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Native-Valve Infective Endocarditis
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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 72-year-old man with type 2 diabetes mellitus, stage 2 chronic kidney disease, and
a history of mild aortic stenosis is admitted to the hospital with fever, dysuria, and
urinary frequency. His temperature is 38.9°C, the pulse is regular at 110 beats per
minute, and the blood pressure is 145/95 mm Hg. His lungs are clear; a grade 3/6
systolic ejection murmur is heard at the right upper sternal border. Laboratory tests
are notable for a hemoglobin level of 12 g per deciliter, a white-cell count of 13,500
per cubic millimeter (with 80% polymorphonuclear cells), a serum glucose level of
340 mg per deciliter (18.7 mmol per liter), a serum creatinine level of 1.7 mg per
deciliter (150 μmol per liter), and a urinalysis with 3+ protein, 20 to 50 white cells per
high-power field, and 4+ glucose. Two blood cultures and a urine culture are positive
for ampicillin-susceptible Enterococcus faecalis. How would you further evaluate and
treat this patient?

The Cl inic a l Probl em
Epidemiologic, Pathophysiological, and Clinical Features

N

ative-valve infective endocarditis is uncommon, with an incidence of approximately 2 to 10 cases per 100,000 person-years.1,2 The
presumed initiating event is injury to the valvular endothelium or endocardium. This injury exposes subendothelial collagen and other matrix molecules
to which platelets and fibrin adhere and form a microthrombotic lesion called a
sterile vegetation. Bacteria circulating in the bloodstream then bind to and colonize this lesion. In the absence of an effective host response, bacteria replicate in
situ, stimulating further platelet and fibrin deposition to form an infected vegetation that is the hallmark of infective endocarditis (Fig. 1).
Vegetations create a protective microenvironment that is poorly accessible to
neutrophils and host defense molecules. Vegetations are loaded with bacteria at
very high densities (i.e., 109 to 1010 colony-forming units [CFU] per gram of vegetation) that promote high-grade bacteremia and further growth of the vegetation,
which becomes friable and readily fragments into the circulation. These conditions (high bacterial densities, growing vegetation, and friability and fragmentation of the growing vegetation) drive the four mechanisms that are responsible for
most of the clinical features of infective endocarditis and its complications: valvular destruction, paravalvular extension of infection, and heart failure; microvascular and large-vessel embolization; metastatic infection of target organs (e.g., the
brain, kidneys, spleen, and lungs); and immunologic phenomena such as hypocomplementemic glomerulonephritis and false positive serologic findings of rheun engl j med 383;6
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Key Clinical Points

Native-Valve Infective Endocarditis
•
•
•
•
•
•

The modified Duke criteria, which are based on findings on physical examination, echocardiography,
microbiologic studies, and computed tomographic and magnetic resonance imaging of target organs,
are sensitive and specific for the clinical diagnosis of infective endocarditis.
Transesophageal echocardiography, which is more sensitive than transthoracic echocardiography (TTE)
for identifying valvular vegetations and periannular complications of infective endocarditis, is indicated
when TTE is negative or nondiagnostic.
Beta-lactam antibiotics are recommended over vancomycin or daptomycin for treatment of infective
endocarditis caused by methicillin-susceptible Staphylococcus aureus.
In older patients with infective endocarditis caused by Enterococcus faecalis, especially those with underlying renal disease or those receiving other nephrotoxic agents, ampicillin plus ceftriaxone is preferred
over aminoglycoside-containing regimens.
Early surgery for uncontrolled infection, congestive heart failure caused by valvular dysfunction,
or prevention of central nervous system embolization is associated with improved outcomes.
A transition to an oral step-down regimen after an initial intravenous course of therapy may be
considered in selected patients.

A

B

Figure 1. Mitral-Valve Vegetations in Infective
Endocarditis.
Panel A shows the gross appearance of a large vegetation on a rheumatic mitral valve, as measured in centimeters. Panel B shows hematoxylin and eosin staining
of a microscopic cross section of a mitral-valve vegetation. Bacteria (black arrow) are surrounded by fibrin
and embedded within the vegetation, and inflammatory
cells (white arrow) are present on the surface of the
vegetation.
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matoid factor, antineutrophil antibodies, or
syphilis.
Cardiac conditions that predispose to infective
endocarditis include congenital disease (e.g., ventricular septal defect and bicuspid aortic valve)
and acquired valvular disease (e.g., degenerative
valvular disease, aortic stenosis, and rheumatic
heart disease). Rheumatic heart disease, the
most common predisposing condition for infective endocarditis in developing countries, is uncommon in developed countries, where the most
frequent predisposing cardiac conditions are degenerative valvular diseases, congenital valvular
abnormalities, and intracardiac devices.3,4 Noncardiac risk factors include poor dentition, intravenous drug use, hemodialysis, chronic liver disease, diabetes, compromised immunity, neoplastic
disease, and indwelling intravascular devices.
Fever and heart murmur, the two signature
features of infective endocarditis, are present in
approximately 90% and 75% of patients, respectively.1,3 Infective endocarditis may present acutely
with a rapidly progressive course complicated by
congestive heart failure, stroke, systemic or pulmonary embolization, severe sepsis or septic
shock, or subacutely with nonspecific symptoms
such as low-grade fever, malaise, chills, sweats,
dyspnea, back pain, arthralgias, and weight loss
over a period of weeks or sometimes months.
Microembolic or immunologic phenomena such
as splinter hemorrhage, conjunctival hemorrhage,
Osler nodes (distal vasculitic lesions of the fingers and toes), Janeway lesions (vasculitic lesions
of the palms and soles), and Roth spots (hemornejm.org
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Table 1. Modified Duke Criteria for the Clinical Diagnosis of Infective Endocarditis.*
Major clinical criteria
Positive blood culture
Typical microorganisms (Staphylococcus aureus, viridans streptococci, Streptococcus gallolyticus, HACEK [haemophilus
species, aggregatibacter (formerly actinobacillus) species, cardiobacterium species, Eikenella corrodens, and
kingella species], and community-acquired enterococci in the absence of a primary focus) consistent with
infective endocarditis from two separate blood cultures
Microorganisms consistent with infective endocarditis from persistently positive blood cultures, defined as ≥2 positive
cultures from blood samples drawn >12 hr apart or all of 3 or a majority of ≥4 separate cultures of blood (with
first and last sample drawn at least 1 hr apart)
Single positive blood culture for Coxiella burnetii or phase I IgG antibody titer >1:800
Positive echocardiography
Vegetation (defined as an oscillating intracardiac mass on a valve or supporting structure), abscess, or new partial
dehiscence of a prosthetic valve
New valvular regurgitation (an increase or change in preexisting murmur is not sufficient)
Minor clinical criteria
Presence of predisposing cardiac condition or intravenous drug use
Temperature ≥38.0°C (100.4°F)
Vascular phenomena such as systemic arterial emboli, septic pulmonary emboli, mycotic aneurysm, intracranial hemorrhage, conjunctival hemorrhages, or Janeway lesions
Immunologic phenomena such as glomerulonephritis, Osler nodes, Roth spots, or rheumatoid factor
Positive blood cultures that do not meet major criteria, or serologic evidence of active infection with organism consistent
with infective endocarditis
*	Adapted from Li et al.6 A definite diagnosis is based on two major criteria, five minor criteria, or one major criterion
plus three minor criteria. Possible endocarditis is based on three minor criteria or one major criterion plus one minor
criterion. If criteria for either definite or possible endocarditis are not met, the diagnosis of infective endocarditis is
rejected.

rhagic retinal lesions) are present in 5 to 10% of
patients.
Microbiologic Features

Worldwide, gram-positive bacteria account for
approximately 80% of cases of native-valve infective endocarditis. These bacteria include Staphylococcus aureus in 35 to 40% of cases of nativevalve infective endocarditis, streptococci in 30 to
40% (viridans streptococci in approximately 20%
and Streptococcus gallolyticus [formerly S. bovis] and
other streptococci in approximately 15%), and
enterococci in 10%.1,2,4 Coagulase-negative staphylococci, a common cause of prosthetic-valve
infective endocarditis, are uncommon in nativevalve infective endocarditis, except for S. lugdunensis, which resembles S. aureus clinically. HACEK
species (haemophilus species, aggregatibacter
[formerly actinobacillus] species, cardiobacterium species, Eikenella corrodens, and kingella species), fungi, polymicrobial infection, and, rarely,
aerobic gram-negative bacilli are isolated in 5%
of cases.
n engl j med 383;6

S t r ategie s a nd E v idence
Evaluation and Diagnosis

The modified Duke criteria provide the framework for the diagnosis of infective endocarditis.
A definite pathological diagnosis can be made if
organisms are identified on histologic analysis
or culture of the vegetation, intracardiac abscess,
or peripheral embolus, or if evidence of a vegetation or intracardiac abscess is confirmed by
histologic analysis showing active endocarditis.5
A definite or possible clinical diagnosis of infective endocarditis is based on a combination of
major and minor criteria that are rooted in microbiologic, echocardiographic, and clinical metrics
(Table 1). The sensitivity of the modified Duke
criteria for infective endocarditis is approximately
80% for definite cases and higher if possible
cases are included.6,7 These criteria have lower
sensitivity in infections related to a prosthetic
valve or cardiac device, endocarditis on the right
side of the heart, and culture-negative infective
endocarditis.7,8 The negative predictive value is
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Table 2. Diagnosis of Culture-Negative Endocarditis.*
Microorganism

Clinical and Epidemiologic Clues

Serologic
Testing

Specific RT-PCR
Assay†

Ribosomal RNA
PCR Assay†‡

Bartonella henselae,
B. quintana

Exposure to cats (B. henselae), homelessness (B. quintana), body lice (B. quintana), human immuno
deficiency virus infection; most common cause of
culture-negative endocarditis in the United States

Available

Available

Available

Brucella species

Consumption of unpasteurized dairy products, exposure
to tissue or fluids from infected animals (cattle, goats,
sheep, or dogs)

Available

—

Available

Coxiella burnetii

Contact with farm animals (cattle, goats, or sheep), abattoir exposure, laboratory exposure; common cause
of culture-negative endocarditis in southern Europe
and Middle East

Available

Available

Available

Fungi

Injection drug use, immunosuppression, prosthetic
valve

Available

—

Available

Legionella species

Immunocompromised host, prosthetic valve

Available§

Available

Available

Mycoplasma species

Acute infection, prosthetic valve

Available¶

—

Available

Staphylococci, streptococci, enterococci,
HACEK

Previous use of antibiotics

—

Available

Available

Tropheryma whipplei

Chronic systemic illness, arthralgias, weight loss, gastro
intestinal symptoms, central nervous system in
volvement

—

Available‖

Available

*	Dashes indicate that the test to detect the microorganism is not available or not applicable. HACEK denotes haemophilus species, aggregatibacter (formerly actinobacillus) species, cardiobacterium species, Eikenella corrodens, and kingella species; PCR polymerase chain reaction;
and RT-PCR reverse-transcriptase PCR.
†	The sensitivity is substantially higher if the RT-PCR or broad-range 16S or 18S RNA PCR assay is performed on a valvular vegetation or on
abscess material rather than blood.
‡	Broad-range PCR assays target 16S and 18S ribosomal RNA genes.
§	Serologic tests and urinary antigen tests detect only the Legionella pneumophila serotype 1.
¶	Serologic tests are performed to detect only Mycoplasma pneumoniae.
‖	Biopsy of the involved extracardial tissue (e.g., small bowel and synovium, if present) is recommended.

approximately 90% when criteria are not met for
either definite or possible infective endocarditis.
Blood cultures are the most important microbiologic tests for the diagnosis and treatment of
infective endocarditis, and they fulfill a major
Duke criterion. Antimicrobial therapy largely
depends on the blood-culture isolate and its
antimicrobial susceptibility. Approximately 90 to
95% of cases of native-valve infective endocarditis are blood culture–positive. To maximize
recovery of a pathogen, three separate sets of
blood cultures drawn 30 minutes apart are recommended before the initiation of antibiotics.9,10
Blood culture–negative cases are most commonly caused by recent administration of antimicrobial agents or by organisms that grow
poorly or not at all in standard blood culture
media (e.g., bartonella species, Coxiella burnetii,
Tropheryma whipplei, and legionella).11
Serologic and molecular testing for likely
570
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pathogens should be performed if blood cultures are negative; this testing is guided by epidemiologic clues (e.g., C. burnetii infection may
be associated with exposure to farm animals,
and Bartonella quintana infection may be associated with homelessness) (Table 2). Molecular
diagnosis is based on nucleic acid amplification
by polymerase chain reaction (PCR), either with
specific primers for a particular species or genus, or with broad-range primers targeting the
16S ribosomal RNA (rRNA) gene for bacterial
pathogens or the 18S rRNA gene for fungal
pathogens. For PCR diagnostic tests, the reported sensitivities are 33 to 90% and the reported
specificities are 77 to 100%.11,12 Next-generation
sequencing, which is expected to be more accurate than PCR-based methods, is anticipated in
the coming years. The preferred specimen for
molecular assays is an excised valve or vegetation. Plasma DNA amplification assays may as-
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sist in microbiologic diagnosis in cases in which
the pathogen is difficult to determine.
Echocardiography is an essential tool in the
diagnosis and management of infective endocarditis.13 The sensitivity for detection of vegetations in native-valve infective endocarditis is 50 to
60% with transthoracic echocardiography (TTE)
and 90% or more with transesophageal echocardiography (TEE).13-15 The specificities of both are
approximately 95%. Because TTE is also less
sensitive than TEE for detecting intracardiac
complications (e.g., paravalvular abscess), TEE is
preferred to rule out infective endocarditis in
patients in whom this condition is suspected
and to assess intracardiac complications.
Among newer forms of imaging,16,17 the most
widely studied is 18F-fluorodeoxyglucose cardiac
positron-emission tomography (PET) plus computed tomography (CT). PET-CT is most applicable to the diagnosis and evaluation of prosthetic-valve infective endocarditis; its role in
native-valve infective endocarditis is poorly studied and unclear.
Antimicrobial Therapy

Recommendations for antimicrobial therapy for
infective endocarditis (Table 3) are based almost
entirely on observational studies rather than on
randomized clinical trials. These recommendations rest on four basic principles: the ability of
the regimen to kill the pathogen, the administration of a prolonged course of therapy (i.e.,
weeks rather than days), intensive dosing to ensure adequate drug exposure, and source control. In general, vancomycin plus ceftriaxone is a
reasonable choice for empirical therapy to cover
likely pathogens while cultures are pending in
patients with native-valve infective endocarditis.
For susceptible strains, beta-lactam antibiotics are the cornerstone of definitive therapy. These
agents are preferred over others unless the patient cannot take them without adverse effects or
there is a documented immediate (type I) hypersensitivity reaction. Infective endocarditis that is
caused by penicillin-nonsusceptible strains of
viridans streptococci, S. gallolyticus, abiotrophia
species, or granulicatella species can be treated
with a combination of penicillin or ceftriaxone
plus gentamicin; vancomycin monotherapy is an
option, although there is less overall experience
with this agent.
An antistaphylococcal penicillin (e.g., oxacillin)
n engl j med 383;6

is the drug of choice for infective endocarditis
that is caused by methicillin-susceptible strains
of S. aureus (MSSA). Randomized, controlled trials
have shown that combination therapy with an
antistaphylococcal penicillin and either gentamicin or rifampin does not improve outcomes
and is associated with adverse events; therefore,
this combination is not recommended.9,10,18,19
Cefazolin is a reasonable alternative for patients
with MSSA who cannot receive penicillin without adverse effects.9,20,21 One concern with cefazolin is that some strains have an “inoculum effect,” which is defined as an increase in the
broth dilution minimum inhibitory concentration (MIC) to 16 μg per milliliter or greater at an
inoculum of 5×107 CFU per milliliter (100 times
the standard inoculum of approximately 5×105
CFU per milliliter).22 This inoculum effect, which
is due at least in part to hydrolysis of cefazolin
by staphylococcal penicillinase, may be associated with clinical failure.23
Daptomycin or vancomycin monotherapy is
recommended for treatment of native-valve infective endocarditis caused by methicillin-resistant
S. aureus (MRSA).24,25 The benefit of combination
therapy remains unproved. A randomized trial
comparing vancomycin (or, in 8 patients, daptomycin) alone or in combination with an antistaphylococcal beta-lactam antibiotic (primarily
flucloxacillin) for MRSA bacteremia in 363 patients (including 42 with infective endocarditis)
showed no benefit of the combination for the
primary composite outcome of mortality at 90
days, persistent bacteremia at day 5, microbiologic relapse, or microbiologic treatment failure.26
The combination group had higher mortality at
90 days (despite more rapid clearance of blood
cultures) and a significantly higher incidence of
acute kidney injury. Anecdotal data suggest that
combining a second agent (e.g., ceftaroline) with
vancomycin or daptomycin may benefit patients
who have persistent bacteremia or otherwise do
not have a response.27-29 However, the most bene
ficial combination is currently unknown.
Combination therapy is recommended for the
treatment of enterococcal infective endocarditis.
Penicillin or ampicillin in combination with lowdose, synergistic gentamicin has been the standard treatment for decades. The usefulness of
this regimen is limited by gentamicin toxicity
and an increasing incidence of high-level resistance to gentamicin that indicates a lack of
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Table 3. Antimicrobial Regimens for Treatment of Native-Valve Infective Endocarditis.*
Microorganism and Regimen

Dose and Duration of Treatment†

Comments

Viridans streptococci, Streptococcus
gallolyticus
Penicillin MIC ≤0.12 μg/ml
Penicillin G

12 million–18 million units/day intravenously in
4–6 divided doses for 4 wk

Ceftriaxone

2 g intravenously once daily for 4 wk

Vancomycin

30 mg/kg/day intravenously in 2–3 divided doses
for 4 wk

Penicillin G plus gentamicin

Penicillin G (12 million–18 million units/day intra
venously in 4–6 divided doses) plus gentamicin
(3 mg/kg intravenously once daily) for 2 wk

Avoid gentamicin in patients with preexisting renal disease, in the elderly, and in
patients at risk for nephrotoxicity or
ototoxicity (i.e., in those receiving other
potentially nephrotoxic or ototoxic drugs)

Ceftriaxone plus gentamicin

Ceftriaxone (2 g intravenously once daily) plus
gentamicin (3 mg/kg intravenously once daily)
for 2 wk

Avoid gentamicin in patients with preexisting renal disease, in the elderly, and in
patients at risk for nephrotoxicity or
ototoxicity (i.e., in those receiving other
potentially nephrotoxic or ototoxic drugs)

Penicillin MIC >0.12 to <0.5 μg/ml
Penicillin G plus gentamicin

Penicillin G (24 million units/day intravenously
in 4–6 divided doses for 4 wk) plus gentamicin
(3 mg/kg intravenously once daily for 2 wk)

Ceftriaxone plus gentamicin

Ceftriaxone (2 g once daily for 4 wk) plus gentamicin
(3 mg/kg intravenously once daily for 2 wk)

Vancomycin

30 mg/kg/day in 2–3 divided doses for 4 wk

If the ceftriaxone MIC of the isolate is ≤0.5
μg/ml, ceftriaxone alone is an option

Abiotrophia defectiva, granulicatella
species, viridans streptococci,
S. gallolyticus, penicillin MIC
≥0.5 μg/ml
Penicillin G plus gentamicin

Penicillin G (24 million units/day intravenously in
4–6 divided doses) plus gentamicin (3 mg/kg
intravenously in 2–3 doses) for 4–6 wk

Vancomycin

30 mg/kg/day in 2–3 divided doses for 4–6 wk

European Society of Cardiology guidelines10
recommend penicillin or ceftriaxone
for 6 wk plus gentamicin for ≥2 wk

Enterococci
Ampicillin plus gentamicin

Ampicillin (12 g/day in 6 divided doses) plus gentamicin (3 mg/kg intravenously in 2–3 divided
doses) for 4–6 wk

Not recommended for strains with highlevel aminoglycoside resistance; limited
data suggest that gentamicin can be
discontinued after 2 wk

Penicillin G plus gentamicin

Penicillin G (24 million units/day intravenously in
4–6 doses) plus gentamicin (3 mg/kg intravenously in 2–3 divided doses) for 4–6 wk

Not recommended for strains with highlevel aminoglycoside resistance; limited
data suggest that gentamicin can be
discontinued after 2 wk

Ampicillin plus ceftriaxone

Ampicillin (12 g/day in 6 divided doses) plus
ceftriaxone (2 g every 12 hr) for 6 wk

Recommended for strains with high-level
aminoglycoside resistance

Vancomycin plus gentamicin

Vancomycin (30 mg/kg/day in 2–3 divided doses)
plus gentamicin (3 mg/kg/day in 2–3 divided
doses) for 6 wk

Not recommended for strains with highlevel aminoglycoside resistance; regimen of last resort because of toxicity
Vancomycin or daptomycin is an option for
patients who cannot receive beta-lactam
antibiotics without adverse effects or
with immediate hypersensitivity to
beta-lactam antibiotics

Methicillin-susceptible Staphylococcus
aureus

572

Nafcillin or oxacillin

12 g/day intravenously in 6 divided doses for 6 wk

Cefazolin

6 g/day intravenously in 3 divided doses for 6 wk

n engl j med 383;6
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Table 3. (Continued.)
Microorganism and Regimen

Dose and Duration of Treatment†

Comments

Methicillin-resistant S. aureus
Vancomycin

30–60 mg/kg/day intravenously in 2–4 divided doses
for 6 wk

Daptomycin

10 mg/kg/day intravenously once daily for 6 wk

The target 24-hr area under the concentration curve is 400–600 μg× hr/ml

HACEK
Ceftriaxone

2 g intravenously once daily for 4 wk

Ciprofloxacin

800 mg/day intravenously or 1500 mg orally in 2 divided
doses for 4 wk

Levofloxacin

750 mg intravenously or orally once daily for 4 wk

*	HACEK denotes haemophilus species, aggregatibacter (formerly actinobacillus) species, cardiobacterium species, Eikenella corrodens, and
kingella species; and MIC minimum inhibitory concentration.
†	The duration of therapy once blood cultures have converted to negative is shown.

synergy. Observational data suggest that a 6-week
course of ampicillin plus ceftriaxone is an acceptable alternative for treatment of infective
endocarditis caused by ampicillin-susceptible
strains of E. faecalis.9,10,20,30 If the ampicillin–gentamicin combination is used, the efficacy of combination therapy for 2 weeks followed by ampicillin alone for 4 to 6 weeks may be similar to
that of the standard combination regimen for
4 to 6 weeks and is less toxic.31,32
Surgical Management

The three main indications for surgery in patients with native-valve infective endocarditis are
heart failure due to valvular dysfunction or perforation, uncontrolled endocardial infection (e.g.,
paravalvular extension or persistent bacteremia),
and prevention of systemic embolization, especially to the brain (Table 4). In a prospective
cohort study involving patients with native-valve
infective endocarditis, a multivariable analysis
with adjustment for coexisting conditions showed
that an indication for surgery without performance of the surgery was an independent predictor of death.33 The appropriate timing of valve
surgery is not well defined and is a highly individualized decision that is best made by an experienced multidisciplinary team.34
One small randomized, controlled trial compared early surgery during the initial hospitalization and within 48 hours after randomization
(in 37 patients) with conventional treatment (in
39 patients) in patients with endocarditis on the
left side of the heart, severe valvular regurgitation (without heart failure), and large vegetations
n engl j med 383;6

Table 4. Indications for Early Cardiac-Valve Surgery.
Heart failure
Refractory pulmonary edema or cardiogenic shock due to aortic-valve or
mitral-valve dysfunction, obstruction, fistula, or shunt
Aortic-valve or mitral-valve regurgitation or dysfunction with poorly
compensated hemodynamic function
Uncontrolled infection
Fungal pathogen
Multidrug-resistant pathogen
Blood cultures that are persistently positive for an antibiotic-susceptible
pathogen in a patient receiving appropriate antimicrobial therapy for
6 or 7 days despite adequate source control of other foci of infection
Paravalvular complications (e.g., abscess)
Prevention of systemic embolization
Aortic-valve or mitral-valve vegetation >10 mm, especially when accompanied
by ≥1 embolic events while the patient is receiving appropriate therapy

(>10 mm in diameter).35 Early surgery significant
ly reduced the risk of the combined end point of
in-hospital death or embolic events within 6 weeks
after randomization, but this decreased risk was
driven entirely by decreases in the risk of systemic embolism. This trial was limited in that
patients had few underlying diseases, and patients with streptococcal infections and mitralvalve infective endocarditis were overrepresented.
Two meta-analyses showed that early surgery, as
compared with conventional therapy (i.e., medical
therapy or late surgery at >20 days), was associated with a 40 to 60% reduction in death from
any cause.36,37 However, how best to identify patients who are most likely to benefit from early
valve surgery remains unclear.
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Modified Duke criteria for the clinical diagnosis
of infective endocarditis are not based on the
results of molecular diagnostic testing. As these
methods improve in accuracy and become routinely available, their role in diagnosis will need
to be taken into account.
Whether routine brain magnetic resonance
imaging (MRI) and other advanced imaging
techniques such as PET-CT improve the diagnosis, treatment, and outcomes in patients with
native-valve infective endocarditis is unclear. MRI
is more sensitive than CT for detecting central
nervous system (CNS) lesions, and the presence
of asymptomatic embolic lesions in patients with
suspected infective endocarditis is a minor criterion in support of the diagnosis.16,17,38 Routine
brain MRI has been recommended to detect silent CNS emboli in patients who are candidates
for valvular surgery,34 although whether this
improves outcomes is unknown.
Data from randomized, controlled trials to
inform the benefits and risks of oral antimicrobial therapy for infective endocarditis are limited. The Partial Oral Treatment of Endocarditis
(POET) trial39 showed that in patients with infective endocarditis on the left side of the heart
and whose condition had stabilized, treatment
with oral antibiotics after an initial course of
intravenous antibiotics was noninferior to standard intravenous antibiotic treatment at 6 months
after the end of treatment; longer-term followup showed no deleterious outcomes with oral
step-down therapy.40 However, only 20% of the
patients who underwent screening were enrolled,
and few had S. aureus infection (none with MRSA).
Additional data are needed to clarify the safety
and efficacy of this approach in a variety of
clinical settings.41
The timing of surgery in patients with infective endocarditis, criteria for delaying surgery,
and predictors of surgical mortality and poor
outcomes need to be better defined. Most guidelines recommend delaying valve surgery for at
least 4 weeks in patients with large embolic CNS
lesions or intracranial hemorrhage,9,10,20 although
earlier surgery may be safely performed in selected patients despite these conditions42 and in
patients with small embolic brain lesions (<2 cm
in diameter), without hemorrhage or major neurologic deficits. Several scoring systems have
574
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been proposed to predict surgical mortality and
postoperative complications in patients with infective endocarditis43; however, limitations, including small sample sizes, reliance on retrospective
data, changes in surgical practice over time
(which may span decades), and lack of largescale, external validation make it difficult to
assess the accuracy of these systems.

Guidel ine s
The American Heart Association, the European
Society of Cardiology, the Japanese Society of
Cardiology, and the American Association for
Thoracic Surgery9,10,20,34 have each published guidelines on the diagnosis and management of infective endocarditis. These guidelines are generally concordant in their recommendations,
with relatively minor differences with respect to
antimicrobial therapy, forms of imaging, and
indications for and timing of surgery. The recommendations presented here are in general
agreement with these guidelines.

C onclusions a nd
R ec om mendat ions
The patient described in the vignette has community-acquired enterococcal pyelonephritis with
bacteremia. On purely clinical grounds, the presence of bacteremia plus a murmur in a febrile
patient is strongly suggestive of underlying infective endocarditis. At presentation, this patient
probably satisfies three minor Duke criteria for
possible endocarditis: fever; two positive blood
cultures for E. faecalis, but with a primary focus
of pyelonephritis (hence, this is not a major criterion); and aortic stenosis, a predisposing cardiac condition.
Additional blood cultures should be obtained,
which if positive would meet a major criterion
for the diagnosis of infective endocarditis —
persistently positive blood cultures. Echocardiography should be performed immediately to document the nature of the valvular lesion and the
presence of vegetations or complications of infective endocarditis. Although TEE is much more
sensitive than TTE for detecting valvular vegetations and paravalvular complications, we would
start with TTE, since it is noninvasive, can be
readily performed, and provides better information on myocardial function (e.g., the ejection
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fraction). If TTE is negative or nondiagnostic,
then TEE is indicated given the strong suspicion
for infective endocarditis. If TEE is nondiagnostic and suspicion for infective endocarditis remains high, then it should be repeated several
days later.
We would engage a multidisciplinary team in
care, including specialists in cardiology, cardiovascular surgery, and infectious diseases. Combination antimicrobial therapy for treatment of
presumed enterococcal infective endocarditis
should be administered promptly. Although susceptibility of the isolate to gentamicin should
be confirmed, this patient’s age, diabetes, and
chronic kidney disease place him at high risk for
acute kidney injury from gentamicin, and we
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