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Infective endocarditis can involve the native or

prosthetic heart valves, intra-cardiac pacemaker lead or

left ventricular assist device, and the diagnosis remains

difficult and challenging. There has been a significant

increase in the implantation of cardiac electronic device

systems worldwide, and this growth has been accom-

panied by rises in device infections and hospital

admissions.1 This is in part related to the aging popu-

lation of these new device recipients, higher rate of

comorbidities, and the emergence of drug-resistant

bacteria.2

Clinical diagnosis of infective endocarditis is based

on the modified Duke criteria, which relies heavily on

the diagnostic accuracy of echocardiography, either

transthoracic (TTE) or transesophageal (TEE). ECG

gated cardiac CT angiography (CTA) has been shown to

have added value in providing high resolution images

for visualization of complications of infective endo-

carditis such as pseudo-aneurysms, fistulas, valve

perforation, abscess, valvular dehiscence, and vegeta-

tion. Thus, TEE and CTA are currently the first line

imaging choices for the diagnosis of both native and

device-related infective endocarditis. However, TEE

may miss 30% of infective endocarditis,3 and findings of

TEE and CTA are often non-specific and are associated

with significant artifacts, such as streaking and beam

hardening artifact from the metal devices. More

importantly, the establishment of infective endocarditis

diagnosis is only the first step. It is critical to identify the

extra-cardiac primary infection source as well as the

spread of infection, such as infective embolism, in order

to guide clinical management. Therefore, it would be

desirable to have an imaging modality that not only

identifies infective endocarditis but simultaneously

assesses infection in extra-cardiac regions (primary

culprit and/or embolic sources of infection).

THE INCREMENTAL VALUE OF FDG PET/CT
IN INFECTIVE ENDOCARDITIS

18F-flurodeoxyglucose (FDG) positron emission

tomography/computer tomography (PET/CT) provides

functional molecular whole body imaging, which has

been extremely useful for imaging various malignancies

in oncology. Beyond identifying malignant cells, FDG

uptake has been observed at sites of infection such as

pneumonia, painful prosthetic joints, osteomyelitis, and

complicated diabetic foot. The latter is a consequence of

FDG targeting the inflammatory cells (macrophages,

neutrophils, and lymphocytes) that overexpress the

glucose transporters GLUT1 and GLUT4, and thereby

accumulate with high concentration at the site of

infection. Given the high spatial and target-to-back-

ground contrast resolution of FDG PET/CT, the

technique can be applied for in vivo labeling of pre-

existing inflammatory cells in an infection site,4 and

detect prosthetic valve endocarditis as well as cardiac

implantable pacemaker and defibrillator infections.

Both the European Society of Cardiology (ESC) and

the American Heart Association (AHA) guidelines are

concordant in terms of indications for TEE and CTA in

the assessment of patients with suspected infective

endocarditis, however, there is discordance regarding
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the roles of FDG PET/CT between ESC and AHA.5 The

ESC guideline states that FDG PET/CT may help reduce

the number of misdiagnosed infective endocarditis

classified in the ‘‘possible’’ category of the modified

Duke criteria, and may help visualize peripheral emboli

and metastatic infective events.6 On the other hand, the

AHA guideline states that more studies are needed to

determine the roles of FDG PET/CT in the diagnosis and

management of patients with infective endocarditis.7

WHY THE DISCREPANCY BETWEEN THE ESC
AND AHA GUIDELINES?

Unlike TEE and CTA, there are far less well-

designed prospective randomized studies with FDG

PET/CT to assess infective endocarditis. Evidence

regarding the roles of FDG PET/CT is largely from

observational case studies and retrospective data

reviews. As such, the incremental value of FDG PET/

CT in cardiac implantable electronic devices and infec-

tive endocarditis is based on consensus or agreement

among topic experts rather than based on the most

robust scientific evidence.8 Such early adoption of a new

technique in clinical care on the basis of recommenda-

tion from a panel of experts may improve patient

outcomes, even if the scientific evidence is lacking.

FDG PET/CT has been used clinically for the

diagnosis and management of patients with various

infections for more than 2 decades. Despite the retro-

spective and observational nature of most studies, the

published data for the evaluation of infection and

particularly cardiac-device related infection are overall

consistent and support its judicious application in the

workup of infective endocarditis.8,9 FDG PET/CT may

have unique roles over TEE and CTA in the following

aspects: (1) to provide confirmatory information when

TEE and CTA findings are inconclusive; (2) to diagnose

infective endocarditis earlier than TEE and CTA before

morphologic damage ensues; (3) to detect unexpected

source of infection and embolism in the body; and (4) to

potentially guide clinical management.10 It has been

shown that treatment planning was changed in up to

35% of patients when FDG PET/CT was added to the

endocarditis workup, including antibiotic treatment pro-

longation, referral to surgical procedures, and avoidance

of unnecessary device extraction.11

For left ventricular assistant device (LVAD),

although data are relatively limited, preliminary studies

have shown that FDG PET/CT can differentiate and

localize the site and extension of infection within the

central portion of device or along the peripheral driv-

eline,12 which has different clinical significances that,

patients with infection involving the central portion of

an LVAD (including the pump and cannula) have a

poorer survival rate than those with an infection involv-

ing the peripheral driveline and exit site.13

PROSTHETIC VS NATIVE VALVE ENDOCARDITIS

For prosthetic valve endocarditis, a recent systemic

review shows that FDG PET/CT has a sensitivity of 73-

100%, with a specificity of 71-100%, positive predictive

value of 67-100%, and a negative predictive value of 50-

100%.14 It has been reported that adding FDG PET/CT

to the Duke criteria increases its sensitivity from 52-

70% to 91-97% without compromising specificity.15,16

However, it should be noted that for native valve

infective endocarditis, current data are insufficient to

support the role of FDG PET/CT. The sensitivity of

FDG PET/CT has been reported to be 14% for native

valve endocarditis.17 On the other hand, FDG PET/CT

may influence clinical management of native valve

endocarditis patients by identifying the primary extra-

cardiac infection source or infective emboli. In a

prospective study of patients with a diagnosed native

valve infective endocarditis, FDG PET/CT identified

additional infection sites in 74.5% of the patients, such

as the lungs, skeleton, brain, and other organs. Based on

the information of extra-cardiac findings on FDG PET/

CT, the incidence of relapse infective endocarditis was

decreased by 2-folds because of appropriate intervention

as a result of the extra-cardiac findings on FDG PET/

CT.18

INFECTION VS INFLAMMATION

A major concern of FDG PET/CT for infection

diagnosis is its non-specific nature, as FDG can also be

accumulated in neutrophils and macrophages in a sterile

inflammation site.19 Thus, it is generally suggested that

FDG PET/CT should not be performed within 3 months

after surgical placement of a device,6 although other

studies have shown no significant change of accuracy

after surgery.15

FDG PET/CT study should be performed after a

dietary preparation with a meal of high fat and low

carbohydrates to suppress physiologic cardiac FDG

uptake. Both attenuation corrected and non-attenuation

corrected images should be evaluated and compared. In

most cases, infection can be reasonably differentiated

from non-infective inflammation with high accuracy

based on the intensity of FDG uptake and more

importantly the FDG distribution pattern around a

device. A focal activity higher than the liver favors a

true infection; while a mild diffuse activity surrounding

a device is more likely an inflammatory change.

Intensity alone such as standard uptake value (SUV) or

target-to-background ratio (TBR) has not been shown to
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have a role in differentiating infection from inflamma-

tion.4 In cases where the differentiation between true

infection and inflammation are difficult by FDG PET/

CT, a radiolabeled white blood cell scan can be

performed, which is more specific for infection, but

less sensitive compared to FDG PET/CT.20

CONCLUSION

Infective endocarditis, particularly device-related

infective endocarditis, is associated with enormous

societal/medical costs and mortality. Advanced imaging

in early and accurate diagnosis of infective endocarditis

is expected to significantly impact medical cost and

more importantly, clinical outcome. Existing data justify

the judicious use of FDG PET/CT in the workup of

infective endocarditis. In addition, FDG PET/CT should

be performed once infective endocarditis is diagnosed

and proven clinically, for evaluation of infective

embolism and primary extra-cardiac infection source.

Centers for Medicare & Medicaid Services registry may

be an appropriate step for infective endocarditis evalu-

ation by FDG PET/CT. With accumulation of more

cases via the registry, the role of FDG PET/CT in

assessing and managing infective endocarditis can then

be verified.
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