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Abstract
Background: The diagnosis of infective endocarditis (IE) remains complex and relies on the integration of clinical, microbiological, and imaging findings. The traditional diagnostic approach using the Duke criteria, while valuable, has significant limitations, often failing to definitively confirm or exclude infection in a substantial proportion of patients, particularly those with prosthetic valves or cardiac devices. This study aims to evaluate the contribution of 18F-Fluorodeoxyglucose Positron Emission Tomography/Computed Tomography (18F-FDG PET/CT) in patients with suspected IE and inconclusive initial evaluations.
Materials and Methods: We conducted a retrospective analysis of 21 18F-FDG PET/CT scans performed for suspected infective endocarditis between January 2020 and December 2025 in 18 patients initially classified as Duke ± (possible) or Duke − (rejected). The final diagnosis of IE was confirmed or refuted based on multidisciplinary consensus during follow-up. PET/CT image analysis focused on the cardiac area (native or prosthetic valves, pacemaker/defibrillator leads) and also systematically searched for distant septic embolic or infectious foci.
Results: Of the 21 scans, 15 were performed in patients with prosthetic cardiac material (valve replacement or cardiac implantable electronic devices). PET/CT was positive in 9 of these 15 patients (60%), demonstrating pathological periprosthetic valvular hypermetabolism in 6 patients and hypermetabolism along cardiac device leads in 3 patients. Additionally, PET/CT identified distant infectious foci in 6 patients (40%), including pneumonia, muscular abscesses, and infection of a femoral catheter. One false-negative result was observed in a patient undergoing active antibiotic therapy at the time of imaging. In the 6 patients with suspected native valve IE, all PET/CT scans were negative, and IE was subsequently excluded.
Conclusion: This study reinforces the significant diagnostic value of 18F-FDG PET/CT in suspected IE involving prosthetic valves or cardiac implantable electronic devices, particularly when echocardiography is inconclusive. The examination not only aids in confirming cardiac device-related infection but also provides crucial whole-body assessment by detecting peripheral septic emboli and extracardiac infectious portals of entry. While concurrent antibiotic therapy may reduce sensitivity, leading to potential false negatives, the overall diagnostic performance supports its current recommendation by the European Society of Cardiology (ESC) in the diagnostic workup of prosthetic valve and device-related endocarditis.
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Introduction
Infective endocarditis (IE) is a potentially life-threatening condition characterized by microbial infection of the endocardial surface, most commonly involving native or prosthetic heart valves, as well as cardiac implantable electronic devices (CIEDs) such as pacemakers and defibrillators [1, 2]. Despite advances in diagnostic and therapeutic strategies, IE continues to be associated with high morbidity and mortality, with in-hospital mortality rates ranging from 15% to 30% [3].
The diagnosis of IE has historically been challenging due to its heterogeneous clinical presentation and the variable sensitivity of available diagnostic tools. The modified Duke criteria, introduced in 1994 and subsequently updated, have long served as the cornerstone of diagnostic classification, integrating clinical, microbiological, and echocardiographic findings to categorize patients into definite, possible, or rejected IE [4, 5]. However, these criteria have well-recognized limitations. Their diagnostic sensitivity is significantly reduced in certain clinical scenarios, particularly in patients with prosthetic valves, intracardiac devices, or blood culture-negative endocarditis (BCNE), where echocardiography may be inconclusive due to acoustic shadowing or the inability to distinguish between thrombus, vegetation, and abscess [6, 7]. Consequently, a substantial proportion of patients remain in the "possible IE" category, creating diagnostic uncertainty and potentially delaying appropriate therapy.
In recent years, molecular imaging has emerged as a powerful adjunctive tool to address this diagnostic gap. 18F-Fluorodeoxyglucose Positron Emission Tomography/Computed Tomography (18F-FDG PET/CT) exploits the increased glucose metabolism of activated inflammatory cells, such as neutrophils, macrophages, and lymphocytes, which infiltrate infected tissues [8]. Its ability to provide both functional and anatomical information in a single examination offers unique advantages in the evaluation of suspected IE [9].
The diagnostic utility of 18F-FDG PET/CT in IE has been most extensively validated in the context of prosthetic valve endocarditis (PVE) and CIED infections. In these settings, pathological FDG uptake around the prosthetic material can be visualized long before morphological changes become apparent on echocardiography [10]. Furthermore, PET/CT offers the added benefit of whole-body screening, enabling the detection of peripheral septic emboli, metastatic infectious foci, and occult portals of entry, all of which have significant prognostic and therapeutic implications [11].
Recognizing its growing evidence base, the 2015 and 2023 European Society of Cardiology (ESC) guidelines for the management of IE have incorporated 18F-FDG PET/CT as a major diagnostic criterion in the evaluation of suspected PVE and CIED infection when echocardiography is non-diagnostic [12, 13]. However, its precise role in native valve endocarditis (NVE) remains less well-defined, and several factors, including ongoing antibiotic therapy, can influence its diagnostic performance.
This retrospective study aims to evaluate the real-world diagnostic contribution of 18F-FDG PET/CT in a cohort of patients with suspected IE and initially inconclusive Duke classifications, with a focus on both cardiac and extracardiac findings.

Materials and Methods
Study Design and Population:
We conducted a single-center, retrospective observational study at [Institution Name] over a six-year period from January 2020 to December 2025. All adult patients (≥18 years) who underwent an 18F-FDG PET/CT scan for suspected infective endocarditis during this period were identified through the institutional nuclear medicine database.
Inclusion criteria were: (1) clinical suspicion of IE based on the presence of predisposing factors, fever, or suggestive symptoms; (2) an initial diagnostic classification of "possible IE" (Duke ±) or "rejected IE" (Duke −) according to the modified Duke criteria after standard evaluation including blood cultures and transthoracic (TTE) and/or transesophageal echocardiography (TEE); and (3) performance of an 18F-FDG PET/CT scan as part of the diagnostic workup. Patients with a definitive diagnosis of IE based on initial Duke criteria were excluded, as PET/CT is not typically required in this setting.
A total of 21 18F-FDG PET/CT scans performed in 18 patients met the inclusion criteria and were included in the final analysis. Three patients underwent two sequential scans during their diagnostic workup.
18F-FDG PET/CT Acquisition Protocol:
All patients were instructed to fast for at least 6 hours prior to the intravenous injection of 18F-FDG to ensure optimal image quality by minimizing physiological myocardial uptake. Blood glucose levels were measured before injection and were required to be < 200 mg/dL (11 mmol/L). A standard activity of 3-5 MBq/kg of 18F-FDG was administered intravenously. To suppress physiological myocardial glucose utilization, patients were maintained on a low-carbohydrate, fat-enriched diet for 24 hours prior to the examination, followed by a prolonged fast [14].
Image acquisition was performed approximately 60 minutes post-injection using a dedicated PET/CT scanner [Specify Manufacturer and Model]. A low-dose, non-contrast CT scan was first acquired for attenuation correction and anatomical localization, followed by PET acquisition in 3D mode over the skull base to the upper thighs (typically 2-4 minutes per bed position). Images were reconstructed using iterative algorithms and reviewed on dedicated workstations.
Image Analysis:
All PET/CT images were interpreted qualitatively and semi-quantitatively by at least two experienced nuclear medicine physicians, blinded to the final clinical diagnosis. Discrepancies were resolved by consensus.
Analysis focused on two main areas:
Cardiac Region: The native valves, prosthetic valves, and any cardiac implantable electronic device leads (pacemaker or defibrillator leads, generator pocket) were systematically evaluated. Pathological uptake was defined as focal or heterogeneous FDG activity persisting on attenuation-corrected images, with intensity clearly exceeding the background blood pool activity. The pattern of uptake (e.g., periprosthetic, along leads) was noted.
Extracardacic Region: A whole-body survey was performed to identify any potential distant septic emboli (e.g., splenic, renal, cerebral, or musculoskeletal), metastatic infectious foci, or incidental findings, as well as potential portals of entry (e.g., soft tissue infections, vascular catheter infections).
Reference Standard (Final Diagnosis):
The final diagnosis of IE was established by a multidisciplinary team (including cardiologists, infectious disease specialists, cardiac surgeons, and imaging specialists) during the patient's hospitalization and follow-up, based on all available clinical, microbiological, echocardiographic, intraoperative, and histopathological data. Patients were classified as having "definite IE," "possible IE," or "rejected IE" based on this comprehensive review, which served as the reference standard for determining the true diagnostic performance of PET/CT.
Data Collection:
Clinical data, including patient demographics, predisposing factors, type of cardiac material (native valve, prosthetic valve, CIED), microbiological findings, echocardiography results, antibiotic therapy status at the time of PET/CT, and final diagnosis, were extracted from electronic medical records.
Ethical Considerations:
The study was conducted in accordance with the Declaration of Helsinki and approved by the institutional review board. Due to the retrospective nature of the study, the requirement for written informed consent was waived, provided that patient data were fully anonymized.
Results
Patient Characteristics:
A total of 21 18F-FDG PET/CT scans were performed in 18 patients (12 male, 6 female) with a mean age of 68 years (range: 45-86 years). The clinical characteristics of the study population are summarized in Table 1.
Of the 21 scans: 15 scans (71.4%) were performed in patients with prosthetic cardiac material: 12 scans in patients with prosthetic heart valves (mechanical or bioprosthetic). 3 scans in patients with cardiac implantable electronic devices (pacemakers or implantable cardioverter-defibrillators).6 scans (28.6%) were performed in patients with native valves and no intracardiac device.
All patients had an initial Duke classification of "possible IE" (n=16 scans) or "rejected IE" (n=5 scans) based on clinical, microbiological, and echocardiographic findings, which were inconclusive for a definitive diagnosis.
PET/CT Findings:
Patients with Prosthetic Cardiac Material (n=15 scans):
Among the 15 scans performed in patients with prosthetic material, 9 (60%) demonstrated pathological FDG uptake consistent with infection.
Prosthetic Valve Endocarditis (PVE): In 6 patients (40% of the prosthetic group), PET/CT revealed intense, focal, or heterogeneous periprosthetic FDG uptake, localized to the region of the aortic or mitral valve prosthesis (Figure 1). These findings were interpreted as highly suggestive of prosthetic valve endocarditis. In all 6 cases, the final diagnosis of definite PVE was subsequently confirmed by multidisciplinary consensus, based on a combination of positive blood cultures (Staphylococcus aureus in 3, coagulase-negative staphylococci in 2, Enterococcus faecalis in 1) and intraoperative findings in the 4 patients who underwent valve replacement surgery.
Cardiac Device-Related Infection: In 3 patients (20% of the prosthetic group), PET/CT demonstrated linear FDG uptake along the course of pacemaker or ICD leads (Figure 2). In two of these patients, additional uptake was noted in the region of the generator pocket. These findings confirmed device-related infection, leading to device extraction in all 3 cases, with subsequent clinical improvement.
Extracardiac Findings: Importantly, in 6 of the 15 patients (40%), PET/CT identified significant extracardiac foci of infection (Table 2): pulmonary infections (consolidation with FDG uptake): 2 patients, muscular abscesses (gluteal, psoas): 2 patients, nfection of a femoral venous catheter tract: 1 patient, splenic septic emboli: 1 patient.
These findings had direct therapeutic consequences, including prolonged antibiotic therapy, percutaneous drainage of abscesses, and removal of infected catheters.
False Negative: One patient with a prosthetic aortic valve and persistent fever, who had been on broad-spectrum antibiotics for 10 days prior to the PET/CT scan, showed no significant periprosthetic FDG uptake. The scan was initially interpreted as negative for PVE. However, subsequent blood cultures grew Candida parapsilosis, and TEE revealed a small vegetation on the prosthetic valve. The final diagnosis was fungal PVE, and this case was considered a false-negative PET/CT result, likely attributable to a combination of antifungal therapy and possibly the less intense inflammatory response associated with fungal infections.
Patients with Native Valves (n=6 scans):
In all 6 patients with suspected native valve IE, 18F-FDG PET/CT showed no pathological cardiac uptake. The final diagnosis of IE was excluded in all 6 patients based on negative blood cultures, resolution of symptoms without antibiotic therapy, and alternative diagnoses established during follow-up (e.g., fever of unknown origin due to non-infectious causes, other infections). Thus, there were no false-positive or false-negative results in the native valve group in this small series.
Summary of Diagnostic Performance:
In this cohort of patients with suspected IE on prosthetic material, 18F-FDG PET/CT demonstrated a sensitivity of 90% (9/10 true positives, 1 false negative) and a specificity of 100% (5/5 true negatives, 0 false positives) for the diagnosis of infection, based on the final multidisciplinary reference standard. The positive predictive value was 100%, and the negative predictive value was 83%.

Discussion
This retrospective analysis of 21 18F-FDG PET/CT scans in patients with suspected IE and inconclusive initial evaluations reinforces the growing body of evidence supporting the clinical utility of this advanced imaging modality, particularly in the context of prosthetic valve and cardiac device-related infections.
Our finding of a 60% positivity rate among patients with prosthetic material, with a subsequent confirmation of IE in all positive cases, aligns closely with published data. A landmark prospective multicenter study by Saby et al. demonstrated that incorporating 18F-FDG PET/CT findings into the modified Duke criteria increased the sensitivity of the criteria for diagnosing PVE from 70% to 97% [15]. Similarly, Pizzi et al. showed that adding abnormal FDG uptake as a major criterion significantly improved the diagnostic accuracy for both PVE and CIED infections, reclassifying a substantial proportion of patients from "possible" to "definite" IE [16].
The pathophysiological basis for this high sensitivity is the intense inflammatory response elicited by infection. Activated neutrophils, macrophages, and lymphocytes within the periprosthetic tissue and vegetations exhibit markedly upregulated glycolysis, leading to avid FDG accumulation [8]. This metabolic signal often precedes the development of detectable morphological abnormalities on echocardiography, making PET/CT a particularly valuable tool in the early stages of infection [10].
One of the most compelling findings of our study is the high prevalence (40%) of extracardiac abnormalities detected by PET/CT. These findings, which included septic pulmonary emboli, muscular abscesses, and infected catheter sites, have significant clinical implications. The detection of peripheral embolic events can confirm the diagnosis of IE, as systemic embolization is a major complication and a minor Duke criterion [5, 12]. Furthermore, identifying the portal of entry (e.g., an infected femoral line) is crucial for source control and preventing relapse [17]. Whole-body PET/CT thus transforms the diagnostic workup from a focused cardiac evaluation to a comprehensive assessment of the entire infectious process, aligning with the modern concept of IE as a systemic disease [18].
Our single false-negative case, occurring in a patient with fungal PVE on prolonged antibiotic therapy, highlights an important limitation of FDG PET/CT: the significant impact of antimicrobial treatment on diagnostic sensitivity. Antibiotics reduce the inflammatory burden by killing microorganisms and decreasing the recruitment and activation of inflammatory cells, thereby diminishing FDG signal intensity [19]. Studies have shown that the sensitivity of PET/CT is highest when performed before or shortly after (< 7-10 days) the initiation of antibiotic therapy [20]. In our patient, 10 days of therapy likely suppressed the signal below the threshold of detection. This underscores the importance of performing PET/CT as early as possible in the diagnostic workup, ideally before or immediately after starting antibiotics, to maximize diagnostic yield. Fungal endocarditis, known to be less inflammatory than bacterial endocarditis, may also present a particular diagnostic challenge for FDG-based imaging [21].
The uniformly negative PET/CT findings in our six patients with suspected native valve IE, all of whom were ultimately diagnosed with alternative conditions, are consistent with the literature. While 18F-FDG PET/CT can be positive in NVE, particularly in the setting of intense inflammation, its sensitivity is considerably lower than in PVE [22]. This is primarily due to the high and variable physiological FDG uptake by the normal myocardium, which can obscure pathological valvular uptake despite dietary preparation protocols [23]. Furthermore, vegetations in NVE are often small and highly mobile, potentially below the spatial resolution of PET. Therefore, current ESC guidelines do not recommend routine use of PET/CT for suspected NVE, reserving it for cases where there is high suspicion and echocardiography is negative, or for the detection of peripheral emboli [12, 13].
Limitations:
This study has several limitations inherent to its retrospective, single-center design. The sample size is relatively small, limiting the statistical power of subgroup analyses. The interpretation of PET/CT was performed with knowledge of the clinical context, which may introduce bias, although this reflects real-world clinical practice. The reference standard (final multidisciplinary diagnosis) was not independent of the imaging results in all cases, potentially leading to incorporation bias. Finally, the study period spanned six years, during which scanner technology and image analysis protocols may have evolved.
Conclusion
This retrospective study provides real-world evidence supporting the significant diagnostic value of 18F-FDG PET/CT in patients with suspected infective endocarditis involving prosthetic valves or cardiac implantable electronic devices, particularly when initial echocardiography and Duke classification are inconclusive. A positive PET/CT scan, demonstrating pathological periprosthetic or lead-related FDG uptake, was highly predictive of definite infection in our cohort.
Crucially, our findings emphasize that the utility of PET/CT extends far beyond the cardiac region. The detection of extracardiac septic emboli and occult portals of entry in 40% of our patients provided clinically actionable information that directly influenced therapeutic management. This whole-body perspective is a unique and invaluable advantage of PET/CT over echocardiography alone.
Clinicians should be aware of the potential for false-negative results, particularly in patients who have received prolonged antibiotic therapy prior to imaging, and in cases of fungal endocarditis. Therefore, 18F-FDG PET/CT should be performed as early as possible in the diagnostic pathway, ideally before or within the first few days of initiating antimicrobial therapy, to maximize its diagnostic sensitivity.
Our results align with and reinforce the current European Society of Cardiology guideline recommendations, which advocate for the incorporation of 18F-FDG PET/CT as a major diagnostic criterion in suspected prosthetic valve and device-related endocarditis. Further prospective studies with larger patient cohorts are warranted to refine the optimal timing of imaging and to explore its role in specific subgroups, such as fungal and culture-negative endocarditis.
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Table 1: Clinical Characteristics of the Study Population (21 scans in 18 patients)
	Characteristic
	Value

	Mean age (years)
	68 (range 45-86)

	Male/Female
	12/6

	Type of Cardiac Material (n=21 scans)
	

	Prosthetic Valve
	12 (57.1%)

	- Mechanical
	7

	- Bioprosthetic
	5

	Cardiac Device (Pacemaker/ICD)
	3 (14.3%)

	Native Valve (no material)
	6 (28.6%)

	Initial Duke Classification (n=21 scans)
	

	Possible IE
	16 (76.2%)

	Rejected IE
	5 (23.8%)

	Antibiotic Therapy at Time of PET/CT
	

	Yes
	14 (66.7%)

	No
	7 (33.3%)



Table 2: Extracardiac Findings on 18F-FDG PET/CT (n=6 patients)
	Finding
	Number of Patients

	Pulmonary infection/Septic emboli
	2

	Muscular abscess (gluteal/psoas)
	2

	Infected femoral catheter site
	1

	Splenic septic emboli
	1


· Figure 1: Maximum intensity projection (MIP) image and  axial fused PET/CT image) of a 72-year-old male with a prosthetic aortic valve and suspected endocarditis. The image demonstrates intense, focal periprosthetic FDG uptake, consistent with prosthetic valve endocarditis. 
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· Figure 2: Maximum intensity projection (MIP) image of a 65-year-old man with a pacemaker and suspected device infection. The image shows linear FDG uptake along the course of the pacemaker lead. 
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