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Infective Endocarditis
Bruno Hoen, M.D., Ph.D., and Xavier Duval, M.D., Ph.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the authors’ clinical recommendations.

A 55-year-old man with a history of mitral regurgitation seeks care after an episode of
transient weakness in his right arm and speech difficulties. He underwent dental
scaling 1 month earlier. He notes recent intermittent fevers and weight loss. On cardiac
examination, his regurgitation murmur appears to be unchanged. A transthoracic
echocardiogram shows a mobile, 12-mm mitral-valve vegetation and grade 2 (mild)
regurgitation. Magnetic resonance imaging of the brain reveals recent ischemic lesions. How should the patient be further evaluated and treated?

THE CL INIC A L PROBL EM
Infective endocarditis has an estimated annual incidence of 3 to 9 cases per 100,000
persons in industrialized countries.1-7 The male:female case ratio is more than 2:1.
The highest rates are observed among patients with prosthetic valves, intracardiac
devices, unrepaired cyanotic congenital heart diseases, or a history of infective endocarditis, although 50% of cases of infective endocarditis develop in patients with no
known history of valve disease. Other risk factors include chronic rheumatic heart
disease (which now accounts for <10% of cases in industrialized countries), agerelated degenerative valvular lesions,1,2,5 hemodialysis, and coexisting conditions
such as diabetes, human immunodeficiency virus infection, and intravenous drug
use. More than one third of the cases of infective endocarditis in the United States
in recent years were reported to be health care–associated (nosocomial or nonnosocomial).8 The clustering of several of these predisposing factors with age probably
explains the increased incidence of infective endocarditis among persons 65 years
of age or older (Fig. 1).7
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MICROBIOLOGY

Streptococci and staphylococci account for 80% of cases of infective endocarditis, with
proportions varying according to valve (native vs. prosthetic), source of infection,
patient age, and coexisting conditions. Staphylococci are now the most frequently
identified microorganisms in several types of infective endocarditis (Fig. 1; and
Table 1 in the Supplementary Appendix, available with the full text of this article at
NEJM.org),2,7,9 which results from the increased proportion of health care–associated
cases of infective endocarditis. In parallel, the incidence of cases attributable to oral
streptococci has decreased in industrialized countries.2
Cases of infective endocarditis in which a blood culture is negative (10% of cases)
may reflect one of two situations: infective endocarditis in patients exposed to
antibiotic agents before the diagnosis of infective endocarditis or infective endocarditis caused by fastidious microorganisms. In the latter case, serologic testing, valve
or blood polymerase-chain-reaction (PCR) assay, and highly specialized microbiologic techniques lead to the identification of the pathogen in 60% of cases,10 with
the most frequent microorganisms being bartonella species, brucella species,
n engl j med 368;15
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Staphylococci and streptococci account for 80% of cases of infective endocarditis, with staphylococci currently the most
common pathogens.
Cerebral complications are the most frequent and most severe extracardiac complications. Vegetations that are large, mobile, or in the mitral position and infective endocarditis due to Staphylococcus aureus are associated with an increased risk of
symptomatic embolism.
Identifying the causative microorganism is central to diagnosis and appropriate treatment; two or three blood cultures
should routinely be drawn before antibiotic therapy is initiated.
When infective endocarditis is suspected, echocardiography should be performed as soon as possible.
Indications for surgery include heart failure, uncontrolled infection, and prevention of embolic events.
Treatment should involve a multidisciplinary team with expertise in cardiology, cardiac surgery, and infectious disease.
Indications for antibiotic prophylaxis have been restricted to invasive dental procedures in patients with a prosthetic valve,
a history of infective endocarditis, or unrepaired cyanotic congenital heart disease.

Coxiella burnetii (the agent causing Q fever), bacteria in the HACEK group (haemophilus species,
Aggregatibacter [formerly Actinobacillus] actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, and Kingella kingae), and Tropheryma whipplei.6,10,11

more than one group. Table 1 in the Supplementary Appendix shows the distribution of cases
among these categories and the corresponding
microorganisms.
OUTCOMES

In contemporary population-based studies of infective endocarditis in industrialized countries, inhospital mortality ranges from 15 to 22%,5,7 and
5-year mortality is approximately 40%.14 However, rates vary widely across subgroups of patients. For instance, in-hospital mortality is less
than 10% among patients with right-sided lesions
or oral streptococcal, left-sided, native-valve lesions, whereas it is 40% or more among patients
with prosthetic-valve infective endocarditis due
to Staphylococcus aureus. In a multivariate analysis
assessing risk factors for death among patients
with infective endocarditis, independent predictors included higher age, S. aureus infection, heart
failure, cerebrovascular and embolic events, and
health care–associated infective endocarditis.5,7

PATHOGENESIS

Normal valvular endothelium is naturally resistant
to colonization by bacteria. In the conventional
model of native-valve infectious endocarditis, infection results from the colonization of damaged
valvular endothelium by circulating bacteria with
specific adherence properties. Endothelial damage may result from so-called jet lesions due to
turbulent blood flow or may be provoked by electrodes or catheters or by repeated intravenous injections of solid particles in intravenous-drug users.
Chronic inflammation, as in chronic rheumatic
heart disease and degenerative valvular lesions,12
may also promote infective endocarditis. However, the conventional model may not accurately
explain the pathogenesis of infective endocarditis due to intracellular microorganisms, such as
S T R ATEGIE S A ND E V IDENCE
C. burnetii, bartonella species, or T. whippelii, in which
the exposure and immune response of the host may PRESENTATION AND DIAGNOSIS
The diagnosis of infective endocarditis is generally
play a prominent role.13
based on clinical, microbiologic, and echocarCLASSIFICATION
diographic findings. The Duke criteria (Table 1)
Whereas infective endocarditis was previously clas- have sensitivity and specificity of more than 80%
sified according to its mode of presentation (acute, and are the reference criteria for diagnosis.15
subacute, or chronic), it is now categorized accord- However, they should not replace clinical judging to underlying cardiac conditions, location, ment for diagnosis in the individual patient, esthe presence of intracardiac devices, or the mode pecially in the first stage of care.
Fever is common, occurring in 80% of cases.6,7
of acquisition. These classifications overlap, with
some cases of infective endocarditis belonging to In large, contemporary case series, recognition of
1426
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Figure 1. Incidence of Definite Infective Endocarditis, According to Age and Microorganism.
Streptococci and staphylococci account for 80% of cases of infective endocarditis, with proportions varying according
to valve (native vs. prosthetic), source of infection, patient age, and coexisting conditions. The clustering of various
predisposing factors with age probably explains the higher incidence of infective endocarditis in persons 65 years
of age or older. Adapted from Selton-Suty et al.7

a new murmur and worsening of a known murmur
are reported in 48% and 20% of cases, respectively.
Other signs are less common: hematuria in 25%
of cases, splenomegaly in 11%, splinter hemorrhages in 8%, Janeway’s lesions in 5%, Roth’s
spots in 5%, and conjunctival hemorrhage in 5%.
Sepsis, meningitis, unexplained heart failure, septic pulmonary emboli, stroke, acute peripheral
arterial occlusion, and renal failure may also be
presenting manifestations.16 Elevated inflammatory markers (erythrocyte sedimentation rate and
C-reactive protein level) are observed in two thirds
of cases, and leukocytosis and anemia in about
half the cases.6,17
Cerebral complications are the most severe extracardiac complications of infective endocarditis,
as well as the most frequent (occurring in 15 to
20% of patients).18,19 They include ischemic and
hemorrhagic stroke (preceding the diagnosis of
infective endocarditis in 60% of patients20,21),
transient ischemic attack, silent cerebral embolism,
mycotic aneurysm, brain abscess, and meningitis.
Specific characteristics of vegetations (those that
are large, mobile, and located in the mitral valve)21
and S. aureus infection21,22 have been associated
with an increased risk of symptomatic embolic
events. Systematic magnetic resonance imaging
(MRI) of the brain may reveal cerebral abnormalities in up to 80% of patients, including embolic
events (mostly asymptomatic) in 50%.23
n engl j med 368;15

Mycotic aneurysms result from septic arterial
embolism to the intraluminal space or vasa vasorum and spread of infection through the vessel
wall. These aneurysms were reported in 5% of
cases in older case series,24 but they are now
detected more frequently because of the wider use
of imaging. Magnetic resonance angiography is
the best confirmation test.25
MICROBIOLOGIC DIAGNOSIS

Identifying the causative microorganism is central to making the diagnosis of infective endocarditis and guiding antimicrobial treatment. Blood
cultures should be performed routinely before the
administration of antibiotics. When three sets of
blood cultures are performed, the pathogen is
identified in about 90% of cases. Serologic tests
for bartonella, C. burnetii, and brucella should be
performed in patients with negative blood cultures
who have risk factors for these infections. If the
causative pathogen has not been identified by
means of blood cultures and the patient requires
valve surgery, gene amplification in cardiac-valve
specimens, as well as immunostaining techniques, if available, may yield a microbiologic
diagnosis.10,26,27
DIAGNOSIS OF VALVULAR LESIONS

Transthoracic echocardiography is performed first
and is better than transesophageal echocardiog-
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Table 1. Duke Criteria for the Diagnosis of Infective Endocarditis.*
Definite diagnosis
Pathological criteria: microorganisms identified by culture or histologic examination of a vegetation, a vegetation that has
embolized, or an intracardiac abscess specimen; or active endocarditis confirmed by histologic examination of vegetation or intracardiac abscess
Clinical criteria: two major, one major and three minor, or five minor criteria
Major clinical criteria
Blood culture positive for infective endocarditis
Microorganisms typically associated with infective endocarditis identified from two separate blood cultures:
viridans streptococci, Streptococcus bovis, bacteria in the HACEK group, or Staphylococcus aureus; or
community-acquired enterococci in the absence of a primary focus
Microorganisms consistent with infective endocarditis identified from persistently positive blood cultures:
at least two positive cultures of blood samples drawn >12 hr apart, or positive results of all of three or a
majority of four or more separate blood cultures (with first and last samples drawn at least 1 hr apart)
Single positive blood culture for Coxiella burnetii or IgG antibody titer for Q fever phase 1 antigen >1:800
Evidence of endocardial involvement
Echocardiogram positive for infective endocarditis: pendulum-like intracardiac mass on valve or supporting
structures, in the path of regurgitant jets, or on implanted material in the absence of an alternative anatomical explanation; abscess; or new partial dehiscence of prosthetic valve†
New valvular regurgitation (worsening or changing of preexisting murmur not a sufficient criterion)
Minor clinical criteria
Predisposition to infective endocarditis, such as a predisposing heart condition, or intravenous drug use
Fever, defined as a temperature >38°C
Vascular phenomena, such as major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial
hemorrhage, conjunctival hemorrhage, and Janeway’s lesions
Immunologic phenomena, such as glomerulonephritis, Osler’s nodes, Roth’s spots, and rheumatoid factor
Microbiologic evidence: positive blood culture but with no major clinical criterion met or serologic evidence of
active infection with an organism consistent with infective endocarditis
Possible diagnosis
Clinical criteria (see above): one major criterion and one minor criterion or three minor criteria
Rejected diagnosis
Firmly established alternative diagnosis; resolution of infective endocarditis–like syndrome with antibiotic therapy for
≤4 days; no pathological evidence of infective endocarditis at surgery or autopsy, with antibiotic therapy
for ≤4 days; or criteria for possible infective endocarditis not met
* Adapted from Li et al.15 HACEK denotes haemophilus species, Aggregatibacter (formerly Actinobacillus) actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, and Kingella kingae.
† Transesophageal echocardiography is recommended in patients with prosthetic valves and possible infective endocarditis
according to clinical criteria or infective endocarditis complicated by paravalvular abscess; transthoracic echocardiography
is recommended as the first test in other patients.

raphy for detecting abscesses in the anterior aortic
valve in a patient with a prosthetic valve and for
assessing the hemodynamic consequences of valvular dysfunction. Transesophageal echocardiography has higher sensitivity and specificity overall
and is recommended when the results of transthoracic echocardiography are negative and there
is a high clinical suspicion, poor imaging quality,
and the presence of prosthetic valves or an intracardiac device, as well as in cases in which the
transthoracic echocardiographic findings are suggestive of infective endocarditis but not definitive.
1428
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Combined transthoracic and transesophageal
echocardiography shows vegetations (Fig. 2) in
90% of cases, valve regurgitation in 60%, paravalvular abscess in 20%,6,7 and infrequently, dehiscence of the prosthesis, pseudoaneurysms, and
fistulas. In cases with initially negative findings
on echocardiography, repeat examination should
be performed if infective endocarditis continues
to be suspected. Repeat transthoracic or transesophageal echocardiography is recommended if
a new complication is suspected and when therapy has been completed.
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TREATMENT

The treatment of patients with suspected or confirmed infective endocarditis should be provided
by a multidisciplinary team with expertise in cardiology, cardiac surgery, and infectious disease.28
Successful treatment is dependent on eradication
of the causative agent, which requires prolonged
bactericidal antibiotic treatment. Surgery may contribute to this goal by removing infected material
and draining abscesses.

LA

LV

Antibiotic Treatment

Guidelines for appropriate antibiotic treatment of
infective endocarditis are published by professional societies and updated regularly.29-31 Table 2 in
the Supplementary Appendix is adapted from the
European Society of Cardiology guidelines and
reviews antibiotic regimens recommended before an organism is identified and for most common causative bacteria.30
For native-valve infective endocarditis due to
common microorganisms, the duration of antibiotic treatment ranges from 2 weeks (for uncomplicated infective endocarditis due to fully
penicillin-susceptible streptococci treated with a
beta-lactam antibiotic combined with an aminoglycoside) to 6 weeks (for enterococcal infective
endocarditis). For infective endocarditis involving
a prosthetic valve, the duration of antibiotic therapy is usually 6 weeks, and regimens are basically the same as those for native-valve infective
endocarditis, with the notable exception of staphylococcal prosthetic-valve infective endocarditis,
for which the regimen should include both rifampin, whenever the strain is susceptible to this
antibiotic, and gentamicin.
When valve replacement is performed during
antibiotic treatment of native-valve infective endocarditis, the duration of antibiotic therapy should
remain the same as the duration recommended
for native-valve infective endocarditis and should
not be switched to that recommended for prosthetic-valve infective endocarditis. In both native-valve and prosthetic-valve infective endocarditis, the duration of treatment should be
calculated from the first day of appropriate antibiotic therapy, not from the day of surgery. After
surgery, a new full course of treatment should be
started only if valve cultures are positive.32
Among aminoglycosides, only gentamicin has
been fully evaluated for the treatment of infective endocarditis and should be used when the
disease is caused by gram-positive cocci. Clinical
n engl j med 368;15

Figure 2. Transesophageal Echocardiogram Showing
a Large Vegetation on a Native Aortic Valve.
A large vegetation (white arrow) can be seen near the
mitral valve (black arrow). LA denotes left atrium, and
LV left ventricle.

trials have shown that a 14-day course of gentamicin, given once daily instead of twice daily, in
combination with ceftriaxone is effective for the
treatment of uncomplicated cases of streptococcal
infective endocarditis involving a native valve.33,34
Combination therapy with a beta-lactam antibiotic and an aminoglycoside should be used for
prosthetic-valve infective endocarditis (Table 2 in
the Supplementary Appendix).
In cases of enterococcal infective endocarditis,
whenever the strain does not exhibit high-level
resistance to gentamicin, that drug should be used
in combination with an antibiotic agent that is
active against the bacterial cell wall. Gentamicin
is generally given for the full 6-week course of
antibiotic treatment; however, in an observational
study, the cure rate of enterococcal infective endocarditis was as high as 81%, with a median duration of aminoglycoside administration of 15 days.
This suggests that shorter courses of aminoglycosides (2 to 3 weeks), which minimize the risk
of renal toxicity, may be effective.35 The question
of whether gentamicin should be administered
in divided daily doses continues to be debated;
clinical data are lacking, and experimental data
are conflicting. The combination of ampicillin
(at a dose of 12 g per 24 hours) with ceftriaxone
(at a dose of 2 g twice daily) may be effective in
infective endocarditis due to Enterococcus faecalis,
regardless of whether the strain is highly resistant to gentamicin36 or not highly resistant.37
Gentamicin is no longer recommended for
staphylococcal infective endocarditis involving a
native valve, because there is no documented
clinical benefit and there is a risk of nephrotox-
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icity.38 In cases involving a prosthetic valve, however, a regimen that includes gentamicin for the
first 2 weeks is recommended, especially in cases
of methicillin-resistant S. aureus (MRSA) infection,
to mitigate the risk of selection of rifampinresistant escape mutants.
Daptomycin (at a dose of 6 mg per kilogram
of body weight per day, given once daily) was
approved by the Food and Drug Administration
for adults with S. aureus bacteremia and rightsided infective endocarditis, on the basis of a
randomized trial showing its noninferiority to
standard therapy (vancomycin or an antistaphylococcal penicillin).39 Observational studies have
also shown the efficacy of daptomycin in patients with left-sided infective endocarditis40
and in patients with infective endocarditis involving an implanted intracardiac device (with
daptomycin used at a dose of 8 to 10 mg per
kilogram per day).41 Daptomycin has been recommended as an alternative to vancomycin for the
treatment of adults with infective endocarditis
due to MRSA.42
Surgical Treatment

of

m e dic i n e

still have an indication for valve surgery. The
decision to proceed with surgery must take into
account the risk of further embolism and the
risks associated with surgery. The incidence of
stroke among patients receiving appropriate antimicrobial therapy decreases from 4.8 cases per
1000 patient-days in the first week of therapy to
1.7 per 1000 patient-days in the second week, with
further decreases thereafter.20 A history of embolic stroke or transient ischemic attack is not in
itself a contraindication to surgery. Postoperative
neurologic deterioration is infrequent after a silent
cerebral embolism or a transient ischemic attack.
After an ischemic stroke, the risk associated with
surgery depends on the neurologic condition of
the patient19; generally, surgery is performed if
the patient does not have severe neurologic damage, as long as cerebral hemorrhage has been
ruled out by means of cerebral imaging.30
Anticoagulant and Antiplatelet Therapies

Observational data have suggested an increased
risk of death from cerebral hemorrhage, with no
reduction in the risk of embolic events, in patients with prosthetic-valve infective endocarditis
due to S. aureus who were receiving treatment with
oral anticoagulant agents.44 European Society of
Cardiology guidelines currently recommend that
in patients already receiving oral anticoagulant
therapy in whom infective endocarditis develops
and is complicated by ischemic and nonhemorrhagic stroke, the oral anticoagulant agent be
replaced with heparin for 2 weeks; however, the
guidelines acknowledge the low level of evidence
supporting this recommendation.30
Antiplatelet agents are not recommended for
patients with infective endocarditis. In a doubleblind, placebo-controlled trial, patients with infective endocarditis who were randomly assigned
to receive aspirin at a dose of 325 mg per day for
4 weeks had no significant decrease in the incidence of embolic events and had a nonsignificant increase in the rate of cerebral bleeding
episodes.45 Observational studies have yielded
conflicting findings with respect to the associations of aspirin use before infective endocarditis
with risks of death and embolic events.46-49 In
the absence of bleeding, aspirin taken for other
indications may not need to be discontinued.

The rate of early valve replacement or repair (i.e.,
surgery performed during the course of antibiotic treatment for infective endocarditis) has increased over the past three decades to approximately 50%.6,7 The main indications for early
valve surgery are heart failure, uncontrolled infection, and prevention of embolic events (Table
2).30 Observational studies assessing associations
between the timing of surgery and outcomes
have yielded inconsistent results.14
In a recent randomized trial involving 76 patients with severe left-sided infective endocarditis and a large vegetation but no indications for
emergency surgery at the time of randomization,
the incidence of the composite end point of inhospital death or embolic events within the first
6 weeks after randomization was significantly
lower among patients assigned to surgery within
48 hours after randomization than among those
assigned to usual care (3% vs. 23%); the benefit
was driven by the reduction in embolic events.43
However, it is unclear whether these results should
be generalized to support the routine use of early
valve surgery, because the patients enrolled in this
study were young (mean age, 47 years), with a low
frequency of coexisting conditions and very low Prophylaxis
mortality (<5%).
In the past decade, on the basis of expert opinion,
After a cerebral embolic event, most patients indications for antibiotic prophylaxis against infec1430
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Table 2. Indications for and Timing of Surgery in Patients with Left-Sided, Native-Valve Infective Endocarditis.*
Indication

Timing of Surgery†

Heart failure
Aortic or mitral-valve infective endocarditis with severe acute regurgitation or obstruction causing refractory pulmonary edema or cardiogenic shock

Emergency

Aortic or mitral-valve infective endocarditis with fistula into a cardiac chamber or pericardium
causing refractory pulmonary edema or cardiogenic shock

Emergency

Aortic or mitral-valve infective endocarditis with severe acute regurgitation or obstruction and
persistent heart failure or signs of poor hemodynamic tolerance (early mitral-valve closure or
pulmonary hypertension)

Urgent

Aortic or mitral-valve infective endocarditis with severe regurgitation and heart failure easily controlled with medical treatment

Elective

Uncontrolled infection
Locally uncontrolled infection (abscess, false aneurysm, fistula, enlarging vegetation, or dehiscence of prosthetic valve)

Urgent

Persistent fever and positive blood cultures for >5–7 days

Urgent

Infection caused by fungi or multidrug-resistant organisms, such as Pseudomonas aeruginosa
and other gram-negative bacilli

Elective

Prevention of embolism
Aortic or mitral-valve infective endocarditis with large vegetations (>10 mm in length) after one
or more embolic episodes, despite appropriate antibiotic therapy, especially during the first
2 weeks of therapy

Urgent

Aortic or mitral-valve infective endocarditis with large vegetations (>10 mm) and other predictors
of complicated course (heart failure, persistent infection, or abscess)

Urgent

Isolated, very large vegetations (>15 mm); surgery may be preferred if a procedure preserving
the native valve is feasible

Urgent

* Adapted from Habib et al.30
† Emergency surgery was defined as surgery performed within 24 hours after the condition was identified, urgent surgery
as that performed within a few days after the condition was identified, and elective surgery as that performed after at
least 1 or 2 weeks of antibiotic therapy.

tive endocarditis have been restricted to patients
who have a prosthetic valve, a history of infective
endocarditis, or unrepaired cyanotic congenital
heart disease and who are planning to undergo an
invasive dental procedure; the recommended regimens are summarized in Table 3 in the Supplementary Appendix.30,50 In the United Kingdom,
antibiotic prophylaxis against infective endocarditis
is no longer recommended in any circumstances.51
To date, reports indicate no appreciable increase in
the incidence of infective endocarditis due to viridans group streptococci since the guidelines were
revised to recommend a restricted use of antibiotic prophylaxis.52,53 Good oral, dental, and skin
hygiene are recommended to reduce risks.

rifampin was reported to be effective for S. aureus
infective endocarditis in a study of intravenousdrug users,54 oral therapy cannot currently be recommended for infective endocarditis.
Despite the recent randomized trial suggesting
a benefit of early surgery,43 the appropriate timing of surgery remains controversial. When surgery is performed within the first week of antibiotic treatment, there may be increased risks of
relapse and prosthetic-valve dysfunction.55
The usefulness of systematic brain imaging and
the preferred treatment of patients with infective
endocarditis and cerebral mycotic aneurysms are
also uncertain. Because unruptured aneurysms
may resolve with antibiotic therapy alone,24 such
patients should receive antibiotics, with serial angiography performed to document the resolution
A R E A S OF UNCER TA IN T Y
of the aneurysm. Endovascular treatment should
The appropriate duration of antibiotic therapy, es- be pursued only if the aneurysm is very large
pecially aminoglycosides, remains uncertain. Al- (e.g., >10 mm) or if it is not resolving or is enthough a combination of oral ciprofloxacin and larging despite treatment with antibiotics.25
n engl j med 368;15
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GUIDEL INE S
Guidelines addressing the prophylaxis and management of infective endocarditis have been published by professional societies in the United States
and Europe.29-31 The recommendations presented
here are largely consistent with these guidelines.

C ONCLUSIONS
A ND R EC OM MENDAT IONS
The patient in the vignette has evidence of native
mitral-valve infective endocarditis complicated by
cerebral emboli. Antibiotic treatment should be
started immediately after two to three blood cultures have been drawn. Pending culture results, an
aminopenicillin with beta-lactam inhibitor (either
ampicillin with sulbactam or amoxicillin with
clavulanate potassium)29,30 should be given in
combination with gentamicin. The recent cerebral embolic events and the large, mobile mitral-

of
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valve vegetation seen on the echocardiogram are
indications for urgent mitral-valve surgery, in the
absence of contraindications. If blood cultures are
still negative at the time of surgery, a sample of
valve tissue should be obtained for culture, and a
broad-range PCR assay should be performed to
help identify the causative microorganism, with
adaptation of the antibiotic regimen to the identified microorganism. The patient should be counseled concerning the prevention of recurrent infective endocarditis (oral and overall hygiene and
appropriate use of antibiotic prophylaxis, given that
he will now have both a history of infective endocarditis and a prosthetic valve).
Dr. Duval reports receiving grant support through his institution from Pfizer and travel expenses from Roche. No other potential conflict of interest relevant to this article was reported.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
We thank Dr. L. Kritharides and Dr. R.W. Sy for sharing data
from the Australian population-based study on infective endocarditis.
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