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Abstract

Purpose of Review Additional imaging modalities, such as FDG-PET/CT, have been included into the workup for patients with
suspected infective endocarditis, according to major international guidelines published in 2015. The purpose of this review is to
give an overview of FDG-PET/CT indications and standardized approaches in the setting of suspected infective endocarditis.
Recent Findings There are two main indications for performing FDG-PET/CT in patients with suspected infective endocarditis:
(i) detecting intracardiac infections and (ii) detection of (clinically silent) disseminated infectious disease. The diagnostic per-
formance of FDG-PET/CT for intracardiac lesions depends on the presence of native valves, prosthetic valves, or implanted
cardiac devices, with a sensitivity that is poor for native valve endocarditis and cardiac device-related lead infections, but much
better for prosthetic valve endocarditis and cardiac device-related pocket infections. Specificity is high for all these indications.
The detection of disseminated disease may also help establish the diagnosis and/or impact patient management.

Summary Based on current evidence, FDG-PET/CT should be considered for detection of disseminated disease in suspected
endocarditis. Absence of intracardiac lesions on FDG-PET/CT cannot rule out native valve endocarditis, but positive findings
strongly support the diagnosis. For prosthetic valve endocarditis, standard use of FDG-PET/CT is recommended because of its
high sensitivity and specificity. For implanted cardiac devices, FDG-PET/CT is also recommended, but should be evaluated with
careful attention to clinical context, because its sensitivity is high for pocket infections, but low for lead infections. In patients
with prosthetic valves with or without additional aortic prosthesis, combination with CTA should be considered. Optimal timing
of FDG-PET/CT is important, both during clinical workup and technically (i.e., post tracer injection). In addition, procedural
standardization is key and encompasses patient preparation, scan acquisition, reconstruction, subsequent analysis, and clinical
interpretation. The recommendations discussed here will hopefully contribute to improved standardization and enhanced per-
formance of FDG-PET/CT in the clinical management of patients with suspected infective endocarditis.
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Introduction

Infective endocarditis (IE) is a serious condition with sub-
stantial morbidity and mortality. While it is relatively rare
with an incidence of 3—10 per 100,000 per year [1], there
is evidence that this incidence is increasing. This is in part
due to an increasing life expectancy, expanding options for
cardiac valve repair and/or replacement, and increasing
use of cardiac-implanted electronic devices [2-5]. IE is a
diagnostic challenge because of its highly variable clinical
presentation. The mainstay of diagnosis is based on micro-
biological evidence (mainly blood cultures) and imaging
findings that need to be interpreted in combination with
clinical signs. These are scored as either minor or major
criteria, and integrated into the modified Duke criteria,
resulting in a rejected, possible, or definite diagnosis of
IE [6]. It is important to note that the modified Duke
criteria have variable sensitivity and specificity, especially
in the setting of prosthetic valve endocarditis (PVE) and
cardiac device-related endocarditis (CDRIE), and they
should support rather than replace clinical judgement [7,
8]. Traditionally, echocardiography has had a central role
in establishing the diagnosis. In 2015, both American and
European guidelines have included additional imaging
modalities [8, 9], with the latter formally including these
findings as formal criteria—Ieading to an amended scoring
system (ESC 2015). In case surgery is performed, findings
from pathology and direct culture of the removed
suspected tissue or materials are considered the reference
standard for the diagnosis. However, this is not always
feasible and often the clinical diagnosis is settled by mul-
tidisciplinary consensus. This can be further affirmed by
patient outcome during treatment and follow-up.

Besides echocardiography, 18F-fluorodesoxyglucose
with low-dose or contrast-enhanced computed tomography
(FDG-PET/CT), cardiac CT, and leucocyte scintigraphy are
the most frequently used imaging modalities for establishing
IE [8]. Both most recent international guidelines (AHA/
IDSA and ESC) leave many questions unanswered and a
lot of room for interpretation. Ambiguity remains regarding
the optimal use of these new imaging modalities: (i) Which
imaging technique is recommended to be used first? (ii) For
which patients are these techniques most suited? (iii) What is
the optimal timing to apply imaging? and (iv) how can they
best be performed and interpreted? This review focuses on
FDG-PET/CT and gives an overview of indications for this
technique in different patient groups, best practices
concerning timing and approaches for standardization, to
maximize its efficacy for clinical practice. A summary over-
view of the recommendations can be found in Fig. 1. These
recommendations are based on available evidence and ex-
pert opinion. Recommendations based on specific guide-
lines are highlighted as such.
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Indications for FDG-PET/CT in Suspected IE

FDG-PET/CT can be used for two reasons when IE is
suspected: it can either directly establish the presence of an
infection in the endocardium or be used to find evidence for
disseminated infection or portals of entry in IE disease. FDG-
PET/CT is mainly applied when the diagnosis remains uncer-
tain after other diagnostic tests are performed. Finding
extracardiac foci of infection may help establish the diagnosis
and can significantly impact treatment decisions [10]. When
the main purpose of FDG-PET/CT is to evaluate the presence
of IE in the endocardium, there are three main patient groups
to differentiate between, those with (i) suspected native valve
endocarditis (NVE), (ii) suspected prosthetic valve endocardi-
tis (PVE), and (iii) cardiac device-related infective endocardi-
tis (CDRIE). This distinction is important, since the presence
of the different cardiac prosthetic materials affects '*F-FDG-
PET/CT accuracy and its overall value for the diagnosis.

Native Valve Endocarditis

The largest meta-analysis to date that focused on NVE specif-
ically found that FDG-PET/CT showed a rather poor pooled
sensitivity for the diagnosis, while pooled specificity was ex-
cellent: 36% and 99% respectively [11e, 12]. Because of its
low sensitivity, negative intracardiac findings in FDG-PET/
CT cannot be used to rule out the diagnosis in NVE. However,
for most patients, there is an indication to perform FDG-PET/
CT for detection of disseminated disease, as distant foci can
help establishing the diagnosis. Additionally, if FDG PET/CT
does show evidence for intracardiac infection in these patients,
this is highly predictive for the diagnosis. This is especially
relevant in patients in whom the diagnosis was not yet
established with sufficient certainty by other investigations
such as echocardiography and available clinical information.
Therefore, our expert conclusion for clinical practice is that for
suspected NVE, FDG-PET/CT can be performed to find evi-
dence of disseminated disease, with appropriate patient prep-
aration in order to maximize the chance of finding intracardiac
infection as an additional finding (“by-catch”) with a very
high specificity.

Prosthetic Valve Endocarditis

For PVE, FDG-PET/CT has both high sensitivity and speci-
ficity for intracardiac infection. The most recent meta-analysis
on this indication found a pooled sensitivity and specificity of
86% and 84%, respectively [12, 13¢]. Furthermore, both sen-
sitivity and specificity were higher in the more recent studies
that were included in the meta-analysis, most likely as a result
of improvements in patient preparation for and standardization
of FDG-PET/CT and improvements in PET/CT camera sys-
tems. In conclusion, for this indication, the value of FDG is
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FDG-PETICT for suspected infective endocarditis.

Native valve endocarditis |Prosthetic valve endocarditis

Cardiac device related endocarditis

Pocket infections Lead infections

Indications FDG-PETICT
Evaluation disseminated disease
Evaluation intracardiac lesions

Indications FDG-PETICT
Evaluation disseminated
disease

Intracardiac lesion detection| Intracardiac lesion detection

Sensitivity 36% Sensitivity 86%
Specificity 98% Specificity 84%
Key points Key points
Cardiac preparation Cardiac preparation
(intracardiac lesions as Surgery reports:

potential additional findings) Bioglue, Medtronic Mosaic
prosthetic valve (false positives)

Confirm findings on NAC images

Indications FDG-PETICT
Evaluation disseminated
disease
Evaluation intracardiac lesions

Indications FDG-PETICT
Evaluation disseminated
disease
Evaluation device pocket

pocket lesion detection Intracardiac lesion detection

Sensitivity 93% Sensitivity 65%
Specificity 98% Specificity 88%
Key points Key points

Cardiac preparation
Confirm findings on NAC
images

Cardiac preparation
Confirm findings on NAC images
Possible benefit delayed
acquisition (180 minutes)

FDG-PETICT Standardization
(Specific for infective endocarditis. For general
recommendations: see EANM guidelines [23,26] )

Preparation

High fat - low carbohydrate diet: start 24 hours
before scan

Fasting: start 12 hours before scan

(Optional) Heparin IV 15 minutes before FDG
injection. Recommended dose 50 1U/kg

If antibiotics indicated: Start treatment without
delay, perform FDG-PET/CT as soon as possible

Analysis & interpretation
Consider both uptake intensity and heterogeneity
Confirm findings on non-attenuation corrected

images (if cardiac implanted materials) systems.

Optional strategies

Combined FDG-PET / CT-angiography

Pro: Increased sensitivity, information extent of infection, abscess
evaluation.

Con: Radiation exposure.

Recommendations:

Weigh risks / benefits. Use CT scanners with high temporal resolution
and TOF capable, high sensitive PET/CT system if available. Consider
renal protection strategies.

Semiquantitative PET/CT analysis (SUV)

Pro: validated benefit for diagnosis in oncology

Con: Limited experience in suspected |IE (PVE only). demands
standardization to ensure reproducibility of findings across PET/CT

Recommendations:

Can be considered when in doubt after visual assessment. Cut off
values for PVE: SUVmax >3.3 and/or SUVratio (bloodpool) >2.0 (best
results SUVratio)

Fig. 1 Overview of FDG-PET/CT indications for suspected IE and standardization strategies

twofold, since it can provide both evidence of intracardiac
infection and evidence of disseminated disease. This is espe-
cially important for this indication because echocardiography
is often substantially hindered by prosthetic valve-related ar-
tefacts, leading to impairment of its diagnostic accuracy in this
patient group [14].

Patients with combined prosthetic aortic valve implantation
and ascending aorta replacement (so-called Bentall
procedures) constitute a special group. Relatively little is
known about the FDG-PET/CT findings for these indications.
One study investigated the value for FDG-PET/CT for
suspected Bentall infection in 39 patients [15]. The observed

sensitivity and specificity were 86% and 80%, respectively,
when only patients with focal FDG uptake or FDG uptake
with soft tissue extension were considered positive for an in-
fection. However, larger prospective studies are needed to
validate these findings in this specific population. While the
underlying aortic valve may be replaced by either a biological
or mechanical valve, the ascending aorta is generally replaced
by a synthetic material, usually Dacron®, which is associated
with a risk of false-positive findings in similar large vessel
vascular prostheses [16].

In both patient groups, the indication for a combination
with ECG-gated CT angiography (CTA) should be considered
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with a rather low threshold, since abscess formation can be
detected more reliably [12, 17], preferably in a “one-stop
shopping” procedure (cf. section FDG PET/CT acquisition
and reconstruction).

Cardiac Device-Related Infective Endocarditis

For CDRIE, FDG-PET/CT has a high overall pooled sensitiv-
ity and specificity (87% and 94% respectively) according to
the most recent meta-analysis on this indication [18].
However, CDRIE is a collective term that may apply both to
pocket/generator infections and infections of the device leads.
FDG-PET/CT performs markedly better for pocket infections
than for lead infections: for pocket infections, pooled sensitiv-
ity and specificity were 93% and 98%, respectively, while for
lead infections, sensitivity was poor (65%), although specific-
ity was high (88%). Therefore, FDG-PET/CT can significant-
ly attribute to the diagnosis of CDRIE-pocket infections. For
CDRIE-lead infections however, it should be interpreted with
caution and multidisciplinary consensus based on extensive
clinical investigation is vital to correctly establish the diagno-
sis. There is some evidence that delayed image acquisition
could increase FDG-PET/CT diagnostic accuracy in
suspected CDRIE when intracardiac lead infection is
suspected, though this study was small (n =27) [19]. A recent
meta-analysis in patients with suspected infection of a left
ventricular assist device (LVAD) found a pooled sensitivity
of 97% and pooled specificity of 99% in infections of the
driveline, and a pooled sensitivity of 97% and pooled speci-
ficity of 93% for infection of the central device components
[20]. For this indication, FDG-PET/CT has added value, al-
though larger and prospective studies are necessary to provide
more evidence.

Timing of FDG-PET/CT

Literature about the optimal timing of FDG-PET/CT applica-
tion is scarce. This applies both to the timing in the diagnostic
workup in suspected IE and to the interval between cardiac
surgery and FDG-PET/CT and suspected IE in the postoper-
ative period. For the optimal timing in the diagnostic process,
we recommend using transthoracic and transoesophageal
echocardiography (TEE) first whenever feasible, since these
are safe, fast, widely available, and cost-effective [12, 21].
TEE in particular yields a good diagnostic accuracy, which
holds especially true when NVE is suspected [14, 21]. IfFFDG-
PET/CT is indicated following echocardiography, it is recom-
mended to perform it as soon as possible to allow for timely
intervention when FDG-PET/CT confirms IE and to avoid
false-negative findings as result of antibiotic treatment effect.
Appropriate antibiotic treatment will over time lead to de-
creased inflammation, and C-reactive protein blood

@ Springer

concentrations below 40 mg/L have been associated with
false-negative FDG-PET/CT findings [22]. Since antibiotics
are an integral part of IE treatment, the recommended course is
to perform FDG-PET/CT before antibiotic treatment is initi-
ated or as soon as possible promptly after, without delaying
the start of antibiotic treatment.

Regarding cardiac surgery, the European Society of
Cardiology guidelines recommend an empirical minimum in-
terval of 3 months between the intervention and FDG-PET/
CT before positive findings can be regarded as true positive
[8]. This is a point of controversy, as EANM guidelines rec-
ommend a 1-month minimum interval [23]. There is also ev-
idence that FDG-PET/CT is capable of showing true negative
findings even within 1 month after implantation of prosthetic
valves [22, 24, 25], while by contrast, false positives can still
occur more than 3 months after, and possibly even up to 1 year
after [22, 24]. False positives were strongly associated with
use of a surgical adhesive: BioGlue (Cryolife Inc.) [22] and a
specific bioprosthetic mitral valve model: the Medtronic
Mosaic [23]. This valve model was associated with intense
heterogeneous uptake 6 months after surgery that was charac-
teristically absent 1 month after implantation. When the afore-
mentioned confounders were not present in any of the includ-
ed patients, only circular, homogenously increased FDG up-
take was found in patients at 5, 12, and 52 weeks after PV
implantation [25]. In conclusion, FDG-PET/CT results can be
accurate as early as 1 month after heart valve replacement, but
careful attention should be given to the surgical technique and
materials that were used, up to and possibly beyond 1 year
after surgery [22, 24, 25]. The same may apply to suspected
CDRIE, but for this indication, data is lacking.

Standardization

FDG-PET/CT standardization is important to ensure both re-
peatability of scan results and their reproducibility across dif-
ferent PET/CT systems, which is important to ensure maxi-
mum diagnostic accuracy and optimal (semi-) quantitative
scan analysis. Standardization measures can be applied to pa-
tient preparation, scan acquisition, and scan analysis.
Guidelines for standardization have been established by the
European Association of Nuclear Medicine (EANM) and the
European Association of Cardiovascular Imaging (EACVI)
[26, 27¢°]. These general recommendations will be summa-
rized in the following paragraphs, while the aforementioned
guidelines can be consulted for an in-depth discussion.

Patient Preparation
The main goal of patient preparation is to maximize tracer

uptake in the target tissue against the background. Since
FDG is a glucose analogue, it is taken up in non-affected
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tissue as well, dependent on their metabolic activity. This is
especially the case in IE, where FDG is normally taken up in
the myocardial cells. Patient preparation in IE is therefore
aimed at limiting metabolic activity in the myocardium. The
following measures are recommended before FDG-PET/CT
in the setting of suspected IE, above the normal measures for
patient preparation in FDG imaging [26]:

—  Fasting and medication: Non-diabetic patients should not
consume any foods or drinks besides water, preferably for
at least 12 h prior to FDG-PET/CT. Medications can be
taken as prescribed, with notable exception to corticoste-
roids, which should either be delayed until after FDG-
PET/CT or be used at the lowest possible dose that is
clinically feasible because of their interference with glu-
cose metabolism [27e¢].

— High-fat, low-carbohydrate (HFLC) diet: the myocardi-
um prefers free fatty acids over glucose for its metabo-
lism. Therefore, using a high fatty acid and low-
carbohydrate diet preceding FDG-PET/CT reduces cardi-
ac glucose consumption. This will improve the target-to-
background ratio resulting in optimal PET reading.
Recommended is a 12-h HFLC diet, followed by the
aforementioned 12-h fasting period [28-30].

—  Heparin loading dose: Heparin causes free fatty acid re-
lease, which in turn decreases myocardial glucose uptake.
There is some evidence that an intravenous heparin injec-
tion 15 min prior to FDG injection has an additive effect
on physiological myocardial FDG uptake when used in
conjunction with the HFLC diet [30], though other stud-
ies that evaluated heparin injection found variable results
[31-33]. Because of the available, yet limited evidence
for its additive value, when no contra-indications exist
against the use of heparin, it may be considered as an
adjunct to an HFLC diet. The recommended dose for
heparin is 50 IU/kg for this indication [30].

FDG PET/CT Acquisition and Reconstruction

The recommended administered activity for FDG-PET/CT is
2.5-5 MBqg/kg according to EANM recommendations, which
corresponds with 175 to 350 MBq for an adult weighing 70 kg
[26]. The time interval between injection of FDG and start of
the scan should be approximately 60 min. Documentation of
the exact interval is necessary when semi-quantitative mea-
surements, e.g., standardized uptake values (SUV), will be
performed. The acceptable range for semi-quantitative analy-
ses is 55—75 min [26]. For visual analysis, the exact interval
between injection and FDG-PET/CT is of less importance and
an interval of 60-90 min between injection and start of acqui-
sition is acceptable [27¢¢].

Because FDG remains trapped intracellularly for 3.5-4 h
after injection, studies have been performed to evaluate
whether delayed acquisition could increase FDG-PET/CT di-
agnostic accuracy. However, while there might be a potential
benefit for CDRIE specifically [21], the increased risk of false
positivity outweighs the benefit of a modest increase in sensi-
tivity in PVE [34], and the value of delayed acquisition has not
been evaluated in NVE.

For the diagnosis of IE, combining FDG-PET with CT
angiography (CTA) leads to a combination of metabolic in-
formation of FDG-PET with a high anatomical reference,
aiding in evaluation of solitary vegetations, soft tissue exten-
sion of infection, and/or potential abscesses. Studies using this
combination are still scarce, but indicate towards benefit of the
combination over single performed techniques [35]; see also
Fig. 2 [36]. Care should be taken to minimize the risk of
nephrotoxicity, as patients with IE are frequently at increased
risk due to comorbidity and potentially nephrotoxic co-medi-
cation. Discontinuation of nephrotoxic co-medication, pre-hy-
dration, and decreased contrast doses can minimize this risk.
The radiation dose, which significantly increases when adding
CTA to the procedure, is not a major issue anymore when
using the newer PET and CT camera systems [27¢¢, 37]. The
increased sensitivity of FDG-PET/CTA should always be
weighed against the associated risks for the patient and radia-
tion reduction strategies should be employed whenever
feasible.

FDG PET/CT Analysis and Clinical Interpretation

There are both general and specific considerations for FDG-
PET/CT assessment in the setting of suspected IE. As general
considerations, verification of correct activity administration,
image quality control, checks of blood glucose level, and
PET/CT alignment are vital for a correct interpretation of
FDG-PET/CT results. When increased myocardial physiolog-
ical uptake is present, compliance to HFLC diet should be
verified and reported upon. PET/CT images have to be eval-
uated in all 2D planes and in 3D maximum intensity projec-
tion (MIP) cine mode, taking into account both intensity of
FDG uptake in the target lesion(s) and the pattern of FDG
uptake. The uptake pattern of FDG is extremely important in
defining whether there is IE. Homogeneous uptake mostly
points to reactive inflammation and not infection. On the con-
trary, heterogeneous and/or (multi-) focal uptake points to an
infection. Also, spread to surrounding soft tissue and/or met-
abolically active lymph nodes in the surrounding points to an
infection [27¢¢].

The imaging specialist should not only look to the
attenuation-corrected images, but should also pay attention
to the non-attenuated images, especially when a prosthetic
valve or a cardiac device is present. Scatter or beam hardening
artefacts caused by either prosthetic valves or cardiac-
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Fig. 2 PET/CT angiography.
Clinical case which demonstrates
the additional value of combining
FDG-PET and CTA. FDG-PET
shows increased uptake at the
edge of'the prosthetic aortic valve,
indicative of abscess formation
(upper and lower left), but does
not show the vegetation (yellow
arrows) that is visible on CTA
(diastolic phase: upper right;
systolic phase: lower right). (This

figure was published in the
Journal of the American College
of Cardiology: Cardiovascular
Imaging, Vol 9, Scholtens AM,
Swart LE, Verberne HJ, Tanis W,
Lam MG, Budde RP,
Confounders in FDG-PET/CT
Imaging of Suspected Prosthetic
Valve Endocarditis, Pages 1462-
1465, Copyright Elsevier [2016])
[36]

implanted devices can lead to false-positive findings.
Increased FDG uptake should therefore always be confirmed
on non-attenuation-corrected images to further confirm
suspected prosthetic valve or device infection [27¢¢].

As mentioned earlier, use of surgical adhesives (most spe-
cifically BioGlue) and one specific valve prosthesis model
(Medtronic Mosaic) can lead to false-positive findings [22,
24]. Consequently, their presence should be taken into ac-
count during FDG-PET/CT evaluation. Therefore, the imag-
ing specialist should be aware of the detailed reports of previ-
ous surgery. Scan results are ideally discussed within the mul-
tidisciplinary endocarditis team to assure findings are weighed
appropriately relative to other clinical findings [27¢].

Experience with semi-quantitative metrics using standard-
ized uptake values (SUV) is extensive in oncology, but for IE,
its use is less common. However, some promising results were
found in a patient-control study when a SUVratio (defined as the
SUVmax of the suspected lesion, divided by the SUVmean in
the thoracic aorta) cutoff value >2.0 was used for diagnosing
prosthetic valve endocarditis in EARL accredited, attenuation-
corrected reconstructions. When patients with surgical adhe-
sives and those with low inflammatory activity (CRP < 40
mg/L) were excluded, sensitivity and specificity were 100%
and 91%, respectively, similar to visual analysis that showed a
sensitivity and specificity of 91% and 95% respectively [22].

Future Perspectives

New technical developments in PET/CT may lead to further
improvement of FDG-PET/CT diagnostic accuracy and
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expansion of its clinical utility. In this section, new PET/CT
acquisition protocols, hybrid imaging modalities, FDG-PET/
CT treatment monitoring, and possibilities of artificial intelli-
gence approaches are discussed. These are currently being
evaluated and might emerge in clinical setting in the not too
distant future.

ECG Gating

One of the limitations of FDG-PET/CT is that it produces a
static image. This potentially limits the interpretability of
small intracardiac lesions because of cardiac motion artefacts
and might be the explanation that isolated valve vegetations
are associated with false-negative findings [22]. A potential
solution to this could be the use of motion correction, e.g.,
through PET ECG gating. Elimination of motion artefacts
could potentially increase PET/CT sensitivity, in particular
for vegetations that are limited to valve leaflets or those at-
tached to intracardiac leads, thereby increasing PET/CT sen-
sitivity in NVE and CDRIE. ECG gating is possible in most
current state-of-the-art PET/CT systems, and even options for
dual gating, which include correction for respiration-related
motion, are available. A remaining challenge is the trade-off
between reduced motion artefacts and increased noise,
resulting from gating-related loss of counts [38]. Data-driven
approaches to minimize the loss of counts and the resulting
image noise show promising results and may result in effec-
tive motion correction [38]. A proof of concept was shown for
cardiac vitality PET [39]. Prospective studies are needed to
evaluate whether these techniques have additive value over
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static PET/CT imaging in the setting of IE, since evidence for
this indication, though promising, remains scarce [40].

New Camera Systems

Current state-of-the-art digital PET/CT systems are capable of
dealing with progressively lower photon counts, which has
made dynamic PET/CT acquisition feasible. This combined
with FDG uptake modelling allows for real-time assessment
of FDG uptake rate in target tissues, potentially exposing dif-
ferences in glucose metabolism impossible to detect on static
PET/CT images. In oncology, dynamic FDG-PET/CT might
be able to differentiate primary tumors from metastatic disease
[41]. Potentially, the same could be applied to suspected IE for
a better differentiation between infection and reactive or post-
surgical inflammation.

Whole-body PET/CT systems incorporate multiple PET
detector rings, which allows for a reduction of either scan
time, radiation dose, or both, while giving a one-shot image
of the whole body, potentially expanding the possibilities of
the use of FDG-PET/CT to haemodynamically unstable pa-
tients, children, and pregnant women. It also allows further
expansion of dynamic PET/CT abilities, leading to potentially
significantly improved FDG-PET/CT applicability and sensi-
tivity for a myriad of indications [42].

New PET/MRI systems are slowly finding more adoption
around the world. This hybrid imaging modality allows for
dynamic motion correction using MR data, excellent soft tis-
sue evaluation, and advanced acquisitions to evaluate tissues
for functional changes (e.g., late enhancement, diffusion-
weighted imaging, and metabolic changes) [43]. This might
be particularly useful for the evaluation of native valve endo-
carditis, for which PET/CT currently has limited sensitivity.
For the PVE and CDRIE, a limitation of MRI is its suscepti-
bility to artefacts caused by non-magnetic metals, which may
significantly disrupt MRI-derived attenuation correction,
while the risk of implanted device malfunction or lead
overheating caused by radiofrequency interaction precludes
some of these patients from undergoing MR examination
completely.

PET/CT-Guided Therapy

The information provided by FDG-PET/CT can not only be
used for the diagnosis of IE, but potentially could also be used
to monitor the effect of IE treatment, guiding therapeutic de-
cision making, e.g., changing antibiotic dose, switching to a
different therapeutic strategy, or deciding when treatment can
safely be stopped. FDG-PET/CT is already adopted for this
use in several oncological diseases, e.g., the treatment of mul-
tiple myeloma [44], and evidence is emerging that it could
also be used for monitoring treatment of invasive fungal in-
fections [45], tuberculosis [46], spondylodiscitis [47], and

aortic graft infections [48]. For IE, to the best of our knowl-
edge, no data currently exists. Considering the major chal-
lenges that remain for the treatment of IE, studies investigating
the value of FDG-PET/CT for treatment monitoring in IE are
urgently needed.

Artificial Intelligence

Artificial intelligence and machine learning approaches are
becoming increasingly incorporated in the field of nuclear
medicine. The possibilities of artificial intelligence ap-
proaches range from data-driven noise reduction strategies
[49], automated lesion delineation to advanced quantification
possibilities. Currently, most progress has been described in
oncology [50]. An exciting venue for future studies would be
to evaluate whether artificial intelligence approaches can be
used to distinguish between physiological uptake, reactive or
postsurgical inflammation, and infection in suspected IE,
which would dramatically increase the technique’s clinical
utility.

New Radiopharmaceuticals

Currently, FDG is the only PET radiotracer used in clinical
practice for evaluation of IE. New radiotracers with bacteria-
specific uptake are currently being evaluated, which could
substantially improve PET/CT diagnostic accuracy. A system-
atic review by Auletta et al. evaluated some of the potential
bacteria-specific candidates, e.g., '*F-Fluorosorbitol [51], '*F-
Fluoromaltohexoase [52], and ' C-labeled para-aminobenzoic
acid (PABA) [53], showed promising results for selectively
binding specific bacteria, but currently, all these novel radio-
pharmaceuticals have only been validated in animal models
[54]. Their clinical utility therefore still needs to be confirmed
in human studies before they can be applied in clinical
practice.

Conclusion

FDG-PET/CT is a valuable tool for the evaluation of infective
endocarditis. Its sensitivity is variable: excellent for the diag-
nosis of PVE and CDRIE-pocket infections, but poor for NVE
and CDRIE-lead infections. The high specificity and ability to
detect (clinically silent) foci of dissemination gives FDG-
PET/CT a broad applicability and clinical utility for this chal-
lenging diagnosis. Standardization is of major importance for
maximizing FDG-PET/CT diagnostic accuracy. It is recom-
mended to perform the patient preparation and scan acquisi-
tion procedures in accordance with EANM guidelines. The
clinical interpretation should be performed with attention to
the clinical context, FDG-PET/CT image quality, recent car-
diac surgery duration of antibiotic treatment prior to FDG-
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PET/CT, and confirmation of findings on NAC PET images.
In the future, new developments in camera systems, develop-
ments in more specific tracers, and the use of artificial intelli-
gence may substantially change the field of PET/CT imaging
in patients with suspected IE.
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