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Although the role of echocardiography is well established in the management of native
valve and prosthetic valve endocarditis, the recent introduction of intracardiac devices,
including pacemakers, implantable defibrillators, closure devices, and ventricular assist
devices, has expanded its utility. Echocardiography permits the direct imaging of valvu-
lar vegetations, and it allows for the identification of structural complications of endo-
carditis. It is useful for characterizing the hemodynamic consequences of the infection.
It can also provide prognostic information concerning risk of embolization and/or need
for cardiac surgery. This article reviews the roles of transthoracic echocardiography and
transesophageal echocardiography in the evaluation of patients with native valve endo-
carditis, prosthetic valve endocarditis, and infections involving a variety of nonvalvular
cardiovascular devices. 
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Infective endocarditis is a clinical challenge that is associated with high pa-
tient morbidity and mortality. Since the initial description of valvular vege-
tations using M-mode echocardiography in 1973,1 echocardiographic imag-

ing and Doppler flow visualization have assumed an increasingly important
role in the diagnosis, treatment, and prognosis of patients with this disease.

Echocardiography plays a number of roles in the evaluation of patients with
suspected infective endocarditis.2-8 First, echocardiography permits the direct
imaging of valvular vegetations, the hallmark of endocarditis. Second, it allows
for the identification of structural complications of endocarditis, such as
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perivalvular abscess, flail leaflet,
pseudoaneurysm, or partial dehis-
cence of a prosthetic valve. Third, it
is useful for characterizing the hemo-
dynamic consequences of the infec-
tion, such as valvular regurgitation
or fistula formation, and their effects
on chamber size and function. Fi-
nally, it can provide prognostic in-
formation concerning risk of em-
bolization and/or need for cardiac
surgery. Echocardiography can be
particularly useful in patients with
culture-negative endocarditis, in pa-
tients with clinical signs and symp-
toms that are inconsistent with the

severity of their infection, and in pa-
tients with bacteremia of unknown
cause, to exclude endocarditis. Due
to the sensitivity of the technique,
echocardiographic identification of
vegetations, abscesses, or partial de-
hiscence of a prosthetic valve has
been added as one of the major Duke
criteria for endocarditis (Table 1).7

Although the role of echocardiog-
raphy is well established in the man-
agement of native valve and pros-
thetic valve endocarditis, the recent
introduction of intracardiac devices,
including pacemakers, implantable
defibrillators, closure devices, and

ventricular assist devices, has ex-
panded its application.9 In this re-
view, we will examine the roles
of transthoracic echocardiography
(TTE) and transesophageal echocar-
diography (TEE) in the evaluation of
patients with native valve endocardi-
tis, prosthetic valve endocarditis,
and infections involving a variety of
nonvalvular cardiovascular devices.

Valvular Vegetations
The principal lesion of endocarditis is
the valvular vegetation. Vegetations
are composed of clumps of microor-
ganisms, platelet thrombi, fibrin, and
erythrocytes attached to the surface
of a valve leaflet. Their morphologic
features vary, depending on the of-
fending organism, the valve in-
volved, and the activity of the dis-
ease. Some vegetations are discrete
sessile masses closely adherent to the
valve, others are pedunculated, fri-
able clumps that prolapse freely, and
still others appear as elongated fi-
brous strands. Fungal vegetations are
commonly larger than bacterial vege-
tations and may partially occlude the
valve orifice.10 Fungal vegetations
tend to embolize more frequently
and create less leaflet destruction
than bacterial vegetations.10 As vege-
tations heal, infiltration by fibro-
blasts occurs with hyalinization or
calcification of the mass. Eventually,
the healing vegetation is covered
with endothelium. 

Vegetations generally appear on
echocardiography as circumscribed,
echo-producing masses that arise
from the surface of leaflet tips, either
as an irregular area of highly reflec-
tive leaflet thickening or as one or
more discrete pedunculated or fixed
masses. In acute endocarditis, the
vegetations typically appear soft and
friable, whereas healed vegetations
become more echodense and fixed.
Vegetations vary from a few millime-
ters to several centimeters but must

Table 1
Modified Duke Criteria for Diagnosis of Infective Endocarditis

Major Criteria

Positive blood cultures for infective endocarditis

1. Typical microorganisms for infective endocarditis, including viridans streptococci,
Streptococcus bovis, HACEK, or community-acquired Staphylococcus aureus or
enterococcus 

2. Microorganisms from persistent positive blood cultures, at least 2 positive cultures
drawn � 12 hours apart

Evidence of endocardial involvement

1. New valvular regurgitation on clinical examination (worsening or changing of
preexisting murmur not sufficient)

2. Echocardiographic evidence of:

a. Oscillating intracardiac mass, on valves or supporting structures, in the path of
regurgitant jets, or on implanted material, in the absence of an alternative
anatomic explanation 

b. Abscess 

c. New partial dehiscence of a prosthetic valve

Minor Criteria

1. Predisposition: predisposing heart condition or intravenous drug use

2. Fever: temperature � 38°C (100.4°F) on 2 separate occasions

3. Vascular phenomenon: major arterial emboli, septic pulmonary infarcts, mycotic
aneurysms, intracranial hemorrhage, conjunctival hemorrhages, Janeway lesions

4. Immunological phenomenon: glomerulonephritis, Osler’s nodes, Roth’s spots, and
rheumatoid arthritis

5. Microbiologic evidence: positive blood cultures (that do not meet the major criteria
defined above)

6. Serologic evidence of active infection with organism consistent with endocarditis

HACEK, Haemophilus species (H. parainfluenzae, H. aphrophilus, and H. paraphrophilus), Actinobacillus
actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, and Kingella species.
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be at least 3 mm to 6 mm to be reli-
ably detected with TTE.11 Vegetations
can change size between studies due
to embolization of part of the mass,
continued growth of the vegetation,
or intercurrent valvular disruption,
so vegetation size cannot be used to
determine acute response to therapy.
Some vegetations, particularly those
on foreign bodies, can develop a
complex appearance with cystic
components incorporated into or
superimposed onto the mass. High-
frequency motion of vegetations or a
free leaflet component can be diffi-
cult to appreciate at the relatively
slow frame rate of 2-dimensional
imaging, and are often more appar-
ent by M-mode or tissue Doppler
imaging.12 Because vegetations usu-
ally form on previously diseased
valves, their appearance is modified
by the underlying valve disorder. For
example, vegetation on a densely
calcified, stenotic aortic valve in an
adult will appear different than one
that involves an otherwise normal
bicuspid valve in an adolescent. As a
rule, the greater the degree of valve
deformity that existed before the in-
fection, the more difficult the super-
imposed vegetation is to detect. Be-
cause valve disruption is part of the
natural history of endocarditis, the
appearance of the vegetation is often
distorted by associated components
of the infected valve, such as torn
chordae or flail portions of the valve
leaflet. In addition to valves and
prosthetic materials, intracardiac tu-
mors such as myxomas can become
secondarily infected, which further
complicates diagnosis. 

Native Valve Endocarditis
Mitral Valve
The native mitral valve is the most
frequently involved valve in infective
endocarditis.6 Structural abnormali-
ties of the mitral valve, such as
rheumatic deformation and myxo-

matous degeneration of the leaflets,
may serve as a predisposing nidus for
infection. Mitral vegetations can in-
volve either the anterior or posterior
leaflets, and infection of both leaflets
is not uncommon. Figure 1A shows a
large mitral vegetation that prolapses
into the left atrium during systole, as
recorded by transesophageal echocar-
diography. The mass is composed
of both the vegetation and a portion
of the disrupted anterior mitral
leaflet, and it was associated with se-
vere mitral regurgitation. On occa-
sion, mitral vegetations may be very
large and partially obstruct the ori-
fice, simulating mitral stenosis. Other
entities to consider in the differential
of an echogenic mass attached to or
involving the mitral valve apparatus
include myxomatous degeneration of
the leaflet, alone or complicated by
mitral valve prolapse or partial flail

leaflet, rheumatic valve, fibroelas-
toma, Lambl’s excrescences, or a rup-
tured papillary muscle.6 Mitral annu-
lar calcification can also become
secondarily infected with vegetations
involving the left atrial wall and/or
posterior leaflet. Accompanying in-
tramyocardial abscess is occasionally
noted. 

In addition to direct involvement
of the mitral valve, the anterior mi-
tral leaflet and chordae can become
involved through direct extension or
seeding from an infected aortic
valve. Seeding of the anterior mitral
leaflet can lead to mitral leaflet
aneurysm and perforation of the
leaflet. 

The primary complications of mi-
tral endocarditis are valve disruption
with resultant mitral regurgitation,
which can vary from trivial to severe,
and septic embolism. Extension

Figure 1. (A) A large vegetation (arrows) involving the mitral leaflets on transesophageal echocardiography (mid-
esophageal 5-chamber view). (B) A transthoracic parasternal long-axis view illustrating a vegetation (arrow)
involving the aortic valve during systole. (C) An extensive abscess involving the aortic valve (arrows) on trans-
esophageal echocardiography (midesophageal 4-chamber view). (D) A systolic frame of transesophageal 4-
chamber view illustrating a large, serpiginous vegetation (arrow) attached to the tricuspid valve. LA, left atrium;
Ao, aorta; RV, right ventricle; LV, left ventricle; RA, right atrium. www.medreviews.com
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beyond the valve is uncommon, but
myocardial abscess can occur. Pro-
gressive destruction of the mitral
valve results in ruptured chordae,
mitral valve prolapse, and, ulti-
mately, flail mitral leaflet.

Aortic Valve
The aortic valve is a common site of
involvement in infective endocardi-
tis and is the most common type of
endocarditis in surgical series.6 Pre-
disposing factors include bicuspid
valve, rheumatic deformation, and
senile calcification.6 Aortic vegeta-
tions vary widely in appearance,
ranging from small, discrete focal
masses superimposed on the leaflet
margin to larger, more diffuse sessile
masses with extensive involvement
of the leaflet tips, to large, mobile
masses that prolapse into the left
ventricular outflow tract during dias-
tole (Figure 1B). Larger vegetations
are typical of Staphylococcus aureus
infection, and associated leaflet per-
foration or disruption is common.
Although vegetations typically move
with the valve leaflet, independent
motion of large pedunculated vege-
tations or friable portions of fixed
vegetations aids in recognition. In
patients with underlying aortic re-
gurgitation, vegetations can also
occur at the site of jet lesions on the
interventricular septum or anterior
mitral leaflet. 

Complications of aortic endocardi-
tis include valve disruption with as-
sociated regurgitation, aortic root ab-
scess, and mycotic aneurysm. Aortic
regurgitation is virtually always seen
in patients with aortic endocarditis,
and some degree of valve destruction
is common. Valve destruction can
vary from erosion of the leaflet tips
to leaflet fenestrations and, ulti-
mately, to a partially or completely
flail leaflet. Valvular perforation is a
frequent complication of aortic valve
endocarditis (seen in up to 50% of

cases) that can lead to severe aortic
insufficiency with resultant heart
failure.13 As the severity of infection
and leaflet disruption increases, so
does the degree of regurgitation that
can be assessed with color Doppler
imaging. In patients with severe re-
gurgitation, the diastolic pressure in
the left ventricle can rise rapidly and
exceed left atrial pressure before the
onset of systole. This process leads to
premature closure of the mitral valve
(closure prior to atrial contraction)
that can be appreciated with M-
mode echocardiography and is gen-
erally associated with the need for
urgent surgical intervention. 

Perivalvular abscess is generally
seen with acute endocarditis, particu-
larly when Staphylococcus aureus is the
offending organism. Perivalvular ab-
scesses are generally seen with more
aggressive disease; therefore they are
common in surgical and autopsy se-
ries and less frequent in routine prac-
tice. Aortic root abscess presents
echocardiographically either as an
echo-free space with the normal con-
tinuous echoes from the wall of the
aorta or as an area of thickening and
increased echo production of the aor-
tic wall subjacent to an infected por-
tion of the valve (Figure 1C). Abscesses
may progress to disrupt the aortic
wall, with resultant communication
with adjacent chambers. The direction
of shunting depends on the location
of the abscess, with the most common
shunts occurring between the aorta
and left ventricle, left atrium, or right
atrium, often in association with a
ruptured sinus of Valsalva aneurysm.
Periannular extension of endocarditis
is associated with significant compli-
cations, including heart failure, atri-
oventricular block, need for surgery,
and adverse prognosis, with a mortal-
ity ranging from 40% to 90%.13

Tricuspid Valve
Tricuspid endocarditis, although less

common than disease of the mitral
or aortic valve, has become more
prevalent in recent years—particu-
larly among intravenous drug users
and in association with indwelling
venous catheters.14 Tricuspid endo-
carditis is usually acute, with Staphy-
lococcus aureus as the most common
infecting pathogen. Echocardio-
graphic screening is particularly im-
portant in patients with suspected
right-sided endocarditis because
such patients usually lack a murmur
of tricuspid regurgitation. Tricuspid
vegetations are generally larger than
those seen on the left-sided valves,
and significant portions of the vege-
tation often move independently of
the valve leaflet. Valve disruption
with chordal rupture, partial flail
leaflet, and important tricuspid re-
gurgitation is often seen. Figure 1D is
a systolic frame showing a large
tricuspid vegetation attached to the
tricuspid valve that prolapses into
the right atrium. 

The size of the vegetation in pa-
tients with right-sided endocarditis
has prognostic value. In a study of
patients with right-sided infective
endocarditis, mortality was 33%
when vegetations were � 2 cm ver-
sus 1.3% when vegetations were
smaller.14 Due to the mobility of
these large vegetations, septic pul-
monary emboli are a frequent com-
plication.15

Pulmonic Valve
Pulmonary valve endocarditis is ex-
tremely rare in the adult population.
It is most commonly seen in intra-
venous drug users and patients with
congenital heart disease, particularly
pulmonic stenosis, tetralogy of Fal-
lot, and ventricular septal defects.16

Prosthetic Valve Endocarditis
Prosthetic valve endocarditis ac-
counts for 10% to 25% of all infective
endocarditis cases.5 It is estimated to
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occur in approximately 1% of pa-
tients within the first year of place-
ment, more often with aortic valve
prostheses than with mitral valve
prostheses.5 Infections involving
mechanical prosthetic valves usually
begin in the perivalvular area at the
annular insertion site. The infection
can extend locally, leading to necro-
sis at the ring margin, and eventually
disrupt the attachment of the valve
with partial dehiscence of the valve
or, less commonly, with pseudoan-
eurysm formation. When large, the
vegetations can extend into the
valve orifice and obstruct flow or re-
strict leaflet motion. In patients with
bioprosthetic valves, the leaflets
themselves can be involved. 

Vegetations on prosthetic valves are
more difficult to detect with TTE than
vegetations on native valves. This dif-
ficulty occurs because the sewing ring
and struts of mechanical and biopros-
thetic valves are highly reflective and
tend to obscure vegetations within
the valve apparatus or its shadow. As a
result, vegetations can only be appre-
ciated when an uninterrupted path
can be obtained between the trans-
ducer and the inflow side of the valve,
where vegetations are most com-
monly present. For mitral prostheses,
this generally requires the use of TEE;
however, in the case of prosthetic aor-
tic valves, the inflow side of the valve
can generally be seen with TTE and
the 2 techniques are therefore com-
plementary. Figure 2A is a trans-
esophageal long axis recording of a
Carpentier-Edwards valve (Edwards
Lifesciences, Irvine, CA) in the aortic
position illustrating a large vegetation
(arrow) attached to the valve leaflets
and an abscess involving the posterior
aortic root. Figure 2B illustrates a
transesophageal midesophageal short
axis view of a St. Jude Medical® aortic
valve (St. Jude Medical, St. Paul, MN)
with multiple nodular vegetations
surrounding the valve margin.

When there is a high index of sus-
picion of active infective endocardi-
tis based on the Duke criteria, TTE is
rarely sufficient to exclude the diag-
nosis and TEE becomes a necessity.
In a large series of patients with pros-
thetic valve endocarditis, while TTE
demonstrated a sensitivity of 36% to
69%, TEE imaging demonstrated a
sensitivity of 86% to 94% and speci-
ficity of 88% to 100%.17,18 In another
study, a sensitivity of 96% was re-
ported for TEE imaging in patients
with endocarditic involvement of
mechanical mitral prostheses.19 Fig-
ures 2C and 2D compare TTE and
TEE recordings of a prosthetic mitral
valve in the same patient. In the TTE
image recorded from the apex, the

inflow side of the valve is obscured
by the reverberations that arise from
the highly reflective prosthetic mate-
rial. However, using TEE, a mobile
linear vegetation attached to the
margin of the valve is clearly visible. 

According to the American College
of Cardiology/American Heart Asso-
ciation (ACC/AHA) guidelines, a TTE
is used initially in individuals with a
clinical suspicion of native valve en-
docarditis, whereas TEE should be
used as the primary diagnostic imag-
ing modality in the setting of pros-
thetic valve endocarditis.20 Of note,
thrombus and pannus are often diffi-
cult to distinguish from vegetation
on prosthetic valves; however,
pannus rarely has friable or mobile

Figure 2. (A) A systolic frame of transesophageal 3-chamber long-axis image illustrating a vegetation (arrow) at-
tached to the bioprosthetic Carpentier-Edwards aortic valve, with an associated abscess. (B) A transesophageal
short-axis view of a St. Jude mechanical valve in the aortic position with multiple vegetations (arrows). (C) A
transthoracic apical 4-chamber view illustrating a St. Jude mechanical valve in the mitral position with shadowing
of the left atrium (arrows) due to reverberations from the valve. (D) A transesophageal echo of the same patient
in Figure 2C illustrating a vegetation (arrow) attached to the sewing ring of the St. Jude mechanical mitral valve.
LA, left atrium; Ao, aorta; LV, left ventricle; RV, right ventricle; RA, right atrium. www.medreviews.com
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components, whereas the clinical
context and associated lesions (eg,
paravalvular leak or abscess forma-
tion) generally permit differentiation
of thrombus from vegetation. 

Infective Endocarditis Related
to Cardiovascular Devices
In recent years, the number of pa-
tients with intracardiac prostheses
and indwelling devices, including
pacemakers, implantable cardiac de-
fibrillators, atrial septal defect clo-
sure devices, and ventricular assist
devices, has increased significantly.
When these patients develop unex-
plained fever or bacteremia, echocar-
diography is frequently requested to
look for vegetations involving the
device or adjacent structures that
may be damaged or abraded by the
device, creating a site for infection. 

Pacemakers and Implantable Cardiac
Defibrillators
Infections are reported in 0.5% to
2% of patients with pacemakers and
implantable cardiac defibrillators
(ICD).21-24 In pacemaker and ICD in-
fective endocarditis, vegetation for-
mation can occur along the course of
the electrode (Figure 3A), involve the
tricuspid valve leaflets (Figure 3B), or
affect the endocardium of the right
atrium or right ventricle.21,22

Several studies have examined the
diagnostic and prognostic roles of
echocardiography in the diagnosis of
endocarditis involving these 2 de-
vices.25-27 Infective endocarditis of a
pacemaker or ICD is difficult to diag-
nose with TTE because the leads pro-
duce reverberations and artifacts
(particularly when multiple leads are
present) that may mask associated
vegetations. As a result, when there
is a strong suspicion of lead-associ-
ated infection that is not apparent
on TTE, a TEE is appropriate. In a
small prospective study of 10 pa-
tients evaluating the utility of either

TTE or TEE to visualize vegetations
attached to pacemaker leads, vegeta-
tions were identified in only 2 pa-
tients with TTE and 7 patients with
TEE. Of the 7 patients with endo-
carditis diagnosed by TEE, 5 under-
went surgery confirming the preop-
erative findings.26

The same increase in TEE sensitiv-
ity has been demonstrated in patients
with ICDs, where the sensitivity of
detection of lead vegetations by TTE
has ranged from 22% to 30%, com-
pared with a sensitivity of 95% with
TEE.21-27 In addition to recording the
leads in the right atrium and ventri-
cle, TEE allows for the complete as-
sessment of the superior vena cava

and the upper part of the right
atrium, areas that are difficult to de-
pict with traditional TTE imaging.21-27

Atrial Septal Defect Closure Devices
Thrombus formation and infection
are rare complications of atrial septal
defect (ASD) closure devices, with only
5 reports of device-related infection to
date.28-31 However, with the increasing
frequency of percutaneous closures of
ASDs, reports of complications are
likely to increase. Both thrombi and
vegetations on closure devices present
as shaggy masses typically with multi-
ple mobile strands that are difficult to
distinguish in the absence of an
appropriate clinical history. Although

Figure 3. (A) A transthoracic apical 4-chamber view illustrating a pacemaker wire (single arrow) with a vegetation
adherent to the wire (double arrows). (B) A transthoracic echocardiographic right ventricular inflow view demonstrat-
ing a large vegetation (arrow) on the tricuspid valve. (C) A transesophageal long-axis view of the left ventricle demon-
strating an inflow LVAD cannula at the left ventricular apex (arrow). (D) A transesophageal long-axis view of the left
ventricle demonstrating unobstructed flow into the LVAD cannula on color Doppler (arrow). LVAD, left ventricular assist
device; RV, right ventricle; LV, left ventricle; RA, right atrium; LA, left atrium. www.medreviews.com
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the ACC/AHA guidelines for infective
endocarditis prophylaxis do not rec-
ommend antibiotics for patients fol-
lowing the implantation of ASD clo-
sure devices, the prescription and
duration of antimicrobial therapy is
physician-dependent.32

Ventricular Assist Devices
In symptomatic patients with ad-
vanced heart failure despite optimal
medical therapy, mechanical circula-
tory support with a left ventricular as-
sist device (LVAD) has been used suc-
cessfully. The purpose of the LVAD is
to serve either as a bridge to heart
transplantation or as destination
therapy.33 In a study of 68 individuals
with 2.5 years of follow-up, however,
one third of the left ventricular assist
devices became infected within
3 months of implantation.34

The role of echocardiography (both
TTE and TEE) in this setting is to in-
spect the potential sites of infection
because pathogens can colonize the
inner surfaces of the device or grafts.
Echocardiography will ensure that the
inflow from the LVAD cannula situ-
ated in the left ventricular apex and
the outflow cannula in the aorta are
unobstructed (Figure 3C and 3D). In a
majority of infective endocarditis cases
involving left ventricular assist devices
diagnosed by echocardiography,
prompt device debridement, removal,
and replacement are required.35

Sensitivity and Specificity
of Echocardiography in the
Diagnosis of Infectious
Endocarditis
Table 2 compares the relative sensi-
tivities and specificities of TTE and

TEE in detecting the vegetations that
characterize endocarditis.18,36-47 In
larger series (� 100 subjects), the
sensitivity of TTE has averaged
roughly 60%, whereas that of TEE is
� 90%. Although there is some vari-
ability of results, the specificity of
both techniques appears comparable
and averages roughly 95%. In ana-
lyzing these results, it is important to
remember that the gold standard for
the diagnosis of endocarditis is
pathologic evidence of vegetations
or abscess, whereas in most of these
studies the diagnosis of endocarditis
is based on the clinical decision to
treat and the discharge diagnosis. In
addition, these studies fail to distin-
guish between good and poor qual-
ity transthoracic echocardiograms,
valve location, or degree of underly-
ing pathology and include both

Table 2
Sensitivity and Specificity of Transthoracic Echocardiography and Transesophageal Echocardiography 

in Patients With Infective Endocarditis

Transthoracic Transesophageal

Study Number Clinical Echocardiography Echocardiography

(Year) of Patients Condition Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

Erbel R et al 198836 124 Endocarditis 63.0 100.0 98.0 98.0

Taams MA et al 199037 21 Endocarditis 28.0 86.0

Shively BK et al 199138 66 Endocarditis 44.0 98.0 94.0 100.0

Pedersen WR et al 199139 24 Endocarditis 50.0 100.0

Birmingham GD et al 61 Endocarditis 30.0 100.0 88.0 97.0
199240 abnormalities

Daniel WG et al 199318 126 Prosthetic valve 57.0 63.0 86.0 88.0

Bayer AS et al 199441 64 Endocarditis 60.0 91.0 87.0 91.0

Irani WN et al 199642 134 Prosthetic valve 68.0 100.0 100.0 96.0
endocarditis

Werner GS et al 199643 104 Endocarditis 58.5 60.5 92.5 95.0

de Castro S et al 200044 32 Endocarditis valve 45.0 98.0 95.0 98.0
perforation

Bouza E et al 200145 109 Endocarditis 51.4 92.0 65.2 95.0

Chang CF et al 200446 24 Dialysis and clinical 64.7 84.6 75.2 85.4
endocarditis

Jassal DS et al 200647 74 Surgically treated 40.0 100.0 82.0 87.0
endocarditis
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native and prosthetic valves. Clearly,
the improved image quality of TEE
is particularly important in patients
with limited transthoracic studies
and in those with prosthetic valves,
particularly in the mitral position.
However, in young patients with
good quality studies and minimal
underlying pathology (fibrosis and
calcification), the incremental value
of TEE is limited. For example, in a
study of 48 intravenous drug users
with suspected endocarditis, mono-
plane TEE and TTE were found to be
equally sensitive in detecting vegeta-
tions.26 This finding is presumably
because the patients were young and
had involvement of the tricuspid
valve without prior disease.

The sensitivity and specificity of
TEE (93%) for the detection of para-
valvular abscess have also been re-
ported to be higher than those of
TTE (67%). However, the specificities
of 98% for TEE and 100% for TTE are
comparable.48 More subtle lesions,
such as valve perforation, are more
easily depicted with TEE using color
Doppler imaging.

Prognostic Role of Echocardiog-
raphy in Infective Endocarditis
Although the identification of a vege-
tation is helpful in establishing the di-
agnosis of acute infective endocardi-
tis, specific characteristics of the mass
as shown by echocardiography are

also useful in stratifying patient risk.
The prognostic value of vegetation
size, extension to adjacent nonvalvu-
lar structures, and degree of calcifica-
tion has been extensively studied.49-52

Sanfilippo and colleagues49 evaluated
219 patients with vegetations and
identified that both mobility and in-
volvement of extravalvular structures
were significant predictors of compli-
cations, including heart failure, cere-
brovascular accident, and need for
valve replacement.49

Figure 4 illustrates the relationship
of maximal vegetation dimension
and cumulative incidence of compli-
cations. Of note, 75% of complica-
tions occurred in patients with vege-
tations greater than 10 mm in
diameter/length.49 Di Salvo and col-
leagues50 evaluated 178 patients with
infective endocarditis; 66 (37%) had 1
or more embolic events as confirmed
with clinical and computed tomo-
graphic findings. Embolic events
occurred more frequently in patients
with a vegetation length � 10 mm
than in those with a vegetation length
� 10 mm (60% vs 23%, respectively;
P � .001).50 Thuny and colleagues51

identified 384 patients with endo-
carditis; 131 (34.1%) had documented
embolic events. They demonstrated
that a vegetation length greater than
15 mm was a strong predictor of 
1-year mortality (RR � 21; 95% CI,
1.34 to 3.26; P � .001).51

Additionally, if the size of the veg-
etation increased appreciably during
appropriate antimicrobial therapy,
the patient was more likely to de-
velop clinically significant emboli
and thus might benefit from earlier
surgical intervention.52 In a series of
83 patients, Rohmann and col-
leagues52 demonstrated that an in-
crease in vegetation size was associ-
ated with an increased need for
urgent valve replacement (45% vs
2%), increased rate of embolism (45%
vs 17%), abscess formation (13% vs
2%), and increased mortality. Thus,
the size of the vegetation is an im-
portant prognostic predictor of ad-
verse events in individuals medically
treated for infective endocarditis.

Factors other than vegetation size
provide important information and
may prompt early surgical interven-
tion. These include extension of the
infectious process beyond the valve
leaflets leading to perivalvular ab-
scess or mycotic aneurysm, progres-
sive valvular destruction and regurgi-
tation, and, more rarely, valvular or
coronary obstruction by a large, crit-
ically placed mass. Although the de-
cision to operate is generally based
on the clinical status of the patient,
clinical signs and symptoms may be
misleading, particularly in young pa-
tients whose vital signs may remain
relatively normal despite significant
disease and in patients with other
disorders that can modify the clini-
cal presentation. Echocardiography,
by demonstrating the various com-
plications of endocarditis and per-
mitting evaluation of the hemody-
namic burden on the ventricle, can
be particularly helpful in timing sur-
gical intervention. 

Despite appropriate prolonged an-
timicrobial therapy, 20% of patients
will require surgical intervention
for infective endocarditis.53 The
indications for surgery in infective
endocarditis continue to evolve,
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Figure 4. The cumulative occurrence of com-
plications relative to the maximal length of
the vegetation on transthoracic echocardio-
graphy. Reprinted with permission from Sanfil-
ippo AJ et al.49 www.medreviews.com
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and include intractable heart fail-
ure, abscess formation, recurrent
embolic events, and the presence of
prosthetic material. With increasing
demands for surgery, the identification
of preoperative echocardiographic
findings that may identify the high-
est risk patient is needed. We re-
cently identified 91 patients who un-
derwent surgical intervention for
active infective endocarditis as de-

fined by the Duke criteria at a single
center. We demonstrated that a pre-
operative echocardiogram demon-
strating left ventricular dysfunction
was an independent predictor of
in-hospital death in patients undergo-
ing surgical intervention for endo-
carditis. The presence of a preoperative
ejection fraction � 50% had a high
sensitivity of 92.3%, specificity of
95.7%, positive predictive value 
of 80%, and negative predictive value
of 98.5% for predicting in-hospital
death in this patient cohort.53

Clinical Utility
With the addition of echocardio-
graphic findings as one of the major

Duke criteria, there is potential for
the inappropriate use of this diag-
nostic imaging modality. Little data
exist on the additive value of
echocardiography when applied to
clinical risk stratification based on
the Duke risk groups (Table 1).7 In a
study of 101 patients referred for
echocardiography to “rule out endo-
carditis,” the Duke criteria was used
to classify 37 patients as low risk

(alternative diagnosis), 40 as interme-
diate risk (1 major or 3 minor), and 24
as high risk (2 major or 1 major and
3 minor Duke criteria).54 Among
patients with low or moderate risk,
none were subsequently found to
have endocarditis. Vegetations were
identified by echocardiography in 22
of 24 patients in the high-risk group,
15 by TTE, and 7 by TEE (3 with
prosthetic valves).54

Thus in patients with a high likeli-
hood of infective endocarditis, the
practical role of TTE for diagnostic
purposes is low. However, both TTE
and TEE, if clinically indicated, are
useful for prognostic purposes in this
setting for identifying perivalvular

complications and assessing the
severity of regurgitation. In patients
with a transient fever and a nonre-
gurgitant murmur, who have a low
likelihood of disease, echocardiogra-
phy is often requested but has a low
diagnostic yield.54

Although not supported by the
previous study,54 others have demon-
strated that echocardiography is
most useful in the setting of patients
with a moderate likelihood of dis-
ease.55,56 These patients should be
screened initially with TTE to con-
firm the diagnosis, and, if positive,
treated appropriately. When the im-
ages are of good quality and the
study is negative, one should enter-
tain an alternate diagnosis. If the
clinical suspicion remains moderate
to high, however, or the TTE remains
equivocal due to structural abnormal-
ities or poor acoustic windows, TEE
should be pursued.55 A recent study
evaluating the use of TEE as a screen-
ing tool for infective endocarditis
with moderate likelihood of disease
demonstrated that persistent blood
cultures or a new regurgitant murmur
were significant independent predic-
tors of positive TEE results.56

Summary
Echocardiography is currently the
only noninvasive technique that can
detect vegetations and associated

Preoperative echocardiogram demonstrating left ventricular dysfunction was
an independent predictor of in-hospital death in patients undergoing surgi-
cal intervention for endocarditis.

Main Points
• Vegetations vary from a few millimeters to several centimeters but must be at least 3 mm to 6 mm to be reliably de-

tected with transthoracic echocardiography (TTE).

• Other entities to consider in the differential of an echogenic mass attached to or involving the mitral valve apparatus
include myxomatous degeneration of the leaflet, alone or complicated by mitral valve prolapse or partial flail leaflet,
rheumatic valve, fibroelastoma, Lambl’s excrescences, or a ruptured papillary muscle.

• In a large series of patients with prosthetic valve endocarditis, while TTE demonstrated a sensitivity of 36% to 69%,
transesophageal echocardiography imaging demonstrated a sensitivity of 86% to 94% and specificity of 88% to 100%.

• In pacemaker and implantable cardiac defibrillator infective endocarditis, vegetation formation can occur along the
course of the electrode, involve the tricuspid valve leaflets, or affect the endocardium of the right atrium or right
ventricle.
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complications that characterize bac-
terial endocarditis. It can also permit
identification of a subset of patients
with infective endocarditis who are
at increased risk of complications,
and, when integrated with clinical
data, it can be helpful in timing
surgical intervention. In patients
with bacteriologic cure, but with
residual valvular incompetence, ser-
ial echocardiographic studies can
provide information about valvular
integrity and ventricular function
that may prove useful in timing
valve replacement.
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