
Vol.:(0123456789)

Curr Treat Options Infect Dis (2024) 16:73–88 

Review

Molecular Imaging Techniques 
in the Diagnosis and Monitoring 
of Infectious Diseases
Maria Ekelund Thorsen, MD1 
Shashi B. Singh, MD2 
Kate Rewers, MD1 
Thomas J. Werner, MSc3 
Abass Alavi, MD, PhD (hon), MD (hon)3 
Søren Hess, MD1,4,* 

Address
*,1Department of Nuclear Medicine, Odense University Hospital, Odense, Denmark
 Email: Soren.hess@rsyd.dk
2Department of Radiology, Stanford University School of Medicine, Stanford, CA, USA
3Department of Radiology, Hospital of the University of Pennsylvania, Philadelphia, 
PA, USA
4Department of Clinical Research, Faculty of Health Sciences, University of Southern 
Denmark, Odense, Denmark

© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024
Published online: 2 April 2024

Keywords Positron emission tomography/computer tomography · PET/CT · FDG · Infection

Abstract

Purpose of Review Combined positron emission tomography and computer tomography with 
2-deoxy-[fluorine-18]-flouro-D-glucose  ([18F]FDG-PET/CT) is increasingly used in suspected 
infection and inflammation. Evidence is mounting within several areas. We believe  [18F]
FDG-PET/CT is a key modality in infection and inflammation and this overview outlines the 
diagnostic values in most common uses within this domain.
Recent Findings [18F]FDG-PET/CT is considered helpful in establishing the underlying 
disease in 50–60% of FUO patients. In patients with complex blood stream infections, 
 [18F]FDG-PET/CT changes treatment and reduces relapse rates and mortality—if scans are 
negative prognosis is favorable and it may be safe to withhold or de-escalate treatment 
strategy. In infectious endocarditis,  [18F]FDG-PET/CT has an impact in prosthetic valve 
endocarditis and cardiovascular implantable electronic devices whereas its diagnostic use 
in NVE is limited. In spondylodiscitis,  [18F]FDG-PET/CT and MRI have overall equally and 
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complementary diagnostic performance with combined sensitivity and specificity of ~ 100%. 
In vascular graft infections,  [18F]F DG-PET/CT is highly sensitive (> 90%) with a high 
negative predictive value, whereas false positive findings are challenging, especially early 
post-operative. Leucocyte scintigraphy combined with bone marrow scintigraphy has a 
better overall accuracy compared to  [18F]FDG-PET/CT in suspected hip and knee prosthetic 
joint infections, but several practical issues favor  [18F]FDG-PET/CT. Future developments 
of more specific tracers and novel scanner technology holds potential.
Summary Evidence for  [18F]FDG-PET/CT in infectious and inflammatory disease supports the 
use in fever of unknown origin, bloodstream infections, spondylodiscitis, infective endo-
carditis, vascular graft infections, and prosthetic joint infections. However, the literature 
is generally heterogeneous and several issues remain unclarified, e.g., patient selection and 
interpretation criteria.  [18F]FDG-PET/CT has a definite role in infectious and inflammatory 
imaging, but firm evidence is still lacking on its precise place in the diagnostic pathways.

Introduction

Imaging of infection and inflammation has been part 
of nuclear medicine since the 1970s beginning with 
now-obsolete  [67Ga]gallium-citrate scintigraphy and 
labeled leucocyte scintigraphy. The latter still has a 
few select indications, but it requires technical skills, 
is time-consuming, and requires direct contact with 
patient blood. Today it is generally less available than 
positron emission tomography combined with com-
puter tomography (PET/CT) which has largely over-
taken as the nuclear medicine mainstay for infection 
and inflammation [1].
Routine PET/CT is based on imaging the distribution 
and uptake patterns of 2-deoxy-[fluorine-18]-flouro-
D-glucose  ([18F]FDG), a glucose analogue with great 
versatility that is taken up by every cell proportional 
to their energy consumption. Increased uptake is pre-
sent in hypermetabolic cells, e.g., activated cells in 

inflamed tissue, due to upregulation of glucose trans-
porters and intracellular metabolic trapping of the 
molecule to provide high target-to-background ratio 
[2]. In the first decades of  [18F]FDG and PET, the inci-
dentally encountered  [18F]FDG-uptake in infectious or 
inflammatory foci in cancer patients was considered 
a false-positive nuisance. However, from the 1990s 
onward, this shifted towards a greater understanding 
and appreciation of  [18F]FDG outside the initial indi-
cations of neurology and oncology, especially with 
increased availability of  [18F]FDG PET/CT-scanners 
[3].
In our opinion,  [18F]FDG-PET/CT is a key modality in 
infection and inflammation and this overview outlines 
the diagnostic values in most common uses within 
this domain.

Fever of unknown origin

Fever of unknown origin (FUO) represents a complex diagnostic challenge, 
the cause remain undiagnosed in up to 50% of cases. The diverse clinical 
symptoms and many possible causes of FUO add to the intricacy of its evalu-
ation, making it a time-consuming and expensive process. The definition of 
fever of unknown origin (FUO) has changed over time; a broad definition 
is a fever lasting longer than usually seen in self-limiting conditions (e.g., 
viral infections) without a known cause despite thorough assessment by an 
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experienced physician. The latest expert recommendations revised the tem-
perature criterion for FUO to > 38.0 °C (100.4 °F), a slight reduction from 
the previous threshold of > 38.3 °C (100.9 °F) [4].

Currently, there is no specific diagnostic algorithm for FUO, and with > 200 
differential diagnoses, it is quite challenging to pinpoint a specific diagnosis. 
In simple terms, the potential underlying causes of FUO can be grouped 
into five main categories: infections, neoplasms, non-infectious inflamma-
tory conditions, miscellaneous diseases, and idiopathic or unexplained [5]. 
The factors influencing the etiology of FUO vary significantly, but a recent 
2023 study encompassing participants from 21 countries with varying levels 
of economic development revealed that the causes of FUO were primarily 
infections (51.6%), followed by neoplasms (11.4%), collagen vascular dis-
eases (9.3%), a variety of other conditions (7.7%), and cases that remained 
undiagnosed (20.1%) [6].

With no standardized workup for FUO, examinations may vary accord-
ing to the individual patient’s characteristics and clinical features, but usu-
ally include basic laboratory examinations like complete blood count and 
urinalysis, and first-line radiological examinations, where contrast-enhanced 
computed tomography of the abdomen and pelvis seems to be replacing chest 
X-ray and abdominal ultrasound. In many cases, second-line investigations, 
including specialized imaging techniques, are required when the first-line 
tests yield no diagnostic information [5].

Based on a meta-analysis,  [18F]FDG-PET/CT has been found to be help-
ful in diagnosing many of the different diseases and categories (infectious, 
inflammatory, and malignancy) that may lead to FUO [7]. In infectious dis-
eases,  [18F]FDG-PET/CT showed a diagnostic yield of 77.2%, with tubercu-
losis (15.4%), pneumonia (9.5%), bone and joint infections (5.4%), and 
intra-abdominal abscesses (5.0%) being the main conditions identified. 
In non-infectious inflammatory diseases (NIID), the diagnostic yield was 
64.9%, with vasculitis (22.8%), sarcoidosis (7.0%), adult-onset Still’s Disease 
(AOSD) (5.8%), and thyroiditis (4.7%) as the main diagnoses. In malig-
nancies, the diagnostic yield was impressive 96% with lymphoma being the 
significant portion at 62% [7]. Thus,  [18F]FDG-PET/CT is most effective for 
identifying fevers caused by neoplasms or infections. A recent study con-
ducted in India demonstrated similar results in developing countries [8], 
which highlights the importance of increasing the accessibility to PET in the 
developing world.

Meta-analyses of patients with classic FUO have demonstrated sensitivities 
of 84–86%, specificities of 52–63%, and diagnostic efficacy of at least 50% 
for identifying the underlying cause of FUO [5]. In contrast, now obsolete 
 [67 Ga]-citrate and labeled leukocyte tests had pooled sensitivities of 60% and 
33%, specificities of 63% and 83%, and diagnostic efficacy of 35% and 20%, 
respectively [9]. The higher yield of FDG PET/CT compared to  [67 Ga]-citrate 
and white blood cell scintigraphy in FUO was recently confirmed by a paper 
that analyzed 63 articles including 5094 patients [10•]. In lieu of the growing 
evidence in favor of  [18F]FDG-PET/CT in FUO, the United States Center for 
Medicare and Medicaid Services decided to counter their previous decision to 
not reimburse infection and inflammation and the use in this setting is now 
increasing [11]. The number of studies on pediatric patients is limited, and 
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FUO in children is not completely equivalent to FUO in adults, but gener-
ally speaking,  [18F]FDG-PET/CT has shown the same positive outcomes in 
children with FUO. A recent meta-analysis including six studies found that 
children with abnormal  [18F]FDG-PET/CT scans were approximately 17 times 
more likely to be diagnosed definitively [12].

Whole-body imaging is a crucial component and an advantage of radio-
nuclide FUO assessments with  [18F]FDG-PET/CT, and newly introduced 
total-body scanners may offer additional advantages (see further below). A 
meta-analysis also compared stand-alone PET with PET/CT.  [18F]FDG-PET/
CT demonstrated higher sensitivity (98% vs. 83%) and specificity (86% vs. 
58%) [13]. Regarding the CT-component, contrast-enhanced CT improve the 
diagnostic yield of  [18F]FDG-PET/CT in FUO [14]. Although CT is first-line 
modality and  [18F]FDG-PET/CT the second-line investigation, recent evidence 
suggests to reverse this order: A meta-analysis that reported on the outcomes 
of CT scans conducted prior to  [18F]FDG-PET/CT in the evaluation of FUO 
found additional diagnostic yield of  [18F]FDG-PET/CT of 32% [7]. Expert 
consensus currently suggests using  [18F]FDG-PET/CT relatively earlier in FUO 
evaluation when conventional work-up is unsuccessful, especially in patients 
with suspected serious diagnoses such as malignancy. Furthermore,  [18F]FDG-
PET/CT scan within the weeks of FUO workup may secure earlier diagnosis 
and save costs by avoiding unnecessary and invasive investigations and reduc-
ing the duration of hospitalization [15].

It is also important to note that a negative  [18F]FDG-PET/CT may be 
equally useful by ruling out focal diseases as the cause of fever and predict 
a favorable prognosis of patients with FUO, i.e., spontaneous resolution of 
the fever. In a 2018 meta-analysis, patients with negative test results were 
more likely to experience spontaneous fever remission compared to those 
with positive results [16]. In addition, patients with negative  [18F]FDG-PET/
CT scans were not diagnosed with a focal disease during a follow-up period 
of up to 2 years [17].

Bloodstream infections

Bacteremia or bloodstream infections (BSI) are systemic infections in a con-
tinuum from asymptomatic to life threatening. They may be clinically chal-
lenging with non-specific symptoms and few localizing signs. BSI may be 
simple (positive blood culture only) or complex (metastatic foci outside the 
bloodstream). Complex BSI has a significantly poorer prognosis than simple 
BSI and requires more aggressive treatment to reduce mortality. The same goes 
for patients at high risk for complex BSI to prevent progression, but many 
patients never progress to complex BSI and as many as 50% are over-treated 
[5, 18•].

[18F]FDG-PET/CT is helpful in BSI when it directly influences patient man-
agement by directing the diagnostic process or modify the treatment strategy, 
e.g., escalation/de-escalation or more specific antibiotics or invasive drain-
age. However, literature on  [18F]FDG-PET/CT in BSI remains relatively sparse 
and challenging; studies are mostly retrospective and relatively small with 
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heterogeneous populations. This hampers comparison and overall conclu-
sions, and several knowledge gaps remain, e.g., the timing of  [18F]FDG-PET/
CT (upfront or following a number of potentially futile examinations). Also, 
very little is known about the impact of the clinical courses, e.g., if long-term 
antibiotics, the duration of symptoms, or underlying malignancies affect the 
diagnostic performance [5, 18•].

Several studies found  [18F]FDG-PET/CT had high impact (i.e., scan identi-
fied foci as the first modality or led to treatment modifications) in ~ 40–50% 
of patients. PET-positive foci are often endovascular or located in the spine 
that often show no symptoms, but do require prolonged antibiotic regimen. 
The value of a negative scan (or a scan with no suspicion of metastatic foci) 
is controversial but it may be safe to withhold therapy, de-escalate or switch 
from resource demanding intravenous to more patient friendly oral regimens 
if disease is limited. A negative  [18F]FDG-PET/CT may also reduce the need 
for further imaging [19–22].

Spondylodiscitis

Infectious spondylodiscitis (SD) comprises osteomyelitis of the spine and the 
intervertebral discs (Fig. 1); left untreated, it leads to progressive destruction 
of the infected vertebral segment with increased morbidity and mortality. SD 
incidence is increasing in developed countries due to aging demographics, 
increased BSI, and infected instrumentation; SD is often caused by secondary 
hematogenous spread. Early diagnosis is important to ensure timely treat-
ment and avoid irreversible damage, but early diagnosis may be challenging 
due to non-specific symptoms and significant timespan from symptom debut 
to morphologic changes become apparent [23•, 24].

MRI is still considered the modality of choice with superior soft tissue 
characterization and generally speaking sensitivities and specificities > 90%. 
But it has certain limitations; in the earlier stages with few morphologic 
changes and in the post-operative setting, post-surgical structural changes 
may hamper correct interpretation of MRI, and metal implants from back 
surgery may contraindicate MRI [24, 25].

In recent years,  [18F]FDG-PET/CT has emerged as viable alternative with 
comparable sensitivity but reportedly slightly lower and variable specificity—
much data is, however, based on stand-alone PET and more recent studies 
find sensitivities and specificities in the 85–95% range (Fig. 1).  [18F]FDG-PET/
CT is a reasonable alternative in patients with contraindications to MRI and 
in patients with suspected post-operative spine infections. Each modality has 
advantages over the other; MRI visualizes the epidural space including the 
presence of epidural abscesses, whereas whole-body  [18F]FDG-PET/CT cover-
age also detect (unsuspected) distant foci of infection including paravertebral 
and psoas abscesses often not included in the MRI field-of-view [24, 26]. In 
addition,  [18F]FDG-PET/CT is probably better in early diagnosis within the 
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first 14 days of disease onset as sensitivity and specificity is > 90% compared 
to 76% and 84%, respectively, for MRI [26].

SD is also an indications where  [18F]FDG-PET/CT has shown some 
promise with regard to predicting patient outcome and monitoring 
response to treatment [24]. Righi et al. retrospectively assessed serial  [18F]
FDG-PET/CT and MRI before and after at least 2 weeks antibiotics and 
found sensitivities and specificities for predicting clinical response of 
89% and 100%, respectively, for FDG-PET/CT, and 37% and 50%, respec-
tively, for MRI. Several studies found similar results, but others were more 

Fig. 1  Diffusely and intensely increased uptake around the discus consistent with spondylodiscitis at the L5/S1 level (red 
arrow). The patient has concurrent endocarditis (not shown) and Enterococcus faecalis bacteremia. Note diffuse uptake in 
the spleen (blue arrowhead), a non-specific sign of systemic inflammation

78



Molecular Imaging Techniques in the Diagnosis and Monitoring… Thorsen et al.

inconsistent and equivocal and based on current available data no firm 
conclusions are possible [23•, 24].

Infective endocarditis

Infective endocarditis (IE) (Fig. 2) is a potentially life-threatening disease 
that comprise infection of the inside surface of the heart that may involve 
heart valves and leads, mural endocardium, native (NVE) or prosthetic valves 
(PVE), and cardiac implantable electronic device (CIEDs) and its leads (CIED 
IE). The clinical diagnosis of IE remains a diagnostic challenge and has for 
years been based on the probabilistic Duke Criteria. These include blood 
cultures and echocardiography (EC), but blood cultures may be negative in 
up to one-third of patients with verified IE, and EC has high specificity, but 
artefacts from prostheses and leads may hamper sensitivity [27].

Over the past decades, the use of  [18F]FDG-PET/CT has increased, and 
since 2015, the European Society of Cardiology (ESC) has recommended the 
ESC diagnostic criteria, supporting the implementation of abnormal  [18F]
FDG-uptake around prosthetic valves as a novel major criterion for IE [27, 
28]. Early diagnosis, identification of the causative pathogen, and assessment 
of extra-cardiac metastatic, embolic infection are crucial for patient outcome 

Fig. 2  Focal FDG-uptake in an infective abscess in the root of the aorta (red arrow) in close proximity of the TAVI (tran-
scatheter aortic valve implantation)-prosthesis. No positive blood culture. Note diffuse uptake around the TAVI-prosthesis 
(blue arrowhead), consistent with physiologic, reactive activity
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in order to secure timely and sufficient treatment—simple, uncomplicated IE 
is treatable with a 2-week course of antibiotics, whereas more complicated 
cases, e.g., bacteremic patients with metastatic spread requires longer treat-
ment regimens. The guidelines underline the benefit of whole-body PET/CT 
for detection of extra-cardiac infection [27, 28].

Since the first small study by Yen et al. [29] in the beginning of the aughts, 
several works has followed. A recent systematic review [30] including 26 stud-
ies found pooled overall sensitivity and specificity of 74% and 88%, respec-
tively. Dividing results according to subtype yielded sensitivities and specifici-
ties of 31% and 98%, respectively, for NVE, 86% and 84%, respectively, for 
PVE, and 72% and 83%, respectively, for CIED. Thus, specificity is relatively 
high in all scenarios, but sensitivity was considerably lower in native valve IE 
than in prosthetic valve IE;  [18F]FDG-uptake in the small moving excrescences 
on native valves are often too limited to be detectable, whereas uptake in the 
struts and surroundings of prosthetic valves is much more pronounced. Some 
studies also point towards different composition of vegetations, i.e., higher 
degrees of fibrosis and biofilm in native valve IE compared to prosthetic valve 
IE may hamper  [18F]FDG-uptake [31•].

However, the risk of false positive findings is also higher, i.e., from the 
general post-operative reactive physiologic uptake and related to surgical 
adhesive, a well-known confounder. Thus,  [18F]FDG should be interpreted 
with caution especially within the initial 3–4 months. Newer studies gener-
ally show better diagnostic performance than older studies [30], probably 
due to more stringent interpretation criteria and better understanding of the 
importance of sufficient patient preparation. Regarding the latter, it is crucial 
to reduce the physiologic uptake in the myocardial musculature through pro-
longed fasting and dietary constraints [32].

Some studies also address the potential of  [18F]FDG-PET/CT for moni-
toring treatment response and guide the rather complex treatment regimen 
towards a more personalized approach, and an important prerequisite is local 
endocarditis teams, i.e., a multidisciplinary team with regular conferences 
equivalent to the well-established tumor boards [27].

Vascular prostheses

Vascular graft infections (VGI) are rare but have high morbidity and mortality. 
Clinical diagnosis of VGI is complicated; symptoms vary and are non-specific. 
Clinically suspected VGI are confirmed with bacterial culture of explant graft 
or tissue surrounding the graft, but retrieving material for culture is often not 
possible. Thus, accurate non-invasive diagnostic tools are of great importance; 
false negative workup may be fatal, and false positive workup may lead to 
overtreatment. Ultrasonography and CT are usual first choices and detect mor-
phologic changes, e.g., edema, bleeding or pseudoaneurysms, but tests may be 
false negative, especially in low-grade infections [33]. To alleviate this,  [18F]
FDG-PET/CT is an alternative or complementary modality. However, results 
have been variable for various reasons; first, the literature is highly variable 
with regard to methodology, scan technique, and interpretation criteria which 
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hamper comparison. Second,  [18F]FDG-PET/CT has inherent limitations due 
to its difficulties in differentiation infection from the physiological immune 
response after graft implantation, which produces reactive FDG uptake. This 
reduces specificity, especially in the early post-operative stages [34].

Several systematic reviews/meta-analyses from the past 5 years identified a 
limited number of studies [35–40]. The overall conclusion was that  [18F]FDG-
PET/CT is mostly quite sensitive for detecting infection with varying specific-
ity with differences mostly related to interpretation methods with  [18F]FDG 
uptake pattern (focal vs. diffuse) and quantitative measures providing most 
favorable results, i.e., pooled sensitivities of 91–95% and pooled specificities 
of 76–81%. This should be compared to the values for CT presented by one of 
the studies, i.e. sensitivity and specificity of 67% and 63%, respectively [36]. 
Some studies also questioned the value of  [18F]FDG-PET/CT compared to the 
classic leucocyte scintigraphy which is suggested to have better specificity than 
 [18F]FDG-PET/CT, especially in the early post-operative period. The timing 
issue remains controversial;  [18F]FDG-uptake may reach its peak in the first 
few weeks after surgery and tends towards normal values around 4 weeks 
post-operatively [35], while others found lingering reactive activity several 
years after surgery [37]. However, due to the aforementioned drawbacks of 
leucocyte scintigraphy,  [18F]FDG-PET/CT is generally recommended as the 
first choice with the exception of the first post-operative months [34].

[18F]FDG-PET/CT has been proposed for guiding treatment decisions in 
VGI [34]; in one prospective study, FDG-uptake was used along with bio-
chemical and clinical information to guide treatment, i.e., whether to start, 
escalate, continue, or stop, and they concluded that consecutive PET/CTs 
could influence the clinical decision-making [41••]. However, as with SD, 
data remain too limited for firm conclusions.

Prosthetic joint infections

Prosthetic joint infections (PJI) are relatively rare, but incidence in rising with 
steadily increasing number of arthroplasties and elder demographics, cur-
rently 2.0–2.4% in primary interventions, up to 20% in revision prosthesis, 
and it accounts for 20% of revision procedures [42, 43].

As with other prosthesis-related infections, symptoms can be relatively 
non-specific with pain as the most frequent symptom. Prompt identifica-
tion of the infection is necessary to ensure early and successful treatment 
with the aim of preserving joint functionality [44]. PJI can be categorized as 
early (< 3 months three months from surgery), delayed (3 months–2 years), 
and late (> 2 years post-surgery). Early and delayed infections are typically 
the result of bacteria introduced during surgery while hematogenous spread 
from other foci or secondary to bacteremia is a risk regardless of time from 
surgery [45].

No single routine test can diagnose PJI with sufficient accuracy. Clinical 
evaluation, microbiological and laboratory examinations, and imaging are all 
important diagnostic tools. Joint fluid aspiration has traditionally been used 
to rule out PJI, but there is often not enough to aspirate [45]. Conventional 
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plain radiographs are neither sensitive nor specific, whereas diagnostic accu-
racy of CT and MRI are less validated, more variable, and impacted by hard-
ware-induced artifacts [46, 47].

Many consider leukocyte scintigraphy with SPECT/CT combined with 
bone marrow scintigraphy the reference standard with the highest accuracy 
in diagnosing PJI. However, leukocyte scintigraphy is limited by the spatial 
resolution of the gamma camera and the procedure is complex and time 
consuming and requires direct handling of patient blood.  [18F]FDG-PET/CT 
has advantages, e.g., higher spatial resolution, faster and single-day imaging 
protocols, and whole-body imaging that aids in establishing other foci of 
infection. On the other hand,  [18F]FDG-uptake is non-specific, and in the 
case of PJI, this hampers specificity due to reactive, inflammation around the 
prosthesis, especially in the first months after surgery [44–46].

Recent meta-analyses generally find comparable results for combined leu-
cocyte scintigraphy/bone marrow scintigraphy (including SPECT/CT) and 
 [18F]FDG-PET/CT when it comes to hip replacements with sensitivity and 
specificity > 90%, while  [18F]FDG-PET/CT is probably slightly inferior when 
it comes to knee prostheses [45, 48]. Two Danish studies found poor results 
for both leukocyte scintigraphy and FDG-PET/CT in chronic, low-grade shoul-
der PJI, i.e., sensitivities, specificities, PPV, and NPV of 18%, 100%, 100%, 
and 67%, and 14%, 91%, 40%, and 71%, respectively, and neither is recom-
mended in this setting [49, 50]. Generally, for hips and knees, sensitivity 
and negative predictive value are higher for FDG-PET/CT, while specificity 
is superior for leukocyte scintigraphy, especially in the early post-operative 
period. However, considerable controversy remains and papers are hetero-
geneous in methodology, which hampers direct comparison. Furthermore, 
the disadvantages of leucocyte scintigraphy should be kept in mind when 
deciding on the modality of choice, e.g., local availability, time efficiency, 
patient comfort, and cost.

Different interpretation regimes have been proposed to increase the speci-
ficity. The most important differential diagnosis to PJI is aseptic loosening 
which also shows some degree of peri-prosthetic inflammatory reactions. 
In general,  [18F]FDG-uptake patterns are better than the intensity of  [18F]
FDG-uptake when it comes to PJI. Focal  [18F]FDG-uptake or heterogeneous 
activity with focal hotspots is more suspicious for infection than diffuse, and 
moderate-strong  [18F]FDG-uptake along the femoral component of the pros-
thetic stem should also raise suspicion of infection. Conversely, focal  [18F]
FDG uptake at the tip of the stem or at the bone-prosthetic junction in the 
proximal femur and diffuse  [18F]FDG uptake around the bone and in the soft 
tissues is a frequent finding without infection and is considered an expression 
of reactive physiological activity [45, 48].

Potential novel developments
Bacteria‑specific tracers

Both structural imaging and nuclear medicine can detect inflammatory changes, 
but have difficulties distinguishing bacterial infection from sterile inflammation. 
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Although radioisotopes may identify biochemical and pathophysiologic changes 
at various stages of inflammation, it also lacks specificity. The most commonly 
used tracer  [18F]FDG can identify and image inflammation due to the presence 
of hypermetabolic cells, but cannot per se determine if the hypermetabolic cells 
are bacteria, cellular response to bacteria or non-infectious inflammation in a 
particular case [51]. Thus, development of more targeted radiopharmaceuticals 
that are aimed directly at receptors or enzymes specific to bacteria to differenti-
ate between infectious and non-infectious inflammation has been ongoing for 
more than three decades now, but controversy remains regarding their validity 
[52–55].

A multitude of different radiopharmaceuticals has been studied: glucose 
analogs, antimicrobial and chemotactic peptides, antibiotics, white blood 
cells, cytokines, immunoglobulins, bacteriophages, and siderophores that 
can be labeled with radioisotopes such as 18F, 99mTc, 111In, and 67 Ga. Impor-
tant examples include 6-[18F]-fluoromaltose and  [18F]-FDS (glucose analogs); 
ubiquicidin, D-[methyl-11C]methionine  ([11C]D-Met) and  [68 Ga]Ga-NOTA/
DOTA-UBI-29–41) (peptides or amino acids); and  [68 Ga]Ga-desferrioxamine-
B  ([68 Ga]Ga-DFO-B) and  [68 Ga]Ga-pyoverdine PAO1 ([.68 Ga]Ga-PVD-PAO1) 
(radiolabeled siderophores). While numerous in vitro and in vivo studies have 
been performed with these compounds, the results have not been encouraging. 
Despite a number of candidates being introduced every year and tested pre-
clinically, unfortunately, only a few have made it to human studies, and that is 
too with limited success [52, 56, 57•]

Several systematic reviews from the same group is available on various 
aspects of radiopharmaceuticals for direct bacteria imaging, including radiola-
beled antibiotics. A key observation from the many studies included was that 
only a few of these radiopharmaceuticals was ever translated into human sub-
jects and only with limited impact. There was significant heterogeneity in the 
selected animal models, index tests, and particularly the bacterial concentra-
tions used to induce infections across these studies making direct comparison 
between studies challenging. The meta-analyses also highlighted the lack of 
standardized infection models and experimental settings in this area of research 
and highlighted the risk of developing antibiotic resistance with radiolabeled 
antibiotics [56, 57•].

Finally, it is worth mentioning other important aspects contributing to the 
repeatedly unsuccessful attempts with these so-called bacteria-specific radi-
otracers, e.g., the biology of bacterial infections and the relative low-resolution 
imaging procedure [52, 54]. For successful PET imaging of bacteria, a certain 
volume is necessary at the site of infection (~ 8–10 cubic mm). In addition, the 
concentration of radiotracer within them must be substantially greater than the 
background [54, 58, 59]. However, bacteria are usually rapidly phagocytosed by 
WBCs attracted by cytokines to the site as a dynamic immunological response 
to a foreign bacterial agent. It is unlikely that such a huge volume of bacteria 
will accumulate and be exposed to radiotracers.
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Large axial field of view PET/CT scanners

Large axial field of view (LAFOV) PET/CT scanners have recently been introduced 
with additional advantages over standard PET/CT scanners [60, 61]. LAFOV PET/
CT has been described as a game-changer due to significantly higher sensitiv-
ity, rapid acquisition, reduced required activity of radiotracer, and lower radia-
tion exposure [60–62]. Increased sensitivity may enable us to identify infectious 
processes usually missed on standard PET/CT systems, e.g. early and low-grade 
infections. While a standard PET/CT scan takes 15–20 min for acquisition, acqui-
sition time for LAFOV scanners may be reduced to 2–3 min. This may be highly 
beneficial for patients who are seriously ill, e.g., ICU patients and patients with 
discomfort, pain, or disability [62].

In a recently published case report, Rijsewijk et al. demonstrated its tre-
mendous capability to image infection in a newborn with subcutaneous 
abscess of the foot and possible endocarditis by giving ultra-low-dose FDG 
and without requiring sedation [10•]. The advantage of lower radiation expo-
sure with this modality cannot be overemphasized in the case of children. 
Finally, the potential to do dynamic imaging by including all the main organs 
in a single field of view may enable exploration of tracer kinetics in infection 
vs. inflammation with a potential to differentiate. This will largely offset the 
limitations of FDG as a radiotracer due to its inability to differentiate infec-
tion vs. inflammation [62].

However, LAFOV PET/CT scanners are currently only available in limited 
centers with relatively large nuclear medicine departments, limiting their 
accessibility.

Conclusion

Evidence for whole-body  [18F]FDG-PET/CT in infectious and inflammatory 
disease supports the use in the abovementioned settings, i.e., FUO, BSI, SD, 
IE, VGI, and PJI. The literature is generally heterogeneous and several issues 
remain unclarified, e.g., impact of antibiotics on  [18F]FDG-uptake and a lack 
of consensus on parameters used for interpretation.

In FUO,  [18F]FDG-PET/CT is considered helpful in establishing the underly-
ing disease in 50–60%. In patients with high-risk complex BSI with risk of meta-
static disease,  [18F]FDG-PET/CT changes treatment in a significant proportion of 
patients resulting in reduced relapse rates and mortality; if scans are negative it 
may be safe to withhold or de-escalate treatment strategy. In IE,  [18F]FDG-PET/
CT has largest impact in PVE and CIED IE whereas its diagnostic use in NVE is 
limited. Patient preparation and local endocarditis teams are key.

For SD,  [18F]FDG-PET/CT and MRI has overall equally diagnostic perfor-
mance, and many consider them complementary with combined sensitivity 
and specificity of ~ 100%.  [18F]FDG-PET/CT may be useful—and superior to 
MRI—for monitoring treatment and predict response, but data remains too 
sparse for firm conclusion.

84



Molecular Imaging Techniques in the Diagnosis and Monitoring… Thorsen et al.

In VGI,  [18F]FDG-PET/CT is highly sensitive (> 90%) with a high nega-
tive predictive value, whereas specificity is more moderate with false positive 
findings, especially early post-operative. Leucocyte scintigraphy SPECT/CT 
combined with bone marrow scintigraphy has a better overall accuracy com-
pared to  [18F]FDG-PET/CT in suspected hip and knee PJI, but several practical 
issues favor  [18F]FDG-PET/CT.
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