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An early application of [18F]FDG PET in infectious 
and inflammatory diseases was fever of unknown origin 
(FUO), a heterogeneous and clinically challenging condi-
tion with a multitude of underlying differential diagno-
ses, i.e. infections, non-infectious inflammatory diseases 
(NIID), malignancies, and miscellaneous [3–9]. The 
definition of FUO has changed several times since the 
original definition from 1961 [10]; the current definition 
includes fever > 38.3° C on more than three occasions 
during more than three weeks with no clear diagnosis 
despite three days of relevant inpatient workup or three 
outpatient visits [11].

Introduction

Imaging of infection and inflammation has been part 
of nuclear medicine since the 1970s with the use of 
[67Ga]Ga-citrate, radiolabelled white blood cells, and finally 
the glucose analog 2-deoxy-2-[18F]-fluoro-D-glucose 
([18F]FDG). In the first decade of [18F]FDG PET, inci-
dental [18F]FDG uptake in infectious or inflammatory 
foci in cancer patients was considered a false-positive 
nuisance, but from the 1990s onward, this changed with a 
greater understanding and appreciation of [18F]FDG PET 
in infectious and inflammatory conditions [1, 2].
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clinical presentations with nonspecific symptoms and many differential diagnoses. Positron emission tomography/computed 
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optimal diagnostic strategy remains controversial. This consensus document aims to assist clinicians and nuclear medicine 
specialists in the appropriate use of [18F]FDG-PET/CT in FUO and IUO based on current evidence.
Methods  A working group created by the EANM infection and inflammation committee performed a systematic litera-
ture search based on PICOs with “patients with FUO/IUO” as population, “[18F]FDG-PET/CT” as intervention, and sev-
eral outcomes including pre-scan characteristics, scan protocol, diagnostic yield, impact on management, prognosis, and 
cost-effectiveness.
Results  We included 68 articles published from 2001 to 2023: 9 systematic reviews, 49 original papers on general adult 
populations, and 10 original papers on specific populations. All papers were analysed and included in the evidence-based 
recommendations.
Conclusion  FUO and IUO remains a clinical challenge and [18F]FDG PET/CT has a definite role in the diagnostic pathway 
with an overall diagnostic yield or helpfulness in 50–60% of patients. A positive scan is often contributory by directly guid-
ing treatment or subsequent diagnostic procedure. However, a negative scan may be equally important by excluding focal 
disease and predicting a favorable prognosis. Similar results are obtained in specific populations such as ICU-patients, chil-
dren and HIV-patients.
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In recent years, inflammation of unknown origin 
(IUO) was introduced as an equivalent to FUO without 
fever, i.e. patients with normal temperature, but increased 
C-reactive protein (CRP) and/or erythrocyte sedimenta-
tion rate (ESR) on more than three occasions for more 
than three weeks and no diagnosis despite relevant inpa-
tient or outpatient workup similar to FUO.

The overarching etiologies of FUO and IUO (i.e. 
infection, NIID, malignancies, and miscellaneous) are 
comparable [12–16], although infections are usually 
more prevalent in FUO and NIID more prevalent in IUO 
[17–20]. Therefore, the diagnostic approach is similar 
in both conditions [21]. It is important to remember that 
not all patients with unexplained infection or nonspecific 
systemic inflammation meet the stringent criteria of FUO 
or IUO, but they may still be suitable candidates for a 
[18F]FDG PET/CT exam.

Identification and accurate localization of the causes 
of FUO/IUO is essential to initiate appropriate treatment 
or to guide further diagnostic procedures [22]. Conven-
tional radiology may be of limited use since infectious 
and inflammatory conditions often cause limited mor-
phologic changes especially at early stages [12, 22]. 
[18F]FDG PET/CT has become the imaging modality 
of choice in the work-up of patients with FUO/IUO and 
has replaced scintigraphy with [67Ga]Ga-citrate or radio-
labeled white blood cells if access to PET/CT is avail-
able [23]. The advantages of [18F]FDG PET/CT include 
the possibility to perform a whole-body examination 
in a single imaging session with good resolution and 
high sensitivity for detecting low-grade and early stage 
infection/inflammation with relatively lower radiation 
exposure compared to a diagnostic contrast-enhanced 
whole-body CT scan [5, 24, 25]. [18F]FDG PET/CT is 
superior to CT of the chest-abdomen-pelvis in reaching 
a final diagnosis in FUO; one study reported a diagnostic 
yield beyond conventional CT estimated at 32% [5], and 
one showed that [18F]FDG PET/CT performed three to 
four-fold better than CT with regards to diagnostic yield 
and clinical helpfulness [18]. The better performance 
has been explained by [18F]FDG uptake in the vascular 
regions [4] or inflammation of the musculoskeletal sys-
tem [5] that are not easily detected by CT. One study sug-
gests [18F]FDG PET/CT as first-line modality especially 
in FUO-patients with suspected endovascular infection, 
large vessel vasculitis, and hematological malignancy 
[26]. The nonspecificity of [18F]FDG uptake may be con-
sidered an advantage owing to the broad spectrum of dif-
ferential diagnosis in FUO/IUO. On the other hand, the 
general limitations of false-positive [18F]FDG uptake, 
false-negative scans, physiologic uptake etc. also apply 

to infection and inflammation, which may lead to unnec-
essary invasive investigations or therapy.

The literature on [18F]FDG PET in FUO/IUO reflects 
the heterogeneous nature of the clinical entity itself and 
comparison across different studies is difficult. It may be 
difficult to dichotomize findings to obtain sensitivity and 
specificity, and instead, most studies report either “diag-
nostic yield” or the proportion of patients in whom FDG-
PET/CT was considered “helpful”. However, both terms 
are defined differently; some consider only true-positive 
findings helpful, whereas some also include true-negative 
findings that may rule out focal infection, inflammation, 
or malignancies with a high negative predictive value. 
Some define the term “diagnostic yield” as the fraction of 
true positives among all positive and negative findings, 
whereas some the term interchangeably with diagnostic 
helpfulness [23, 27, 28].

. The eldest studies performed with stand-alone PET 
are now obsolete and not comparable to those performed 
with modern PET/CT scanners. Most studies are retro-
spective, with a significant heterogeneity with regard to 
the use of [18F]FDG PET/CT during the workup strat-
egy, and baseline characteristics such as population size, 
definition of FUO/IUO, inclusion and exclusion criteria, 
patient demographics, and imaging parameters.

The purpose of this consensus document is to help 
the clinicians and nuclear medicine specialists involved 
in the management of patients with FUO/IUO to decide 
how and when to perform [18F]FDG PET/CT in this set-
ting according to the current evidence.

Methodology (Systematic search of the 
literature)

To obtain an evidence-based consensus document, the 
EANM Inflammation & Infection Committee created a 
working group to perform a systematic search of the liter-
ature. The literature search was based on the PICO (Pop-
ulation or problem–Intervention–Comparator–Outcome) 
strategy. The population has been defined as “patients 
with FUO/IUO”, the intervention as “[18F]FDG PET/
CT” and several outcomes were considered including 
scan protocol, diagnostic yield, impact on management, 
prognosis, and cost-effectiveness.

A systematic literature search was prepared using two 
bibliographic databases (PubMed/Medline and Cochrane 
library) from 2001 up to December 2023. A broad search 
string using a combination of key words related to ele-
ments of the PICO question and in particular the Problem 
(“fever” OR “pyrexia” OR “FUO” OR “IUO” OR “PUO”) 
and the Intervention (“FDG” OR “fluorodeoxyglucose” 
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OR “PET”) was used. Cochrane library yielded no results; 
in PubMed the first retrieved report on PET/CT was from 
2006. The complete PubMed search string is presented 
in Supplemental File 1. We extracted systematic reviews 
and meta-analyses on the topic of interest as we consid-
ered those to be the most relevant evidence-based docu-
ments. Furthermore, we extracted all relevant original 
papers on the subject. Finally, we manually perused the 
reference lists of all identified admissible papers to iden-
tify any further papers. The flowchart for paper selec-
tion is presented in Supplemental File 2. All systematic 
reviews/meta-analyses and original articles (excluding 
case reports) related to the role of [18F]FDG PET/CT in 
patients with FUO/IUO are listed in a Supplemental file 
3 and form the basis of the information reported in this 
evidence-based document.

Pre-scan investigations

There is no established consensus on which investiga-
tions should be performed prior to [18F]FDG PET/CT 
scan, but the diagnostic workup of FUO/IUO usually 
begins with routine laboratory tests (including a com-
plete blood count with differential, ESR, and CRP lev-
els), whereas first-line imaging consists of chest X-ray 
and abdominal ultrasound [29]. More advanced invasive 
procedures or 3D-imaging modalities such as CT, MRI 
and/or [18F]FDG PET/CT may be guided by symptoms, 
clinico-biochemical findings, or the physicians prefer-
ence and are usually considered second-line, with PET/
CT usually being performed when first-line work-up is 
negative or when a final diagnosis is not established. 
The main recommendations from the literature regarding 
relevant pre-PET-scan investigations in FUO [7, 16, 19, 
29–43] or IUO [14, 16, 19, 32, 33, 44–46] are summa-
rized below.

Pre-scan laboratory tests

CRP is a well-established nonspecific marker of infec-
tion, inflammation, and malignancy with an essential role 
in clinical routine. CRP is elevated in most cases of pro-
longed fever, FUO and IUO, but the association between 
CRP thresholds and contribution of [18F]FDG PET/CT 
remains controversial. Several reports showed a sig-
nificant association between CRP levels and prediction 
of usefulness [19, 29, 38, 44, 46–51], while others did 
not observe this relation [14, 34, 35, 37, 43, 52–54], and 
similar opposing results were encountered in pediatric 
patients [33, 41]. The majority of patients in the above-
mentioned reports had elevated CRP, but no cut-off value 

has been established to select patients for [18F]FDG PET/
CT or to predict helpfulness. Some suggest the number of 
PET/CT positive patients increase with increasing CRP 
[14, 29], and some studies report that PET/CT-positive 
findings are very rare in patients with normal CRP-levels 
[45, 55], but there are also patients in some studies that 
are PET/CT positive despite normal CRP levels [34, 47].

Other pre-scan laboratory tests showed similar contra-
dictory results: ESR [7, 31, 33, 35, 37, 44], leukocyte 
count [7, 33, 34, 41], platelets [5, 31], serum procalci-
tonin [11, 36], and hemoglobin [29, 31, 43]. One study 
suggested a positive association between the number of 
inflammatory markers, final diagnosis, and [18F]FDG 
PET/CT results [38]. In HIV-patients with FUO, contro-
versy also remains whether a correlation exists between 
[18F]FDG uptake and HIV viremia [36, 56–58].

In conclusion, several pre-scan laboratory tests are 
routinely used depending on the clinical setting. How-
ever, their impact on [18F]FDG PET/CT yield is unclear 
and further studies are warranted especially aiming to 
establish a valid CRP cut-off in FUO (currently ranging 
from 7 to 50 mg/L). On the other hand, the yield or help-
fulness of [18F]FDG PET/CT in the presence of normal or 
low CRP values is very low.

Pre-scan imaging

Some relatively simple and inexpensive diagnostic tests 
are still recommended as first-line for patients with FUO/
IUO to separate relatively more apparent diseases from 
true FUO/IUO cases, but there is no consensus on which 
modality to employ. Some sugge st abdominal ultrasound 
and chest X-ray in low-resource areas, some suggest CT, 
and others suggest an imaging approach guided by symp-
toms and clinico-biochemical findings, but there is no 
firm evidence to support a standardized imaging strategy 
that should routinely precede [18F]FDG PET/CT [29, 59, 
60].

Practical scan considerations

Generally, scan protocol and recommended adminis-
tered [18F]FDG activity should adhere to existing EANM 
guidelines for tumour and infection imaging [61, 62].

Patient preparation

[18F]FDG administration should be preceded by fast-
ing for at least 6  h. In patients with suspected cardiac 
pathology (e.g. endocarditis, cardiac sarcoidosis) a pro-
longed fasting is recommended for at least 12–24  h, in 
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Protocol

A major advantage of [18F]FDG PET/CT over CT, MRI 
and ultrasound is the possibility to screen the whole body 
in patients with suspected systemic disease and few diag-
nostic clues. The scan field should minimally include the 
vertex to mid-thighs, but a total-body acquisition could 
be considered.

Stand-alone PET is nowadays considered obsolete 
in FUO and only combined [18F]FDG PET/CT will be 
addressed in this document A disadvantage of hybrid-
PET/CT over CT alone is the higher combined radiation 
exposure [71], which should be kept as low as possible 
especially in children and young adults [33]. Depending 
on the clinical indication, CT may be contrast-enhanced 
or non-enhanced [41]. The latter is often referred to 
as low-dose, although this may be misleading, and the 
actual settings are usually based on local practice more 
than guidelines. Adding CT to PET results in an addi-
tional exposure of approximately 2–10 mSv depending 
on protocols on top of the radiation exposure of FDG 
(0.019 mSv/MBq). In the literature on FUO, most studies 
used a non-enhanced “low-dose” CT [14, 18, 19, 29, 32, 
33, 37, 38, 40, 44, 45, 48–50, 52, 54, 69, 72–74] while 
few studies were performed with contrast-enhanced CT 
[26, 39, 44, 48, 51, 69, 75]. However, head-to-head com-
parisons are lacking to determine the incremental value 
of upfront contrast-enhanced CT. Solid malignancies and 
abscesses are notable exceptions, and if these are sus-
pected upfront, contrast-enhanced CT is indicated but 
may be performed in a separate setting.

In conclusion, a non-enhanced “low-dose” CT is suf-
ficient in FUO/IUO to define the location of metabolic 
abnormalities that could lead to the diagnosis. There is 
usually limited value of contrast-enhanced CT because 
of the often relatively minor morphologic changes from 
infectious and inflammatory processes, especially at 
early stages.

Interpretation and reporting

Interpretation and reporting is similar to [18F]FDG PET/
CT scans for tumor imaging and non-oncological indica-
tions. The interpretation is primarily based on a visual 
assessment whereas only limited and heterogeneous 
data is available on semi-quantitative interpretation cri-
teria [16, 20, 39, 76–78]. Findings may be focal (e.g. 
abscesses, endocarditis), diffuse (e.g. colitis, large ves-
sel vasculitis), or confined by anatomic structures (e.g. 
spondylodiscitis, graft material). Some physiologic, 
reactive [18F]FDG-activity is often seen diffusely around 
implants but it is usually not difficult to distinguish this 

combination with a high-fat low-carbohydrate diet to 
ensure optimal suppression of physiological myocardial 
uptake. Supplemental intravenous low-dose unfraction-
ated heparin (50 IU/kg 15 min prior to [18F]FDG admin-
istration) may also be considered especially in patients 
unable to complete long-term fasting and diet, e.g. dia-
betics [63]. Plasma glucose levels are recommended to 
be < 200 mg/dL (11 mmol/L). Even though the effect of 
hyperglycemia on [18F]FDG uptake is probably less pro-
nounced on inflammatory cells compared to malignant 
cells [64], a recent study showed that the yield of FDG 
PET/CT in bacteremia of unknown origin was lower in 
patients with moderate to severe hyperglycemia com-
pared to normoglycemic patients [65].

Pre-scan treatment with corticosteroids (e.g. pred-
nisone, prednisolone, methylprednisolone) is known 
to reduce uptake in inflammatory cells and hampers 
[18F]FDG PET/CT helpfulness in inflammatory condi-
tions like vasculitis and polymyalgia rheumatic [66, 67]. 
Thus, corticosteroids may negatively influence the out-
come of [18F]FDG PET/CT in FUO [34]. Treatment for 
longer than 3 days may significantly reduce [18F]FDG 
uptake in vasculitis [67], whereas 8 weeks treatment sig-
nificantly reduced sensitivity in polymyalgia rheumatic 
[66]. In the latter study, one week of tapering followed 
by one week of discontinuation significantly increased 
sensitivity again but, generally speaking, there is no 
established lower limit in the literature. Corticosteroids 
should be reduced to a minimum or temporarily with-
drawn, especially when vasculitis is suspected. Despite 
the few available results with doses of 15–60 mg [64, 
68], a pragmatic recommendation is to postpone scans in 
patients treated with doses higher than 15 mg for > 3 days 
to reduce the risk of false-negative findings.

In contrast to glucocorticoids, the impact of antibiotic 
treatment is less well-known in the setting of FUO/IUO. 
Data from one study on [18F]FDG PET/CT in blood-
stream infections reported a reduced possibility to find 
the focus of infection after more than one week of anti-
biotics with a further drop with increasing duration of 
treatment [69]. One study in FUO patients reported that 
empiric antibiotic therapy is associated with non-con-
tributory [18F]FDG PET/CT [29], whereas others did not 
observe any association [38, 40, 70].

In conclusion, the effect of hyperglycemia is probably 
less pronounced than in cancer work-up, but plasma glu-
cose levels are still recommended to be < 200 mg/dL (11 
mmol/L) and thorough patient preparation is especially 
important if a cardiac focus is suspected. PET/CT is not 
recommended in patients under glucocorticoid treat-
ment > 15 mg for more than 3 days, but scans can be per-
formed despite pre-scan antibiotic treatment.
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22]. On the other hand, studies also reported false posi-
tive findings in as many as 26–33% of patients that may 
lead to subsequent additional examinations [19, 35, 38, 
43, 74, 82]. Importantly, a significant proportion of FUO/
IUO patients (7–47%) remains without a final diagnosis 
after [18F]FDG PET/CT.

Even though many studies report sensitivities and 
specificities of [18F]FDG PET/CT in the context of FUO/
IUO, the terminology of diagnostic yield or helpfulness 
is a better parameter, i.e. the proportion of all PET scans 
that help the clinicians in subsequent patient manage-
ment [23, 27, 28].

Several meta-analyses have demonstrated the useful-
ness of [18F]FDG PET/CT in reaching the final diag-
nosis of FUO/IUO with a diagnostic yield of 56–60%, 
which is at least 30% higher than conventional CT, and 
a significantly better association between negative scans 
and spontaneous remission (Table  1) [3–6, 12, 22, 83]. 
Regarding the latter, a recent meta-analysis reported 
a significantly higher cumulative incidence of sponta-
neous remission of 20–78% in patients with negative 
[18F]FDG PET/CT results compared to 0–48% in those 
with positive results [6]. [18F]FDG PET/CT is also supe-
rior to [18F]FDG PET alone and other nuclear imaging 
methods such as [67Ga]Ga-citrate or leukocyte scintig-
raphy [22, 83]. Besides mere diagnostic yield, Besson 
et al. also reported that abnormal [18F]FDG uptake is 

uptake from pathologic activity characterized by a het-
erogeneous/multifocal pattern. In patients with metallic 
or prosthetic implants, non-attenuation corrected PET 
images are helpful to distinguish true uptake from arte-
facts. Focal [18F]FDG uptake is more typical for infection 
than diffuse low-grade uptake. Finally, scans may display 
indirect signs of infection and inflammation, e.g. diffuse 
uptake in the bone marrow and spleen [16].

Overall diagnostic yield

Due to the heterogeneity of potential diagnoses, a lack of 
well-defined reference standards, and many cases with-
out a final diagnosis, the classical approach of determin-
ing the diagnostic performance of a test by reporting its 
sensitivity, specificity and predictive values may not be 
the most appropriate method. The majority of studies 
consider only true positive [18F]FDG PET foci as helpful, 
i.e. those that directly lead to a diagnosis. True negative 
findings are rarely included, even though patients with 
a negative [18F]FDG PET/CT usually are more likely to 
show a spontaneous clinical regression or remission [38, 
44, 75, 79–81]. Secondly, true negative scans indicate 
a potential to reduce additional futile imaging, which 
contributes to the cost-effectiveness of [18F]FDG PET/
CT when performed early in the diagnostic workup [3, 

Table 1  Systematic reviews/meta-analyses
Authors Year N

(studies)
N
(patients)

Sensitivity
(95% CI)

Specificity
(95% CI)

LR+
(95% 
CI)

LR-
(95% CI)

Diagnostic yield/
clinical helpfulness

Besson et al. [3] 2016 14
(7 PET/CT)

712
(401 PET/CT)

NR NR NR NR 0.58

Bharucha et al. [5] 2017 18 905 NR NR NR NR 0.56
Dong et al. [22] 2011 4 174 0.98

(0.94-1.0)
0.86%
(0.75–0.93)

5.8
(3.3–10)

0.05
(0.01–
0.25)

0.60

Hao et al. [4] 2013 15
(1 pediatric)

595
(77 pediatrics)

0.85
(0.81–0.88)

NR NR NR NR

Kan et al. [12] 2019 23 1927 0.84
(0.79–0.89)

0.63
(0.49–0.75)

2.3
(1.5–3.4)

0.25
(0.16–
0.38)

0.59

Takeuchi et al. [83] 2016 22 1137 0.86
(0.81–0.90)

0.52
(0.36–0.67)

NR NR 0.58

Takeuchi et al. [6] 2018 9 418 NR NR NR NR Negative scan associated 
with spontaneous remission
(RR = 5.6, p < 0.001)

Special populations
Huang et al. [84] 2020 4

(ICU patients)
87 0.94 0.66 NR NR 0.65

Li et al. [85] 2022 6
(pediatric)

191 NR NR NR NR Abnormal scans had OR 
17 to achieve definite diag-
noses compared to normal 
scans

CI: confidence interval; LR+: positive likelihood ratio; LR-: negative likelihood ratio; NR: not reported; RR: risk ratio; OR: odds ratio
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high uptake in various organs and tissues). The diagnos-
tic model including [18F]FDG PET/CT and relevant clini-
cal parameters (e.g. blood cell counts, inflammatory and 
immunological indicators, age) showed a good perfor-
mance in discriminating the cause of FUO with AUCs for 
infection, malignancy, and NIID of 0.88, 0.93 and 0.95, 
respectively. Previous studies have also divided posi-
tive [18F]FDG PET/CT studies into focal and nonspecific 
abnormal uptake [15, 16]. The latter is represented by 
diffuse high [18F]FDG uptake of spleen and bone marrow 
and multiple lymph nodes with high [18F]FDG uptake 
and symmetrical distribution. This pattern was con-
sidered non-contributing to the diagnosis or even false 
positives in other studies [16, 19, 80, 82, 89]. However, 
nonspecific abnormal [18F]FDG uptake as well as a nega-
tive [18F]FDG PET/CT scan could also be of benefit for 
the patients.

The variable performance of [18F]FDG PET/CT in 
FUO/IUO may be explained, as previously described, by 
a multitude of factors; the complexity of patients, defini-
tions of FUO/IUO, retrospective and observational study 
designs, relatively small sample sizes, differences in pre-
scan work-up, differences in [18F]FDG PET/CT timing, 
and varying definitions of a clinical helpful result.

Overall, the results of most studies show that a posi-
tive [18F]FDG PET/CT is often contributive and, in some 
cases, is essential to establish a diagnosis by identifying 
potential causes of FUO/IUO, localizing sites for further 
evaluation, and guiding further management. Conversely, 
a negative scan excludes focal disease and predicts a 
favourable prognosis.

Diagnostic yield in specific populations

As mentioned above, [18F]FDG PET/CT provides a good 
diagnostic yield in the general population of adults with 
FUO/IUO and can be considered as a primary imaging 
tool. In addition to the general adult population, [18F]FDG 
PET/CT has also been evaluated in specific subpopula-
tions with FUO/IUO, including children, intensive care 
unit patients, patients with end stage renal disease, and 
HIV (Table 3).

Children with FUO/IUO

Six retrospective studies (n = 238 patients) evaluated 
the value of [18F]FDG PET/CT in children with FUO/
IUO, including one study in pediatric transplant patients 
[33, 41, 97–100]. The largest study by Pijl et al. includ-
ing 110 children with FUO showed that [18F]FDG PET/
CT identified a true positive cause of fever in 53 (48%) 

associated with a statistically significant higher rate of 
definitive diagnoses compared to normal scans (83% vs. 
36%) with a pooled odds ratio of 8.94 [3]. Other than the 
general FUO/IUO populations, two additional meta-anal-
yses were identified in specific subpopulations. One on 
intensive care unit (ICU)-patients reported that [18F]FDG 
PET/CT is equally clinically helpful in the ICU-set-
ting, i.e. in 65% of patients [84]. The one on paediatric 
patients did not assess diagnostic yield per se, but con-
cluded that PET-positive patients were significantly more 
likely to receive a final diagnosis compared to normal 
scans (odds-ratio 17) [85].

The literature search identified 49 relevant clinical 
studies on the diagnostic value of [18F]FDG PET/CT 
in adult patients with FUO/IUO [13–20, 26, 29, 32, 34, 
35, 37–39, 43–52, 54, 55, 72, 74–82, 86–96]; an over-
view is presented in Table 2. Most of the clinical stud-
ies were retrospective single centre cohorts (n = 34, 
69%) with large variation in sample size (12–524 cases). 
Most studies included only patients with FUO (n = 30, 
61%), while fourteen studies included patients with a 
case-mix of FUO/IUO (29%), and five studies evalu-
ated only patients with IUO (10%). All included stud-
ies focused on diagnostic or clinical value of [18F]FDG 
PET/CT in FUO or IUO patients, but two studies also 
investigated cost-effectiveness [76, 86], and two studies 
compared [18F]FDG PET/CT with [67Ga]Ga-citrate scin-
tigraphy [81, 90]. Final diagnosis was related to infection 
in 10–68% patients, NIID in 8–60% patients, malignancy 
in 3–36% patients and a variety of uncommon conditions 
in 2–31% patients. Helpfulness of [18F]FDG PET/CT in 
the diagnosis or management of FUO ranged from 19 to 
96% with higher values when both true positives and true 
negatives were considered. In some studies, [18F]FDG 
PET/CT was deemed essential in 6–26% of patients to 
reach a final diagnosis [26, 29, 32, 37, 75, 78] because no 
other investigation, including CT of chest and abdomen, 
was able to establish a diagnosis. With the highly vari-
able populations and sample sizes in the available litera-
ture, there is a significant risk of selection bias.

Balink et al. performed the largest multicentre ret-
rospective study on FUO/IUO patients (n = 498) [13]. 
[18F]FDG PET/CT had a high diagnostic accuracy (89%) 
and the addition of [18F]FDG PET/CT to a model for the 
prediction of a diagnosis including CRP, ESR and age 
resulted in a significant change in patient classification in 
42% of patients.

The largest prospective study (n = 524) on the diag-
nostic value of [18F]FDG PET/CT in patients with FUO 
aimed to develop a diagnostic model to distinguish the 
different causes of FUO [76]. [18F]FDG PET/CT showed 
positive findings in 477 (91%) patients (diffuse or focal 
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Authors Year N Population Study 
Design

Final 
diagnosis

Yield Clinical 
helpfulness

Essential Sensitivity Specificity PPV NPV

Abdel-
rahman 
et al. 
[39]

2018 27 FUO P 0.92 0.85 
(TP)

NR NR 0.95 0.67 0.96 0.67

Akyüz et 
al. [47]

2023 132 IUO R 0.56 0.74 
(PET+)

0.36 NR NR NR NR NR

Balink et 
al. [55]

2009 68 FUO R 0.65 0.56 
(TP)

0.56 NR 1.00 0.90 0.93 1.00

Balink et 
al. [44]

2014 140 IUO R, M 0.74 0.68 
(TP)

0.51 NR 0.94 0.83 0.93 0.77

Balink et 
al. [13]

2015 498 FUO/IUO R, M 0.66 0.59 
(TP)

NR NR 0.89 0.89 0.94 0.80

Becerra 
Nakayo 
et al. 
[86]

2012 20 FUO R NR 0.55 
(TP)

NR NR 0.78 0.83 0.92 0.62

Betrains 
et al. § 
[17]

2023 439 
(187)

FUO/IUO R 0.64 0.49 
(TP)

0.25 NR 0.93 0.35 NR NR

Bilici et 
al. [49]

2021 97 IUO P 0.90 0.60 
(TP)

0.61 NR 0.67 1.0 1.0 0.26

Bouter et 
al. [14]

2016 72 IUO/fever R 0.83 0.65 
(TP)

NR NR 0.81 0.86 NR NR

Buch-
Olsen et 
al. [87]

2014 57 FUO R 0.91 NR 0.75 
(TP + TN)

NR NR NR NR NR

Buchrits 
et al. 
[26]

2021 303 FUO R 0.72 0.33 
(TP)

NR 0.26 0.89 0.81 NR NR

Chen et 
al. [76]

2022 524 FUO P 0.91 0.91 
(PET+)

NR NR NR NR NR NR

Chen et 
al. [88]

2022 326 FUO/IUO R 0.91 0.95 
(PET+)

0.96 NR NR NR NR NR

Crouzet 
et al. 
[29]

2012 79 FUO R 0.77 0.57 
(TP)

0.19 0.25 0.98 0.87 NR NR

Ergül et 
al. [82]

2011 24 FUO R 0.54 0.50 
(TP)

0.63 NR 0.92 0.45 0.63 1.0

Eynath 
et al. §§ 
[75]

2023 303 FUO R 0.72 0.33 
(TP)

NR 0.26 0.89 0.81 NR NR

Federici 
et al.* 
[32]

2010 14 FUO/IUO R 0.71 0.50 
(TP)

0.50 0.23 0.70 0.75 0.88 0.5

Ferda et 
al. [77]

2010 48 FUO R 0.92 0.96 
(TP)

0.77 NR 0.97 0.75 NR NR

Gafter-
Gvili et 
al. [89]

2015 112 FUO R 0.74 0.46 
(TP)

0.66 NR 0.72 0.58 0.74 0.54

Garcia-
Vicente 
et al. 
[38]

2018 67 FUO R 0.88 0.78 
(PET+)

0.52 NR 0.84 0.31 NR NR

Georga 
et al. 
[72]

2020 50 FUO R 0.86 0.84 
(PET+)

0.70 NR 0.95 0.50 0.85 0.75

Holubar 
et al. 
[46]

2022 317 IUO R 0.72 0.50 
(TP)

0.75 
(TP + TN)

NR 0.84 0.62 0.77 0.72

Table 2  Original studies (adults only)
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Authors Year N Population Study 
Design

Final 
diagnosis

Yield Clinical 
helpfulness

Essential Sensitivity Specificity PPV NPV

Hung et 
al.# [90]

2017 58 FUO P 0.79 0.57 
(TP)

0.72 NR 0.79 0.56 0.83 0.50

Jarus-
kova et 
al. [91]

2006 94 FUO/fever R NR 0.46 
(PET+)

0.36 NR NR NR NR NR

Kei et al. 
[92]

2010 12 FUO R 0.58 0.42 
(TP)

0.42 NR NR NR NR NR

Keidar et 
al. [80]

2008 48 FUO P 0.60 0.56 
(PET+)

0.90 
(TP + TN)

NR 1.00 0.81 0.81 1.00

Kim et 
al. [35]

2012 48 FUO R 0.85 0.85 
(PET+)

0.56 NR 0.92 0.23 NR NR

Knappe 
et al. 
[51]

2023 130 IUO R 0.76 0.65 
(TP)

NR NR 0.93 0.93 0.97 0.86

Kubota 
et al. 
[34]

2011 81 FUO R, M 0.75 0.52 
(TP)

0.54 NR 0.81 0.75 NR NR

Kubota 
et al.# 
[81]

2021 128 FUO P, M 0.72 0.33 
(TP)

0.33 NR 0.45 0.40 0.67 NR

Letertre 
et al. 
[43]

2021 44 FUO R 0.70 NR 0.44 NR 0.85 0.37 0.58 0.70

Ly et al. 
[18]

2022 103 FUO/IUO P, M 0.56 0.29 
(PET+)

0.19 NR 0.36 0.81 NR NR

Mahajna 
et al. 
[48]

2021 128 FUO R 0.74 0.68 
(PET+)

0.48 NR 0.70 0.37 0.70 0.37

Manohar 
et al. 
[93]

2013 103 FUO R 0.67 0.61
(PET+)

0.60 NR 0.90 0.97 0.98 0.83

Mulders-
Manders 
et al. 
[45]

2021 104 FUO/IUO R 0.65 NR 0.45 NR NR NR NR NR

Ogut et 
al. [20]

2022 58 FUO/IUO R 0.90 0.64 
(TP)

0.72 
(TP + TN)

NR 0.88 0.37 0.79 0,55

Okuyucu 
et al. 
[50]

2018 76 FUO R 0.85 0.62 
(TP)

0.74
(TP + TN)

NR 0.75 0.69 0.92 0.38

Pedersen 
et al.* 
[94]

2012 22 FUO R 0.60 0.45 
(TP)

0.83 NR 0.67 0.71 0.83 0.50

Pelosi et 
al.* [79]

2011 24 FUO R 0.71 0.46 
(TP)

0.87 
(TP + TN)

NR 0.50 0.50 0.85 0.85

Pereira 
et al. 
[37]

2016 76 FUO R 0.93 0.74 
(PET+)

0.61 0.17 0.77 0.31 0.61 0.50

Schönau 
et al. 
[19]

2018 240 FUO/IUO P 0.79 0.57 
(TP)

0.57 NR 0.91 0.22 0.65 0.62

Sheng et 
al. [95]

2011 48 FUO R 0.75 0.83 
(PET+)

0.67 NR 0.89 0.33 0.80 0.50

Singh et 
al. [78]

2015 47 FUO P 0.53 0.74 
(PET+)

0.38 0.06 NR NR 0.51 NR

Tokmak 
et al. 
[96]

2014 25 FUO P 0.84 0.60 
(TP)

0.84
(TP + TN)

NR 0.94 0.80 NR NR

Table 2  (continued) 
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Patients in the ICU

Only one prospective study on the use of [18F]FDG PET/
CT in critically ill, mechanically ventilated patients 
admitted to the ICU with FUO/IUO is available. The 
study reported that 21/35 scans (60%) were true posi-
tive, 11/35 scans were true negative, and three scans 
were considered false positive resulting in a sensitivity 
of 100%, specificity of 79% and overall accuracy of 91%. 
The authors emphasized that, besides the high accuracy, 
a normal [18F]FDG PET/CT scan was also considered 
important, since it ruled out infections requiring pro-
longed antibiotic therapy or drainage [101].

Patients with end-stage renal disease

Two retrospective studies evaluated the role of [18F]FDG 
PET/CT in FUO patients suffering from end-stage renal 

children, and in 58 children (53%) treatment modifica-
tions were based on PET/CT results. The sensitivity and 
specificity were 86% and 79%, respectively, and CRP 
levels were positively associated with finding a true 
focus [41]. [18F]FDG PET/CT was considered helpful in 
48%, whereas 38% remained without a final diagnosis 
after [18F]FDG PET/CT [33, 98, 100]. In addition and 
similar to the adult population, the same issues were 
encountered regarding different definitions of helpful 
and whether or not negative scans were considered help-
ful, non-contributory or unclassified [33, 97, 100]. The 
clinical helpfulness across the six studies had a consider-
able span but with sample sizes ranging from 5 to 110 
patients, the relative weight of these results are different 
and not readily comparable.

Table 3  Original studies, special populations
Authors Year Population N Study

design
Sensitivity Specificity PPV NPV Helpful

Nygaard et al. [97] 2022 Children 35 R NR NR NR NR 0.77
Pijl et al. [41] 2020 Children 110 R 0.86 0.79 0.84 0.81 0.53
Chang et al. [98] 2016 Children 19 R 0.88 0.67 0.93 0.50 0.74
Yang et al. [99] 2015 Children 5 R NR NR NR NR 0.40
Blokhuis et al. [100] 2014 Children 28 (FUO)

11 (IUO)
R 0.80

0.78
0.78
0.67

0.67
0.88

0.88
0.50

0.32
0.55

Jasper et al. [33] 2010 Children 30 R NR NR NR NR 0.53
Simons et al. [101] 2009 ICU 33 P 1.0 0.79 0.84 1.0 0.60
Lawal et al. [40] 2019 End-stage renal disease 46 R NR NR NR NR 0.48
Tek Chand et al. [102] 2017 End-stage renal disease 20 R NR NR NR NR 0.95
Martin et al. [36] 2013 HIV 20 P NR NR NR NR 0.80
Castaigne et al. [103] 2009 HIV 10 R NR NR NR NR 0.90
N: number; PPV: positive predictive value; NPV: negative predictive value; R: retrospective; NR: not reported; P: prospective; FUO: fever of 
unknown origin; IUO: inflammation of unknown origin; ICU: intensive care unit; HIV: human immunodeficiency virus

Authors Year N Population Study 
Design

Final 
diagnosis

Yield Clinical 
helpfulness

Essential Sensitivity Specificity PPV NPV

Tsuzuki 
et al. 
[54]

2021 50 FUO/IUO R 0.74 0.58 
(TP)

0.66
(TP + TN)

NR NR NR NR NR

Wang et 
al. [16]

2019 376 FUO/IUO R, M 0.91 0.95 
(PET+)

0.90 NR NR NR NR NR

Wang et 
al. [15]

2020 253 FUO/IUO P 0.88 0.58 
(PET+)

NR NR 0.88 0.15 0.59 0.47

Weitzer 
et al. 
[52]

2022 300 FUO/IUO R 0.84 0.54
(TP)

0.83
(TP + TN)

NR 0.80 0.90 NR NR

Zhu et 
al. [74]

2020 89 FUO R 0.74 0.55 
(TP)

0.55 NR 0.85 0.26 NR NR

FUO: fever or unknown origin; IUO: inflammation of unknown origin; NPV: negative predictive value; NR: not reported; P: prospective; PPV: 
positive predictive value; R: retrospective; M: multicentre; TP: true positive; #[18F]FDG PET/CT vs. [67Ga]Ga-citrate comparison; §Only a 
subset underwent PET/CT (187/439, 43%), all numbers are for the entire cohort
§§ Based on the same study as Buchrits et al.

Table 2  (continued) 
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or cultures of blood, urine, or tissues with a direct impact 
also on costs [55].

A major contribution of [18F]FDG PET/CT for obtain-
ing the final histological diagnosis is to guide the clini-
cian to the most appropriate and accessible site for biopsy 
to confirm the underlying etiology [72].

An indirect impact is to exclude several causes and 
to narrow down the range of possible diagnoses. About 
43–75% of adult patients with undiagnosed FUO expe-
rience spontaneous remission of fever before reaching 
a final diagnosis [7, 104], and empirical treatment with 
corticosteroids or nonsteroidal anti-inflammatory drugs 
does not affect this rate. Identifying predictors of spon-
taneous resolution could reduce the use of unnecessary, 
invasive tests or empirical treatments, and furthermore 
potentially reduce patient anxiety. As such, a negative 
PET/CT result can be a good predictor of favorable prog-
nosis in patients with undiagnosed FUO after a series of 
unsuccessful investigations; watchful waiting may be a 
valid option for undiagnosed FUO patients with no spe-
cific findings. One systematic review studied the asso-
ciation of [18F]FDG PET/CT results with spontaneous 
remission in FUO. Patients with negative scan results 
were significantly more likely to have spontaneous remis-
sion of fever than were those with positive scan results, 
with a summary risk ratio of 5.6 (95% CI, 3.4–9.2) [6]. 
This may also have a direct impact on patient outcome, as 
prognosis was generally good and mortality very low in 
patients in whom a final diagnosis could not be obtained 
[105–107].

As FUO is caused by a wide variety of diseases; the 
overall prognosis highly depends on the underlying 
disease [8], with malignancy probably having the most 
prominent association with mortality [108–110].

However, although promising, more robust evidence 
is required to evaluate the prognostic role of [18F]FDG 
PET/CT in FUO/IUO patients.

Cost-effectiveness

An important aspect of any imaging strategy is cost, and 
to date, few studies assessed the cost-effectiveness of 
[18F]FDG PET/CT in FUO/ IUO reporting that [18F]FDG 
PET/CT is cost-effective in specific scenarios of FUO/
IUO. Beccera-Nakayo et al. included 20 FUO-patients 
that underwent a scan after a mean hospital stay of 28 
days. They registered all costs in the FUO-process includ-
ing hospitalization and diagnostic procedures prior to 
PET/CT. They found a potential cost reduction of 5,471 
€ (49%) if [18F]FDG PET/CT was performed earlier [86]. 
Balink et al. found similar results in 92 IUO-patients, 46 

disease on renal replacement therapy. The first study eval-
uating 20 patients (18 on hemodialysis, two on peritoneal 
dialysis) showed active lesions in 15 patients, and nega-
tive scan results in five patients. In all but one patient, 
imaging results led to a change in treatment [102].

In the second study, 46 patients underwent [18F]FDG 
PET/CT (21 on hemodialysis, 8 on peritoneal dialysis, 
and 17 renal transplants). Twenty-nine scans showed at 
least one focus of increased uptake, 17 scans turned out 
to be negative and [18F]FDG PET/CT was helpful in iden-
tifying the cause of FUO in 22 patients (48%). CRP and 
procalcitonin levels were significantly higher in patients 
with a helpful [18F]FDG PET/CT scan [40].

Patients with HIV

One study prospectively evaluated the performance of 
[18F]FDG PET/CT in 20 HIV-infected patients with FUO 
in comparison to 10 HIV-infected high viraemic patients 
without FUO. Despite the limited number of included 
patients, high viraemic status did not interfere with a cor-
rect scan interpretation but different uptake patterns were 
observed: more peripheral active lymph nodes in patients 
without FUO compared to more central active lymph 
nodes in FUO patients. [18F]FDG PET/CT contributed to 
the diagnosis or exclusion of a focal etiology in 80% of 
the patients. The absence of active central lymph nodes in 
FUO patients showed a 100% negative predictive value 
for focal disease. Lymph node biopsy in central active 
areas allowed identification of underlying disease in 
all patients with FUO. Furthermore, [18F]FDG PET/CT 
demonstrated more extensive disease than conventional 
imaging [36]. The other study in this patient population 
found [18F]FDG PET/CT helpful in 9/10 patients, six 
with infection and three with malignancy [103].

In conclusion, [18F]FDG PET/CT can be considered 
useful for evaluating the cause of FUO/IUO in these spe-
cific populations, taking into account the same caveats 
as the general adult FUO/IUO population. The diagnos-
tic yield and helpfulness of [18F]FDG PET/CT in these 
specific patient groups are similar to the results in the 
general adult population.

Impact on patient management and 
prognosis

A correct and early diagnosis can change the therapeu-
tic strategy, i.e. initiate new therapy, modulate already 
instituted therapy, or switch therapy regimen completely. 
Moreover, it may guide specific invasive and noninvasive 
procedures such as biopsy or drainage, specific serology, 

1 3

2606



European Journal of Nuclear Medicine and Molecular Imaging (2024) 51:2597–2613

FDG PET/CT in the setting of FUO/IUO according to 
literature evidence and expert opinion.

Conclusions

FUO/IUO remains a clinical challenge due to the het-
erogeneous patient presentation, a wide variety of differ-
ential diagnoses, and the lack of an established workup 
strategy. The literature is as challenging and heteroge-
neous as the population, which hampers pooling of data 
and direct comparison between studies.

However, [18F]FDG PET/CT has a definite role in the 
diagnostic workup with an overall diagnostic yield/help-
fulness of 50–60%. A positive scan is often contributory 
and, in some cases, even essential to diagnosis, whereas 
a negative scan may be equally important as it excludes 
focal disease and predicts a favorable prognosis. Similar 
results are obtained in specific populations such as ICU-
patients, children and HIV-patients.

who did not undergo [18F]FDG PET/CT (group A) and 
46 who underwent [18F]FDG PET/CT (group B). Costs 
in group B were reduced with 5.298 € (42%) compared 
to group A, and at the same time a definite diagnosis was 
reached in more than twice the patients, i.e. 32/46 in 
group B versus 14/46 in group A [111]. In the largest and 
most recent study, Chen et al. included 741 FUO/IUO-
patients; 44% underwent [18F]FDG PET/CT They did 
find higher overall costs, more additional tests and longer 
hospitalization in the [18F]FDG PET/CT-group compared 
to controls. However, this population was older and had 
more critically ill patients, and again the number of defi-
nite diagnosis was significantly higher in the intervention 
group. Furthermore, the total costs and hospitalization 
stay was reduced if [18F]FDG PET/CT was performed 
within 7 days [88].

Recommendations

Based on the above-mentioned evidence from the pub-
lished literature, several recommendations are sum-
marized in Table  4 and we have developed a flowchart 
shown in Fig. 1 with a suggested pathway when to use 

Table 4  Summary of conclusions and recommendations
General
FUO and IUO are overlapping entities with strict definitions, but not all patients meet these stringent criteria; suspicion of systemic infection 
or inflammation is a valid indication for [18F]FDG PET/CT equivalent to true FUO/IUO
Literature on [18F]FDG PET/CT in FUO/IUO is heterogeneous and primarily based on limited retrospective studies
White blood cell scintigraphy, [67Ga]Ga-citrate scintigraphy, and stand-alone [18F]FDG PET are obsolete in FUO/IUO
Pre-scan considerations
There is no consensus in literature on preparatory laboratory investigations or imaging. CRP, ESR, white blood cell count, and chest x-ray/
abdominal ultrasound (based on clinical/biochemical findings) are minimum requirements prior to [18F]FDG PET/CT – clinical suspicion may 
guide further choices
There are no established cut-off values for CRP, but when CRP levels are normal the indication for [18F]FDG PET/CT should be reconsidered 
as the yield or helpfulness of [18F]FDG-PET/CT in the presence of normal or low CRP values is very low.
High-fat low-carbohydrate diet, prolonged fasting, with or without heparin administration 15 min before the FDG injection is essential to sup-
press physiological myocardial uptake in suspected cardiac infections
Pre-scan antibiotic treatment (< 7 days) has probably little effect on diagnostic yield
Pre-scan corticosteroids > 15 mg for more than 3 days may hamper uptake in inflammatory cells and should ideally be started after scan (or 
discontinued prior to scan)
Scan considerations
Acquisition from vertex to mid-thigh is recommended, unless more distal foci are suspected
Low-dose CT without contrast-enhancement is sufficient in most cases
Diagnostic yield
Diagnostic yield varies widely dependent on the populations and interpretation criteria, but [18F]FDG PET/CT is generally considered to be 
helpful in 50–60%
Positive findings (true positive) can directly guide treatment or indirectly guide subsequent diagnostic procedures or tests
Negative scans (true negative) can be considered as helpful as positive findings; spontaneous remission is significantly more likely in patients 
with a negative scan
[18F]FDG PET/CT is equally useful in suspected FUO/IUO in specific populations, e.g. pediatric patients, intensive care patients, end-stage 
renal disease, and HIV
FUO: fever of unknown origin; IUO: inflammation of unknown origin; CRP: c-reactive protein; ESR: erythrocyte sedimentation rate; HIV: 
human immunodeficiency virus
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Fig. 1  Suggested flowchart for 
the diagnostic strategy of fever 
of unknown origin (FUO), 
inflammation of unknown origin 
(IUO), and equivalent cases with 
nonspecific suspicion systemic 
infection or inflammation. *As 
discussed in the section on 
pre-scan work-up, there is no 
consensus on basic investiga-
tions. Most recommend at least 
some inflammatory markers, 
but any subsequent step(s) are 
often left at the discretion of the 
treating physician and may be as 
much based on local tradition as 
on evidence
FUO: fever of unknown origin; 
IUO: inflammation of unknown 
origin; CRP: c-reactive protein; 
ESR: erythrocyte sedimentation 
rate; WBC: white blood cells; 
CXR: chest x-ray; HFLC: high-
fat low-carbohydrate; LMWH: 
low molecular-weight heparin
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