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This document on cardiovascular infection, including infective endocarditis, is the first in the American Society of Nuclear 
Cardiology Imaging Indications (ASNC I2) series to assess the role of radionuclide imaging in the multimodality context for 
the evaluation of complex systemic diseases with multi-societal involvement including pertinent disciplines. A rigorous 
modified Delphi approach was used to determine consensus clinical indications, diagnostic criteria, and an algorithmic 
approach to diagnosis of cardiovascular infection including infective endocarditis. Cardiovascular infection incidence is 
increasing and is associated with high morbidity and mortality. Current strategies based on clinical criteria and an initial 
echocardiographic imaging approach are effective but often insufficient in complicated cardiovascular infection. Radionuclide 
imaging with 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) and single 
photon emission computed tomography/CT leukocyte scintigraphy can enhance the evaluation of suspected cardiovascular 
infection by increasing diagnostic accuracy, identifying extracardiac involvement, and assessing cardiac implanted device 
pockets, leads, and all portions of ventricular assist devices. This advanced imaging can aid in key medical and surgical 
considerations. Consensus diagnostic features include focal/multi-focal or diffuse heterogenous intense 18F-FDG uptake on 
valvular and prosthetic material, perivalvular areas, device pockets and leads, and ventricular assist device hardware 
persisting on non-attenuation corrected images. There are numerous clinical indications with a larger role in prosthetic 
valves, and cardiac devices particularly with possible infective endocarditis or in the setting of prior equivocal or non- 
diagnostic imaging. Illustrative cases incorporating these consensus recommendations provide additional clarification. Future 
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research is necessary to refine application of these advanced imaging tools for surgical planning, to identify treatment response, 
and more. 

Keywords. 18F-fluorodeoxyglucose PET/CT; Appropriate use; Cardiovascular infection; SPECT/CT leukocyte scintigraphy; 
Infective endocarditis. 

Abbreviations 
18F-FDG Fluorine-18 fluorodeoxyglucose 
CIED cardiovascular implantable electronic device 
CTA computed tomography angiography 
ICD implantable cardioverter defibrillator 
IE infective endocarditis 
NVE native valve endocarditis 
PET positron emission tomography 
PVE prosthetic valve endocarditis 
TEE transesophageal echocardiography 
TTE transthoracic echocardiography 
SPECT single photon emission computed tomography 
VAD ventricular assist device 

BACKGROUND AND AIMS 

The incidence of cardiovascular infection in native and pros-
thetic valves, prosthetic material, and cardiovascular implant-
able electronic devices (CIEDs) is increasing. Valvular 
infective endocarditis (IE) is estimated to occur in 2–10 per 
100,000 persons [1]; however, studies in the United States 
and elsewhere suggest the incidence is increasing due to ex-
panding rates of implantation of cardiac and other vascular de-
vices and the recent epidemic of injection drug use [2, 3]. While 
native valve endocarditis (NVE) accounts for the majority (ap-
proximately 80%) of cases, prosthetic valves present unique 
considerations that affect diagnosis and management of infec-
tion, such as timing from implantation, type of prosthesis, en-
dothelial injury during placement, and residual valvular 
regurgitation [4, 5]. Valvular IE leads to significant morbidity 
[1] and is associated with an in-hospital mortality of approxi-
mately 20% and high costs [6-9]. 

CIEDs, ventricular assist devices (VADs), and other pros-
thetic materials are increasingly utilized in the contemporary 
treatment of cardiovascular diseases. Twelve-month incidence 
of CIED infection was 1.0–1.2% in two large contemporary ran-
domized trial cohorts [4, 10] but registries have found higher 
rates [5, 11-14]. Confirmed diagnosis requires complete system 
extraction and prolonged antibiotic therapy with high mortal-
ity rates of more than 20% in patients with bacteremia or veg-
etations [13]. 

Cumulative vascular graft infection rates vary between 0.2 
and 6.0% depending on the time period analyzed, and they 
are associated with high rates of mortality and reinfection 
[14]. Aggressive antibiotics are required and surgical revision 
is challenging. VADs have a high rate of infection (15–41%) 
and associated mortality [15-17]. Treatment of VAD-specific 

and VAD-related infections depends on site, extent, and sys-
temic involvement and is complicated by an inability to remove 
the device [18, 19]. 

The initial diagnostic approach to cardiovascular infections 
involves clinical assessment, blood cultures, and basic imaging, 
including transthoracic and transesophageal echocardiography 
(TEE). For valvular IE, results from this primary evaluation are 
combined in a clinical diagnostic algorithm, the modified Duke 
criteria [20]. Current imaging strategies, however, are not suf-
ficient in all clinical situations. Moreover, the modified Duke 
criteria have reduced accuracy and have never been validated 
in the setting of CIED, VAD, and prosthetic material infection. 
Accurate diagnosis is critical to improve patient outcomes, 
guide length of antibiotic therapy, and determine the need 
for surgery or device extraction. 

Radionuclide imaging with 18F-fluorodeoxyglucose positron 
emission tomographycomputed tomography (18F-FDG PET/ 
CT, CT portion without contrast) and radiolabeled leukocyte 
single-photon emission computed tomography (SPECT/CT), 
in conjunction with cardiac-gated CT angiography (cardiac 
CTA, in which CT portion is performed with contrast) in select 
cases, improves assessment of suspected valvular IE, CIED, 
VAD, and other prosthetic material infection (defined as ‘car-
diovascular infection’ in this document) [21]. These advanced 
imaging tools can increase diagnostic accuracy, locate sites of 
involvement, and identify peripheral embolization or other ex-
tracardiac manifestations and portal of entry. They also show 
promise for monitoring treatment response [22, 23]. 
Recognizing their value, guidelines have started incorporating 
these modalities into the evaluation of cardiovascular infection. 
The 2015 European Society of Cardiology (ESC) guidelines on 
infective endocarditis added 18F-FDG PET/CT/radiolabeled 
leukocyte SPECT/CT imaging as a major criterion in prosthetic 
valve IE [24]. The European Heart Rhythm Association inter-
national consensus document on prevention, diagnosis, and 
treatment of CIED infections incorporated 18F-FDG PET/ CT 
and radiolabeled leukocyte SPECT/CT imaging [25]. A 2018 
European Association of Nuclear Medicine (EANM) guideline 
on nuclear and multimodality imaging in IE provided a litera-
ture summary, protocols, and assessment of advantages and 
limitations of 18F-FDG PET/CT and radiolabeled leukocyte 
SPECT/CT imaging [26]. Updated clinical practice guidelines 
for the management of endocarditis have recently been pub-
lished by the ESC in 2023 that provide important advances in 
diagnostic and therapeutic approaches [27]. However, previous 
and current guidelines have not fully addressed specific clinical  
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scenarios and appropriate utilization in a systematic manner. 
Moreover, prior recommendations for 18F-FDG PET/CT and 
radiolabeled leukocyte SPECT/CT have not incorporated input 
from stakeholder clinical and non-nuclear imaging societies. 

Accordingly, the American Society of Nuclear Cardiology 
(ASNC) assembled a writing group with broad, multi-specialty 
expertise in the clinical management and multimodality imag-
ing evaluation of cardiovascular infection, including represen-
tatives from multiple clinical and imaging societies. The goal of 
this writing group was to develop joint expert consensus rec-
ommendations on the use of 18F-FDG PET/CT and radiola-
beled leukocyte SPECT/CT imaging for the evaluation of 
cardiovascular infection in the multimodality context. They ad-
dressed clinical indications, diagnostic criteria, and a multimo-
dality algorithmic approach to evaluation and management of 
cardiovascular infection. Evaluation of infection in ports, arte-
riovenous fistulas, and dialysis catheters, although important, 
were considered beyond the scope of this document. 

This consensus statement provides a concise highlight of the 
current assessment of cardiovascular infection, addressing the 
strengths and weaknesses of pertinent imaging modalities. A 
standardized approach to the incorporation of 18F-FDG PET/ 
CT and radiolabeled leukocyte SPECT/CT imaging in the eval-
uation of cardiovascular infection can improve healthcare qual-
ity and outcomes of individuals with this morbid condition. 
Therefore, the aims of this effort were the following. 

1. Assemble a panel of experts from key stakeholder organiza-
tions across multiple disciplines to discuss the contempo-
rary role of 18F-FDG PET/CT and radiolabeled leukocyte 
SPECT/CT in cardiovascular infection; 

2. Provide a summary of the current clinical criteria and imag-
ing assessment and management of cardiovascular 
infection;  

3. Develop consensus recommendations on diagnostic criteria, 
clinical indications, and an algorithmic approach incorpo-
rating 18F-FDG PET/CT and radiolabeled leukocyte 
SPECT/CT imaging in the setting of multimodality imaging 
(echocardiography/contrast CT) for cardiovascular infec-
tion using the validated modified Delphi technique; and 

4. Highlight the application of these consensus recommenda-
tions in representative clinical cases.  

ASSESSMENT OF CARDIOVASCULAR INFECTION 

The current assessment of cardiovascular infection involves in-
corporation of clinical criteria, identification of pathogenic or-
ganisms, and findings from an initial imaging approach; 
however, assessment gaps remain. In the current era, increased 
device and prosthetic material use create complex consider-
ations that require advanced imaging for optimal decision- 
making. 18F-FDG PET/CT and radiolabeled leukocyte 

SPECT/CT provide unique insights into the inflammatory pro-
cess and can be integrated into the multimodality assessment of 
cardiovascular infection. 

Clinical manifestations 

The diagnosis of valvular IE derives from a combination of 
patient-reported symptoms, clinical and radiologic signs, and 
complications of the disease. Fever, malaise, and weight loss 
are common symptoms. Rare but highly suggestive signs of 
IE include Janeway lesions, Osler’s nodes, and Roth spots. 
Splinter hemorrhages, while more common, are not specific 
for IE. Cardiac conduction abnormalities occur in approxi-
mately 15% [28]. Other complications that can occur at any 
point during the clinical course include heart failure, stroke, 
septic emboli, metastatic infection, and immune reactions 
(such as glomerulonephritis). 

IE is broadly classified into NVE and prosthetic valve endo-
carditis (PVE). Diagnosis of IE relies on the identification of the 
pathogen and visualization of the infected vegetation. 
Pathogens can be identified by blood cultures or serologies 
[29]. In cases of prior antibiotic use or difficult-to-culture path-
ogens, molecular techniques such as polymerase chain reaction 
of blood and tissue can be performed [30]. The most common 
causes of IE in high-income countries are Staphylococcus aure-
us, viridans streptococci, and enterococci [6, 7]. The mainstay 
for imaging IE is TEE, which has high sensitivity (85–90%) 
and specificity (>90%) for native valves [31]. These excellent 
test characteristics are diminished when assessing for prosthet-
ic valve infection. The decreased sensitivity for detecting vege-
tations in prosthetic valves highlights the need for adjunct 
imaging techniques. 

The modified Duke criteria codify various microbiologic, 
imaging, and clinical features of IE into diagnostic categories, 
which are important for establishing diagnostic clarity in re-
search studies [20]. While these criteria are helpful in the clin-
ical setting, they should not replace careful clinical judgment. A 
key decision point in the management of IE is whether a patient 
should undergo surgical treatment. Surgical indications are 
outlined in the most recent American Association for 
Thoracic Surgery (AATS), American Heart Association 
(AHA), and ESC guidelines [24, 32-34]. The guiding principles 
for the medical management of IE include prolonged therapy 
with bactericidal antibiotics targeted toward the infecting path-
ogen. Specific recommendations that take into account the 
pathogen, antibiotic resistance, and native versus prosthetic 
valve status are outlined in the AHA and ESC guidelines 
[24, 32, 33]. Current clinical criteria for CIED/VAD/ prosthetic 
material infections are not welldefined; this is particularly rele-
vant given their increasing use in clinical practice. 

CIED-related infection can involve the generator pocket, in-
travascular/intracardiac leads, or both. Signs and symptoms of 
infection depend on which hardware is involved, the  
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responsible pathogen, and timing of presentation [34]. Local 
pocket involvement ranges from superficial cellulitis to deep in-
fection. The most aggressive infections are more likely to be 
caused by S. aureus [35-37]. Patients with superficial cellulitis 
usually present with local inflammatory changes, mild purulent 
drainage, anddin some casesda small stitch abscess or superfi-
cial incisional dehiscence within a few days of a new implant 
or pocket intervention. Acute deep pocket infections can also 
present with similar local inflammatory changes within days 
or weeks of a procedure but can also have more severe manifes-
tations, such as complete wound dehiscence. More commonly, 
deeper infections can present more than three months to years 
after a pulse generator change or pocket revision as an indolent 
infection with subtle signs, such as skin discoloration or adher-
ence of the overlying skin to the generator. These can ultimately 
progress to device erosion [37]. CIED lead-related bloodstream 
infections can also present late and are more likely to present 
with systemic symptoms, such as fever and rigors, and in 
some cases, sepsis [38]. Gram-negative bacteremia rarely in-
volves CIED systems with a few potential exceptions such as 
Pseudomonas aeruginosa and Serratia marcescens [39]. 
However, many patients, especially with S. aureus bacteremia, 
have CIED system involvement due to the bacterial biofilm cre-
ated, even when vegetations are not clearly seen [40]. Scenarios 
where CIED infection is not definitive warrant further testing 
and close follow-up. CIED infection, whether it is limited to 
the pocket and/or involves the leads, requires removal of all 
hardware, intraoperative cultures, and antibiotics for 2–6 weeks 
depending on the bacteriology and clinical scenario. Delays 
in device removal and initiation of appropriate antibiotic 
therapy are associated with one-year morbidity and mortality 
as high as 25% [41]. If CIED reimplantation is indicated, 
the contralateral side or a distant site is typically utilized 
after a minimum of 72 hours of intravenous antibiotics with 
sterile blood cultures (with or without a temporary pacing 
system). 

Other intrathoracic prosthetic material includes valved tube 
grafts, such as Bentall-De Bono, other grafts, conduits, and 
patches. Infection of these materials and VAD infections have 
no welldefined clinical criteria. These infections can occur early 
in the post-operative period or as a late complication. Signs and 
symptoms of VAD infection vary depending on the site and du-
ration of infection. Infections can be silent, involve the local 
driveline site, or present as sepsis with systemic manifestations 
[18, 19, 42]. There may also be overlap in the clinical presenta-
tion [43]. Comprehensive evaluation is required due to the het-
erogeneity of these infections. Treatment of VAD-related 
infections will depend on the site, extent, and systemic involve-
ment. Patients who present with bacteremia will require initial 
treatment with broad-spectrum antibiotics to cover both gram- 
positive and gram-negative organisms [44]. Required surgical 
interventions may range from isolated debridement to open- 

chest exploration with wound vacuum closure, or even VAD 
explantation. These surgical interventions can further increase 
infection risk. Treatment strategies under these circumstances 
will vary depending on shortand long-term goals and need a 
multidisciplinary approach [18, 19]. 

Current strategies based on clinical criteria and an initial im-
aging approach classify risk and guide therapy. However, in 
complicated cardiovascular infection, this initial strategy is of-
ten insufficient, and advanced imaging is required to provide 
additional guidance, particularly in patients with multiple im-
plants (i.e., valves and CIED devices). 

Role for advanced imaging 

Advanced imaging can add important additional information 
to increase diagnostic accuracy, clarify risk, and optimize treat-
ment. The primary role of 18F-FDG PET/CT in IE is to establish 
a diagnosis. It can identify patients unlikely to have a cardiovas-
cular origin to infectious etiologies in those with indeterminate 
echocardiographic findings and identify alternate causes for 
sepsis. 18F-FDG PET/CT offers complementary wholebody 
data to clarify infectious source. It can detect distant embolic 
lesions in up to 35% of patients [45, 46]. 18F-FDG PET/CT 
and radiolabeled leukocyte SPECT/CT can assess early infec-
tions during the development of periprosthetic complications 
and can detect extension beyond the valve annulus. 18F-FDG 
PET/CT can overcome technical limitations in echocardio-
graphic imaging of suspected PVE. Advanced radionuclide im-
aging can identify the extent of pocket/lead involvement in 
patients with possible CIED infection. Finally, these tools 
have shown promise for and may be useful in the future to 
monitor infection status and response to therapy. 

Key surgical and device considerations 

The additional information provided by 18F-FDG PET/CT 
and radiolabeled leukocyte SPECT/CT may inform key surgi-
cal and device considerations in the appropriate clinical con-
text. Patients who require urgent surgery are not candidates 
for additional imaging that would cause delay to necessary in-
tervention. Those not in need of urgent intervention may 
benefit from advanced imaging to define the extent of infec-
tion and refine risk stratification. Better characterization of 
the location and extent of infection could facilitate procedural 
planning and guide timing [9, 32, 45]. Identification of high- 
risk markers may inform patient-centered decision-making 
and clarify surgical candidacy. CIED or prosthetic material re-
moval typically is recommended when possible. In select cases 
where the patient is a poor operative candidate, or when re-
moval is not possible, 18F-FDG PET/CT may aid in monitor-
ing infection status, disease recurrence, and response to 
treatment. This information may be helpful particularly in 
patients in whom prosthetic extraction presents challenges 
[35, 47].  
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Multimodality imaging in cardiovascular infection 

Cardiovascular infections, including valvular IE and device and 
prosthetic material infections comprise complex systemic ill-
ness in which involvement of the heart and vascular system is 
a key component. Imaging is critical to evaluate the extent of 
cardiovascular involvement and associated complications and 
to guide management. Echocardiography remains the initial 
imaging modality assessing cardiovascular infection [31]. CT 
and radionuclide methods provide additive information [26]. 
Given the complementary nature of these imaging modalities, 
this document will focus on the indications to perform these 
advanced imaging modalities rather than direct comparison 
of diagnostic accuracy. Radionuclide methods directly image 
the local inflammatory cellular response to infection, while 
echocardiography and CT assess structural and functional 
changes related to infection. Gallium (Ga-67) chloride had a 
historical role but is no longer routinely used due to limited im-
age quality and sensitivity. The typical radionuclide techniques 
used in contemporary clinical assessment include 18F-FDG 
PET/CT and radiolabeled leukocyte SPECT/CT (99mTc, 111In). 

Echocardiography 
Echocardiography is the standard of care and the most com-
monly used tool for all types of IE. Echocardiography provides 
diagnosis, assessment of the severity or valvular or perivalvular 
lesions, prediction of shortand long-term prognosis and em-
bolic risk, guidance for the management of complications, 
and assessment of response to therapy [31, 48-61]. 

Echocardiography is almost always the first test performed 
when IE is suspected. It is a key component of the modified 
Duke criteria for diagnosis of IE. Its high spatial and temporal 
resolution allows detection of small vegetations, and its portabil-
ity allows imaging in all clinical settings, including in patients 
who are critically ill. In cases of emergency surgery, intraopera-
tive TEE can provide guidance on surgical management. The 
major echocardiographic criteria for IE, as per the modified 
Duke criteria, are vegetations and perivalvular lesions (abscesses 
and pseudoaneurysms) [20, 24]. An important additional role of 
transthoracic echocardiography (TTE) and TEE is to assess un-
derlying valve disease, local consequences of IE, and leftand 
right-ventricular function. Simultaneous assessment of valve 
function, including quantification of regurgitation [62, 63] or 
stenosis [64], represents a key advantage of echocardiography 
for planning treatment of IE. 

TTE sensitivity and specificity for detecting NVE ranges 
from 45 to 87% and 79–98% [54-56]. TEE sensitivity and spe-
cificity are generally accepted to be greater than 90% but are 
confounded by use of TEE as the reference standard in many 
studies. Three-dimensional (3D) and multiplanar imaging 
techniques [65] refine the accuracy of echocardiography, par-
ticularly in the accurate measurement of vegetation size and 
identification of perivalvular involvement [66]. Size and 

location of vegetations also have prognostic significance, par-
ticularly for predicting embolism [67]. 

IE remains difficult to diagnose, especially in prosthetic valves 
or with implanted cardiac devices. Acoustic shadowing from im-
planted material may obscure visualization. Accordingly, sensitiv-
ity and specificity of TTE for diagnosing PVE is lower (22–65% 
and 48–98%), but is increased with TEE (83–94% and 87– 
100%) [51, 52, 57]. PVE is more likely to be associated with peri-
valvular extension, and TEE has greater accuracy for detecting 
these complications than TTE (70% sensitivity and 96% specific-
ity) [53]. IE involving transcatheter aortic valve replacements has 
a 1.8% per patient-year prevalence and 15–20% of these have peri-
valvular extension, including in some without vegetations and 
only rarely with new regurgitation; instead, leaflet thickening 
and increased gradients may represent the echocardiographic 
manifestations of IE in these valves [48, 68, 69]. 

In the presence of a CIED, echocardiography is indicated to 
evaluate for lead or valvular vegetations [35]. While TTE has 
low sensitivity, TEE sensitivity and specificity are high (95– 
100%) and intracardiac echocardiography shares high diagnos-
tic accuracy [25, 58, 59, 70, 71]. Importantly, clots and sterile 
fibrinous material can often be seen on leads and may not be 
related to infection [50]. Conversely, failure to see a vegetation 
on a lead with echocardiography does not rule out lead infec-
tion, which demonstrates the need for ancillary imaging modal-
ities. CIED infection may be associated with concomitant 
valvular endocarditis, which can be evaluated by echocardiog-
raphy in conjunction with the modified Duke criteria [72, 73]. 
TEE and intracardiac echocardiography are also helpful during 
lead extraction procedures [49, 50]. 

Echocardiography has limitations in the evaluation of VAD 
infections [74, 75]. Vegetations or abscesses associated with the 
inflow cannula or the outflow cannula-aortic anastomosis seen 
on TEE are specific for infection, but the internal surfaces of the 
device cannot be visualized adequately with echocardiographic 
techniques, and thus echocardiography is unable to provide a 
complete evaluation of VAD infection. Congenital heart dis-
ease, including repaired shunts and valve lesions, pose unique 
challenges for diagnosis IE. For example, right ventricular out-
flow tract conduits may be especially predisposed to endocardi-
tis but are difficult to image with echocardiography [61]. 

Comprehensive imaging may require off-axis or non- 
standard imaging planes to identify small vegetations and fully 
evaluate struts, frames, and sewing rings. Imaging must also ex-
amine for dehiscence, periprosthetic leak, pseudoaneurysms, 
and surrounding thickening suggestive of abscess. Repeat echo-
cardiography or additional advanced imaging may be required 
in the setting of negative echocardiography in patients with 
prosthetic valves, materials and devices; this imaging may 
also help differentiate infection from late pannus formation, 
normal endothelialization of CIED hardware, and degenerative 
calcification of prosthetic material or device-related thrombus  
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[24, 76]. Abscess extension, particularly along the aortic root, 
may be better defined using cardiac CTA. 

Echocardiography key points 

• Echocardiography plays a key role in the assessment of car-
diovascular infection, including diagnosis, assessment of dis-
ease severity, prediction of shortand long-term prognosis, 
identification of embolic risk, management of complications, 
and follow-up. 

• Echocardiography provides important additional informa-
tion on concomitant valvular or ventricular dysfunction, al-
lowing for therapeutic decision-making in patients with 
endocarditis. 

• Characteristic echocardiographic findings comprise a major 
diagnostic criterion for IE. 

• Although TEE has higher sensitivity than TTE, both examina-
tions provide independent information and should be system-
atically performed when cardiovascular infection is suspected. 

• The diagnostic value of both TTE and TEE is limited in some 
subgroups, particularly in patients with cardiac devices, pros-
thetic valves, or materials, including VADs. A negative echo-
cardiographic study does not rule out infection in these 
groups, and additional advanced imaging can be considered 
for early detection of cardiovascular infection. In patients at 
high risk of IE, repeat TEE at approximately 1 week after a 
normal index study may be required for diagnosis.  

Cardiac computed tomographic angiography 

Cardiac CTA has a high spatial resolution and provides useful 
complimentary information to echocardiography and 18F-FDG 
PET/CT imaging to diagnose cardiovascular infection and 
identify complications [46]. Cardiac CTA enables detailed dy-
namic assessment of prosthetic heart valves in suspected endo-
carditis; it is a robust imaging method to identify abscess 
formation; and it is especially well-suited to detect pseudoa-
neurysms and provide detailed information on pseudoaneur-
ysm shape, size, extent, and anatomical relation to other 
significant structures. Definite paravalvular lesions by cardiac 
CTA are listed as a major criterion in the ESC 2015 modified 
criteria for diagnosis of IE [24]. As an additional benefit, the 
coronary arteries can be assessed on the same scan, avoiding 
the need for additional invasive coronary angiography (which 
increases stroke risk due to dislodged vegetations) prior to sur-
gical intervention [77]. 

Cardiac CTA image acquisition should cover the entire 
cardiac cycle by either retrospective electrocardiogram 
(ECG)-gating or wide-window prospective ECG-triggering 
with images reconstructed at each 5–10% of the ReR interval 
[78]. The latter exposes the patients to higher radiation doses, 
but looping the images from the different reconstruction phas-
es results in cine images that allow assessment of valve leaflet 
motion and aid identification of vegetations. Images can be 

reconstructed in any desired imaging plane from the acquired 
dataset, allowing comprehensive evaluation of infection extent, 
and facilitating comparison with echocardiographic images. 

Cardiac CTA findings in NVE and PVE include: 1) vegeta-
tions that present as mobile hypodense masses attached to 
the valve or cardiac structures; 2) perivalvular extensions, in-
cluding soft tissue lesions (abscess) or hypodense tissue thick-
ening with rim enhancement (infected collection, often in the 
aortic root); 3) pseudoaneurysms that are easily spotted as con-
trast filling cavities; 4) fistulas between adjacent cardiac struc-
tures; and 5) valve dehiscence [79, 80]. Overall, cardiac CTA 
provides important anatomical information, particularly to de-
tect perivalvular extension. A recent meta-analysis showed the 
benefits of this adjunctive imaging. While the sensitivity for 
valvular vegetations was lower with cardiac CTA compared 
with TEE (80% versus 91%, P = 0.019), this tool identified val-
vular abscesses with higher accuracy, with sensitivity of 88% vs 
74% for TEE, P = 0.015 [81]. 

Cardiac CTA is typically combined with 18F-FDG PET/CT 
to better evaluate IE-related cardiac lesions. Additionally, 
whole body 18F-FDG PET/CT detects embolic events (eg, cere-
bral embolism or splenic/renal abscesses) and/or mycotic aneu-
rysms. The role of CT in CIED infection is limited, as lead 
vegetations are difficult to detect and the leads and generator 
cause severe metal artifacts. In patients with suspected VAD in-
fection, cardiac CTA can detect abscesses around the outflow 
cannula and driveline. The pump itself causes severe artifacts, 
prohibiting assessment. 

Cardiac computed tomographic angiography key points 

• Cardiac CTA provides important complementary informa-
tion to the valvular function obtained by echocardiography 
and the metabolic data obtained by 18F-FDG PET/CT and/ 
or radiolabeled leukocyte SPECT/CT. 

• Retrospective or wide-window prospective ECG-gated ac-
quisition of the entire cardiac cycle is preferred for dynamic 
valve assessment by cardiac CTA. 

• Concomitant coronary artery assessment on the same cardi-
ac CTA scan can prevent the need for preoperative invasive 
coronary angiography. 

• Cardiac CTA may be combined with 18F-FDG PET/CT to as-
sess IE-related cardiac lesions and systemic complications. 

• Definite paravalvular lesions detected by cardiac CTA are 
included as a major criterion for IE in the ESC 2015 guide-
lines [24].  

Radiolabeled leukocyte SPECT/CT 
Radiolabeled leukocyte SPECT/CT is a well-established tech-
nique to image infectious processes. It has been utilized in 
the evaluation of cardiovascular infection, especially for 
CIED and early postoperative infections, the time period in 
which 18F-FDG PET/CT has limited specificity.  
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This test is performed without specific patient preparation 
and can take up to 24 hours to complete. Leukocytes are 
isolated from a 30–50 mL autologous blood sample and 
radiolabeled with either 99mTc-HMPAO or 111In-oxine 
followed by intravenous reinjection under sterile conditions 
[82, 83].99mTc-HMPAO is preferred due to superior resolution 
on SPECT/CT imaging. Images are usually acquired 4and 
24-hours post-injection. They consist of whole-body planar im-
aging followed by SPECT/CT acquisitions focused on the region 
of interest. The detection of radiolabeled leukocyte accumulation 
on 4-hours imaging with increasing contrast-to-noise ratio in 
the same region on 24-hours imaging is highly specific for ma-
terial infection and/or the presence of an abscess [84]. The region 
of radiolabeled leukocyte accumulation is localized best through 
SPECT/CT acquisition, using both CT attenuation and nonCT 
attenuation corrected SPECT images. 

Radiolabeled leukocyte SPECT/CT is used less widely due to 
limited sensitivity to detect IE, particularly in suspected NVE. 
However, it has high specificity for infection and may be helpful 
to differentiate infective from inflammatory processes in pa-
tients with equivocal 18F-FDG PET/CT findings. This high spe-
cificity has been validated in patients with a suspicion of NVE 
or PVE [85-87], as well as in CIED [88, 89], VAD [90], and vas-
cular graft infection [91]. The presence of a signal on radiola-
beled leukocyte SPECT/CT is classified as a major criterion 
for IE in patients with a suspicion of PVE and an additive 
tool in possible CIED infection (ESC guidelines for IE) [24]. 
Typically, unlike with 18F-FDG PET/CT, there is no back-
ground signal in the myocardium nor artifacts related to the 
presence of prosthetic material. Radiolabeled leukocyte 
SPECT/CT provides the ability to detect systemic embolization 
phenomena and identify extra-cardiac sources of infection with 
whole-body imaging. 

Radiolabeled leukocyte SPECT/CT has low spatial resolution 
and low signal intensity at 24hours post-injection, limiting 
detection of small infective foci [92]. Of note, radiolabeled 
leukocyte SPECT/CT has reduced sensitivity in nonpyogenic 
and chronic infections (as with Coxiella and Tropheryma whip-
plei). Additionally, radiolabeled leukocyte SPECT/CT may re-
quire a twoday imaging protocol with relatively long acquisition 
times. Recommendations in this paper are based on SPECT/CT 
hybrid imaging and not planar or SPECT images alone. 

Radiolabeled leukocyte SPECT/CT key points 

• Radiolabeled leukocyte SPECT/CT scanning is a well- 
established technique to image infectious processes and re-
quires no specific patient preparation. 

• Radiolabeled leukocyte SPECT/CT is used to image IE 
sustained by pyogenic microorganisms, but has limited 
sensitivity, particularly for lesions less than 1 cm and in non- 
pyogenic infections. 

• It has high specificity to identify cardiovascular infection, 
particularly in the presence of suspected or known CIED in-
fection or with an equivocal PET early after surgery. 

• Radiolabeled leukocyte SPECT/CT signal is included as a 
major criterion in the ESC 2015 guidelines for IE in patients 
with suspected PVE and as an additive tool in possible CIED 
infection [24].  

18F-FDG PET/CT 
18F-FDG PET/CT is a sensitive marker for inflammation and 
infection, making it an attractive non-invasive tool for the in-
vestigation of cardiovascular infection. 18F-FDG is a glucose 
analog that is taken up in metabolically active inflammatory 
cells, which express high levels of the glucose transporters, 
Glut-1 and Glut-3 [93]. 18F-FDG PET/CT has long been used 
as an imaging marker for inflammation and infection, includ-
ing in applications such as infected musculoskeletal prostheses 
and identifying infectious source in fever of unknown origin 
(FUO). Cardiovascular utilization was limited primarily due 
to challenges in differentiating pathologic from normal physi-
ologic myocardial uptake. Development of methods to sup-
press physiologic uptake have increased cardiovascular 
application for inflammatory conditions, such as sarcoidosis 
and in cardiovascular infection [94]. Accumulating evidence 
has increased recognition of the value of 18F-FDG PET/CT in 
defining diagnosis, refining prognosis, and guiding manage-
ment of patients with a suspicion of cardiovascular infection. 
Consequently, utilization of 18F-FDG PET/CT for this indica-
tion over the past decade is increasingly considered. 
Moreover, in this context, Centers for Medicare & Medicaid 
Services (CMS) retired a noncoveragedecision for 18F-FDG 
PET for infection, and inflammation imaging and coverage de-
terminations are now made locally. These factors have led to a 
substantial interest in using 18F-FDG PET/CT in imaging infec-
tion, including for cardiovascular applications. 

As 18F-FDG normally accumulates in myocardial tissue, 
PET/CT imaging for cardiac infection requires a special patient 
preparation consisting of a high-fat, low-carbohydrate keto-
genic diet typically starting 24 hours prior to the study followed 
by a 12-hours fast [95]. Recent studies report better test perfor-
mance in the setting of higher compliance with recommended 
pre-scan diet preparation [96]. Myocardial suppression im-
proves diagnostic accuracy, particularly for IE assessment, 
but can be withheld when urgent imaging is required. On hy-
brid PET/CT imaging, it is important to confirm 18F-FDG up-
take on nonattenuation corrected images in the setting of 
prosthetic valves, CIED hardware, or other prosthetic material 
because the presence of material on low-dose CT may lead 
to overcorrection of the PET images. There is growing 
evidence to support the use of combined 18F-FDG PET/CT 
with cardiac CTA to improve visualization of structural 
IE-related lesions (i.e. pseudoaneurysms or fistulas), resulting  
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in higher diagnostic accuracy [46]. In addition, both (ECG-gated) 
cardiac and whole-body images are obtained [97]. 

18F-FDG PET/CT can provide important additive informa-
tion to a cardiovascular infection workup. Applications of 
18F-FDG PET/CT in this context are provided in Table 1. 
18F-FDG PET/CT can provide a comprehensive evaluation of 
infectious involvement. While structural imaging can detect 
tissue remodeling, 18F-FDG PET/CT can assess the degree 
and extent of inflammation in infected cardiac lesions. 
Whole-body images can identify portal of entry and reveal 
embolic phenomena and mycotic aneurysms, except in the 
brain owing to the high physiologic 18F-FDG signal in this or-
gan [98]. Serial 18F-FDG PET/CT imaging may have a role for 
monitoring disease course and response to therapy. The accu-
racy of 18F-FDG PET/CT for cardiovascular infection has been 
closely examined in more than 40 original articles and 6 meta- 
analyses over the past decade. A summary of this extensive lit-
erature is provided in Table 2. For PVE, this summary reveals a 
high sensitivity, range 73–80% and specificity, range 71–91%. 
In NVE, there is a similarly high specificity, range 78–99%, 
but sensitivity is lower, ranging 14–77%, with sensitivity 
low, in particular, for detection of small vegetations. 18F-FDG 
PET/CT has high sensitivity for LVAD infection, range 
87–95%. 

Application of 18F-FDG PET/CT in PVE is well-established, 
and there is growing experience in suspected CIED and VAD 
infection. The diagnostic accuracy is affected by the timing of 
imaging in relation to device implantation and the specific de-
vice component under assessment (e.g., driveline, pocket, lead). 
The duration postsurgery during which uptake is seen has not 
been definitively determined. 18F-FDG PET/CT is limited in as-
sessing cerebral complications, for which brain MRI is often 
used. 18F-FDG PET/CT has reduced specificity in the context 
of implantation of certain valve models or with use of specific 
bioadhesives. Novel quantitative metrics, such as the valve up-
take index (standardized uptake value [(SUVmax − SUVmean)/ 
SUVmax]), may help improve the diagnostic accuracy of 
18F-FDG PET/CT for PVE, particularly in the early postopera-
tive period [99]. Added to these factors, study heterogeneity in 

inclusion/exclusion criteria and applied diagnostic criteria af-
fect test characteristics. 

18F-FDG PET/CT key points 

• 18F-FDG PET/CT requires specific patient dietary prepara-
tion to optimize diagnostic accuracy in assessment of certain 
suspected cardiovascular infection. 

• 18F-FDG PET/CT has an important additive role to echocar-
diography and cardiac CTA assessment in some patients with 
suspected cardiovascular infection. 

• This modality has higher diagnostic accuracy in suspected 
PVE and CIED infection compared to use in suspected NVE. 

• 18F-FDG PET/CT can identify systemic embolic phenome-
non in many cases. 

• 18F-FDG PET/CT can potentially identify the portal of entry 
and alternative causes for sepsis.  

METHODS 

The methodology of the ASNC I2 series has been detailed ex-
tensively and published previously [100]. The clinical rating 
portion of this document involves rigorous procedures adapted 
from the original RAND/UCLA Appropriateness Method and 
prior appropriateness documents addressing radionuclide im-
aging and cardiovascular disease [101-103]. A clinical expert 
rating panel was assembled with broad multidisciplinary repre-
sentation. This group conducted a thorough literature review, 
which was then employed during creation of consensus diag-
nostic criteria for cardiovascular infection, an algorithmic ap-
proach to diagnosis, and clinical indications for radionuclide 
imaging. These were rated using a common appropriateness 
scale over multiple rounds employing a rigorous modified 
Delphi technique. It is important to note that the 2023 ESC 
Guidelines for the management of endocarditis were published 
after the expert panel performed their ratings and constructed 
the document [27]. 

Expert panel creation and literature review 

A multisocietal clinical expert rating panel was assembled, in-
cluding 15 members as recommended by the RAND/UCLA 
Appropriateness Method User’s Manual [103]. The panel in-
cluded substantial representation by clinicians across disci-
plines caring for the patient population under study, 
including general cardiology, infectious disease, cardiothoracic 
surgery, and electrophysiology. In addition, imagers with ex-
pertise in radionuclide imaging from multiple societies were in-
corporated to provide imaging and technical expertise. Panel 
members were nominated by multiple participating societies 
(ASNC, AATS, American College of Cardiology [ACC], 
AHA, American Society of Echocardiography [ASE], EANM, 
Heart Rhythm Society [HRS], Infectious Disease Society of 

Table 1. Applications of 18F-FDG PET/CT for Evaluation of Suspected 
Cardiovascular Infection. 

• Define extent of infection (e.g., involvement of the ascending aortic root) 
• Localize infection (particularly with multiple devices/prostheses) 
• Identify infection in areas not or suboptimally imaged by TEE (prosthetic 

material, conduits) 
• Detect abscess 
• Detect infectious complications 
• Identify embolic phenomena 
• Identify portal of entry (to address other areas of infection) 
• Guide risk assessment 
• Detect metabolically active lymph nodes 
• Exclude endocarditis as a source of fever/symptoms, particularly in 

suspected prosthetic valve endocarditis, and is less reliable for possible 
native valve endocarditis or CIED-related infection   
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America [IDSA], Society of Cardiovascular Computed 
Tomography [SCCT], Society of Nuclear Medicine and 
Molecular Imaging [SNMMI], and The Society of Thoracic 
Surgeons [STS]), work in varied practice settings, and were re-
cruited from diverse geographical locations. The writing group 
reviewed and approved the clinical indications, diagnostic cri-
teria and algorithm, and final document. The imaging experts 
created the high-yield concise imaging modality summaries. 

A thorough literature review was performed to guide clinical 
indication development and rating, starting with a broad canvas 
using search terms, including “endocarditis”, “valve infection”, 
“lead infection”, “pacemaker infection”, “pocket infection”, “car-
diac device infection”, “ICD infection”, “LVAD infection”, 
“VAD infection”, “prosthetic valve infection”, “pacemaker”, 
“ICD”, “LVAD”, “VAD”, and “prosthetic valve” combined 
with “positron-emission tomography/PET”, “radionuclide im-
aging”, “leukocyte scintigraphy”, “fluorodeoxyglucose”, and 
“single-photon emission computed tomography [SPECT]”. 
Individual articles were evaluated to identify relevant material. 
These materials were available for review by the expert panel, 
and all members reviewed a summary prior to their creation 
of the consensus material and indication rating. 

Diagnostic criteria and algorithm development 

Current diagnostic criteria and algorithms for diagnosis of car-
diovascular infection are based on the modified Duke criteria 
with the introductory inclusion of PET and CT in the 2015 
ESC guidelines and further supported in the 2023 ESC guide-
lines [24, 27]. This document builds on established guidance 
by addressing specific imaging features to support diagnosis 
and incorporates contemporary advances since these docu-
ments were published. 

The expert panel created consensus diagnostic criteria and 
an algorithmic approach to diagnosis that incorporate clinical, 
histologic, biomarker, and multimodality imaging features. 
These recommendations synthesize available evidence, add ex-
pert opinion where there is insufficient data, and incorporate 
systemic diagnosis while focusing on cardiac involvement. 

Clinical indication derivation and rating 

Full details on the methodology used for the derivation and rat-
ing of clinical indications are provided in the published ASNC 
I2 Methodology document [100]. In brief, the expert rating 
panel created broad clinical scenarios representing key clinical 
care areas in which advanced imaging could be considered. For 

Table 2. Summary of Key Meta-Analyses and Large Studies Addressing Accuracy of 18F-FDG PET/CT for Cardiovascular Infection.120,137,141,* 

Author Year Indication Studies (n) Patients (n) Sensitivity Specificity  

Wang 2020120 NVE  4  385  0.31  0.98 

Albano 2021142 NVE  12  600  0.31  0.82 

Kamani 2020143 NVE  7  351  0.36  0.99 

Gomes 2017144 NVE  7    0.14   

Mahmood 2019141 NVE + PVE  13  537  0.77  0.78 

Wang 2020120 PVE  15  967  0.86  0.84 

Mahmood 2019141 PVE  8  227  0.80  0.73 

Swart 2018133 PVE  1  237  0.74  0.91 

Gomes 2017144 PVE  8    0.73–1.0  0.71–1.0 

The reference standard for PVE/NVE varied between determination by Modified Duke-Li criteria, multidisciplinary endocarditis team, follow-up, histology, or a 
combination of these. 

Wang 2020120 CIED Endocarditis  9  297  0.72  0.83 

Mahmood 2019141 CIED Infection  14  492  0.83  0.89 

Mahmood 2019141 CIED Pocket Infection  3    0.96  0.97 

Mahmood 2019141 CIED Lead Infection  7    0.76  0.83 

Juneau 2017137 CIED Infection  11  340  0.87  0.94 

Gomes 2017144, ** CIED Infection  9    0.8–0.89  0.86–1.0 

Gomes 2017144 CIED Endocarditis  1    0.31  0.63 

Gomes 2017144 CIED Lead Infection      0.24–1.0  0.79–1.0 

Gomes 2017144 CIED Pocket Infection      0.87–1.0  0.93–1.0 

The reference standard for CIED infection varied between culture, follow-up, or laboratory/clinical data. 

Ten Hove 2021145 LVAD Infection  8  230  0.95  0.91 

Tam 2020146 LVAD Infection  4  119  0.92  0.83 

Sommerlath Sohns 2020147, † LVAD driveline Infection  1  57  0.87  0.59 

The reference standard for LVAD infection included INTERMACS or ISHLT criteria, clinical data, culture, follow-up, or histology. 

*There is no meta-analysis or large studies available addressing prosthetic material infection.  

**This study is not a meta-analysis but is the largest single-site study on LVAD infection.  
†Number of patients not provided subdivided by type of infection.  

CIED=cardiovascular implantable electronic device; INTERMACS=Interagency Registry for Mechanical Circulatory Support criteria, ISHLT=International Society of Heart and Lung 
Transplantation criteria, LVAD=left ventricular assist device; NVE=native valve endocarditis; PVE=prosthetic valve endocarditis.   
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each scenario, they identified individual clinical indications en-
compassing situations in which radionuclide imaging may be 
considered in the multimodality imaging context, including 
for diagnosis, risk stratification, and management based on lit-
erature available at the time of rating. 

Both 18F-FDG PET/CT and radiolabeled leukocyte SPECT/ 
CT were evaluated. The authors acknowledge that the latter 
has reduced sensitivity for inflammation and is not the first-line 
recommended technique when cardiovascular infection is sus-
pected. It may be necessary in those institutions in which only 
radiolabeled leucocyte SPECT/CT is available and preferred in 
the early post-operative setting, when a high degree of specific-
ity is needed. The raters rated both radionuclide techniques in-
dependently, but an assumption of the document is that 
18F-FDG PET/ CT would be the preferred modality if both 
are available, unless specifically noted. 

Modified Delphi technique 
The expert rating panel rated the appropriateness of each clin-
ical indication for both 18F-FDG PET/CT and radiolabeled leu-
kocyte SPECT/CT using a modified Delphi technique as used in 
multiple appropriate-use documents [101, 102, 104-106]. 
Indication rating occurred over three rounds: an individual 
rating after literature review followed by two rounds held 
via recorded video conference. A quorum of greater than 
70% was achieved for all meetings, with absent members 
reviewing the complete recording prior to rating. Some small 
modifications of the indications were made during the rating 
sessions with complete re-rating by all panel members where 
necessary. Agreement was set according to the BIOMED 
Concerted Action on Appropriateness Methods for a 
15-member panel as less than 5 panel members rating outside 
the consensus appropriateness category [101, 102, 104-106]. 
Indications without agreement were categorized as May Be 
Appropriate. 

Clinical indication rating 
Appropriateness rating of the clinical indications followed a 
standardized system as adopted by the ASNC I2 series [100] 
and adapted from other documents addressing appropriateness 
[102, 104, 105, 107] with the following guideline: 

An appropriate imaging study is one in which the expected 
incremental information, combined with clinical judgment, 
exceeds the expected negative consequences by a sufficiently 
wide margin for a specific indication that the procedure is 
generally considered acceptable care and a reasonable ap-
proach for the indication. 

A linear scale of appropriateness was used (1–9), with scores 
divided into three categories: Appropriate (A), May Be 
Appropriate (M), or Rarely Appropriate (R). The definitions 
listed below are adapted from prior appropriate use documents 

and were provided to the expert rating panel prior to the start of 
the rating process [101, 102, 108]. 

Appropriate (score 7–9) 
An indication scored in the Appropriate range (score 7–9) sig-
nifies that the imaging procedure is judged to be an appropriate 
option for management of patients in the population addressed 
in the document for this indication. The benefits of imaging for 
this clinical indication generally outweigh the risks. The imag-
ing procedure should be considered an effective option for in-
dividual care plans but may not always be necessary, preferred, 
or chosen based on physician judgment and patient-specific 
preferences. The procedure is judged to be generally acceptable 
and is generally reasonable for the assessed clinical indication. 

May Be appropriate (score 4–6) 
An indication scored in the May Be Appropriate range (score 
4–6) signifies that the imaging procedure assessed is, at times, 
an appropriate option for management of patients in the pop-
ulation addressed in the document for this indication. The re-
duced strength of recommendation is due to variable evidence 
or agreement regarding the risk-benefit ratio, potential benefit 
based on practice experience in the absence of evidence, and/or 
variability in the population. The effectiveness of this imaging 
procedure for a patient’s individual care plan must be deter-
mined by the patient’s physician in consultation with the pa-
tient based on additional clinical variables and judgment and 
incorporating patient preferences. The procedure may be ac-
ceptable and may be reasonable for the assessed clinical indica-
tion. Of note, a May Be Appropriate categorization may also 
indicate that further research and/or patient information is 
needed to classify the indication definitively. 

Rarely appropriate (score 1–3) 
An indication scored in the Rarely Appropriate range (score 1– 
3) signifies that the imaging procedure is judged rarely to be an 
appropriate option for management of patients for this clinical 
indication due to a lack of a clear benefit/risk advantage. 
Physician judgment and patient-specific preferences should 
be considered, but the imaging procedure should rarely be ex-
ercised as an effective option in individual care plans for this 
indication. Moreover, exceptions should have documentation 
of the clinical reasons for proceeding with this care option. 
The procedure is not generally acceptable and is not generally 
reasonable for the assessed clinical indication. 

This score division is somewhat arbitrary, and raters were in-
structed to consider the numeric range a continuum. Raters 
were also advised to rate based on best available evidence incor-
porating guidelines and key references where possible and ac-
knowledging some variability in patient factors and local 
practice patterns [106].  
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Assumptions 

The following assumptions have been adopted for the ASNC I2 

series as adapted from prior appropriate use documents and 
methodology recommendations [100, 101, 104, 106, 109,  
110]. They were provided to the expert panel prior to the start 
of the rating process. These assumptions minimize variability 
in competence, test quality, and other concerns separate from 
the clinical indication for the rating process. 

• All imaging studies will be assumed to be available locally 
and to be performed in accredited imaging laboratories 
in accordance with published criteria for quality cardiac di-
agnostic testing using state-of-the-art, certified imaging 
equipment. 

• All imaging will be assumed to be performed according to the 
standard of care as defined by the peer-reviewed medical 
literature. 

• All interpreting physicians will be assumed to be qualified 
and certified to supervise the imaging procedure and appro-
priately report the findings. 

• In clinical scenarios, the clinical status listed will be assumed 
to be valid as stated (asymptomatic patients are truly asymp-
tomatic) and no extenuating circumstances will be taken into 
consideration (patient willingness to receive treatment, clin-
ical stability) unless specifically noted. 

• Appropriateness will be rated independently of the appropri-
ateness of any prior diagnostic imaging that may have been 
performed in the clinical indication/scenario. 

• Imaging indicated for surveillance to assess disease progres-
sion or response to therapy is assumed to be performed solely 
because the indicated time period elapsed rather than due to 
any change in clinical circumstances. 

• Test appropriateness will be considered under the assump-
tion that many patients will have been on appropriate antibi-
otics for some time prior to testing, potentially affecting 
imaging sensitivity. 

• Cost of the imaging procedures will not be considered in ac-
cordance with recommended appropriateness scoring meth-
ods [101, 106]. These analyses focus purely on whether 
benefits outweigh risks and do not imply that the imaging 
procedure must be done for all patients. Cost is recognized 
to be an important issue from a coverage policy and payment 
perspective and is frequently incorporated into clinical prac-
tice; however, it is not recommended for appropriateness 
analyses. Moreover, expert physician appropriateness ratings 
have been shown to agree well with costeffectiveness models 
[111, 112].  

Definitions 

The following definitions clarify terms used in the consensus 
criteria, algorithms, and clinical indications. They rely on prior 
published guidelines and key papers where possible.  

1. CIED: Cardiovascular implantable electronic device, most 
of which have leads connecting a generator to cardiac 
tissue [35]. Examples include implantable cardioverter 
defibrillators (ICD), permanent pacemakers, cardiac 
resynchronization therapy devices, abandoned CIED/ 
transvenous leads, as well as pacing leads and defibrillation 
patches and coils that reside on the epicardial surface but 
are tunneled to the CIED pocket.  

2. Complicated Valvular Endocarditis: Complicated valvular 
endocarditis includes invasive infection with peri- 
valvular/peri-prosthetic extension, systemic embolism/ 
high embolic risk, uncontrolled infection, or heart failure 
[24].  

3. Deep versus Superficial Soft-Tissue Device Pocket 
Infection: Superficial infections are limited to the skin 
and subcutaneous layers of the incision and have not 
spread to the underlying CIED hardware. Deep soft-tissue 
pocket infections encompass all other situations, including 
involvement of the fascia, muscle, and CIED hardware 
within the pocket [35]. Deep pocket infections can also pre-
sent with evidence of systemic infection involving CIED 
leads and endocardial tissues.  

4. Early Post-Operative Period: For this document, the early 
post-operative period was defined as 3 months, the time 
during which 18F-FDG PET/CT has reduced specificity.  

5. Fever of Unknown Origin (FUO): Temperature greater 
than 38.3 oC on several occasions during a period lasting 
longer than 3 weeks with a diagnosis remaining uncertain 
after 1 week of inpatient evaluation [113].  

6. HACEK Organisms: The Haemophilus, Aggregatibacter, 
Cardiobacterium, Eikenella, and Kingella (HACEK) organ-
isms refer to the following gram-negative bacteria that can 
cause cardiovascular infection: Haemophilus species, 
Aggregatibacter actinomycetemcomitans, Cardiobacterium 
hominus, Eikenella corrodens, and Kingella kingae [114].  

7. Inflammatory Markers: Inflammatory markers associated 
with cardiovascular infection include C-reactive protein, 
erythrocyte sedimentation rate, and leukocyte count 
[24, 115].  

8. VAD Infection Location: VAD infections can be separated 
into three distinct locations as defined by the International 
Society for Heart and Lung Transplantation: (1) pump and 
inflow/outflow cannula; (2) pocket; or (3) involving the 
percutaneous driveline [116]. 

9. Native versus Prosthetic Valve: Native valves include a pa-
tient’s original valvular tissue. Prosthetic valves include 
mechanical and bioprosthetic valves (surgically placed or 
transcatheter), as well as prosthetic materials, such as clips 
and rings. 

10. Persistent Bacteremia/Fungemia/Sepsis: There is no uni-
form definition for persistent bacteremia/fungemia/sepsis. 
For this document, persistent infection was defined as  
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positive blood cultures for two or more days despite appro-
priate therapy with antibiotics or antifungal agents and re-
moval of suspicious removable sources [44]. 

11. Prosthetic Material: For the purposes of this document, pros-
thetic material is comprised of grafts, conduits, and patches. 
Although prosthetic valves and CIEDs are also prosthetic 
material, they are discussed separately in this document.  

12. Sepsis: The guidelines recognize sepsis as life-threatening 
organ dysfunction secondary to a dysregulated host re-
sponse to infection consistent with the Sepsis-3 consensus 
definition [37].  

RESULTS 

Diagnostic features and an algorithmic approach to evaluation of 
cardiovascular infection 

Diagnostic criteria for IE are well-established [20]. The 2015 
ESC guidelines expanded these to include advanced imaging 
with cardiac CTA, 18F-FDG PET/CT, and radiolabeled leuko-
cyte SPECT/CT [24]. This document provides increased gran-
ularity and highlights complementary imaging features of 
18F-FDG PET/CT and radiolabeled leukocyte SPECT/CT. It 
also expands the scope of use of these advanced imaging tech-
niques from NVE and PVE to CIED, VAD, and prosthetic ma-
terial infection. Table 3 provides recommendations on 
diagnostic features for 18F-FDG PET/CT and radiolabeled leu-
kocyte SPECT/CT in the evaluation of cardiovascular infection. 
Consensus recommended algorithmic approaches for the eval-
uation of cardiovascular infection are provided in Figures 1 and  
2. Advanced imaging can help improve diagnosis, refine risk 
stratification, guide surgical decision-making, and optimize 
clinical management. Figure 1 addresses NVE, PVE, and pros-
thetic material infection. Figure 2 provides an algorithmic diag-
nostic approach for suspected CIED infection. 

Indications for 18F-FDG PET/CT and radiolabeled leukocyte SPECT/CT 

The appropriate utilization ratings for 18F-FDG PET/CT and 
radiolabeled leukocyte SPECT/CT are documented in Table 4 
for suspected NVE and PVE, and in Tables 5–7 for suspected 
infection of CIEDs, prosthetic material, and VADs, respective-
ly. This advanced imaging can help solidify diagnosis, clarify 
surgical decision-making, and refine antibiotic adjustment 
and duration. In some clinical situations other types of imaging 
may be contraindicated or may be preferred (e.g., brain MRI in 
suspected PVE in patients with neurologic signs/symptoms). 
Moreover, due to the complexity of clinical care, the more com-
mon clinical situations were addressed, but all scenarios could 
not be covered. Discussion and key considerations for clinical 
indications are provided below. 

Native valve endocarditis 
18F-FDG PET/CT and radiolabeled leukocyte SPECT/CT can 
be useful for the diagnosis and management of NVE in select 

clinical scenarios, particularly in conjunction with cardiac 
CTA [117]. In specific cases of NVE with possible IE or IE re-
jected by modified Duke criteria but high clinical suspicion, 
18F-FDG PET/CT is considered Appropriate when echocardi-
ography is negative or equivocal for the finding of interest. 
For example, 18F-FDG PET/CT is considered Appropriate in 
the setting of positive blood cultures for a gram-positive or typ-
ical gram-negative organism (such as HACEK group), a high 
clinical suspicion for IE (e.g., with persistent bacteremia), and 
with negative TEE [118]. Similarly, 18F-FDG PET/CT is consid-
ered an Appropriate diagnostic test if the TEE is inconclusive or 
equivocal for the presence of a vegetation or perivalvular ab-
scess [119, 120]. Conversely, in a clinical scenario where a pa-
tient is found to have a mobile mass (>5 mm) on 
echocardiography but a negative microbiological workup, 
18F-FDG PET/CT is Appropriate, as it may be useful to distin-
guish NVE from a mass due to a non-infectious etiology. 

18F-FDG PET/CT is considered less useful in patients with 
fungemia or non-HACEK gramnegative bacteria who have a 
negative TEE [121-123]. Patients who have persistent bacteremia 
and fungemia need to be considered on an individual, 
case-by-case basis, and 18F-FDG PET/CT May Be Appropriate 
to assist diagnosis. Similarly, 18F-FDG PET/CT May Be 
Appropriate for patients with FUO who have a negative initial 
evaluation [94, 124-126]. Because 18F-FDG PET/ CT can detect 
foci of infection outside of the heart, it can also be useful for de-
tecting extracardiac foci and the infection port of 
entry (including infection of extracardiac hardware) [127]. As 
such, 18F-FDG PET/CT May Be Appropriate if clinicians require 
information about embolic events, port of entry, or anatomic in-
formation pertaining to a perivalvular abscess to aid surgical 
decision-making [128, 129]. 18F-FDG PET/CT is considered 
Rarely Appropriate for monitoring therapy in NVE. 

Radiolabeled leukocyte SPECT/CT scintigraphy generally 
has a lower sensitivity but higher specificity for the detection 
of infected foci compared to 18F-FDG PET/CT. This is reflected 
in the ratings in which indications that are considered 
Appropriate for evaluation by 18F-FDG PET/ CT would be con-
sidered May Be Appropriate for radiolabeled leukocyte SPECT/ 
CT. In most cases, 18F-FDG PET/CT would be preferred over 
radiolabeled leukocyte SPECT/CT based on greater availability, 
superior test characteristics (including less waiting time: 1 hour 
vs 24 hours), and more available data to support its use. Given 
the low sensitivity of radiolabeled leukocyte SPECT/CT for the 
diagnosis of gram-negative and fungal infections, it is consid-
ered Rarely Appropriate to use in these settings. Given the spe-
cificity of radiolabeled leukocyte SPECT/CT for infection, it is 
considered Appropriate for use in FUO in a patient with IE risk 
factors, high suspicion for IE, negative initial evaluation, and 
suspected infected extracardiac hardware [130]. Use of high- 
sensitivity SPECT/CT cameras may improve the diagnostic 
performance in NVE [131].  
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Prosthetic valve endocarditis 
There are many indications for 18F-FDG PET/CT and radiola-
beled leukocyte SPECT/CT in the diagnosis of PVE. These im-
aging modalities can help confirm suspected infection and 
guide the management of these cases, including aiding surgical 

intervention decision-making [132]. 18F-FDG PET-CT ideally 
is performed as soon as possible, as increasing duration of an-
tibiotic therapy reduces test sensitivity [133]. Although not ad-
dressed as a distinct clinical indication in this document, 
transcatheter-implanted aortic valve IE will likely increase in 

Table 3. Diagnostic Considerations and Suggestive Patterns for 18F-FDG PET/CT and Radiolabeled Leukocyte SPECT/CT in Suspected Cardiovascular 
Infection. 

General Comments 

• Unless specified the recommendations apply to both 18F-FDG PET/CT and Radiolabeled Leukocyte SPECT/CT. Features specific to either one of the modalities 
are listed in a separate row 

• 18F-FDG PET/CT: Use with caution early (approx. 3 months) after (complicated) surgical intervention 
• Radiolabeled Leukocyte SPECT/CT: Use limited to pyogenic infections; Limited sensitivity for small vegetations  

Valvular Native Valvular • Provides supportive information 
• Insufficient data to recommend current role for valvular assessment  

Prosthetic 
Valvular 

• Focal/multifocal or diffuse heterogeneous, intense intravalvular (in the leaflets), valvular (following the supporting 
structure of the valve), or peri-valvular tracer uptake persisting on NAC images*,**148 

• Focal tracer uptake corresponding to an IE-related lesion visualized on cardiac CTA or other imaging increases likelihood of 
a true positive† 

• Diffuse mild homogeneous tracer uptake is often found in prostheses and has reduced specificity as it can represent a 
normal, non-infective pattern   

• 18F-FDG uptake in the presence of surgical adhesives may have reduced specificity  

Peripheral 
Findings 

• Focal tracer uptake in organs without typical physiological uptake may be consistent with septic embolism, mycotic 
aneurysm, or a potential portal of entry. Corresponding abnormalities on additional imaging can increase diagnostic 
certainty 

• Photopenic areas in organs with physiologic radiolabeled leukocyte or 18F-FDG uptake requires further assessment to 
exclude septic embolism presence   

• Focal 18F-FDG uptake may identify central nervous system involvement, but contrast-enhanced CT or MRI are required to 
rule-out infection in this location 

CIED Lead • Focal/multifocal or diffuse heterogeneous, or linear intense tracer uptake along/adjacent to the leads persisting on NAC 
images 

• Uptake corresponding to a suspected area of lead infection (i.e., mobile elements on echocardiography) increases 
likelihood of a true positive 

• Isolated uptake at the point of lead passage into the subclavian vein has reduced specificity149  

Pocket • Focal/multifocal or diffuse heterogeneous, intense tracer uptake in the region of the generator pocket persisting on NAC 
images 

• Delineation of superficial versus deep involvement should be included in the assessment  

Peripheral 
Findings 

• Focal/multifocal or diffuse heterogeneous, intense intravalvular (in the leaflets), valvular (following the supporting 
structure of the valve) or peri-valvular tracer uptake persisting on NAC images consistent with associated infective 
endocarditis (often involving the native tricuspid or implanted prosthetic valves) 

• Linear pericardial uptake consistent with associated pericarditis 
• Focal tracer uptake in organs of non-physiological uptake is consistent with septic embolism (particularly multiple septic 

pulmonary emboli), portal of entry, or mycotic aneurysm (unusual in right-sided IE) 
• Photopenic areas in organs with physiologic radiolabeled leukocyte uptake (i.e., spleen and spine) require further 

assessment to exclude septic embolism presence 

LVAD Driveline • Focal/multifocal or diffuse heterogeneous, linear intense tracer uptake adjacent to the driveline persisting on NAC 
images140,150–154  

Pump/ 
Cannula 

• Focal/multifocal or diffuse heterogeneous, intense tracer uptake persisting on NAC images with associated infiltration 
around the pump present on non-enhanced CT149   

• Diffuse mild homogeneous tracer uptake is often found in prostheses and has reduced specificity as it can represent a 
normal, non-infective pattern 

Prosthetic 
Material 

Graft Materials • Focal/multifocal or diffuse heterogeneous tracer uptake with intensity equal to or greater than liver or equal to spleen is 
often associated with abnormalities on the corresponding non-enhanced CT   

• 18F-FDG uptake in regional lymph nodes may increase specificity155  

Peripheral 
Findings 

• Focal tracer uptake in organs of non-physiological uptake is consistent with associated infections, septic embolism, 
mycotic aneurysm, or the portal of entry 

*Data on use of NAC images in radiolabeled leukocyte scintigraphy is limited with concern about possible decreased sensitivity due to lower resolution and more substantial attenuation.  

**Time post-implantation is less important than uptake pattern for risk of false-positive results.148,156  

†Suggestive cardiac CTA findings include diffuse valvular thickening without vegetation; low/intermediate-attenuation mobile soft-tissue lesions attached to valves, endocardium, or prosthetic 
material (vegetation); leaflet tissue defect observed in >1 dimensional view (perforation); soft-tissue thickening around a valve/prosthesis or graft (abscess); contrast-filled sacculation arising 
from a cardiac/vascular structure (pseudoaneurysm).  

Cardiac CTA=cardiac-gated computed tomographic angiography; FDG=fluorodeoxyglucose; MRI=magnetic resonance imaging; NAC=non-attenuation corrected; WBC=Radiolabeled 
leukocyte.   
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incidence with growing utilization and remains difficult to di-
agnose due to mild, non-specific clinical presentation and lim-
ited role of echocardiography [92]. 18F-FDG PET/CT and 
radiolabeled leukocyte SPECT/CT may prove to be a valuable 
diagnostic tool in this population [134]. 

When echocardiography is negative or equivocal for PVE, but 
clinical suspicion is high, 18F-FDG PET/CT or radiolabeled leu-
kocyte SPECT/ CT (when 18F-FDG PET/CT is unavailable or in-
conclusive) is Appropriate. Both imaging modalities are strongly 
recommended in cases with gram-positive infections [24]. 
Fungal infections have been noted to cause false-negative radio-
labeled leukocyte SPECT/CT studies due to the relative low ac-
cumulation of neutrophils compared to other infections [135]. 
18F-FDG PET/ CT is the preferred imaging study for diagnosing 
PVE in cases of fungal infections [85-87, 136]. Radiolabeled leu-
kocyte SPECT/CT also has a lower sensitivity for the diagnosis of 

certain gram-negative infections thus, 18F-FDG PET/CT is pre-
ferred for these cases as well. However, if 18F-FDG PET/CT im-
aging is not available and echocardiography is equivocal in cases 
with gram-negative organisms, radiolabeled leukocyte SPECT/ 
CT may still be considered. 

In patients with and without risk factors for PVE who have a 
negative standard workup but present with FUO, 18F-FDG 
PET/CT and radiolabeled leukocyte SPECT/CT May Be 
Appropriate in select cases [94]. However, there was not con-
sensus among the rating panel whether 18F-FDG PET/CT is 
helpful in such cases. When PVE has already been diagnosed 
by echocardiography, 18F-FDG PET/CT or radiolabeled leuko-
cyte SPECT/CT (when 18F-FDG PET/CT is unavailable 
or inconclusive) is Appropriate to assess for perivalvular com-
plications, such as abscess when echocardiography is equivocal, 
and May Be Appropriate to exclude active infection next to a 

Figure 1. Diagnostic Algorithm Flowchart for Suspected Native or Prosthetic Valve Infective Endocarditis or Prosthetic Material/VAD Infection. A consensus algorithmic 
approach is provided for patients with suspected NVE, PVE, or prosthetic material infection incorporating the Duke-Li criteria, clinical status, and varied diagnostic and risk 
stratification approaches to affect clinical management. 
* Clinical situations warranting consideration of further testing include signs, symptoms, and/or other imaging suggest perivalvular/periprosthetic complications or extracardiac manifestations. 

**Radiolabeled leukocyte SPECT/CT may be substituted in specific circumstances or if PET/CT is not available. 

CT=computed tomography; Cardiac CTA=cardiac-gated computed tomographic angiography; IE=infective endocarditis; NVE= native valve endocarditis; PET=positron emission tomogra-
phy; PVE=prosthetic valve endocarditis.    
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paravalvular leak prior to intervention. Cardiac CTA can iden-
tify perivalvular complications, but FDG uptake can be additive 
by confirming the presence of active inflammation. In the set-
ting of persistent bacteremia in patients with PVE and/or the 
presence of other prosthetic material, 18F-FDG PET/CT and 

radiolabeled leukocyte SPECT/CT are recommended, as they 
can be useful detecting extra-cardiac foci of infection or identi-
fying other portals of entry. Preliminary data suggest 18F-FDG 
PET/CT and radiolabeled leukocyte SPECT/CT may be useful 
in monitoring cases of PVE that are medically managed with 

Figure 2. Diagnostic Algorithm Flowchart for Suspected CIED Infection.* A consensus algorithmic approach is provided for patients with suspected CIED infection that 
incorporates assessment of the pocket, bacteremia, leads, and distant infection to establish a diagnosis and guide management.  
* This algorithm does not address every clinical presentation in which CIED infection should be considered. Additional scenarios are provided in Table 5. Moreover, complications such as 
septic pulmonary emboli and concomitant valve infection are not addressed and may require additional testing and therapy. 

** The role of 18F-FDG PET/CT is not clear in patients with select bacteremias (e.g., pneumococcal, non-pseudomonal/non-Serratia gram-negative rod) from an identified portal of entry with a 
low-risk of CIED infection. 
† CIED removal should be considered in the setting of Staphylococcus aureus, coagulase-negative staphylococcus, Propionibacterium, and candida species.25,36 

Abx=antibiotics; BCx=blood cultures; CIED=cardiovascular implantable electronic device; Cardiac CTA=cardiac-gated computed tomography angiography (with contrast); CT=computed 
tomography (with contrast); PET=positron emission tomography; TEE=transesophageal echocardiography.    
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antimicrobial treatment, but further studies are needed to in-
form the frequency and reliability of monitoring strategies. 
The role of these advanced modalities in assessment of suspected 
embolic events in both NVE and PVE is not fully elucidated but 
is recommended by the ESC guidelines workflow [24]. 

CIED infection 
CIED infections encompass both local (device pocket), system-
ic (bloodstream and/ or lead-related), or combined infections. 
Pocket infections can be superficial incisional cellulitis or deep 

infection involving the underlying pocket, which requires more 
aggressive therapy. Deep pocket infections, often involving the 
pulse generator and leads, are more serious and necessitate de-
vice extraction for source control. The role of advanced nuclear 
imaging in device infection is most valuable when the depth of 
infection and hardware involvement is unclear. For example, in 
patients with strictly superficial infections that resolve with oral 
antibiotics, or bacteremic patients with clear imaging evidence 
of vegetations on the CIED, 18F-FDG PET/CT imaging is 
Rarely Appropriate. However, patients in whom the distinction 

Table 4. Appropriate Utilization Rating of 18F-FDG PET/CT and Radiolabeled Leukocyte SPECT/CT Imaging in Suspected Native and Prosthetic Valve 
Infective Endocarditis. 

Clinical Scenarios 

Native Valves Prosthetic Valves 

18F-FDG 
PET/CT 

Radiolabeled 
Leukocyte SPECT/CT 

18F-FDG 
PET/CT 

Radiolabeled 
Leukocyte SPECT/CT  

1. Definite IE—Stable Clinical Status 

1.1 Suspected left-sided embolic event M (*) M (5) A (7.5) M (5) 

1.2 Suspected right-sided embolic event M (*) M (5) M (5.5) M (4.5) 

1.3 Confirmation of perivalvular complications: Echo/Cardiac CTA definite for 
presence of perivalvular abscess 

M (5) M (6.5) R (2.5) R (2.5) 

1.4 Detection of perivalvular complications: Echo/Cardiac CTA equivocal for 
presence of perivalvular abscess 

A (7) M (5) A (8) A (7) 

1.5 Detection of perivalvular complications: Echo/Cardiac CTA negative for 
presence of perivalvular abscess 

R (3) R (3) M (4.5) M (5) 

Clarification of cause of perivalvular leak   M (5) M (5) 

1.6 Detection of infectious source or focus: Persistent bacteremia A (7.5) A (7) A (8) A (7) 

1.7 Detection of infectious source or focus: Presence of hardware A (7.5) A (7) A (8) A (7.5) 

1.8 Monitoring of therapy R (2.5) R (3) M (5) M (5) 

2. Possible IE or IE Rejected by Modified Duke-Li Criteria but High Clinical Suspicion 

2.1 Gram-positive bacteremia with 
negative echo—Typical organism for IE** 

A (7.5) M (5) A (8) A (7.5) 

2.2 Gram-positive bacteremia with negative echo—Atypical organism for IE A (7.5) M (5) A (7.5) A (7.5) 

2.3 Gram-negative bacteremia with negative echo—Typical organism for IE 
(HACEK)† 

A (7.0) M (*) A (7.5) M (5.5) 

2.4 Gram-negative bacteremia with negative echo—Atypical organism for IE 
(non-HACEK) 

M (5) M (*) A (7.5) M (5) 

2.5 Fungemia with negative echo M (5) R (2) A (7.5) R (1.5) 

2.6 Inconclusive echo or discrepant imaging results A (7.5) M (*) A (8) A (7.5) 

2.7 Persistent bacteremia or sepsis M (6) M (5) A (7.5) M (5.5) 

2.8 Persistent fungemia M (5.5) R (2) A (7.5) R (1.5) 

2.9 Blood cultures/serology negative but mobile mass on echocardiography A (7.5) M (5) A (7.5) M (5.5) 

2.10 Elevated gradient across transcatheter prosthetic valve with suspicion of 
infection   

A (7.0) M (5.5) 

2.11 Diffuse moderate FDG signal in the prosthesis in a patient with fever or 
inflammatory syndrome and negative echocardiography    

M (*) 

2.12 Absent FDG signal in the prosthesis in a patient with fever or inflammatory 
syndrome and negative echocardiography    

R (2.5) 

3. IE Rejected by Modified Duke-Li Criteria and Low Clinical Suspicion 

3.1 Fever of unknown origin—Risk factors for IE (IVDA, prior valve surgery, 
implanted cardiac devices, prosthetic material, congenital heart disease)† 

A (7.5) A (7) M (*) M (5) 

3.2 Fever of unknown origin—No risk factors M (5) R (2) M (5) M (5) 

*There was a lack of consensus on this rating; a “May Be Appropriate” rating was assigned by convention.  

**Typical gram-positive organisms for IE: Staphylococcus aureus; coagulase-negative Staphylococcus; some strains of Streptococci; Enterococci. Typical gram-negative organisms for IE: 
HACEK organisms (Haemophilus species, Aggregatibacter species, Cardiobacterium hominis, Eikenella corrodens, and Kingella species).  
†In cases of PVE with aortic root replacement, both Tables 3 and 5 would apply  

Ratings are given as appropriate (A with green highlighting), may be appropriate (M with yellow highlighting), or rarely appropriate (R with red highlighting) with the mean rating given in 
parentheses.  

Cardiac CTA=cardiac-gated computed tomography angiography; Echo=echocardiogram; FDG=fluorodeoxyglucose; IE=infective endocarditis; IVDA=intravenous drug abuse; PET=positron 
emission tomography; SPECT=single photon emission computed tomography.   
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of deep versus superficial pocket infection is unclear, 18F-FDG 
PET/CT imaging has high diagnostic accuracy to identify pock-
et/generator infection [137] and is considered Appropriate. 
18F-FDG PET/CT imaging is also Appropriate to confirm 
lead infection in bacteremic patients with equivocal vegeta-
tions. Because 18F-FDG PET/CT imaging has a high positive 
predictive value but lower negative predictive value, it cannot 
definitively rule out CIED infection and is thus rated May Be 
Appropriate in patients with evidence of systemic infection 
and no vegetations on imaging. 

18F-FDG PET/CT imaging diagnostic performance is lower 
for lead than for pocket infection [137]. Detection of lead infec-
tion can be improved by shortening the delay between antibi-
otic initiation and imaging and by adding late PET 
acquisitions (90–180 min post-injection) in patients with 

persistent high blood pool 18F-FDG signal using typical proto-
cols [71, 89]. The presence of focal 18FFDG uptake in the lung 
parenchyma should raise the suspicion of septic emboli, which 
are often associated with lead infection [89]. Importantly, lead 
infection cannot be excluded if the 18F-FDG PET/CT scan is 
negative. In the absence of systemic infection but increased 
clinical suspicion, options for diagnosis of CIED infection are 
limited, and 18FFDG PET/CT imaging was rated as May Be 
Appropriate. For patients presenting with a new lead mass on 
echocardiography but no evidence of systemic infection, 
18F-FDG PET/CT imaging May Be Appropriate to discriminate 
between thrombus and vegetation. This indication should be 
approached with caution, however, as noninfective mobile 
echo densities are frequent on CIED leads, and additional im-
aging should only be considered in select cases with higher clin-
ical suspicion. In patients with CIED and FUO with negative 
TEE, 18F-FDG PET/CT imaging is Appropriate to confirm 
CIED infection and might be also helpful to detect the alterna-
tive causes of FUO. Diagnostic yield may be lower in the setting 
of bacteremia or symptoms of short duration and repeatedly 
normal TEE. 

It is important to note that patients with clear evidence of in-
fection irrespective of imaging, such as those with prolonged 
bacteremia, especially with typical organisms, have an indica-
tion for CIED removal, and this definitive therapy should not 
be delayed to obtain 18F-FDG PET/CT imaging. 

Although rating was performed for 18F-FDG PET/CT as de-
tailed above, the panel did not rate radiolabeled leukocyte 
SPECT/CT in CIED infection due to insufficient evidence to sup-
port appropriate use criteria for this imaging modality at this time. 
Radiolabeled leukocyte SPECT/CT imaging has higher specificity 
but lower sensitivity than 18F-FDG PET/CT imaging for infection 
[89]. There is emerging evidence of a possible role to distinguish 
infective from inflammatory processes in the CIED pocket, partic-
ularly in patients with positive 18F-FDG PET/CT scans within the 
first weeks of device implantation. 

Prosthetic material infection 
Infections of cardiac prosthetic material typically are diagnosed 
using echocardiography and contrast enhanced CT. However, 
certain clinical scenarios may require advanced imaging with 
18F-FDG PET/CT and radiolabeled leukocyte SPECT/CT. 
When clinical suspicion for an infection is high with fever 
but no source of infection is identified despite extensive inves-
tigation (FUO), 18F-FDG PET/CT May Be Appropriate [94]. In 
contrast, when a patient has elevated inflammatory markers but 
no fever or other evidence of systemic infection, 18F-FDG PET/ 
CT is Rarely Appropriate. 

In the setting of systemic infection with persistent (not 
transient) bacteremia and negative imaging findings for pros-
thetic material infection on other modalities (such as echo, 
CT), 18F-FDG PET/CT is Appropriate to localize the source 

Table 5. Appropriate Utilization Rating of 18F-FDG PET/CT in Suspected 
CIED Infection.* 

Clinical Scenarios 

18F-FDG PET/ 
CT  

No Evidence of Systemic Infection in suspected  
CIED infection 

High clinical suspicion of superficial infection only R (2.5) 

Unclear determination superficial vs. CIED pocket infection A (7) 

High clinical suspicion for CIED pocket infection M (5) 

Fever of unknown origin with negative TEE A (7) 

Mobile mass on TTE/TEE but no other evidence of systemic 
infection 

M (4.5) 

Evidence of Systemic Infection: No Imaging Evidence  
of Vegetations on CIED 

Gram-positive bacteremia with typical organism† M (5.5) 

Gram-positive bacteremia with atypical organism M (5.5) 

Gram-negative bacteremia with typical organism† M (6) 

Gram-negative bacteremia with atypical organism M (5.5) 

Fungemia M (5.5) 

Evidence of Systemic Infection: Imaging Evidence  
of Vegetations on CIED 

Gram-positive bacteremia with typical organism† R (2.5) 

Gram-positive bacteremia with atypical organism R (2.5) 

Gram-negative bacteremia with typical organism† R (2.5) 

Gram-negative bacteremia with atypical organism R (2.5) 

Fungemia R (2.5) 

Evidence of Systemic Infection: Imaging Equivocal  
or Non-Diagnostic for Vegetations on CIED 

Gram-positive bacteremia with typical organism† A (8) 

Gram-positive bacteremia with atypical organism A (7.5) 

Gram-negative bacteremia with typical organism† A (7.5) 

Gram-negative bacteremia with atypical organism A (7) 

Fungemia A (7.5) 

*Ratings are not provided for radiolabeled leukocyte SPECT/CT due to inadequate data.  
†Typical gram-positive organisms for IE: Staphylococcus aureus, coagulase negative 
Staphylococcus, Cutibacterium species). Typical gram-negative organisms for IE: HACEK 
organisms (Haemophilus species, Aggregatibacter species, Cardiobacterium hominis, 
Eikenella corrodens, and Kingella species); Serratia species and Pseudomonas aeruginosa 
(Data are limited with respected to gram-negative rods and CIED-related IE).  

Ratings are given as appropriate (A with green highlighting), may be appropriate (M with 
yellow highlighting), or rarely appropriate (R with red highlighting) with the mean rating 
given in parentheses. CIED=cardiovascular implantable electronic device; CT=computed 
tomography; FDG=fluorodeoxyglucose; PET=positron emission tomography; 
TEE=transesophageal echocardiography; TTE=transthoracic echocardiography.   
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of bacteriemia and to evaluate for seeding sites in gram- 
positive or typical gram-negative organisms. A negative 
18F-FDG PET/CT in this setting will effectively rule out pros-
thetic material infection. Infection with less suspicious organ-
isms (gram-negative atypical) or with fungemia received a 
May Be Appropriate rating, as did use of radiolabeled leuko-
cyte SPECT/CT due to its reduced sensitivity (excluding 
fungemia). 

If there is systemic infection and evidence of infected pros-
thetic material on other imaging modalities, 18F-FDG PET/ 
CT is not necessary for diagnosis. Nonetheless, 18F-FDG 
PET/CT may have a role in providing prognostic information 
as well as identifying portal of entry and embolic events, but 
only if an active search for portal of entry or embolic event 
will change clinical management. In complex cases where re-
moval of the prosthetic material is challenging or has increased 
consequences, 18F-FDG PET/CT may be helpful in surgical 
planning or monitoring treatment response in cases where 
medical therapy is used alone. Radiolabeled leukocyte 
SPECT/CT is less useful for this purpose, as it has poor resolu-
tion and will be of limited use in guiding surgery. In patients in 
whom imaging was equivocal for a prosthetic material infec-
tion, both 18F-FDG PET/CT and radiolabeled leukocyte 
SPECT/CT were rated as Appropriate. 

One clinical scenario where radiolabeled leukocyte SPECT/ 
CT has an advantage over 18FFDG PET/CT is the evaluation 
for infected prosthetic material for patients in whom bioadhe-
sive was used during their surgeries because certain bio adhe-
sives cause persistently elevated 18F-FDG uptake and results 
in false-positive 18F-FDG scan or masks an underlying true in-
fection [138]. A heterogenous pattern of uptake may help to 
differentiate true from false-positive uptake, but these cases 
are challenging and must be approached with caution. Thus, 
18F-FDG PET/CT May Be Appropriate in this scenario. 
However, radiolabeled leukocyte SPECT/CT was rated as 
Appropriate as an alternative in these patients, as leukocytes 
do not typically artifactually accumulate at the site of 
bioadhesive. 

In patients with congenital heart disease, 18FFDG PET/CT 
can help with diagnosis when echocardiography is negative, 
in the setting of suspected PVE, anddin particulardfor patients 
with right-sided grafts [46, 139]. Special consideration is also 
given in patients with congenital heart disease who have pros-
thetic material that cannot be removed or is very difficult to re-
move, such as with right ventricleepulmonary artery conduits 
and Blalock-Taussig shunts. When such prosthetic material 
is infected, the mainstay of treatment is long-term antibiotics. 
In some centers, 18F-FDG PET/CT is used for monitoring 
response and determination of recommended treatment dura-
tion [46, 139]. Radiolabeled leukocyte SPECT/ CT is also 
Appropriate in such scenarios but is less favored due to its in-
herent lower sensitivity. 

VAD infection 
The International Society of Heart and Lung Transplantation has 
separated suspected VAD infection into three categories: (1) 
VAD-specific infection (central hardware, including pump, can-
nula, and peripheral percutaneous driveline); (2) VAD-related 
infection (blood stream infection, sternal wound infection, and 
mediastinitis); and (3) non-VAD infection (not directly related 
to the VAD), such as pneumonia and urinary tract infection in 
patients carrying VAD hardware [116]. Radiolabeled leukocyte 
SPECT/CT has insufficient data in suspected VAD infection 
and was not rated by the panel. 18F-FDG PET/CT has variable 
roles for the three types of VAD infection. For VAD-specific in-
fection, 18F-FDG PET/CT is Appropriate for evaluation of sus-
pected central hardware and peripheral subcutaneous driveline 
infection. Identification of infection site as central hardware or 
peripheral driveline may affect patient’s management and out-
come [140]. Although driveline exit-site infection is the most 
common type of infection due to local trauma during daily activ-
ity and is a frequent source of central infection, 18F-FDG PET/ 
CT is Rarely Appropriate for evaluation of suspected infection 
limited to the exit site alone, as this can be assessed and diag-
nosed on physical examination. It May Be Appropriate in evalu-
ating possible sternal wound infection. 

18F-FDG PET/CT was rated as Appropriate for evaluation of 
VAD-related infection in patients with evidence of systemic in-
fection who have bacteremia or fungemia without an identifi-
able source or that is persistent, FUO, or unexplained 
embolic phenomena. In the setting of systemic infection, device 
dysfunction/thrombosis may indicate VAD involvement. In 
this context, 18FFDG PET/CT was rated as May Be 
Appropriate for the evaluation of these patients. 

CLINICAL CASES 

Case #1. Prosthetic valve endocarditis assessed with 18F-FDG PET/CT 

A 65-year-old woman with history of a bioprosthetic bovine 
aortic valve replacement and ascending aortic graft placement 
for thoracic aortic aneurysm eight years prior presented with 
a fever of 38.9 oC. Multiple blood cultures grew Lactobacillus 
rhamnosus, a gram-positive anaerobe that is an atypical organ-
ism for IE. She had bacteremia with the same organism 3 
months prior to the fever with a negative TEE evaluation and 
received 6 weeks of antibiotic therapy. Due to a penicillin aller-
gy, she was treated with IV daptomycin for 1 week followed by 
5 weeks of IV clindamycin. Surveillance blood cultures after 
completion of her antibiotic course were negative. Her evalua-
tion included an abdomen and pelvis CT scan and a transtho-
racic echocardiogram during the same admission that was 
both unremarkable. TEE showed no evidence of aortic 
valvular or paravalvular regurgitation or bioprosthetic stenosis. 
There was no evidence of an independently mobile echo densi-
ty or paravalvular abscess. 18F-FDG PET/CT was performed on  
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day 8 of her hospitalization following a 24hours ketogenic diet 
and overnight fast (Figure 3). Eight mCi (296 MBq) of 18F-FDG 
was administered intravenously followed by cardiac and whole- 
body PET/CT imaging after a 60-minutes delay. The 18F-FDG 
PET/CT images identified a focal, perivalvular infectious pro-
cess. Based on these results, definite PVE was diagnosed. 
Surgical intervention was not deemed necessary given her 
lack of active infectious symptoms, lack of valvular dysfunction, 
and negative blood cultures. She was medically managed with 
prolonged antibiotics (6-weeks IV followed by one-year oral) 
without further complications on more than three years 
follow-up. 

This case illustrates the role of 18F-FDG PET/CT and its ap-
propriate use in the evaluation of suspected IE in prosthetic 
valves. This patient had one major and two minor 2015 
Duke/ESC criteria and was classified as possible IE. Given her 
recent history of infection, the team had high clinical suspicion 
for PVE, and 18F-FDG PET/CT confirmed PVE (see diagnostic 
algorithm in Figure 1). The use of 18F-FDG PET/CT to assess 
possible IE in the setting of gram-positive bacteremia with a 

negative echocardiogram and an atypical organism for IE is 
considered Appropriate as rated in Table 4. 

Case #2. Prosthetic valve endocarditis assessed with radiolabeled 
leukocyte SPECT/CT 

A 74-year-old woman with diabetes mellitus and polymyalgia 
rheumatica underwent prior mitral and aortic valve replace-
ments more than 25 years prior. She had previous atrial fibril-
lation complicated by cerebral ischemia and left-leg arterial 
occlusive disease. She presented to the Emergency 
Department with recurrent fever, which was treated with em-
piric antimicrobial therapy. The patient underwent a TTE, 
TEE, chest CT scan, and abdominal ultrasound, all of which 
were unrevealing. Laboratory testing showed increased eryth-
rocyte sedimentation rate (ESR) and C-reactive protein 
(CRP), a positive urine culture (Proteus Mirabilis) and two 
sets of blood cultures that grew Enterococcus faecalis, a gram-
positive bacterium typical for IE. 

She was classified as possible IE per the Duke/ ESC 2015 cri-
teria, and there was high clinical suspicion. There were three 
possible clinical strategies considered: (1) treat the patient em-
pirically; (2) repeat TTE/TEE in 5e7 days; or (3) perform an ad-
vanced radionuclide imaging procedure. Due to the presence of 
a possible concomitant bone infection of the left great toe (hal-
lux), a whole-body 99mTc-HMPAO radiolabeled leukocyte 
scan, including SPECT/CT of the chest was obtained 6 hours 
after injection. Abnormal aortic valve prosthetic uptake and 
left great-toe abnormality was present consistent with PVE 
with distal embolic involvement (Figure 4, panels AeD). The 
toe infection was diagnosed as osteomyelitis, and she was man-
aged successfully with amputation. The patient received 8 
weeks of intravenous followed by oral antibiotics, and cardiac 
surgery was deferred due to high surgical risk. Nevertheless, 
she remained complication-free at 6 months follow-up. 

This case illustrates the role of radiolabeled leukocyte 
SPECT/CT and its appropriate use in the evaluation of suspect-
ed IE in prosthetic valves. The advanced imaging procedure 
was favored per the diagnostic algorithm in this document 
(Figure 1) given her possible IE and high clinical suspicion. 
She had a May Be Appropriate indication for radiolabeled leu-
kocyte SPECT/CT with possible IE and gram-positive bactere-
mia with a typical organism for IE (Table 4). 

Case #3. Suspected lead CIED infection assessed with 18F-FDG PET/CT 

A 45-year-old woman was referred for evaluation of suspected 
CIED infection. She had a history of hypertrophic cardiomyop-
athy with primary prevention ICD placement and developed 
skin redness over the device pocket. She underwent blood cul-
tures, which were negative. She underwent a whole-body 
18F-FDG PET/CT exam (Figure 5, Panels A and B) after a 
12-hours fast (ketogenic diet was not feasible due to time con-
siderations, and thus myocardial suppression was not 

Figure 3. Prosthetic Valve Endocarditis Assessed with 18F-FDG PET/CT. Sagittal, 
coronal, and axial images show focal, intense uptake along the anterior/left lateral 
aspect of the prosthetic aortic valve on attenuation corrected (panel A) and CT-fused 
images (arrows, panel B) that persists on the non-attenuation corrected images (ar-
rows, panel C), confirming PVE. Mild diffuse aortic wall uptake was considered phys-
iological. Whole-body imaging revealed no evidence of septic emboli.   
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achieved). The abnormal device and lead uptake suggested 
CIED infection with associated lead involvement. The genera-
tor and leads were subsequently removed; cultures of the re-
moved hardware grew coagulase negative Staphylococcus. The 
patient was treated with antibiotics, and a new device was reim-
planted after a 1-month delay. 

This case illustrates the role of 18F-FDG PET/CT and its ap-
propriate use in the evaluation of suspected CIED infection. In 
the setting of a possible deep-pocket infection and negative 
blood cultures, whole-body 18F-FDG PET/CT is recommended 
per the diagnostic algorithm in Figure 2. 18F-FDG PET/CT is 
rated as Appropriate for unclear determination of superficial 
versus CIED pocket infection in the absence of evidence of sys-
temic infection (Table 5). While this case demonstrates the util-
ity of a positive FDG scan in the assessment of CIED infection, 
a negative scan would not necessarily have eliminated the pos-
sibility of CIED involvement, and further clinical and laborato-
ry investigations would have been appropriate. 

Case #4. Suspected VAD infection assessed with 18FFDG PET/CT 

A 43-year-old man with a history of idiopathic non-ischemic car-
diomyopathy and congestive heart failure had undergone 

HeartMate II LVAD implantation two years previously as a 
bridge-toheart transplantation. Since then, he has had multiple 
infections of the LVAD peripheral driveline for which he was 
treated with antibiotics. He was subsequently hospitalized for 
foul smelling pus draining out of the driveline site. Wound 
and blood cultures were positive for Proteus mirabilis compatible 
with a peripheral driveline infection with evidence of systemic 
infection. 18F-FDG PET/CT was performed to evaluate for infec-
tion and revealed central device infection with confirmation of 
peripheral driveline involvement (Figure 6). Broad-spectrum an-
tibiotics were started, and the patient was referred for surgical 
evaluation. 

This case illustrates the use of 18F-FDG PET/CT in suspected 
LVAD infection. As per Table 7, 18F-FDG PET/CT is rated 
Appropriate to further evaluate extent of infection in the 
LVAD (central portion of the cannula and pump) in a patient 
with bacteremia without identifiable source but evidence of sys-
temic infection. 

Case #5. Suspected prosthetic material infection assessed  
with 18F-FDG PET/CT 

A 29-year-old female with a history of tetralogy of Fallot, 
status-post repair with a 22-mm right ventricle to pulmonary 

Figure 4. Prosthetic Valve Endocarditis Assessed with Radiolabeled Leukocyte SPECT/CT. CT, attenuation-corrected SPECT, and fused images reveal abnormal intense, focal 
uptake in panel A. The abnormal focus is localized to the posterior aspect of the prosthetic aortic valve (panel B) with no involvement of the mitral valve appreciated (panel C). A 
distal infected focus in the left great toe was appreciated on whole-body imaging (panel D). These image findings were consistent with PVE with distal embolic involvement.   
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artery conduit and statuspost transcatheter SAPIEN pulmonary 
valve placement four years prior presented with suspected PVE 
in setting of viridans streptococci bacteremia. 18F-FDG PET/CT 
was obtained to determine whether the conduit or the valve was 
infected (Figure 7, Panels A and B). The patient received a pre-
paratory high-fat/low-carbohydrate diet 24 hours prior to the 
study followed by an overnight fast. Abnormal graft uptake 
with this patient’s history was thought to represent areas of infec-
tion. She was managed with aggressive antibiotic therapy, but 
one year later developed progressive pulmonary stenosis and re-
gurgitation as well as tricuspid regurgitation on echocardiogra-
phy. She underwent repeat cardiac surgery with excision of the 
SAPIEN pulmonary valve, pulmonary valve replacement with 

a 27 mm Magna Ease valve, and right ventricular outflow tract 
reconstruction with bovine pericardium and tricuspid valve re-
pair. Culture of the excised valve confirmed the infection. 

This case illustrates the role of 18F-FDG PET/CT and its ap-
propriate use in the evaluation of prosthetic material infection. 
Imaging was Appropriate to assess gram-positive bacteremia 
with a typical organism and no imaging evidence of prosthetic 
material involvement (Table 6). 

CONCLUSIONS 

This document has summarized expert recommendations on 
the appropriate use of 18F-FDG PET/CT and radiolabeled 

Figure 5. CIED Pocket and Lead Infection Diagnosed by 18F-FDG PET/CT. Coronal PET images (panel A) show multiple areas of focal, heterogenous, intense 18F-FDG uptake 
surrounding the ICD generator (standardized uptake value, SUVmax 4.8, red arrow), along the ICD leads (SUVmax 6, green arrow) and associated with the ICD leads in the 
right atrium (SUVmax 5.9, blue arrow). Uptake persisted on non-attenuation corrected images (not shown). Fusion with CT (panel B) confirm the anatomic localization. These 
findings confirmed CIED deep pocket infection with lead involvement.   
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leukocyte SPECT/CT in the evaluation and management of 
cardiovascular infection. Moreover, key points on multimodal-
ity imaging in cardiovascular infection and multisocietal expert 

consensus on diagnostic features on radionuclide imaging were 
provided with an algorithmic approach to use for this advanced 
imaging and the appropriateness of relevant clinical 

Figure 6. Extent of VAD Infection Clarified by 18F-FDG PET/CT. Coronal CT images (panel A) are unrevealing for extent of infection. 18F-FDG PET imaging (panel B) and fused 
PET/CT images (panel C) reveal heterogeneous, multifocal, intense uptake around the inflow (1) and outflow (2) cannulas and multiple portions of the driveline (4). There is no 
uptake in the pump area (3). These findings are consistent with central device and peripheral driveline infections.   

Figure 7. Prosthetic Material Infection Identified by 18F-FDG PET/CT. Sagittal (left column), coronal (middle column) and axial slices (right column) are shown. The top row 
(panel A) shows 18F-FDG images, the middle row (panel B) shows fused 18F-FDG and CT images, and the bottom row (panel C) shows non-contrast attenuation correction CT 
images. There is focal, intense, heterogeneous 18F-FDG uptake along the outflow conduit graft, with more focal uptake extending along the lateral aspect proximally and the 
anteromedial aspect distally (blue arrows). These findings are consistent with prosthetic graft infection.   
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indications, with case studies highlighting its 
practical applications. These ratings highlight that evidence 
demonstrates usefulness but do not imply need to perform ad-
vanced imaging. Study performance should be carefully consid-
ered in each individual case by the experts of the local 

Endocarditis Team in order to match test performance with ap-
propriate clinical suspicion. Moreover, this process has identi-
fied gaps in the literature requiring future research. Further 
investigation is warranted to validate the recommendations 
of this consensus document and to provide the basis for revised 
guidelines on cardiovascular infection within the next few 
years. We intend for this consensus statement to be used as a 
model for inclusion of nuclear imaging into a multimodality 
approach with feedback incorporated from relevant clinical 
and imaging societies. 
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Table 6. Appropriate Utilization Rating of 18F-FDG PET/CT and 
Radiolabeled Leukocyte SPECT/CT Imaging in Suspected Prosthetic 
Material Infection. 

Clinical Scenarios 

18F-FDG 
PET/CT 

Radiolabeled Leukocyte 
SPECT/CT Imaging  

No Evidence of Systemic Infection 

Fever of unknown origin M (5) M (5) 

Elevated inflammatory markers R (2.5) R (2.5) 

Evidence of Systemic Infection: No Imaging Evidence of Prosthetic 
Material Infection 

Gram-positive bacteremia with 
typical organism* 

A (7.5) M (5) 

Gram-positive bacteremia with 
atypical organism 

A (7.5) M (5) 

Gram-negative bacteremia with 
typical organism* 

A (7.5) M (5) 

Gram-negative bacteremia with 
atypical organism 

M (5.5) M (5) 

Fungemia M (*) R (2) 

Evidence of Systemic Infection: Imaging Evidence of Prosthetic Material 
Infection 

Gram-positive bacteremia with 
typical organism* 

M (5.5) R (2.5) 

Gram-positive bacteremia with 
atypical organism 

M (5) R (2.5) 

Gram-negative bacteremia with 
typical organism* 

M (5.5) R (2.5) 

Gram-negative bacteremia with 
atypical organism 

M (5) R (2) 

Fungemia M (5.5) R (2) 

Evidence of Systemic Infection: Imaging Equivocal or Non-Diagnostic for 
Prosthetic Material Infection 

Gram-positive bacteremia with 
typical organism* 

A (8) A (8) 

Gram-positive bacteremia with 
atypical organism 

A (7.5) A (7.5) 

Gram-negative bacteremia with 
typical organism* 

A (8.0) A (8) 

Gram-negative bacteremia with 
atypical organism 

A (7.5) M (*) 

Fungemia A (7.5) R (2) 

Additional considerations for any of the appropriate indications above 

Patient in whom bioadhesive 
was used during surgery 

M (5) A (7) 

Patient with congenital heart 
disease 

A (7) A (7.5) 

*Typical gram-positive organisms for prosthetic material infection: Staphylococcus aureus, 
coagulase negative Staphylococcus, Enterococci species, Corynebacterium species, 
Cutibacterium species. Typical gram-negative organisms for prosthetic material infection: 
Pseudomonas aeruginosa, Escheria coli, Klebsiella species, Salmonella species, and 
anaerobes in the setting of abdominal grafts. Fungemia with Candida species is also 
possible in the setting of broad-spectrum antibiotic use or in abdominal grafts.  

Ratings are given as appropriate (A with green highlighting), may be appropriate (M with 
yellow highlighting), or rarely appropriate (R with red highlighting) with the mean rating 
given in parentheses.  

CT=computed tomography; FDG=fluorodeoxyglucose; PET=positron emission 
tomography; SPECT=single-photon emission computed tomography.  

Table 7. Appropriate Utilization Rating of 18F-FDG PET/CT in Suspected 
Ventricular Assist Device (VAD) Infection. 

Clinical Scenarios 

18F-FDG 
PET/CT  

No Evidence of Systemic Infection 

Concern for central hardware VAD infection (cannula or pump) A (7.5) 

Concern for peripheral exit wound infection R (2.5) 

Concern for driveline infection A (7) 

Concern for sternal wound infection M (4.5) 

Evidence of Systemic Infection 

Bacteremia without identifiable source* A (8) 

Fungemia without identifiable source A (7.5) 

Persistent Bacteremia A (8) 

Persistent Fungemia A (8) 

Fever of unknown origin A (7.5) 

Unexplained embolic phenomena A (7.5) 

Device dysfunction/thrombosis M (5.5) 

Additional considerations for any of the appropriate indications above 

Patient in whom bioadhesive was used during surgery M (4.5) 

*Typical gram-positive organisms for VAD infection: Staphylococcus aureus, coagulase 
negative Staphylococcus, Enterococci species. Typical gram-negative organisms for VAD 
infection: Pseudomonas aeruginosa, Serratia species, and Enterobacteriaceae.  

Ratings are given as appropriate (A with green highlighting), may be appropriate (M with 
yellow highlighting), or rarely appropriate (R with red highlighting) with the mean rating 
given in parentheses.  

VAD=ventricular assist device.   
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