Curr Cardiol Rep (2014) 16:459
DOI 10.1007/s11886-013-0459-y

NUCLEAR CARDIOLOGY (V DILSIZIAN, SECTION EDITOR)

The Potential of FDG PET/CT for Early Diagnosis of Cardiac
Device and Prosthetic Valve Infection Before Morphologic

Damages Ensue

Wengen Chen - Jongho Kim - Olga P. Molchanova-Cook -

Vasken Dilsizian

Published online: 31 January 2014
© Springer Science+Business Media New York 2014

Abstract Diagnosis of cardiac mechanical device or prosthesis
valve infection, and more importantly accurate localization of
the infection site, such as defibrillator pocket, pacemaker lead,
annular or peri-annular valve ring abscesses remain clinically
challenging. Inconclusive diagnosis can lead to delayed antibi-
otic therapy, device extraction or surgical intervention, which
may have dire consequences to the patient. Among patients
with suspected cardiac mechanical device or prosthetic valve
infection, recent publications advocate the use of '® F-fluoro-2-
deoxyglucose positron emission tomography computed tomog-
raphy (FDG PET/CT), particularly when anatomy based imag-
ing studies, such as echocardiography or CT, are uncertain or
negative. A potential advantage of FDG PET/CT is in its
detection of inflammatory cells early in the infection process,
before morphologic damages ensue. However, there are many
unanswered questions in the literature. There is a need for
standardization amongst the various imaging studies, such as
dietary preparation, duration and timing of image acquisition,
image processing with and without CT attenuation correction,
and more importantly image interpretation criteria. The answer
for these issues awaits well designed, prospective studies.
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Introduction

Since the introduction of '*F-fluoro-2-deoxyglucose positron
emission tomography computed tomography (FDG PET/CT),
the main focus of its application has been in oncology, for
early detection and staging of various malignancies. In cancer
evaluation, false positive FDG uptake can occur at sites of
infection as well as in a variety of non-infectious inflamma-
tory disorders. The latter is a consequence of FDG targeting
the inflammatory cells (macrophages, neutrophils, and lym-
phocytes) at the site of infection/inflammation. In non-cancer
settings, however, the technique has been used clinically for
the evaluation of a variety of infectious processes that include
painful prosthetic joints, osteomyelitis, complicated diabetic
foot, fever of unknown origin, and a variety of other non-
infectious inflammatory diseases [1]. Given the high spatial
and target-to-background contrast resolution of FDG PET/CT,
recent publications in the literature support the application of
this technique for detecting cardiac implantable pacemaker
and defibrillator infections [2], as well as prosthetic valve
endocarditis [3]. Other cardiovascular applications of FDG
PET/CT include the assessment of myocardial perfusion and
metabolism [4, 5], as well as coronary atherosclerosis and
plaque inflammation [6, 7].

There has been significant increase in cardiac device im-
plantation worldwide, particularly in the United States [8].
Unfortunately, the growth in cardiac device implantation has
been accompanied by an even higher rate of increased device
infection, partly due to the age of new device recipients and
the higher rate of co-morbidities [9]. Device infection carries
high risk of death, if not treated appropriately in this popula-
tion. It has been reported that all-cause 12-week mortality
could be as high as 35 % with cardiac device infection,
especially for those with methicillin-resistant S. aureus infec-
tion [10]. The 1-year mortality after removal of an infected
device was 12 % in pocket infection group and 17 % in the
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endovascular infection group [11]. Accurate diagnosis of car-
diac device infection thus is critical for clinical decision mak-
ing such as antibiotics alone or device extraction, but repre-
sents a challenge for current diagnostic methods. For example,
local infection signs (i.e., erythema or external suppuration)
on physical examination cannot localize the infection source
relative to the device (i.e., superficial or deep to the pocket).
Blood culture may not isolate the pathogen (particularly when
antibiotics have been initiated), nor localize the infection site.
Transthoracic or transesophageal echocardiography (TTE or
TEE) may detect intra-cardiac vegetation but does not provide
information regarding extra-cardiac portion of lead infection.
Findings on anatomical imaging like CT are non-specific for
infection and affected by artifacts from the metal device. Thus,
there is a need of a new method in addition to existing tools for
diagnosis of cardiac device and prosthesis valve infection.

Radiolabeled White Blood Cell Imaging

Unlike anatomic imaging, identifying inflammatory cells early
at the site of cardiac device or prosthetic valve can prompt timely
medical and/or surgical intervention before the development of
morphologic damages from the infectious process. Given that
inflammatory cells avidly migrate to an infection site, 111-
Indium or 99m-Technetium radiolabeled autologous white
blood cells (WBC) can be used to localize the site of infection
by using planar imaging. Although radiolabeled WBC scintig-
raphy is used clinically for the evaluation of fever of unknown,
painful prosthesis joint, and other possible causes of infection,
its sensitivity can be significantly variable. Factors that may limit
the sensitivity of radiolabeled WBC scan include the viability of
the WBC after in vitro labeling process and the migration rate of
the cells to the infection site. The latter becomes a particular
concern in patients who are on antibiotic treatment, in whom cell
chemotaxis is decreased. In addition, the WBC labeling process
is time consuming, labor intensive, and costly. The imaging is
performed 24 hours after injection of the radiolabeled WBC or
longer, and the studies are often count-poor with low spatial
resolution (2D planar images). There is potential risk of patho-
gen contamination during the in vitro labeling process and
misadministration of radiolabeled WBC into a different patient.
Thus, while radiolabeled WBC scintigraphy is relatively specif-
ic, it suffers from low spatial resolution (2D images) and low
sensitivity which may limit its application in assessing cardiac
device and prosthetic valve infection.

Radiolabeled '*F-fluoro-2-deoxyglucose PET/CT Imaging
Different from radiolabeled WBC scintigraphy, FDG PET/CT

imaging is based on in vivo FDG labeling of the pre-existing
inflammatory cells at the infection site. With the stimulation of
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cytokines, these cells (macrophages, neutrophils, and lympho-
cytes) overexpress the glucose transporter 1 and accumulate
FDG with high concentration. Thus, FDG PET/CT is expected
to have a higher sensitivity than radiolabeled WBC scintigra-
phy and particularly useful for detecting chronic infection in
patients on antibiotic treatment. The method of FDG PET/CT
itself has several practical advantages over radiolabeled WBC
scintigraphy, such as (1) superior tomographic images with
high spatial and target-to-background contrast resolution, (2)
completion of the examination within a short period of time
(1.5 to 2 hours), (3) not labor intensive, and (4) low radiation
dose (2 to 3 times lower than that of 111In-WBC scintigraphy).

In patients with joint prosthesis, FDG PET/CT has been
shown to have superior spatial and contrast resolution in
detecting infection when compared to radiolabeled WBC
scintigraphy [12]. Recent studies have expanded the potential
application of FDG PET/CT to other mechanical or prosthetic
devices, such as cardiac pacemaker, defibrillator, and pros-
thetic valve infections [2, 3]. The preliminary data suggest that
FDG PET/CT is highly accurate in diagnosing cardiac device
pocket infection, while it may have a relatively lower sensi-
tivity for lead infection and vegetation evaluation. Nonethe-
less, FDG PET/CT can provide incremental information to
anatomic based imaging studies, such as echocardiography
and CT, particularly when clinical suspicion in concert with
inflammatory biomarkers and blood cultures is incongruent
with the anatomic based imaging findings.

Cardiac Implantable Electronic Device Infection

The cardiac implantable electronic device (CIED) system
(mainly implantable cardioverter-defibrillators and pace-
makers) consists of a pocket (usually placed in the subcuta-
neous region or below a muscle in the upper chest wall) and
leads (placed intravascularly or sometimes in epicardial sur-
face of the heart). Severe deep pocket infection or lead infec-
tion needs complete extraction of the device, while superficial
soft tissue infection not connected to the pocket may be
managed by antibiotics alone. The diagnosis appears straight-
forward in the presence of local infection such as erythema or
external suppuration over the chest wall pocket, associated
with bacteremia, and vegetation attached to the leads at either
TTE or TEE. However, real clinical cases are more compli-
cated with unclear blood culture or TEE findings. FDG PET/
CT can localize the infection site, and may be highly helpful
when vegetation is not detected by TEE.

Pocket Infection
In patients with clinical suspicion of cardiac device pocket

infection, FDG PET/CT can accurately diagnose infection
[13e, 14] as well as distinguish deep pocket infection from
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superficial soft tissue infection [15¢¢]. On the other hand, local
infection signs such as skin redness or drainage on physical
examination cannot localize the source of infection. Findings
on CT such as local fluid or gas collection are non-specific and
accurate evaluation may further be affected by the metal
artifact. Figure 1a showed a case with deep pocket infection
on FDG PET/CT. Deep pocket infection necessitates extrac-
tion. Focal FDG uptake limited to superficial tissues without
direct contact with the pocket indicates superficial skin infec-
tion which could be treated by antibiotics with sustained
clinical improvement [15¢¢].

While focal increased FDG uptake within or immediately
adjacent to the CIED pocket is the hallmark of infection, the
significance of non-specific FDG uptake related to inflamma-
tion (not infection) needs to be addressed. It is anticipated that
FDG activity in a recently implanted CIED pocket is mild
rather than intense, and in a diffuse pattern along the entire
pocket, rather than limited to a focal area [15¢¢]. Figure 1b
showed mild residual activity at the level of right pre-pectoral
area in a case with resent implant of device, indicating inflam-
mation. Clearly, further prospective studies are needed in
order to develop image interpretation criteria to differentiate
true pocket infection from inflammation.

Lead Infection

In contrast to the cardiac device pocket, FDG PET/CT appears
less reliable for lead infection evaluation with a reported
sensitivity and specificity of 60 % and 100 %, respectively
[13¢]. The lower sensitivity of FDG PET/CT may be attributed
to the small size of the lead, and/or ongoing antibiotic treat-
ment. Nevertheless, for clinical management purposes, an
abnormal FDG PET/CT finding of a lead necessitates extrac-
tion. On the other hand, despite clinical suspicion of infection,
if the FDG signal is negative along the lead, then the system
can be left in place without ongoing clinical observation over
the ensuing year, looking for objective signs of active lead
endocarditis [14¢]. Figure 1c showed an infection in the left
lateral chest wall lead on FDG PET/CT. Figure 1d showed
complete absence of uptake along the cardiac device system
without evidence of infection and inflammation.
Quantitative assessment of regional metabolic activity,
assessed by standard uptake value (SUV), has been shown
to be higher in infected CEID pockets than control, but not in
lead infection [13¢]. For lead infection, a slightly increased
focal uptake over the lead seems to be more valuable for the
diagnosis of infection than the overall SUV value. Although

Fig. 1 Fused FDG PET/CT images (a) showed a focal uptake (arrow)
deep to the pocket indicating pocket infection, (b) mild residual activity at
the level of right pre-pectoral area in a case with resent implant of device,
indicating inflammation, (c) intense focal uptake in the left lateral chest
wall compatible with lead infection, and (d) complete absence of uptake

along the cardiac device system without evidence of infection and in-
flammation. (Reproduced with permission from: Sarrazin JF et al. Use-
fulness of fluorine-18 positron emission tomography/computed tomogra-
phy for identification of cardiovascular implantable electronic device
infections. J Am Coll Cardiol. 2012;59:1616-25) [15¢¢]
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further studies are needed to define whether a cut-off value of
SUV can be used to differentiate an infection or not, it appears
that the pattern of uptake rather than the intensity of SUV
plays a more critical role in defining an infection.

FDG PET/CT for Prosthesis Valve Endocarditis

Early diagnosis of prosthetic valve endocarditis is challeng-
ing. Mortality from endocarditis remains high, if not appro-
priately treated [16]. The final diagnosis is made on the basis
of the Duke Endocarditis Service criteria [17]. TTE or TEE
and blood culture results are critical for the Duke criteria.
However, factors like thickened valves, nodules, or valvular
calcifications can lead to a false-positive TEE diagnosis in
about 15 % of patients [17]. Acoustic shadowing of the metal
prosthesis ring may obscure detection of vegetation and peri-
annular extension (abscess/mycotic aneurysm) [18]. Further-
more, vegetation revealed by anatomical imaging may not

Fig.2 Example of positive FDG PET/CT in patient with prosthesis valve
endocarditis with initial normal echocardiography. The first transesopha-
geal echocardiogram did not show any abnormalities around the aortic
bioprosthetic annulus (b). The second transesophageal echocardiogram,
performed at the end of antibiotic treatment (1 month later), showed a
large periprosthetic abscess (¢, red arrow). The FDG PET/CT performed 3
days after the first echocardiogram showed an abnormal uptake around
the aortic prosthesis (a, yellow arrow) and another hyperintensity in the
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necessarily be actively infected [19]. Yield of blood culture
can be affected by many factors particularly antibiotic treat-
ment. In some instances, blood cultures or echocardiography
is inconclusive, thus leading to a high proportion of uncon-
firmed cases of suspected endocarditis based on the Duke
criteria. Indeed, up to 24 % of the patients with pathologically
proven endocarditis were misclassified as having possible
endocarditis based on the Duke criteria alone [20]. Modifica-
tions to these criteria have been proposed by various organi-
zations such as the American Heart Association [16] and The
European Society for Cardiology [21] for diagnostic classifi-
cation. The modified Duke criteria are the current gold stan-
dard for endocarditis diagnosis, which provides a diagnosis
probability classified as definite, possible or rejected endocar-
ditis [22]. However, the modified Duke criteria are not optimal
for accurate diagnosis of early endocarditis, as it was initially
developed to define endocarditis for epidemiological studies,
conducted at the end of follow up period [22]. Recent efforts
have aimed in developing new imaging techniques to facilitate
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left colon, revealing a cancer (a, green arrow) that was confirmed by
colonoscopy. The FDG PET/CT images are presented as fused (PET+
CT) and attenuation-corrected maximal intensity (MIP) projection im-
ages. (Reproduced with permission from: Saby L, Laas O, Habib G, et al.
Positron emission tomography/computed tomography for diagnosis of
prosthetic valve endocarditis: increased valvular 18 F-fluorodeoxyglucose
uptake as a novel major criterion. J Am Coll Cardiol. 2013;61:2374-82)
[24+]
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early diagnosis of the endocarditis. For example, radiolabeled
WBC scan has been shown to improve the performance of the
Duke criteria [23].

Similarly, recent studies have shown that FDG PET/CT can
facilitate the diagnosis of prosthesis valve endocarditis. Inclu-
sion of abnormal FDG uptake at the site of the prosthetic
valve, as a novel major criterion, can significantly increase
the sensitivity of the modified Duke criteria from 70 to 97 %,
without compromising specificity [24¢¢]. This improvement is
the consequence of a significant reduction in the number of
cases that were classified as “possible” by the modified Duke
criteria, after inclusion of FDG PET/CT. By reclassifying the
majority of “possible” cases to definite, FDG PET/CT may
have a significant impact on patient management decisions
and clinical outcome. It is important to point out, however,
that the latter has not been demonstrated by a large well-
designed prospective study. In the current literature, the con-
tribution of FDG PET/CT has been predominantly in patients

Fig. 3 CT attenuation correction
PET image (a) showed a
curvilinear FDG uptake along the
pocket (arrow) in the left upper A
chest wall, which was not clearly
seen on the non attenuation
corrected PET image (b),
indicating a false positive FDG
PET/CT findings due to
attenuation correction artifact.
Middle panel: corresponding

CT images and lower panel:
fused PET/CT images
(unpublished data)

with a clinical suspicion of endocarditis, in whom the initial
TEE was negative or indeterminate [24es, 25]. The results
emphasize the power of FDG PET/CT in early diagnosis
before significant infectious damage occurs on the valve,
which may subsequently be discovered on a repeated second
or third TEE (Fig. 2).

It would be important to discuss the false positive rate of
FDG PET/CT as well. The false positive cases could be related
to inflammatory activity, particularly when the FDG PET/CT
is performed too early after the implantation of the prosthesis,
or uptake related to the surgical adhesive used to seal the aortic
root graft [26]. On the other hand, false negative FDG PET/
CT cases may be related to small size of vegetation or prior
antibiotic therapy. Thus, further studies are needed to deter-
mine the impact of non-specific uptake from inflammation
(which may be minimized by optimal timing for performing
FDG PET/CT after prosthesis implantation or the onset of
antibiotic treatment), and the performance of FDG PET/CT
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for small size vegetation. In addition, physiologic myocardial
FDG uptake and cardiac motion could also interfere with the
proper evaluation of prosthetic valve endocarditis.

Approximately half of prosthetic valve endocarditis cases
are complicated by peri-annular extensions (abscesses/mycotic
aneurysms) which need urgent surgical intervention [18]. TEE
may fail to recognize this potentially fatal complication. Al-
though ECG-gated computed tomography angiography (CTA)
can improve the diagnostic accuracy in some cases, it is also
purely anatomic technique [27]. The incremental value of FDG
PET/CT to the findings on TEE or CTA has been shown in
observational case series [28¢]. Although these results are
encouraging, FDG PET/CT is not advocated as a “first-line”
or confirmatory imaging study for detecting prosthetic valve
endocarditis. Rather, it should be reserved for patients with
clinical and microbiological suspicion of endocarditis but in-
determinate or negative TEE [2, 29].

Current Challenges and Future Research Directions

Evidence thus far regarding FDG PET/CT in the diagnosis of
cardiovascular device infection is mainly from studies with a
relatively small cohort of patients, particularly in the CIED
group. Imaging protocol and data acquisition processes in
these studies are not completely consistent (for example, the
time of imaging after FDG injection). It should be emphasized
that any “positive” FDG uptake seen on the attenuation
corrected images should be confirmed on the non-attenuation
corrected images. When applying CT based PET attenuation
correction in patients with metal device, such as CIED, the
metal creates an artifact of “apparent” increased FDG uptake
adjacent to the metal device that mimics infection (Fig. 3).
Despite aggressive dietary preparations, physiological myocar-
dial glucose utilization cannot always be completely sup-
pressed on FDG PET/CT studies. In such cases, the evaluation
of intra-cardiac portion of the device, such as lead-related
vegetation or prosthetic valve endocarditis may be difficult to
assess. Cardiac and valve motion could also decrease the
sensitivity of FDG PET/CT, especially when the valve vege-
tation is rather small. Whether ECG or respiratory gated im-
aging can improve the performance of FDG PET/CT in this
setting has not been tested. In addition to these technique
related issues, standardized interpretation criteria are particu-
larly important. It appears that the distribution and pattern of
FDG uptake rather than the intensity is more reliable for a
positive diagnosis of infection. A focal uptake favors a true
infection while mild diffuse activity along the device or the
lead may favor non-specific inflammatory change.
Quantitative assessment of regional metabolic activity,
assessed by SUV uptake, may appear increased in infection
sites compared to controls. However, there is no sufficient
data in the literature to establish a cut-off SUV value that
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differentiates infection from inflammation. Similarly, there is
no data on the sensitivity of FDG uptake in relation to the
infectious pathogen isolated from the device. It is also unclear
whether antibiotic treatment could affect the sensitivity of
FDG PET/CT or not in detecting device infection, and
whether FDG PET/CT can be used to monitor the antibiotic
treatment effect.

Conclusion

FDG PET/CT is an accurate technique for identifying CIED
pocket infection. It can pin point the site and extension of the
infection, such as superficial versus deep pocket, which
guides proper clinical management. FDG PET/CT appears to
be less reliable for the evaluation of device lead and prosthetic
valve vegetation infection, particularly in patients with long
term antibiotics therapy and small vegetation size. Neverthe-
less, FDG PET/CT information may guide the clinical man-
agement of cardiac device infection, i.e., deep pocket and lead
infection necessitates complete extraction, while superficial
soft tissue infection not connected to the pocket may be treated
with antibiotics without necessitating extraction of the device.
However, there are many unanswered questions in the litera-
ture. There is a need for standardization amongst the various
imaging studies, such as dietary preparation, duration and
timing of image acquisition, image processing with and with-
out CT attenuation correction, SUV and image interpretation
criteria. The answer for these issues awaits well designed,
prospective studies.
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2013.07.004. This was an “iPix-Imaging Vignette” in the journal
with typical images showing that FDG PET/CT could provide unique
and incremental information over echocardiography and CTA in
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diagnosing prosthesis valve endocarditis and its complication of
peri-annular abscess. Meanwhile, FDG PET/CT could confirm the
diagnosis of infection by echocardiography and CTA, but provide
additional information of extra-cardiac infection sites.
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