment and embolize.In another study, the effect of vegetation size on embolic potential
was dependent on the infecting organism, with large vegetations independently predicting embolic events only in the setting of streptococcal IE.60 In contrast, as confirmed above by Vilacosta et al,278 staphylococcal or fungal IE appears to carry a high incidence rate of embolization independently of vegetation size.Prognosis based on
echocardiographic findings was examined in a large, multicenter, prospective investigation. 2009; 120:585–591. Reynolds HR, Jagen MA, Tunick PA, Kronzon I. Pharmacodynamics of daptomycin in a murine thigh model of Staphylococcus aureus infection.Antimicrob Agents Chemother. 1999; 33:1365–1371.CrossrefMedlineGoogle Scholar240. Safety
of outpatient parenteral antimicrobial therapy for endocarditis.Clin Infect Dis. 2011; 204:340–347. Monotherapy with either penicillin or ceftriaxone for 4 weeks avoids the use of gentamicin, which is potentially ototoxic and nephrotoxic. Thus, firm conclusions cannot be drawn from this trial on the effect of early surgery on mortality, given the small
sample size of the study. 2005; 41:187–194. Hoen B, Selton-Suty C, Danchin N, Weber M, Villemot JP, Mathieu P, Floquet J, Canton P. In addition, updated international management guidelines have been published.18,19The present AHA IE Writing Committee conducted comprehensive and focused reviews of the literature published between January
2005 and October 2013 to update the previous version of the guidelines. In 1 survey, 60% of isolates did not grow adequately in control wells, and no valid in vitro susceptibility results were available.219 Therefore, unless growth is adequate for in vitro screening, then HACEK microorganisms should be considered ampicillin resistant, and penicillin
and ampicillin should not be used to treat patients with IE in these cases. As previously stated (Table 3), echocardiographic evidence of an oscillating intracardiac mass or vegetation, an annular abscess, prosthetic valve partial dehiscence, and new valvular regurgitation are major criteria in the diagnosis of IE.Both TTE and TEE are done in many
patients with IE during initial evaluation and subsequent follow-up and provide complementary information. Development of beta-lactam resistance and increased quinolone MICs during therapy of experimental Pseudomonas aeruginosa endocarditis.Antimicrob Agents Chemother. doi: 10.7326/0003-4819-114-8-635.CrossrefMedlineGoogle Scholar59.

Blumberg EA, Karalis DA, Chandrasekaran K, Wahl JM, Vilaro J, Covalesky VA, Mintz GS. 2010; 37:1189–1197. Bai AD, Showler A, Burry L, Steinberg M, Ricciuto DR, Fernandes T, Chiu A, Raybardhan S, Science M, Fernando E, Tomlinson G, Bell CM, Morris AM. Drainage of abscess cavities, excision of necrotic tissue, and closure of fistulous tracts
often accompany valve replacement or repair surgery.309 Although valve replacement is usually required, its successful performance may be compromised by extensive destruction of the periannular supporting tissues. The impact of valve surgery on 6-month mortality in left-sided infective endocarditis.Circulation. These features include large (>10
mm in diameter) vegetations, severe valvular insufficiency, abscess cavities or pseudoaneurysms, valvular perforation or dehiscence, and evidence of decompensated heart failure.21 The ability of echocardiographic features to predict embolic events is limited.55–57 The greatest risk of embolic complications appears to occur with large (≥10 mm)
vegetations on the anterior mitral leaflet.58 Vegetation size and mobility may be taken into account, along with bacteriological factors and other indications for surgery, when considering early surgery to avoid embolization, although mobility characteristics alone should not be the principal driver as a surgical indication.59Table 5. Dramatic reduction
in infective endocarditis-related mortality with a management-based approach.Arch Intern Med. The Duke criteria for diagnosing infective endocarditis are specific: analysis of 100 patients with acute fever or fever of unknown origin.Clin Infect Dis. Right-sided IE, however, can cause septic pulmonary emboli.The variability in clinical presentation of
IE and the importance of early accurate diagnosis require a diagnostic strategy that is both sensitive for disease detection and specific for its exclusion across all forms of the disease. The Duke criteria gave diagnostic weight to bacteremia with staphylococci or enterococci only, on the basis of the location of acquisition and without an apparent
primary focus; these types of bacteremia have the highest risk of being associated with IE.23,25,26 The Duke criteria incorporated echocardiographic findings into the diagnostic strategy (Tables 2 and 3; see the Echocardiography section). 2005; 150:1092–1098. Bayer AS, Hirano L, Yih J. The rationale and recommendations for specific
aminoglycoside-containing regimens for the treatment of enterococcal IE based on in vitro susceptibilities are discussed in the following groups of patients and in Tables 12 through 15.RecommendationsGentamicin should be administered in daily multiple divided doses (total, ≈3 mg·kg−1·d−1) rather than a single daily dose to patients with
enterococcal IE and normal renal function (Class I; Level of Evidence B).It is reasonable to administer gentamicin every 8 hours with the dose adjusted to achieve a 1-hour serum concentration of ≈3 µg/mL and a trough concentration of 1 cm in diameter were associated with the greatest frequency of embolism. Up to 65% of embolic events involve the
CNS, and >90% of CNS emboli lodge in the distribution of the middle cerebral artery.277 The highest incidence of embolic complications is seen with mitral valve IE (and more with anterior rather than posterior mitral leaflet involvement) and with IE caused by S aureus, Candida, and HACEK organisms.Emboli can occur before diagnosis, during
therapy, or after therapy is completed, although most emboli occur within the first 2 to 4 weeks of antimicrobial therapy.58,278 Of note, 2 independent studies have confirmed that the rate of embolic events decreases dramatically during and after the first 2 to 3 weeks of successful antibiotic therapy. Anavekar NS, Tleyjeh IM, Anavekar NS, Mirzoyev
Z, Steckelberg JM, Haddad C, Khandaker MH, Wilson WR, Chandrasekaran K, Baddour LM. The intensity of bacteremia may not be great, however, with
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