
656

Echocardiography is currently consid-
ered one of the main tools in the diagnosis
and treatment of infective endocarditis
(IE)1-3. The continuous advances made
over the past 30 years now permit excel-
lent direct visualization of the heart anato-
my, pathognomic lesions of IE and intra-
cardiac complications. In the diagnosis of
IE, its utility resides in the capability of
revealing highly specific lesions for the
disease (vegetations, intramyocardial ab-
scesses and prosthesis detachment), thus
improving the probability of successful
treatment and preventing complications.
Despite its pivotal role, echocardiographic
findings should always be interpreted in
the light of the clinical picture in order
to avoid the pitfalls of potentially danger-
ous false positive and false negative cas-
es4-7.

However, the use of echocardiography
in a rare, complex and progressive disease
like IE leaves a number of issues open.

Is transesophageal echocardiography
indicated in all or only in selected cases
of suspected infective endocarditis?

To better appreciate the value of
echocardiography in the diagnosis and
treatment of IE, and subsequently to
choose the most appropriate mode of ex-
amination, certain fundamental aspects of
the technique should be understood. In
adult transthoracic echocardiography
(TTE) transducers placed on the chest wall
emit ultrasound signals at frequencies of
approximately 2.5 MHz that pass through
the chest wall and the lungs. Image resolu-
tion is influenced by the distance, the capa-
bility of transducer resolution and chest
wall and lung disturbances, particularly in
obese patients and in those with lungs that
are overfilled with air. Transesophageal
echocardiography (TEE), while more inva-
sive, provides a closer view of the cardiac
chambers working with a lower acoustic
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Echocardiography is currently considered one of the most important tools in the diagnosis and
treatment of infective endocarditis (IE). However, its use leaves a number of issues open.

Since transthoracic echocardiography (TTE) cannot define structures and vegetations < 4 mm,
transesophageal echocardiography (TEE), though more costly and invasive, is superior to TTE in the
diagnosis of IE. TEE should be recommended immediately in patients with valve prostheses and in
those with a native valve and an intermediate or high pre-test probability of disease. In patients with
a low probability of disease, a completely negative examination without the slightest valvular anom-
aly practically excludes the likelihood of IE; however, the patient should still be followed up. In pa-
tients with a very low probability of disease, echocardiography is not necessary; instead, reassessment
can be performed at some future time.

Echocardiography has a high prognostic value in IE since it may reveal intracardiac complica-
tions due to this disease and contributes to a better understanding of the clinical complications.
Moreover, echocardiography may also aid in the choice of surgery timing and thus modify the clin-
ical progression of the disease. Large and extensive vegetations that are more mobile and soft are
more closely associated with the development of complications and embolic events. Despite numer-
ous reports, uncertainty surrounds the approach to treatment when echocardiography discloses
vegetations at risk of embolization in uncomplicated IE and in the absence of other indications for
surgery.

(Ital Heart J 2004; 5 (9): 656-662)



impedance and high-frequency transducers (frequency
between 3 and 7 MHz), thus permitting a better spatial
resolution of the images, with visualization of struc-
tures as small as 1 mm. Although recent echo machines
may reach a resolution of 1 to 2 mm, generally TTE
cannot define structures and vegetations < 4-5 mm, es-
pecially at the more distant areas. Thus TEE, though
more costly and invasive, is superior to TTE in the di-
agnosis of IE8 (Fig. 1). Moreover, TEE is more reliable
than TTE in identifying prosthetic valve dehiscence
since it reduces the shadowing effect (masking) of
prosthetic valves, and offers better visualization of ab-
scesses, and other complications such as fistulas (Fig.
2), valve perforations (Fig. 3) or mitral valve aneur-
ysms8. Surgical exploration of the mitral-aortic conti-
nuity (Fig. 4) as well as of the surrounding structures
render TEE a valuable diagnostic tool in case of subaor-
tic complications9.

The technique is also useful in subjects with a poor
acoustic window at conventional echocardiography10-18.

The literature reports a sensitivity of TTE of around
62% (68% in our case series of 420 patients), which
drops to 40% in the presence of valve prostheses and to
28% for the visualization of abscesses. Few published
data have not shown a substantial advantage with the
use of second tissue harmonic imaging19. The sensitiv-
ity of TEE is significantly higher than that of TTE (92,
84 and 87% respectively), while its 95% specificity is
comparable to that of TTE (96%)11-25. In our series too,
the sensitivity of TEE was 90% and the specificity
95%.

The sensitivity does not reach 100% because, above
all during the first 2 weeks of the disease, but even lat-
er, vegetations may be absent or very small26,27 and may
pass unnoticed during endocardial surface study. At the
same time, the specificity is never absolute; in fact,
TTE e TEE do not permit the distinction of infectious
vegetations from sterile ones such as Libman-Sacks
vegetations and marantic endocarditis or to distinguish
with full confidence active from healed vegetations and

thrombi. False positive results may be due to other pit-
falls such as strands, myxomatous degenerations with a
“cotton wool bud” appearance, exuberant rheumatic
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Figure 1. Transesophageal echocardiographic image showing a large
vegetation at risk of embolization.

Figure 2. Aortic valve infective endocarditis: transesophageal echocar-
diographic image showing an abscess together with a fistula in the left
ventricle.

A

B

Figure 3. Transesophageal echocardiographic image showing a perfo-
ration of the anterior mitral leaflet.



vegetations, degenerative valvular disease with nod-
ules, fibrosclerosis and calcifications, Chiari’s network,
stitches, fibrous membranes prosthetic valves, broken
or false chords, cardiac tumors (papilloma and fibro-
elastoma), and primary antiphospholipid syndrome7,25. 

Therefore, even TEE should be interpreted within
the clinical context, as it carries a false positive rate of
5% and a false negative rate of 8% with missed diag-
noses. For this reason, together with clinical and labo-
ratory parameters, echocardiography was included as a
major component in the Duke criteria proposed in 1994
for the assessment of patients with suspected IE1. In a
recent study by Roe et al.28, an increase in the diagnos-
tic sensitivity of the Duke criteria was found when the
findings of TEE were added to those of conventional
TTE. The diagnostic classification improved in 11% of
patients with a native valve and in 34% of those with a
prosthetic valve with the use of TEE. Proposed modifi-
cations to the classical Duke criteria include the use of
TEE in patients with prosthetic valves, in those with IE
diagnosed as being at least “possible” as evaluated us-
ing the Duke criteria (> 3 minor or at least 1 major cri-
terion) and in those with complicated IE3.

In right-sided IE on a native valve, TEE is more ac-
curate (100 vs 67% according to Herrera et al.29) in de-
tecting vegetations. However, given the large dimen-
sions of vegetations on the tricuspid valve and the more
benign course of the disease, TEE is thought to offer
only a marginal advantage over a good quality TTE in
revealing vegetations, whereas it may aid in better as-

sessing vegetations with a higher risk of complications
or in the prognostic stratification of complicated cas-
es14,18,30. TEE is also preferable in patients with a pace-
maker or intracardiac devices (Fig. 5).

Also mentioned in the modified Duke criteria is
Staphylococcus aureus bacteremia (SAB)3. SAB is
considered a major criterion, even if nosocomial and in
the presence of a recognized infection site. In recent
years, the incidence of SAB has risen dramatically (be-
tween 176 and 283%). In the past decade, 70% of this
increase has been due to SAB associated with the use of
intravascular devices and medical treatment. Other im-
portant causes of SAB are injection-drug use and com-
munity-acquired infections. In one third of patients
with SAB systemic complications may develop any-
where31-36. Physical examination is often of little help,
unless performed at an advanced stage of the disease.
The sensitivity of TEE is about 90 vs 60% for TTE37.
TEE also reduces costs because it aids in determining
the duration of therapy. The technique is optimal when
easily available, and it is indicated in cases of prosthe-
ses, pacemakers, implanted defibrillators, prolonged
bacteremia, persistent symptoms of bacteremia, out-of-
hospital-acquired SAB, new conduction defects, pre-
disposing heart disease, injection-drug use or “possible
IE” as evaluated on the basis of the Duke criteria31,38.

So far, no prospective studies have compared the di-
agnostic utility of the two methods (TTE and TEE) in
patients with different pre-test probabilities of disease.
However, Heidenreich et al.39 evaluated in multiple
clinical scenarios six different treatment strategies: 1)
empirical bacteremia treatment; 2) TTE-based treat-
ment; 3) TEE-based treatment; 4) TTE-based treatment
unless TTE was negative; 5) TTE-based treatment un-
less the TTE was negative or of poor quality; 6) empir-
ical treatment without imaging techniques. The most
important element in the choice of the best strategy was
the pre-test probability of the disease as evaluated on
the basis of clinical and laboratory data. With an inter-
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Figure 4. Photograph of a long-axis section of a necropsy heart showing
the relations of the aortic valve (AV), annulus and root (AO) to the subaor-
tic structures, which include the mitral-aortic intervalvular fibrosa
(MAIVF), anterior mitral leaflet (aml), chordae tendineae, and left atri-
um (LA). The aml becomes continuous with the posterior aortic root be-
hind and the left and posterior aortic cusps through the zone of MAIVF.
LV = left ventricle; PML = posterior mitral leaflet; RV = right ventricle.

Figure 5. Transesophageal echocardiographic image showing a vegeta-
tion (VT) in a patient with an implanted automated defibrillator. RA =
right atrium; RV = right ventricle.



mediate-to-high pre-test probability (4-60%), the use of
TEE affords a greater advantage even in terms of the
cost-benefit ratio. Hence, in considering a probabilistic
approach using the Bayes theorem, TEE should be em-
ployed as a first-line diagnostic tool in a wide spectrum
of clinical scenarios in which IE is suspected and the
pre-test probability of disease is intermediate or elevat-
ed7,40.

This, however, is not the result of a controlled ran-
domized trial, nor is it simple to establish the pre-test
probability of disease in one without a wide case series
like other diseases (Table I)7,41,42. Some data, such as
those reported in our recent study7, may be derived
from the literature. Otherwise, if one follows the Duke
recommendations3, patients with “possible” IE may be
considered as candidates without echocardiography or
“possible” IE according to the old von Reyn criteria.

Irani et al.41 found that in subjects with a negative
TTE, defined as the absence of valve anomalies, IE is
extremely rare. This was true even for our series of 420
patients, and we believe that it is also applicable to sub-
jects with a low probability of disease.

Furthermore, Greaves et al.42 observed that certain
clinical features (the absence of immunological and
vascular phenomena, of a central venous catheter, of a
history of injection-drug use, of valve prosthesis, and of
a positive blood culture) identify those patients in
whom TTE is useless since they have no probability of
having IE. 

Nevertheless, in view of the possibility of cases of
IE with negative blood cultures, the lack of positive
blood cultures is not sufficient to exclude this entity. In
these cases, an echocardiogram is almost the only diag-
nostic tool that may permit a diagnosis according to the
Duke criteria; TEE should be performed when at least
three minor criteria are satisfied. 

Briefly, in suspected IE, TEE should be recom-
mended immediately in patients with valve prostheses,
intracardiac devices and in those with a native valve
and an intermediate or high pre-test probability of dis-

ease. In patients with a low probability of disease
(Table I), a completely negative examination without
the slightest valvular echocardiographic anomaly prac-
tically excludes the possibility of IE; however, the pa-
tient should still be followed up. In patients with a very
low probability of disease, echocardiography is not
necessary; instead, the patient may be reassessed at fol-
low-up (Fig. 6).

This algorithm is similar to that proposed by the re-
cent clinical guidelines of the European Society of Car-
diology (ESC)43 (Fig. 6), and is in agreement with the
American guidelines on the clinical application of
echocardiography44; although it is not strictly neces-
sary, we generally prefer to perform TEE 2 to 3 days af-
ter a positive TTE to thoroughly assess the initial clini-

E Cecchi - Echocardiography in infective endocarditis

659

Table I. Pre-test (P1) probability of infective endocarditis (IE).

Patient groups P1

Possible IE according to the Duke criteria Intermediate 4-60%
Possible IE according to the von Reyn criteria7 74%
Probable IE according to the von Reyn criteria7 97%
SAB in intravenous drug abuse7 74%
SAB without a primary focus but with metastatic localizations7 50%
Community SAB with a primary focus7 10%
Fever in intravenous drug abuse7 8-13%
Bacteremia in intravenous drug abuse7 31%
Bacteremia of any type in patients with risk factors7 14%
No valvular anomalies at TTE41 Very low
The absence of immunological and vascular phenomena, of a 0%

central venous catheter, of a history of injection-drug use, of
valve prosthesis and of a positive blood culture42

SAB = Staphylococcus aureus bacteremia; TTE = transthoracic echocardiography.

Figure 6. Algorithm for the use of transthoracic (TTE) and trans-
esophageal (TEE) echocardiography in suspected infective endocarditis
(IE). Note that TTE “positive” indicates findings typical of IE (i.e. fresh
vegetations or abscess formation). * in case of a very low pre-test prob-
ability, echocardiography is not indicated; ** in contrast to the algo-
rithm of the European Society of Cardiology guidelines, we prefer to per-
form TEE even in uncomplicated cases in order to thoroughly assess the
initial clinical picture and optimize the follow-up.



cal picture in order to perform a correct follow-up. This
also applies for uncomplicated cases, while for native
valves ESC guidelines recommend a TEE only if the
echocardiographic images are not of good quality or if
the clinical course is suggestive of complications (per-
sistent fever, persistent high C-reactive protein after 7
days of treatment, elevated white blood cells, changes
in cardiac murmurs, heart failure, embolic events, renal
insufficiency, micro-organisms resistant to treatment). 

Considering that the delay between the onset of the
disease and clinical suspicion is often long45, a good-
quality echocardiographic examination (TTE or TEE,
as the case may be) should be performed as soon as
possible and, however, not later than 24 to 48 hours af-
ter having posed the suspicion of IE.

However, a negative echocardiographic examina-
tion (TTE and/or TEE) is not sufficient to exclude a di-
agnosis of IE. In cases with at least an intermediate
probability of disease and if an alternative diagnosis is
not reached, a TEE is mandatory after about 7 days.

When is echocardiography highly predictive
of complications?

After establishing a diagnosis, prognostic stratifica-
tion should be carried out to plan the most appropriate
choice of treatment. It is noteworthy that according to
some authors the bacteriologic characteristics of the
pathogen do not influence the prognosis, which instead
depends on certain clinical and echocardiographic find-
ings18,46-49. However, according to recent data, cases of
IE due to Staphylococcus aureus, fungi, Brucellae,
Staphylococcus lugdunensis, Pseudomanas aerugi-
nosa, and Coxiella are more prone to complications and
a potentially poorer prognosis50-54.

On the contrary, it is known that age and clinical and
echocardiographic findings carry an important prog-
nostic value8,46-49,55. 

Echocardiography has a high prognostic value in
IE, since it may reveal disease-related intracardiac
complications (abscesses, fistulas, pseudoaneurysms,
perforations and destruction of valves and chordae).
Sometimes, echocardiography also contributes to a bet-
ter understanding of clinical complications such as
heart failure and atrioventricular block that are often as-
sociated with intramyocardial abscesses56,57.

Intracardiac complications that echocardiography
reveals particularly well include valve regurgitation.
This technique also significantly contributes to a better
understanding of their pathophysiology and degree of
severity. At the same time, echocardiography, especial-
ly TEE, is extremely useful in the differential diagnosis
between mobile vegetations, valvular prolapse and a
destroyed leaflet, valvular prolapse and flail, as well as
perforation of valve leaflets, the formation of true
aneurysms, infection of the Eustachian valve, and the
spread of infection to other valves or to the other heart

chambers with the formation of abscesses and fistulas.
Moreover, echocardiography may also aid in the choice
of the timing of surgery and thus modify the clinical
progression of the disease50.

In this setting, the indications for emergency
surgery include acute aortic failure with early mitral
closure, rupture of an aneurysm of the sinus of Valsal-
va into the right chambers and fistula formation in the
pericardium. However, in most cases, the disease is
characterized by acute regurgitations with progressive
heart failure. In these cases too, early intervention, be-
fore the onset of severe heart failure, improves the
prognosis and the intraoperative risk. Also, the finding
of abscesses and fistulas constitutes a clear indication
for surgical intervention, whereas moderate regurgita-
tion may be treated later50. Occasionally, a mitral valve
aneurysm may be amenable to non-surgical treatment8.

The study of the features of vegetations may furnish
important prognostic indications. 

Mycotic IE is associated with a very high mortality,
and vegetations are more frequent on the aortic valve,
often without predisposing valve disease. Moreover,
mycotic vegetations are larger than those found in bac-
terial IE58,59.

Sanfilippo et al.46 found that complications devel-
oped similarly in 55% of cases of IE with vegetations
on the mitral, aortic, tricuspid or prosthetic valve. How-
ever, recent studies have shown a poorer prognosis for
cases with aortic vegetations60. In contrast, the risk of
complications is lower when TTE does not reveal veg-
etations61-63.

In general, the literature agrees that, better with
TEE than with TTE, large and extensive vegetations
that are more mobile and soft, especially if located
on the mitral valve, are more closely associated with
the development of complications and embolic events
(Fig. 1). Calcified vegetations tend not to embo-
lize18,46,,47,64,65. Two discordant studies found a marked
interobserver variability in the assessment of the size,
mobility and consistency of vegetations, with a lack of
predictive value of the vegetations detected at TTE49,65.

It is also known that efficacious antibiotic therapy
reduces the size and increases the consistency of vege-
tations, rendering them less emboligenic61. However,
the increase in size or the reduction of vegetations dur-
ing antibiotic therapy signals those patients at a higher
risk of complications. The size of vegetations, particu-
larly if > 16 mm as measured at TEE, and their mobili-
ty continue to carry a negative prognostic value even af-
ter the initiation of antibiotic therapy. However, after 1
week of treatment, the frequency of embolic events
markedly decreases47,65.

At-risk vegetations after an embolic complication
or concomitant severe valvular regurgitation are both
suggestive of the need of early surgical treatment.

Nevertheless, despite numerous reports about the
importance of echocardiography in risk stratification
and prognosis, uncertainty surrounds the appropriate
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therapeutic approach when this tool discloses vegeta-
tions at risk of embolization in uncomplicated IE and in
the absence of any other indications for surgery. Cur-
rent recommendations44 call for comprehensive clinical
assessment of the individual case (eventual atrial fibril-
lation, Staphylococcus aureus, site on anterior mitral
leaflet, age, duration and response to therapy, previous
history of emboli, duration of symptoms, presence of
prostheses), taking into account that vegetations > 16
mm in diameter almost always lead to complications50.
It is also important to determine whether the surgeon
can perform conservative surgery and possibly repeat
the examination after 1 week of treatment and compare
the pre- and postoperative morphologies of the vegeta-
tions.
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