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Nuclear imaging for patients with a suspicion of
infective endocarditis: Be part of the team!
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The diagnosis of infective endocarditis (IE) is challenging and requires the association of
morphological features suggestive of valvular infection such as the presence of vegetations or
abscesses identified usually with echocardiography and positive blood culture or serologies
suggestive of systemic bacterial infection. In the past 5 years, several groups confirmed the
incremental value of FDG-PET imaging and radiolabeled leukocyte scintigraphy over
echocardiography for the diagnosis of IE. Based on the latter studies, the presence of abnormal
activity in the perivalvular region on either FDG-PET imaging or radiolabeled leukocyte
scintigraphy has been added as a major criterion for the diagnosis of IE in the guidelines
recently published. Nuclear physicians should therefore learn not only the imaging criteria in
favor of active IE but also the pitfalls of these nuclear imaging techniques in order to give a
useful answer to the referring physician for the management of these patients. In fact, the
diagnosis of IE is often complex and requires the integration of multiple clinical, biological, and
imaging parameters. Multi-disciplinary teams including cardiologists, infectious disease
physicians, cardiac surgeons, and radiologists have been therefore set up in several institutions
to discuss the diagnosis and management of patients with a suspicion of IE. It is now time for
nuclear cardiologists to join the team.
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DIAGNOSTIC CHALLENGES IN INFECTIVE
ENDOCARDITIS

The incidence of infective endocarditis (IE) is
approximately 2-4/100,000 person-years but can occur
in about 1-6% of patients with cardiac prosthesis.' IE
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remains associated with high mortality, in particular in
patients with prosthetic valve endocarditis (PVE). The
diagnosis of IE is challenging and requires the association
of morphological features suggestive of valvular infection
such as the presence of vegetations or abscesses identified
usually with echocardiography and positive blood culture
or serologies suggestive of systemic bacterial infection.
The precise morphological and biological criteria for IE
are defined in the modified Duke score,? which is used to
classify patients into 3 groups depending on their score:
definite, possible, or rejected IE. The modified Duke score
helps evaluate the probability of IE and classify patients
with a suspicion of IE into well-defined groups for
research purposes after 3 months of follow-up but cannot
replace the personalized clinical evaluation of patients for
choosing the best therapeutic strategy. For example, a
patient with a mobile mass detected on echocardiography
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will be classified at least as having a possible IE because of
the presence of one major criterion of the Duke score.
The facts that the mobile mass looks like a small
thrombus on echocardiography and anticoagulation
therapy was too low in the preceding weeks will not
be taken into account in the modified Duke score, even
though these details are relevant for the evaluation of
patient’s risk of presenting IE. Furthermore, an impor-
tant limitation of the modified Duke score is that a
large number of patients are classified as having a
possible IE. Moving from a probability score towards
decision making in this group of patients classified as
“‘possible IE’’ is difficult: physicians usually have to
either consider that the patient has a significant risk of
presenting active IE and initiate long-term antibiother-
apy with its associated costs and side effects or monitor
closely the patient with the risks of local disease
progression and/or development of septic embolic
complications in case of active IE. Hence, there is a
clear need for additional diagnostic tools to help for the
identification of active IE. Radiolabeled leukocyte
scintigraphy” and FDG-PET imaging* have previously
demonstrated their values for the detection of acute
bacterial infection in several non-cardiac localizations.
In the past 5 years, several groups have tested and
confirmed that these two nuclear imaging modalities
are also useful in the context of IE.

FDG-PET IMAGING AND RADIOLABELED
LEUKOCYTE SCINTIGRAPHY FOR THE
DIAGNOSIS OF IE

FDG-PET presents the advantage of high sensitivity
for the detection of cells with high metabolic activities
and relatively short acquisition times. FDG-PET does,
however, not allow for the discrimination between
infective and inflammatory processes. In addition, anal-
ysis of FDG uptake in cardiac valves can be hampered
by physiological uptake of FDG in the neighboring
myocardium. In the first large cohort of 72 consecutive
patients with a suspicion of PVE,” FDG-PET demon-
strated a sensitivity of 73% and specificity of 80% for
the diagnosis of PVE. More importantly, FDG-PET
allowed the physicians to correctly re-classify 43% of
the patients classified as having a possible PVE before
imaging into either definite PVE or rejected PVE.
Furthermore, whole-body acquisitions should be con-
sidered in patients with a suspicion of IE referred for
FDG-PET imaging in order to identify potential origins
of bacterial sepsis (for example, colic cancer or dental
abscess) as well as complications of IE such as septic
emboli or arterial mycotic aneurysms.® In a recent study
of 75 patients with a suspicion of IE,” the diagnostic
performances of FDG-PET were even higher for the
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Radiolabeled leukocyte
FDG-PET-CT scintigraphy (SPECT-CT)
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Figure 1. Representative example of a patient with an aortic
biological prosthesis classified as presenting a ‘‘possible’
valve endocarditis using the modified Duke score. A moderate
(SUV max. = 3) and focal FDG uptake (black arrowhead)
was identified on PET acquisitions corresponding to the
perivalvular region of the aortic prosthesis on fused PET-CT
images. The same patient underwent a radiolabeled leucocyte
scintigraphy in order to distinguish whether FDG uptake in the
perivalvular region was caused by infective or inflammatory
process. A moderate activity was detected on the SPECT
images acquired 24 hours after injection of radiolabeled
leukocytes corresponding to the same perivalvular region
identified with FDG-PET confirming the presence of IE in this
patient. Note that the contrast to noise ratio of these late
SPECT acquisitions of LS is usually poor. Preliminary
identification of regions with FDG uptake with PET can
therefore help focus the analysis of LS in the same areas.

detection of PVE with a sensitivity of 87% and a
specificity of 90%. In addition, the accuracy of FDG-
PET imaging for the detection of PVE was further
improved by adding cardiac CTA to FDG-PET imaging.
Cardiac CTA evidenced more frequently morphological
features of IE (for example, perivalvular abscesses) than
echocardiography associated with focal high FDG
uptake allowing the physicians to confirm the diagnosis
of IE. In addition, cardiac CTA was acquired during the
same imaging session as PET and helped to exclude IE,
when high FDG uptake was located in the myocardium
or in non-valvular regions.

Radiolabeled leukocyte scintigraphy (LS) repre-
sents another interesting imaging technique for the
detection of IE. Radiolabeled leukocytes accumulate in
tissues with acute bacterial infection. In a group of 131
patients with a suspicion of IE, radiolabeled leukocyte
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Figure 2. Proposed algorithm for the interpretation of FDG-PET images in patients with a
suspicion of PVE and inconclusive echocardiography based on our personal experience. Intense and
focal FDG uptake in perivalvular regions associated with morphological features (MF) of prosthetic
valve endocarditis (PVE) are in favor of an infective process. In patients with doubtful
interpretation of FDG-PET images, radiolabeled leukocyte scintigraphy can help one to
discriminate between infective or inflammatory process. Note that a normal FDG-PET imaging
does not exclude PVE. The results of FDG-PET imaging should be integrated in the IE score to
evaluate the probability of active infection and define the best therapeutic strategy. TEE,

Abnormal FDG-PET
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transesophageal echocardiography; CTA, computed tomographic angiography.

scintigraphy demonstrated a sensitivity of 90% and a
specificity of 100% for the detection of IE.® In a more
selected population of 42 patients with a suspicion of
PVE and inconclusive echocardiography, we confirmed
the high specificity of this technique (100%) but found a
lower sensitivity (57%) for the diagnosis of PVE
compared to the former study.” Nevertheless, LS did
influence the clinical management and classification of
29% of the patients included in this study.

Based on the aforementioned studies, the presence
of abnormal activity in the perivalvular region on either
FDG-PET imaging or radiolabeled leukocyte scintigra-
phy has been added as a major criterion for the diagnosis
of IE in the recently published guidelines of the
European Society of Cardiology for the management
of IE.'" The inclusion of both imaging modalities as
major criteria in the ESC score for the diagnosis of IE
represents an important step in the recognition of the
value of these techniques but means also that an
increasing number of patients with a suspicion of IE
will be referred to nuclear medicine departments.

Nuclear physicians should therefore learn and gain
experience on how to perform and analyze the images
acquired in this clinical situation in order to give a useful
answer to the referring physician for the management of
these patients.

INDICATIONS AND LIMITATIONS OF FDG-PET
IMAGING FOR THE DIAGNOSIS OF IE

An important point when analyzing FDG uptake in
the valves is to know the pitfalls of this technique. FDG-
PET imaging is certainly not the magic tool that offers to
identify any active IE in patients. As nicely illustrated in
the article of Salomiki et al.!! published in this issue,
the diagnostic performances of FDG-PET imaging for
the diagnosis of IE are good in prosthetic valves but
poor in native valves. The low sensitivity of FDG-PET
imaging for the diagnosis of IE in native valves might
have at least two causes: first, FDG is taken up in
activated inflammatory cells, which accumulate in
abscesses or pre-suppurative processes but are scarce
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in vegetations. Second, vegetations are small and very
mobile. Even in the presence of FDG accumulation in
vegetations, motion and partial volume effects will
significantly impact and decrease the intensity of the
signal detected with PET.'? Furthermore, vegetations
develop more frequently on native valve than on
prosthetic ones, whereas suppurative collections are
most often found in PVE than in IE of native valves.
Taken together, this study confirms that patients with
prosthetic material are the best candidates for FDG-PET
imaging for the detection of IE. In fact, the interest of
FDG-PET imaging in patients with a suspicion of IE on
native valve is probably low because, in addition to the
low sensitivity of FDG-PET imaging in these patients,
the diagnostic performances of echocardiography are
usually very good in this population.

Another limitation of FDG-PET imaging is that it
does not allow for the discrimination between infective
and inflammatory processes. The probability of IE is
high in the presence of intense, focal FDG uptake in
perivalvular regions (max. SUV > 5-6), but it can be
difficult to rule out IE in the presence of moderate
valvular FDG uptake. Several aspects can be suggestive
of IE: focal or heterogeneous perivalvular FDG uptake,
location of the signal in the aorto-mitral trigone,
association of FDG uptake with an infiltrative process
on echocardiography or CT. None of these aspects are,
however, highly specific for infection. In particular, high
focal FDG uptake can be found in perivalvular regions
where biological glue has been used.'® In ambiguous
cases, LS can help us to discriminate between infection
and inflammation. Accumulation of radiolabeled leuko-
cytes in perivalvular regions is highly specific for active
infective process.'* FDG-PET images and LS are
actually very complementary. FDG uptake can be
detected in valvular regions with high signal using
PET, whereas the contrast is often poor on LS because
images are acquired at 24 hours and using SPECT
technology. In our experience, FDG-avid areas sus-
pected of infection may be more specifically assessed by
LS and hence improving the accuracy of both techniques
(Figure 1). Nevertheless, LS has also some pitfalls: low
leukocyte accumulation in drained or encapsulated
abscesses or in case of infection with non-pyogenic
germs, intrinsic lower sensitivity of the SPECT tech-
nique for the detection of focal and weak activities than
PET technology.

PERSPECTIVES

In summary, the diagnosis of IE is often complex
and requires the integration of multiple clinical, biolog-
ical, and imaging parameters. In the past 5 years, both
FDG-PET imaging and LS have demonstrated their
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incremental value over echocardiography in the diag-
nosis of IE in patients with cardiac prosthesis. The
analysis of FDG uptake in cardiac prosthesis can,
however, be challenging and should be interpreted in
relation to the probability of IE and to the presence of
morphological features suspected of IE detected with
echocardiography or cardiac CTA (Figure 2). In several
institutions, multi-disciplinary teams including cardiol-
ogists, infectious disease physicians, cardiac surgeons,
and radiologists have been therefore set up to discuss the
diagnosis and management of patients with a suspicion
of IE. These ‘endocarditis teams’’, strongly recom-
mended by the recent ESC guidelines,'® help us to
shorten the delay between the first presentation of
patients with a suspicion of IE and the initiation of
appropriate medical or surgical treatments.'” It is now
time for nuclear cardiologists to join the team.
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