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Abstract: Staphylococcus aureus is the most common organism. Approximately 30% of those having bacteremia 

with staphylococcus will develop endocarditis. This review was aimed to discuss the complications following 

infective endocarditis, and also overview the proper antibiotics treatment, and how effective could be this option of 

treatment over other options, we also indented to overview the risk factors and epidemiology of infective 

endocarditis in most evidence based review. We searched, with English language restrictions, and only human 

subject articles following electronic databases; PubMed, MEDLINE and EMBASE for any relevant article, 

whether was it reviews or randomized controlled studies or systematic reviews discussing infective endocarditis 

from the time of databases inception to December 2016. We used the term ‘infective endocarditis’ for the Mesh 

keyword. Date last search performed was December, 2016. Optimal antibiotic recommending for enterococcal IE 

requires that MICs of penicillin, amoxicillin, aminoglycosides, and glycopeptides be determined. When the strain 

shows only low‐level resistance to aminoglycoside, advised therapy is a combination of high‐dose β‐lactam (30-- 40 

million units/day penicillin or 200 mg/kg/day amoxicillin) plus gentamicin for 4-6 weeks. The aminoglycoside 

element ought to be administered in two or three equally divided doses; this suggestion is based on outcomes of 

speculative studies. When it comes to high‐level resistance to gentamicin, cross‐resistance may be expected with all 

other aminoglycosides, other than often streptomycin 

Keywords: Staphylococcus aureus, infective endocarditis, MICs of penicillin, amoxicillin, aminoglycosides. 

1. INTRODUCTION 

In developed countries, the occurrence of infective endocarditis (IE) varies from 3 to 9 cases per 100 000 annually, and it 

is twice as common in males 
(1,2,3)

. Staphylococcus aureus is the most common organism. Approximately 30% of those 

having bacteremia with staphylococcus will develop endocarditis 
(4)

. Patients with valvular abnormalities, such as 

prostheses, mitral regurgitation (MR), or aortic stenosis or with endocardial damage from distributing particulate matter as 

from intravenous (IV) drug use, are at the greatest risk of contracting endocarditis. Indeed, some 75% of patients with IE 

have structurally abnormal hearts 
(4)

. In addition to host factors, IE advancement likewise overwhelmingly includes 

microorganisms that have certain attributes, such as platelet aggregating abilities. Staphylococcus and Streptococcus 

species are the most typical etiologic agents of IE, owing in part to this capacity 
(4)

. Capability of the microbe to activate 

platelets creates an environment conducive to vegetation formation and in theory supports the use of antiplatelet agents in 

the management of disease. However, studies of antiplatelet usage in neurological complications of endocarditis have had 

negative or neutral results 
(5,6)

. 

IE is more common in guys than ladies 
(7)

, and is more typical with increasing age 
(8)

. The mean age of IE patients has 

increased over time, from under 30 years in the pre-antibiotic age 
(9)

 to nearly 60 years in 1990s 
(10)

. In the elderly, IE is 

more often related to intracardiac prosthetic devices and bacteria from the gastrointestinal system 
(11)

. In a big 

observational accomplice study, IE most commonly included the mitral valve just (approximately 40% of patients), 
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followed by the aortic valve only (36% of patients), followed by multivalvular disease 
(10,12)

. Right-sided valves are rarely 

affected except among injection drug users. The pulmonic valve is least most likely to be associated with IE. Structural 

heart problem is a risk factor for IE because it leads to turbulent blood circulation. About 75% of patients who establish 

IE have underlying structural heart problem 
(13)

. In the past, rheumatic heart disease with mitral stenosis was the most 

typical valvular problem in patients with IE. Recently, the most typical predisposing lesions are mitral regurgitation, 

aortic valve disease (stenosis and regurgitation), and congenital heart disease 
(14,15)

. Mitral valve prolapse is a risk factor 

for IE, primarily when regurgitation is present 
(16)

. 

OBJECTIVE: 

This review was aimed to discuss the complications following infective endocarditis, and also overview the proper 

antibiotics treatment, and how effective could be this option of treatment over other options, we also indented to overview 

the risk factors and epidemiology of infective endocarditis in most evidence based review. 

2. METHODOLOGY 

We searched, with English language restrictions, and only human subject articles following electronic databases; PubMed, 

MEDLINE and EMBASE for any relevant article, whether was it reviews or randomized controlled studies or systematic 

reviews discussing infective endocarditis from the time of databases inception to December 2016. We used the term 

‘infective endocarditis’ for the Mesh keyword. Date last search performed was December, 2016. We supplemented the 

search with references from articles reviewed and correspondence with other researchers, including experts in the field. 

When a reference was deemed potentially suitable for inclusion, a full-text copy was obtained and reviewed according to 

our study criteria which are obvious in the objective of this study. 

3. RESULTS & DISCUSSION 

 Epidemiological overview: 

The epidemiological profile of infective endocarditis (IE) has altered dramatically over the last few years 
(17)

. When a 

disease impacting young people with previously well‐identified valve disease mostly rheumatic disease IE is now 

impacting older patients, a significant percentage of whom has no previously known valve disease and develop IE as the 

result of health care associated treatments 
(18)

. The occurrence of IE differs from nation to country, which may show more 

methodological differences in surveys than true occurrence variations. In an epidemiologic study performed in Sweden 

from 1984 to 1988 the incidence of IE was 5.9 episodes/100 000 person‐years after adjusting for both age and sex 
(19)

. 

Throughout a comparable period, the overall occurrence of IE was 9.29 episodes/100 000 person‐years in the Philadelphia 

city, which was up to 5.02 episodes/100 000 person‐years when cases involving intravenous drug users were excluded 
(20)

. 

In the 1990s, French private investigators carried out two epidemiologic surveys in three areas of France that represented 

about 25% of the entire French population. In 1991 their survey discovered the unrefined occurrence to be 2.24 

episodes/100 000 person‐years, which increased to 2.43 episodes/100 000 person‐years after change for age and sex 
(21)

.
 

 Complications of Infective endocarditis and their management:  

Encephalopathy: Encephalopathy is a typical issue of IE that need to trigger more workup. Encephalopathy might be 

secondary to systemic insults such as fever, azotemia, electrolyte disturbances, or hypercarbia or point to underlying main 

nerve system participation through ischemic stroke, hemorrhage, cerebral abscess, or meningitis as gone over 

subsequently 
(22)

. 

Severe ischemic stroke is the most typical neurological issue of IE, manifesting scientifically in 20% to 40% of patients 

with IE (23,24,25). Asymptomatic ischemia acknowledged by neuroimaging studies occurs in another 30% to 40% of 

patients 
(23,26)

. Thus, ischemic stroke may be most likely than not in patients with IE. There are some scenarios where the 

risk of cerebral ischemia is more likely. Anterior mitral valve leaflet endocarditis provides the greatest risk 
(27)

. Second, 

left-sided endocarditis is connected with a much higher risk of stroke than right-sided IE. Third, S aureus infection, before 

or less than 1 week after initiation of antibiotics, increases the likelihood of stroke. The system of acute cerebral ischemia 

in IE is likely embolic. Ischemic strokes in IE most frequently occur in the middle cerebral artery territory (Figure 1) 
(27)

. 
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Figure 1: Stroke complicating endocarditis. Axial diffusion-weighted imaging (left) and T2 fluid-attenuated inversion 

recovery (FLAIR) imaging (right) of a 64-year-old female with a history of severe mitral regurgitation who presented 

with confusion 2 weeks after a dental procedure. Imaging shows a large right middle cerebral artery territory embolic 

infarct. The patient was found to have Streptococcus mitis bacteremia and mitral valve endocarditis. Vessel imaging was 

patent, and she underwent successful valve repair 2 weeks after antibiotics were started. 
(27)

 

Management of stroke in the setting of IE varies from that of stroke due to noninfective mechanisms insofar as 

anticoagulation and antiplatelet agents are contraindicated, a minimum of acutely 
(27)

. Assessment of cardiac function may 

reveal a sign for valvular surgical intervention, and stroke complicating IE can affect the timing of this, as talked about 

further on. Thrombolytic therapy with recombinant tissue plasminogen activator (r-tPA) or related agents has not been 

well studied in IE-related stroke. In the biggest case series 
(28)

, 4 patients having IE presented with ischemic stroke and 

were treated with thrombolysis. All 4 established hemorrhage after IV r-tPA, 3 of whom passed away. For this reason and 

due to bad results with intense anticoagulation, r-tPA might increase the risk of bleeding in these patients. The 

management distinctions to other kinds of ischemic stroke posture a prospective medical problem in the circumstance 

where stroke is the presenting sign of IE. If a patient appears with a stroke that is amenable to thrombolytic treatment, 

antiplatelet representatives, or anticoagulation, one might unintentionally use a thrombolytic drug in a patient with occult 

endocarditis, therefore precipitating disastrous results 
(28)

. 

Cerebral microhemorrhage is significantly acknowledged as a silent issue of endocarditis 
(26,29)

 and recently has been 

implicated in anticipating obvious hemorrhage 
(30)

. Cerebral microhemorrhage has actually been detected in 57% of cases 

with IE, typically situated cortically and with approximately about 8 microbleeds per patient 
(26)

. The proposed system is 

that of infective vasculitis 
(31)

 although this is speculative. Furthermore, although there is no information linking the 

existence of microhemorrhage to later on overt hemorrhage when antiplatelet agents or anticoagulants are used, there 

could be an increased risk in this setting. 

 Antibiotic prophylaxis to prevent infective endocarditis: 

Infective endocarditis is a unusual however serious and typically life threatening condition. The pathogenesis of infective 

endocarditis comprises of an intricate series of events 
(32)

. Anatomic localization of infection is identified by the adherence 

of microorganisms to various sites 
(33)

. The coincidence in between bacterial infection and endocarditis was described 

prior to the turn of 20th century 
(34)

. Studies have shown that oral procedures are trigger factors for few cases of 

endocarditis 
(35,36)

. A poor condition of the gum health is a considerable risk factor 
(37)

. Lockhart reported more incidence 

of infective endocarditis following dental extraction and periodontal surgical treatment 
(38)

. Ottent et al reported that 

bacteremia was associated with 74% of patients following tooth extraction 
(39)

. Antibiotic prophylaxis not just acts by 

destroying bacteria, however also by preventing bacterial adherence (40). It is shown in high risk oral procedures in 

patients with pre-existing high rate cardiac disorders 
(42)

. The basic program includes high dosages of amoxicillin in adults 

and children, one hour prior to the oral treatment. 2 g of oral amoxicillin must be given to grownups prior to the oral 

procedure beginning 
(43)

. Dajani et al have reported that 2g of amoxicillin offers a number of hours of antibiotic coverage 
(44)

. Clindamycin is recommended in patients adverse beta- lactamics 
(45)

. Furthermore, finest results have actually been 

attained by use of clindamycin in treating odontogenic infections 
(46)

. Vancomycin and streptomycin are used 

prophylactically for prevention of infective endocarditis in patients with prosthetic heart valves. If the proper antibiotic is 
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not chosen 
(47)

, prophylactic failure is possible to occur in patients with congenital heart disease. The neglect to administer 

antibiotic prophylaxis for dental treatments may lead to SBE and will result in worst consequences for the patient. Cunha 

et al documented a comparable case which, resulted in a cerebral vascular accident, embolic occlusion of the leg, and 

mitral valve replacement 
(48)

. On the other hand, a decrease of 78.6% in prescribing antibiotics was seen after the 

unveiling of NICE guideline 
(49)

. The French agency for Health Product Health Safety advices against or contraindicates 

oral facial surgery, bone surgery, periodontal surgery, root canal treatment in these patients except under emergency 

situation situations, as these patients are prone to high risk of infection 
(50)

. 

 Clinical effectiveness of antibiotic treatment of IE: 

The intravenous route for antibiotic administration is the very best because it provides optimum bioavailability. A lot of 

antibiotics are administered as brief infusions (30 minutes). There are some exceptions, nevertheless. Since of the risk of 

seizures secondary to the high serum concentrations achieved with periodic infusion, penicillin G is normally 

administered continually. One to two‐hour infusions of vancomycin enhance the tolerability of the drug. For prescription 

antibiotics with time‐dependent impacts (β‐lactams), the period between infusions should be adjusted to take the 

elimination half‐life into account. For prescription antibiotics with concentration‐dependent impacts (aminoglycosides), 

two times or thrice‐daily administration is recommended. There are scientific and experimental data in favour of once‐

daily administration of gentamicin or netilmicin in IE caused by penicillin‐sensitive streptococci 
(50,51,52)

. Both the efficacy 

and the tolerance of the treatment need to be carefully kept an eye on. In terms of effectiveness, apart from the lack of 

relapse at the end of the treatment, there is no completely trustworthy scientific or biological criterion. This emphasises 

the significance of biological and scientific security (disappearance of fever, sterilisation of blood cultures, and 

normalisation of inflammation markers) throughout treatment and in the subsequent four weeks (duration of optimum risk 

of regression of IE). The decision of blood concentrations of prescription antibiotics, particularly aminoglycosides, is 

useful to confirm both that the peak concentrations are high enough (effectiveness objective) and that the trough 

concentrations are not exceedingly high (tolerance goal). The most current recommendations for the antibiotic treatment 

of IE were provided by the European Society of Cardiology 
(53)

 and the American Heart Association 
(54)

. are summed up in 

(Table 1 and 2). 

Table 1: Antibiotic treatment for infective endocarditis caused by penicillin susceptible (MIC <0.1 mg/l) or penicillin relatively 

resistant (0.1< MIC ⩽0.5 mg/l) streptococcal endocarditis (53,54) 

 *Other choice: netilmicin (5–6 mg/kg/d); for both drugs, once daily administration. 

†Including tolerant streptococci (MBC/MIC >32) for which amoxicillin is to be preferred to penicillin. 

IE, infective endocarditis; MBC, minimal bactericidal concentration; MIC, minimal inhibitory concentration. 

 

 

No allergy to penicillin Allergy to penicillin 

Duration Drug Dosage Drug Dosage 

Penicillin‐susceptible streptococci (MIC <0.1 mg/l)    

Non‐complicated 

native valve IE 

Penicillin G 200–300 000 U/kg/d Vancomycin 30 mg/kg/d 2 weeks 

or amoxicillin 100 mg/kg/d or teicoplanin 6–10 mg/kg/d combination 

or ceftriaxone 2 g/d ± gentamicin* 3 mg/kg/d or 4 weeks β‐lactam 

± gentamicin* 3 mg/kg/d  

Complicated and/or 

prosthetic valve IE 

Penicillin G 200–300 000 U/kg/d Vancomycin 30 mg/kg/d 2 weeks combination 

+ 2–4 weeks β‐lactam 
or amoxicillin 100 mg/kg/d or teicoplanin 6–10 mg/kg/d 

+ gentamicin* 3 mg/kg/d ± gentamicin* 3 mg/kg/d 

Penicillin‐relatively resistant streptococci G† (0.1< MIC ⩽0.5 mg/l)   

Non‐complicated 

native valve IE 

Penicillin G 300–400 000 U/kg/d Vancomycin 30 mg/kg/d 2 weeks combination 

+ 2 weeks β‐lactam 
or amoxicillin 200 mg/kg/d or teicoplanin 6–10 mg/kg/d 

+ gentamicin* 3 mg/kg/d + gentamicin* 3 mg/kg/d 

Complicated and/or 

prosthetic valve IE 

Penicillin G 300–400 000 U/kg/d Vancomycin 30 mg/kg/d 2 weeks combination 

+ 2–4 weeks β‐lactam 
or amoxicillin 200 mg/kg/d or teicoplanin 6–10 mg/kg/d 

+ gentamicin* 3 mg/kg/d + gentamicin* 3 mg/kg/d 
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Table 2: Antibiotic treatment for enterococcal, nutritionally‐variant and penicillin‐resistant (MIC >0.5 mg/l) streptococcal 

endocarditis (54,55) 

Condition 

No allergy to penicillin Allergy to penicillin 

Duration Drug Dosage Drug Dosage 

Enterococcal strain 

susceptible to penicillin, 

aminoglycosides, and 

vancomycin 

Amoxicillin or 200 mg/kg/d Vancomycin 30 mg/kg/d 4–6 

weeks† 
penicillin G 300–400 000 U/kg/d or teicoplanin 6–10 mg/kg/d 

+ gentamicin* 3 mg/kg/d + gentamicin* 3 mg/kg/d 

Enterococcal strain 

susceptible to penicillin, 

streptomycin, vancomycin, 

and resistant to gentamicin 

Amoxicillin or 200 mg/kg/d Vancomycin 30 mg/kg/d 4–6 

weeks† 
penicillin G 300–400 000 U/kg/d or teicoplanin 6–10 mg/kg/d 

+ streptomycin‡ 15 mg/kg/d + streptomycin‡ 15 mg/kg/d 

Enterococcal strain resistant 

to penicillin (intrinsic 

resistance), susceptible to 

gentamicin and vancomycin 

Vancomycin 30 mg/kg/d Vancomycin 30 mg/kg/d 6 weeks 

or teicoplanin 6–10 mg/kg/d or teicoplanin 6–10 mg/kg/d 

+ gentamicin* 3 mg/kg/d + gentamicin* 3 mg/kg/d 

Enterococcal strain resistant 

to penicillin (β–lactam 

producing), susceptible to 

gentamicin and vancomycin 

Co‐amoxyclav 175 mg/kg/d 

amoxicillin 

Vancomycin 30 mg/kg/d 6 weeks 

+ gentamicin* 3 mg/kg/d or teicoplanin 6–10 mg/kg/d 

+ gentamicin* 3 mg/kg/d 

Streptococcal and 

enterococcal strains with 

high‐level resistance to all 

aminoglycosides 

Amoxicillin >200 mg/kg/d Vancomycin 30 mg/kg/d ⩾8 

weeks 

E faecalis resistant to 

penicillin, aminoglycosides 

and vancomycin 

Amoxicillin 200 mg/kg/d − − ⩾8 

weeks 
+ ceftriaxone or 2 g/d 

imipenem 2 g/d 

E faecium resistant to 

penicillin, aminoglycosides 

and vancomycin 

Linezolid, or 1200 mg/d Linezolid, or 1200 mg/d ⩾8 

weeks 
quinupristin‐

dalfopristin 

22.5 mg/kg/d quinupristin‐

dalfopristin 

22.5 mg/kg/d 

*Two or three daily doses. 

†Duration of aminoglycoside administration could be shortened to 2–3 weeks; the total duration of treatment should be 6 weeks when 

vancomycin or teicoplanin are used. 

‡Two daily doses. 

4. CONCLUSION 

Optimal antibiotic recommending for enterococcal IE requires that MICs of penicillin, amoxicillin, aminoglycosides, and 

glycopeptides be determined. When the strain shows only low‐level resistance to aminoglycoside, advised therapy is a 

combination of high‐dose β‐lactam (30-- 40 million units/day penicillin or 200 mg/kg/day amoxicillin) plus gentamicin 

for 4-6 weeks. The aminoglycoside element ought to be administered in two or three equally divided doses; this 

suggestion is based on outcomes of speculative studies. When it comes to high‐level resistance to gentamicin, cross‐

resistance may be expected with all other aminoglycosides, other than often streptomycin. If the stress reveals low‐level 

resistance to streptomycin, the latter can be utilized in mix with high doses of a cell‐wall active representative, either a 

glycopeptide or a β‐lactam. The best treatment choice is monotherapy with amoxicillin or a glycopeptide provided at high 
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dosage for at least 8 weeks if the pressure shows high‐level resistance to streptomycin as well. Even with such extended 

treatment, antibiotic therapy often stops working, and surgical treatment is most likely to be needed. 
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