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Abstract: For decades, conventional nuclear medicine techniques have been utilized for the assessment of many in-
fectious and inflammatory diseases. Most of these techniques have limitations such as the relatively low spatial res-
olution, being time consuming and low sensitivity or specificity. In recent years, FDG-PET/CT has shown promising
role in the management of such diseases. An expanding set of studies illustrate the multifarious roles of FDG-PET/
CT in the assessment of these conditions, both systemic diseases and more regional. Specifically, PET can provide
vital information at a molecular level and consequently detect the disease activity at their earliest manifestation.
With the continuing research on the diagnosis and treatment monitoring of patients with infectious and inflamma-
tory diseases, the role of PET/CT can be further extended.
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Introduction

Recent efforts have expanded the clinical
application of FDG PET/CT in infectious and
inflammatory diseases. Pathophysiological dis-
tribution of FDG in the presence of infectious
and inflammatory conditions relies basically on
the same underlying mechanisms as in malig-
nancies and other indications, i.e. elevated
rates of cellular metabolism. Simply put, all
cells to some extent harness energy from glu-
cose by way of the anaerobic glycolytic path-
way, but during conditions of high energy
demand most cells prefer the more energy
efficient aerobic oxidative phosphorylation.
However, cancer cells tend to prefer the glyco-
lytic pathway even under aerobic condition. In
cancer cells, the increased demand for glucose
is met by upregulation of the active glucose
transporter (GLUT), which also forms the basis
of the increased FDG-uptake in these cells
compared to normal cells. After internalization,

glucose is enzymatically phosphorylated by
hexokinase to facilitate further processing
through the glycolytic pathway, whereas any
surplus glucose is expelled again after enzy-
matic dephosporylation by glucose-6-dephos-
phorylase. FDG undergoes the same process,
but due to stereochemical differences, FDG-6-
phosphate is not a substrate for the down-
stream enzymes in the glycolytic pathway and
the process is not advanced further. At the
same time, many cancer cells have decreased
levels of glucose-6-dephosphorylase and as
the GLUT's do not accommodate phosphor-
ylated molecules, the net result is the intracel-
lular so-called metabolic trapping of FDG that
form the basis of its high target-to-background
properties [1]. Initially, this effect was consid-
ered specific to cancer cells, but early in the
evolution of FDG-PET it became clear that
immune cells also utilized this approach to
some extent. This gave rise to the initial notion
that false-positive findings in cancer patients
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Figure 1. FDG-PET image was acquired in a patient
who was hospitalized twice, and an extensive work-
up was conducted over several days to determine
the cause of FUO. Finally, FDG-PET was performed
as a last resort for further assessment of this des-
perate clinical scenario. The image clearly shows a
focus of abnormal uptake in the mediastinum (ar-
row), which proved to be a focal site of infection that
was drained, resulting in complete recovery from
continuous fever. The site of infection was over-
looked on contrast-enhanced CT scan which was
performed prior to FDG-PET images. This clearly
demonstrates the importance of intense FDG up-
take as a focal abnormality, allowing visualization
of lesions in certain locations which are missed by
conventional structural imaging modalities [26]. Re-
produced with permission.

were a nuisance of FDG which could no longer
be considered specific to cancer [2]. Slowly, this
became an area of increasing interest as stud-
ies began to actively take advantage of the
FDG-uptake in inflammatory settings [3]. During
the 1990s the pathophysiologic basis was fur-
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ther established; autoradiography studies sh-
owed activated granulocytes predominantly in
the early phases of active inflammation as well
as macrophages in later, chronic stages shared
the same traits as cancer cells with regards to
up-regulation of GLUT, and they also estab-
lished that immune-mediated cytokine release
play an important role in the up-regulation of
GLUT [4-6].

Compared to alternative nuclear medicine
imaging techniques, PET has superior spatial
resolution. When co-registered with low dose
CT images, precise spatial localization of FDG
distribution upon anatomy can be achieved.
Despite the development of various new PET
radio-tracers, FDG PET/CT retains a major role
in the diagnosis of many infectious and inflam-
matory diseases. Moreover, this modality has
proven valuable in monitoring treatment effica-
cy and in informing clinical management strate-
gies. This review will survey the present scien-
tific and clinical applications of **F-FDG-PET/CT
imaging in several common yet serious infec-
tious and inflammatory conditions.

Fever of unknown origin (FUO)

It has always been a great challenge to defi-
nitely diagnose FUO as differential diagnoses
are plentiful and the underlying cause may be
located anywhere throughout the body. Pe-
tersdorf and Beeson first defined FUO as an
intermittent, unresolved fever, with tempera-
tures higher than 38.3°C, and lasting at least
three weeks without a definite diagnosis being
ascertained after one week of in-patient in-
vestigations [7]. Infection and non-infectious
inflammatory diseases (NIID) account for most
cases of FUO cases in adults [8, 9]. In pediat-
rics, the most common causes of FUO is infec-
tion diseases (37.6%) and malignancy (17.2%),
followed by collagen vascular disease and mis-
cellaneous diseases [10]. The diagnostic work
up requires patients to undergo a series of
diagnostic investigations often including cross-
sectional imaging, but the limited sensitivity
and specificity of CT and MRI has limited their
efficacy in FUO [11]. FDG PET can localize met-
abolic abnormalities earlier than structural
modalities, and it may therefore be of greater
value in FUO cases. FDG uptake is increased in
many etiologies responsible for FUO, not only
infections but also inflammation and cancer. As
such, FDG PET is the obvious first line modality
Figure 1 [12, 13]. Gallium-67 and labelled leu-
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kocyte imaging are assumed to be helpful in
FUO cases, but have their own limitations.
These procedures require time-consuming pr-
eparations [12], and they are not sensitive to
malignancies that constitute a significant pro-
portion of FUO etiologies. In a recent study of
58 patients with FUO comparing FDG PET/CT
to Gallium-67 SPECT/CT, the former was found
to be superior in regards to sensitivity and over-
all clinical contribution, i.e. 79% vs. 45% and
72% and 55%, respectively [14]. FDG-PET imag-
ing is a non-invasive one-stop investigation that
can delineate the extent of involvement and
can help to select the biopsy site.

The study of Lorenzen et al. [15] was among the
first studies to use FDG-PET to diagnose FUO.
They evaluated FDG-PET scans of 16 patients
in whom the underlying cause of FUO had not
been detected by conventional diagnostics.
Sites of Non-physiological uptake of FDG were
identified in 12 patients (75%) which led to the
final diagnosis in 11 patients (69%) [15]. Keidar
et al. assessed 48 patients with FUO who
underwent FDG-PET/CT. In 90% of the patients
FDG-PET contributed to diagnosing the unde-
rlying cause of FUO or excluding the presence
of a focal pathology leading to the patient’s
febrile state [16]. Several meta-analyses have
also demonstrated the usefulness of FDG-PET
in reaching the final diagnosis of FUO [17-23].
Generally, results are favorable albeit with
some caveats and unclarified issues, e.g. a rel-
ative lack of standardization with regards to
definitions of FUO, patient population, and
results. For instance, in some of the older stud-
ies, FDG-PET was performed as part of va-
rious diagnostic strategies that included other
diagnostic procedures. Therefore, the diagnos-
tic yield must be viewed in light of the popula-
tions that comprise the more difficult cases.
Moreover, the definition of a clinically useful
result varies; most focus on positive FDG
uptake, but some advocate a similar value
from negative findings to rule out focal infection
or malignancies [24]. This exclusion may be
useful in patients with known inflammatory dis-
ease and fever to distinguish disease flare
from novel infection or malignancy [25]. Bh-
arucha et al. performed a systematic review,
meta-analysis and Delphi exercise to evaluate
diagnostic yield of (FDG-PET/CT) in fever of
unknown origin (FUO) [18]. In their meta-analy-
sis, 18 studies were included comprising 905
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patients and the pooled diagnostic yield was
reported to be 56% (95% confidence interval
[CI]: 50-61%, I>=61%). Furthermore, a subgroup
analysis found added value over CT in 32% of
cases. There is consensus that FDG-PET/CT is
an increasingly available and emerging choice
of investigation, but there is variability in prac-
tice [18]. A more recent Chinese multi-center
study investigated the clinical utility of FDG-
PET/CT for the diagnosis of FUO [19]. Based on
their observations, 95.2% of the subjects had a
positive finding on FDG-PET/CT. Furthermore, it
provided additional information in 77.4% of the
cases, and overall, 89.6% of patients benefit-
ted from FDG-PET/CT imaging [19].

Given that FDG-PET can detect neoplasms, it is
superior to other tests such as labeled leuko-
cytes in detecting the underlying cause of FUO.
In recent studies on FDG-PET/CT in FUO, the
prevalence of malignancies as the underlying
cause of FUO has been reported to be 15-19
[17-19]. The most common neoplastic cause
of FUO is lymphoma [26]. The sensitivity and
specificity of FDG-PET in lymphoma was found
to be 90% and 91%, respectively [27, 28], indi-
cating the suitability of this modality in detect-
ing the neoplastic causes of FUO. FDG-PET is
also highly useful for detection of vasculitis as
a cause of FUO. The sensitivity and specificity
of FDG-PET in detecting vasculitis is reported
to be 77-100% and 89-100%, respectively [29].
Giant cell arteritis (temporal arteritis) and
Takayasu’s arteritis constitute 17% of all FUO
causes [30]. Often times, MRI and CT are uti-
lized for diagnosis of Takayasu arteritis; how-
ever, FDG-PET is considered to be particularly
useful for the diagnosis of early-stage TA [30].

FUO is a challenging medical problem also in
children, and although not completely similar to
an adult population, some features are similar.
Etiologies comprise infection (30-35%), non-
infectious inflammation (20%), and malignan-
cies (10%), whereas about one-third will re-
main undiagnosed [31]. Most diagnostic imag-
ing modalities, including MRI and conventional
radionuclide examinations, has shown disap-
pointing results with confirmed diagnosis in
as few as 33% of FUO patients [32]. FDG PET
has demonstrated higher utility. Jasper et al.
assessed the diagnostic value of PET imaging
in 69 pediatric patients with FUO (44 scans) or
instances of inflammation without having fever

Am J Nucl Med Mol Imaging 2019;9(6):255-273



FDG-PET/CT in infectious and inflammatory diseases

Figure 2. A 54-year-old male with Down’s syndrome was referred to under-
go FDG-PET/CT to detect the underlying cause of this patient’'s FUO. The
blood culture was reported positive for Streptococcus dysgalactiae subsp.
equisimilis. Further investigations including gallium scan and abdominal ul-
trasound failed to reveal the site of infection. Ultimately, FDG-PET/CT was
performed for further evaluation of this patient’s fever and bacteremia.
Sagittal (E-G) and Coronal (A-D, H) FDG PET/CT images showed a marked
hypermetabolism (SUVmax 6.0) at C5/6 with adjacent vertebral endplate

destruction, compatible with spondylodiscitis.

(33 scans) [33]. They showed that FDG-PET and
PET/CT are useful diagnostic tools for evaluat-
ing children with FUO and unexplained signs of
inflammation [33]. In another study, 31 children
with FUO were scanned and 32% of the total
FDG-PET/CT scans were found to be clinically
helpful [34]. The sensitivity, specificity, positive
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predictive value and negative
predictive value of FDG-PET/
CT were 80%, 78%, 67% and
88%, respectively [34].

There are also studies which
compare FDG-PET with other
tracers in diagnosing FUO.
Meller et al. [35] performed a
study on twenty FUO patients
who underwent FDG imaging
using DHCC. Imaging included
trans-axial and longitudinal
whole-body tomography. In
18 of these subjects, ¢’Ga
citrate whole-body and SP-
ECT imaging was performed.
Furthermore, the sensitivity,
specificity, positive predictive
and negative predictive value
of trans-axial FDG tomogra-
phy was found to be 81%,
86%, 92%, and 75%, respec-
tively. The sensitivity, speci-
ficity, positive predictive and
negative predictive values of
Ga-67 were reported to be
67%, 78%, 75%, and 70%, re-
spectively. Thus, they con-
cluded that in the context of
FUO, trans-axial FDG tomog-
raphy when performed with
DHCC is superior to ¢’Ga ci-
trate SPECT [35]. Although
Ga-67 scan was considered
as the tracer of first choice in
the diagnostic workup of fe-
ver of unknown origin (FUO),
its drawbacks of high dose
of radiation, long procedure
time, and low spatial resolu-
tion make FDG-PET a more
valuable method [35] and it
may be the most effective
imaging technique in deter-
mining the underlying causes
of FUO [26].

Another clinical entity within the same area is
bacteremia. FDG PET/CT is used increasingly in
locating infectious foci in bacteremia of
unknown origin (BUO) Figure 2. Studies have
reported that FDG-PET has been able to detect
the infectious foci in 56-73% of patients [36-
39]. In a significant proportion, FDG PET/CT
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Figure 3. A 43-year-old man, with history of HIV infection, now undergoes
staging FDG PET/CT for newly diagnosed classical Hodgkin’s lymphoma. (A)
Maximum intensity projection shows hypermetabolic left cervical (red arrow)
and SCF (blue arrow) lymphadenopathies. Corresponding transverse (B) hy-
brid and (C) CT images show hypermetabolic enlarged left SCF lymph node
(blue arrows), in keeping with biopsy-proven classical Hodgkin's lymphoma.

was the first or only modality to find infectious
foci despite various imaging strategy before-
hand. This indicates that the patient population
is similar to FUO, and the patients often com-
prise the more difficult ones [36-39]. Similar
potential has been suggested in pediatric pop-
ulation albeit less literature is available [40,
41]. Some controversies remain regarding pro-
tocol and diagnostic algorithm; some studies
have found markers of infection/inflammation
(e.g. CRP or white blood cell count) or duration
of antibiotic therapy prior to scan to be corre-
lated to positive findings and usefulness of
results [42, 43], whereas others have found
opposite results [44].

FDG PET also had a significant impact on treat-
ment strategy. Changes in already instituted
treatment have been found in 47-70% of
patients [43-45]. One study found that it was
safe to reduce the duration of treatment in
patients with high risk bacteremia and a nega-
tive FDG PET/CT from the 4 weeks suggested in
guidelines to the two weeks standard of care
for non-high risk bacteremia. Similar mortality
and morbidity was established in these patients
with reduced duration of treatment with clear
benefits from a health economics point of view
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[46]. The prognosis in bacte-
remia patients who had FDG-
PET/CT imaging was signifi-
cantly better than in patients
that did not undergo FDG PET/
CT [39]. Finally, FDG PET/CT
was deemed cost effective in
this patient population [47].

HIV & AIDS

FDG PET/CT can play a useful
complementary role in delin-
eating the different stages of
HIV morbidity, as there is a
tight association between HIV
progression and pattern of
lymphoid tissue activation in
HIV patients without malig-
nancies [48]. FDG activity var-
ies with the different stages of
the disease. The early stages
of the disease depict a specif-
ic pattern of lymphoid FDG
uptake at the head and neck
region, while the mid stage is
associated with peripheral nodal activity, and
the late stage is associated with abdominal
nodal involvement [49].

Acquired Immuno-deficiency Syndrome (AIDS)
patients are susceptible to develop HIV-related
malignancies and opportunistic infections, and
FDG PET/CT may play a complementary role in
differentiating and detecting these diseases
Figure 3. Up to 10% of AIDS patients may
present with neurologic symptoms, and FDG
PET/CT can be useful in differentiating be-
tween toxoplasmosis and central nervous lym-
phoma. Central nervous lymphoma tends to
show intense FDG uptake, whereas toxoplas-
mosis shows only mild or no FDG uptake [50-
52]. However, FDG PET/CT may not always
reliably differentiate between HIV-related lym-
phoma and inflammatory diseases, particularly
in the context of high viral loads and low CD4
count [48]. Special attention should be paid to
plasma variables such as viral loads and CD4
count during PET/CT reporting, as FDG avid
infammatory normal-sized lymph nodes may
be misinterpreted as lymphomatous lesions
[48]. FDG PET/CT has also shown to be effec-
tive in assessing the arterial inflammation in
HIV infected individuals [53].
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Baseline 184.4 9.3 14.9 1727.2 2238.6
Follow up 87.4 6.8 11.4 597.6 830.5

Figure 4. Baseline (A, B) and follow up (C, D) MIP PET images of an HIV/TB positive patient. The lung lesion de-
creased in size and activity after two months of antiretroviral therapy (black arrows). At the same time, an increased
lymph node involvement was observed on FDG PET (red arrows). The FDG-avid lung lesion was segmented semi-
automatically using an adaptive contrast-oriented thresholding system (ROVER; ABBX, Radeberg, Germany). The
values for metabolic tumor volume (MTV), SUVmean, partial volume corrected SUVmean (pvcSUVmean), SUVmax,
total lesion glycolysis (TLG) and partial volume corrected total lesion glycolysis (pvcTLG) at the baseline and the fol-
low up are noted in the table [64]. Reproduced with permission.

FDG PET/CT may also help to assess the treat-
ment efficacy of highly active antiretroviral ther-
apy (HAART). There is a significant difference in
metabolic activity in lesions of HIV-infected
patients prior to HAART compared to post-
HAART patients. The former group demonstrat-
ed increased nodal FDG uptake while the latter
showed no nodal uptake [54]. This suggests
FDG PET/CT may play a promising role for moni-
toring HAART treatment efficacy in the foresee-
able future.

Tuberculosis (TB)

Asthe causative organism of TB, Mycobacterium
tuberculosis (Mtb) remains one of the most
lethal human pathogens [55]. In a 2017 WHO
global TB report it was reported that TB was the
cause for 1.3 million deaths among HIV-
negative people with another 300,000 deaths
in HIV-positive patients [56]. Despite a global
effort to fight TB with effective anti-TB drugs, it
is still ranked as the 2" highest cause of mor-
tality among all infectious diseases globally.

260

Latent TB, which accounts for more than 90%
of infected cases, is believed to be present in
nearly one third of the global population [57].
Of particular importance is drug-resistant and
HIV-related TB infection because of the higher
costs to treat these conditions [58, 59]. Con-
current TB infection in HIV patients raises diag-
nostic difficulties and commonly delays the
diagnosis and treatment for TB infection. HIV
infection further raises the number of conver-
sions from latent TB to active disease [60].

Because tuberculous granulomatous inflam-
mation appear as FDG avid lesions on PET/CT
imaging [61], it is able to delineate the extent of
disease involvement and detect occult extra-
pulmonary lesion sites due to its whole-body
image characteristics. FDG PET/CT imaging is
also effective in assessing treatment response
during and after the treatment course [62-64]
Figure 4, which carries significant clinical
impact in assessing the efficacy of a given
treatment and the need to alter the regimen
accordingly. This potential was supported by a
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recent systematic review and meta-analysis
focusing on SUV-based response evaluation,
but literature is still sparse and heterogeneous
[65]. Furthermore, it has the ability to detect
skeletal TB lesions as well as differentiating
chronic TB spondylitis from acute pyogenic
spondylitis [66, 671].

Pulmonary tuberculomas can appear as hyper-
metabolic solitary pulmonary nodules (SPN) on
FDG PET/CT imaging [68, 69]. It is of impor-
tance to be able to differentiate between
benign and malignant SPNs, as the latter has
an overall mortality rate of nearly 85% [70].
Some studies demonstrate that dual-phase
FDG PET imaging may be helpful in resolving
the aforementioned problem of differentiation,
wherein FDG uptake of benign lesions appear
to remain the same or decrease with time,
while FDG activity rises in delayed imaging of
malignant lesions [71, 72]. However, the effi-
cacy of dual-phase technique is controversial
as some studies have shown that it cannot
reliably differentiate between pulmonary tuber-
culoma and malignant SPN [73-76]. Werutksy
et al. found that FDG PET/CT has a low specific-
ity in identifying non-small cell lung cancer
(NSCLC) with a positive predictive value of 54%
[77]. Moreover, FDG PET/CT may not be able to
discern between active and latent TB infection,
because the increased FDG metabolism is not
only apparent in active infective lesions, but
may also be seen as a result of host immune
response [78].

Apart from FDG, other novel tracers have
been developed for characterization of TB le-
sions. As F18-FLT reflects tumor cell prolifera-
tion [79], it is reported that combined FDG
and F18-FLT PET imaging may be useful to dif-
ferentiate between malignant and TB lesions
by means of using the ratio of SUVmax in FDG
and F-18 FLT [80, 81]. Besides the F-18 tra-
cers, C-11 tracers may also play a useful role
for management of TB. Combined C-11 choline
and F-18 FDG PET/CT raises the diagnostic
accuracy in differentiating malignancy from
benign disease entities [82] when compared to
using single C-11 PET/CT imaging. The 20 min-
ute half-life of C-11 limits the use to facilities
with in-house cyclotron access. Larger-scale
studies are required to further ascertain the
role of the alternative tracers in managing TB
patients.
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In conclusion, FDG PET/CT remains a non-inva-
sive imaging tool for managing TB patients
and carries great clinical impact, in terms of
diagnosis, treatment response monitoring and
metabolic activity assessment [83]. With its
unique ability to reflect metabolic behavior,
FDG PET/CT offers a great opportunity for hi-
stological mapping and characterization of TB
lesions, thus allowing for personalized, patient-
based medical treatment in the near future.

Osteomyelitis (OM), diabetic foot & prosthesis
joint infection

Over the past several decades, various nuclear
medicine techniques have been used for man-
aging osteomyelitis patients in terms of diag-
nosing or assessing the treatment efficacy.
Some commonly used radiopharmaceuticals
include combined bone marrow/leukocyte
scintigraphy, gallium scintigraphy, combined
Tc-99m MDP bone/gallium scintigraphy and
combined Tc-99m MDP bone/leukocyte scintig-
raphy. As the above traditional nuclear medi-
cine techniques have their own limitations, FDG
PET/CT may have a more important role in man-
aging the OM patients.

Osteomyelitis can be divided into acute and
chronic type and differentiating the two sub-
types is based on whether it has been present
for less than or more than 6 months [84].
FDG PET/CT can play a role in differentiating
between chronic OM and aseptic post-opera-
tive/traumatic bone healing [85, 86] as in-
creased FDG uptake persists in chronic OM
cases. This is because activated macrophages
continue to accumulate FDG in chronic infec-
tion [85, 86]. FDG PET has higher specificity
(91%) sensitivity (96%) and in chronic OM com-
pared with bone scan, leukocyte scan, com-
bined bone/leukocyte scan and MRI [87].
Leukocyte scan has a limited sensitivity in
detecting vertebral osteomyelitis, possibly due
to limited blood supply and slow cellular turn-
over. FDG PET however has higher diagnostic
accuracy for detection of vertebral chronic OM
compared to leukocyte scan [87], and one of
the advantages mentioned compared to radiol-
ogy-based modalities is less susceptibility to
attenuation or metal artefacts due to implants
[88]. However, caution must be taken as false-
positive result can be possibly encountered
due to fractures, inflammatory arthritis, or nor-
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Figure 5. In this patient with bilateral hip prostheses,
the maximum intensity projection image shows FDG
uptake patterns in non-infected hip prosthesis and
infected hip prosthesis. In the right non-infected hip
prosthesis, some uptake of FDG is noted around the
neck (arrow heads), while the bone-prosthesis in-
terface appears without significant FDG uptake. In
Contrast, the left infected hip prosthesis reveals sig-
nificant tracer concentration at the bone-prosthesis
interface (arrows). In this particular patient, there
is also significant activity in the tip of the prosthesis
(dashed arrow) [99]. Reproduced with permission.

mal bone healing within 4 weeks post opera-
tion [89, 90].

Diabetic foot infection is one of the most
common complications of diabetes, frequently
leading to serious sequelae such as amputa-
tion. It is of vital importance to differentiate
osteomyelitis in diabetic foot from neuropathic
osteoarthropathy, as they have different treat-
ment approaches. Neuropathic osteoarthropa-
thy demonstrates lower FDG metabolism com-
pared to osteomyelitis [91, 92]. In a study of 39
patients with a clinically suspected diabetic
foot infection FDG PET/CT was shown to have a
high sensitivity (100%), specificity (92%), PPV
(87%) and NPV (95%). Another study showed
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less promising results as it was found that leu-
kocyte scans have better diagnostic accuracy
compared to FDG PET/CT [93]. The conflicting
result may be attributed to variability in serum
glucose level prior to FDG PET/CT exam, which
is commonly encountered in diabetic patients.

Similarly, the role of FDG PET/CT in prosthesis
joint infection has not been completely eluci-
dated Figure 5. It is difficult to differentiate
prosthesis joint infection from aseptic loosen-
ing clinically. Combined In-111 leukocyte scin-
tigraphy and bone marrow imaging demon-
strates good diagnostic accuracy (>90%) con-
firming prosthesis joint infection. Although
both prosthesis joint infection and aseptic
loosening may have a peri-prosthetic FDG
activity [94, 95], studies have shown accept-
able sensitivity and specificity for FDG-PET in
detecting prosthesis infection [96-99]. A meta-
analysis incorporating 11 studies demonstrat-
ed high sensitivity (82.1%) and specificity
(86.6%) in using FDG-PET for detecting pros-
thetic knee and hip joint infection [96]. Kwee et
al. found that FDG-PET/CT aids in diagnosing
hip prostheses infections with sensitivity and
specificity based on the visual assessment of
0.81 and 0.68, respectively, whereas the sen-
sitivity and specificity using an optimized
SUVmax threshold were 0.71 and 0.78, respec-
tively [97]. Furthermore, results of a systemic
review of 16 studies (1101 patients) showed
that on a per prosthesis-based analysis, the
pooled sensitivity and specificity of FDG-PET or
PET/CT in detecting prosthesis infection were
87% with an area under the curve of 0.94 [98].

Vasculitis

In 1990 the American College of Rheumatology
(ACR) established criterion to differentiate
among the 7 types of vasculitis [100]. The
CHCC 1994 classification organized vasculitis
according to different vessel size [101], namely
the small, medium and large vessels diseases.
Giant cell arteritis (GCA) and Takayasu arteritis
(TA) are classified as large vessel diseases;
periarteritis nodosa and Kawasaki’'s arteritis
are classified as medium vessel diseases;
granulomatosis with polyangiitis (formerly We-
gener’'s disease), eosinophilic granulomatosis
with polyangiitis (formerly Churg-Strauss syn-
drome), microscopic polyangiitis, Henoch-Sch-
onlein purpura, and essential cryoglobulinemia
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Figure 6. MIP (A) and fused coronal (B) and sagittal (C) PET/CT of a 57-year-old female referred with non-specific
symptoms (fatigue, weight loss) and increased inflammatory markers. The scan showed diffuse increased FDG up-
take in the carotid arteries, the axillary arteries, the thoracic and abdominal aorta, and the iliac arteries consistent

with large vessel vasculitis.

vasculitis are classified as small vessel dis-
eases.

Although the pathogenesis of both GCA and TA
is unknown, it is believed to be an antigen-re-
lated autoimmune reaction [102, 103], but no
definite antigenic stimulus can be truly identi-
fied [104]. While temporal artery biopsy is
regarded as the gold standard for diagnosis
of GCA, the procedure is invasive and can be a
false negative in up to 7% of the cases due to
skip lesions [105]. Many patients are either
asymptomatic or manifest without the classic
presentation of headache and scalp tender-
ness, which leads to a delay in diagnosis [106].
This delay in diagnosis can lead to aortic com-
plications and fatal outcomes [107]. Hence it is
of paramount importance to detect large ves-
sel vasculitis (LVV) in early stages with more
sophisticated imaging modalities.

FDG PET/CT, ultrasonography, MRI are among
the various imaging modalities available for
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use in diagnosing LVV. Presence of diffusely
increased FDG activity along the aortic wall
and its branches may help in diagnosing LVV,
particularly in patients with subtle inflammato-
ry signs and symptoms [108, 109] Figure 6.
As the uptake of blood pool decreases over
time, the contrast between the vessel wall
inflammation and the blood pool becomes
more prominent and thus, PET acquisition at a
delayed time point is preferred as it may
increase the sensitivity of subtle LVV [110].
Although FDG PET is useful in visualizing in-
flammation of the aorta and the larger arte-
ries, its role is relatively limited for smaller
arteries due to limited spatial resolution of PET/
CT. FDG PET/CT may be able to differentiate
between giant cell arteritis (GCA) and polyar-
teritis nodosa (PAN) [111]. Historically, it was
thought to be difficult to demonstrate increased
FDG uptake along the temporal artery in view of
its small diameter and proximity to the high
physiologic uptake in the brain. A recent study,
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however, demonstrated high accuracy in diag-
nosing GCA when focusing dichotomously on
FDG uptake in temporal, maxillary or vertebral
arteries [112]. The presence of increased FDG
uptake along the aorta, subclavian, carotid,
and iliac arteries can be helpful in guiding the
diagnosis of GCA with FDG PET/CT [111]. With
regards to the role of FDG PET/CT in the in-
itial diagnosis in LVV, sensitivity ranged from
T7% to 92% and specificity ranged from 89%
to 100% in GCA [113]. The results are even
more promising in TA, where sensitivity rea-
ched 92% and specificity reached 100% [114].
It is also a useful tool that helps to select the
site of biopsy [11, 115] by showing increased
FDG uptake. Moreover, it can better delineate
the extent of disease and demonstrate extra-
cranial involvement, where more vascular
involvement was found by FDG PET/CT as
compared with MRl and angiography [116,
117]. Hence FDG PET/CT is a complimentary
tool for diagnosing LVV, especially in suspected
cases where temporal artery biopsy is nega-
tive. One caveat pertains to glucocorticoid
treatment as it may substantially attenuate
FDG uptake and result in false negative find-
ings, but a recent study found that FDG PET/CT
scans performed within three days of treat-
ment with high-dose glucocorticoids retained a
high sensitivity (10/10), whereas sensitivity
was reduced to one-third (5/14) after ten days
treatment [118].

Nearly 50% of GCA cases coexist with poly-
myalgia rheumatica (PMR), an inflammatory
disease causing pain and stiffness in the jo-
ints [119, 120]. Erythrocyte sedimentation
rate and C-reactive protein levels are often ele-
vated in this condition. Isolated PMR often
shows increased FDG metabolism around the
hips, shoulder joints, and in interspinous and
supraspinous processes along the vertebral
column [121]. Some have suggested nine well-
defined anatomical areas with a specificity of
>95% with increased FDG uptake above the
liver in >6 areas [122]. Mildly increased vascu-
lar FDG uptake can be seen in 30% of cases
[121], most commonly around the subclavian
arteries. Though FDG PET/CT can be useful to
assess treatment response in LVV, caution
should be exercised for image interpretation for
persistent increased FDG uptake following
treatment, where both fibrosis and vascular
remodeling can lead to increased metabolic
activity [113].
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The role of clinical application of FDG PET/CT in
small and medium-sized vasculitis disorder
remains to be explored, mainly attributed to
limited spatial resolution of PET/CT imaging.
Potential applications include identification of
systemic organ affections [123] and differenti-
ation between disease flare, infection and can-
cer [25], but further studies are required to
define its role and potential benefit in such
cases.

Sarcoidosis

Sarcoidosis is an idiopathic, granulomatous
non-caseating disease predominantly involving
the lungs and lymph nodes but has the poten-
tial to involve all organs. The clinical manifesta-
tions, disease course, and prognosis of sar-
coidosis patients can vary, with some patients
who recover spontaneously and others who
deteriorate rapidly despite medical treatment
[124, 125]. While high-resolution computed
tomography (HRCT) is regarded as the imaging
modality of choice for the diagnosis of sarcoid-
osis, biopsy is still necessary because it allows
for the differentiation of sarcoidosis from other
interstitial lung diseases.

PET/CT has the ability to detect the FDG uptake
in granulomatous cells producing the inflamma-
tion seen in sarcoidosis Figure 7. FDG PET/CT
has proven to have good sensitivity and offers
valuable information to evaluate both pulmo-
nary and extra-pulmonary sarcoidosis [5]. In
addition, by identifying different FDG uptake
pattern, sarcoidosis patients have been re-
classified based on the various extent of organ
involvement, with thoracic lymph nodes and
lung parenchyma involvement being classified
as extra thoracic disease [126, 127]. This pro-
posed classification system carried prognostic
stratification, as studies found that spleno-
megaly, parenchymal lung disease, and invo-
Ivement of more than three organ systems
were associated with a worse prognosis [126,
127]. The whole body characteristics of FDG-
PET can be useful to identify occult lesions, as
well as detecting multiple organ involvement
[128]. It has also proven to be useful in detect-
ing cardiac and cerebral sarcoidosis [129,
130]. Prior to the use of FDG, gallium scintigra-
phy was used as the nuclear imaging modality
of choice for infection and inflammation. How-
ever, in comparison to gallium scintigraphy,
FDG PET/CT is more suitable for imaging the
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Figure 7. MIP PET image (A) and fused axial PET images of a sarcoidosis pa-
tient show focal increased FDG uptake in supraclavicular, para-aortic, sub-
aortic, para-tracheal and hilar lymph nodes (arrows, B-D).

mediastinum, hilar lymph nodes, the posterior
regions of the lungs, and non-thoracic lesions
[131, 132]. Imaging of cardiac inflammation is
also improved with PET/CT over gallium scintig-
raphy, but due to the physiologic FDG uptake in
the heart, special protocol considerations are
important to improve accuracy and reduce
indeterminate scans, e.g. prolonged fasting
and specific high-fat, low-carbohydrate dietary
constraints [133].

In regards to treatment monitoring, FDG PET/
CT is a useful non-invasive tool in assessing
treatment efficacy in sarcoidosis patients treat-
ed with corticosteroids, which results in a
decrease in metabolic activity along with clini-
cal and biochemical improvement [134, 135].
Furthermore, it carries significant clinical
impact by aiding in the decision to switch to
alternate therapeutic regimens [136-138].
Other studies have also demonstrated the
promising use of FDG PET/CT in assessing the
treatment efficacy of drugs other than cortico-
steroids, such as infliximab, that is commonly
used in sarcoidosis [139].

FDG PET/CT also allows for quantifications of
the cardiac metabolic activity (in terms of
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SUVmax or SUVmean values),
where the SUVmax correlates
with histopathological findin-
gs [134]. It has also been
shown that changes of SUV-
mean and SUVmax on serial
FDG-PET scans negatively cor-
relate with the clinical out-
come of patients with cardiac
sarcoidosis [140]. Muser et al.
performed a quantitative an-
alysis of 20 patients with car-
diac sarcoidosis using a no-
vel method of quantification.
Their findings demonstrated
that changes in FDG uptake
were correlated with systolic
function. Additionally, the re-
duction in the uptake of FDG
was predictive of the decr-
eased probability of major ad-
verse cardiac events in these
patients [141]. This quantita-
tive technique, known as glob-
al disease assessment, may
be the optimal approach for
quantitative assessment of PET in sarcoidosis
patients as it incorporates the metabolic activ-
ity of the entire heart and accurately reflects
the extent of the disease activity.

Perspectives-advantages and limitations of
FDG in inflammatory imaging

It is evident from the above that infectious and
inflammatory diseases comprise a multitude of
different diagnoses characterized by heteroge-
neous clinical presentations throughout the
body, some focal, some systemic in appear-
ance. Thus, the greatest advantage of FDG
PET/CT imaging is that it is a sensitive whole-
body modality based on relatively non-specific
FDG uptake. Furthermore, compared to the
competing radioisotope method with labeled
white blood cells, it is faster, provides better
image resolution, and does not require han-
dling of patient blood.

Paradoxically, the advantage of FDG is also
part of the challenges and limitations: the non-
specificity of FDG hampers the differentiation
between pathologic and physiologic uptake,
and due to the diversity of infections and inflam-
matory diseases, differentiation between dif-
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ferent disorders is also difficult. Physiologic
FDG uptake may especially interfere with inter-
pretation in specific organs, e.g. infections in
the brain, heart, bowel, and bladder may be dif-
ficult or impossible to diagnose. It may to so-
me extent be remedied by patient preparation,
e.g. imaging of the infected heart requires pro-
longed fasting preceded by a low-carbohydr-
ate/high-fat diet to facilitate a shift in cardiac
metabolism from glucose to free fatty acid to
suppress physiologic FDG-uptake [142]. When
imaging of the bowel, for instance in suspected
inflammatory bowel disease, several factors
may facilitate physiologic uptake, e.g. normal
bacterial flora and peristalsis [143]. The latter
may be reduced with motility reducing drugs,
but such measures have not been introduced
into clinical routine.

Certain medication may also influence the
diagnostic accuracy. For instance, the wide-
spread use of metformin in type 2 diabetes
may impact imaging of the bowel; through
unknown mechanisms metformin facilitates
diffuse FDG-uptake throughout the colon, but
the effect is reversible by discontinuing the
drug for 48-72 hours prior to scan [144].
Another therapy with well-known impact on
diagnostic performance of FDG is corticoste-
roids, especially high-dose treatment in sus-
pected cranial vasculitis; FDG-uptake is known
to subside completely after just a few days
treatment, and imaging needs to be comple-
ted beforehand, or corticosteroids need to be
paused for at least three days, which is not eas-
ily accomplished or without risk in suspected
temporal arteritis [118].

Another challenge with the non-specificity
and physiologic uptake of FDG is the difficulty
of differentiating pathologic uptake in ac-
tive infection/inflammation and the reactive or
post-therapeutic FDG uptake often seen after
surgery and instrumentation. For instance,
non-specific FDG uptake is seen around joint or
vascular prosthesis for prolonged periods of
time, in the latter as long as 16 years. Routine
assessment of non-attenuation images and
use of novel software for reduction of metal
artefacts may improve efficacy in these set-
tings [145], but much work has also been put
into optimizing interpretation in these and other
settings, e.g. various interpretation criteria
based on visual assessment and pattern rec-
ognition, visual grading scores, and/or semi-

266

quantitative parameters, but for most diagno-
sis there is limited consensus on the in-
terpretation schemes [146].

Future directions must focus on research.
Much literature on these subjects remains sub-
standard, due to small populations, retrospec-
tive designs, and older stand-alone technology.
Thus, the future direction needs to focus on
establishing more firm evidence in prospec-
tive studies, preferably randomized and with
patient-based outcome also factoring in econo-
my. Finally, nuclear medicine physicians must
embrace the multitude of diseases within the
field of inflammation and infection and gain the
advanced knowledge on pathophysiology, clini-
cal presentation, and treatment strategy that is
necessary to establish and secure the optimal
diagnostic strategy-just as we have for years
sought to gain the necessary knowledge on the
multitude of cancers, neurologic diseases etc.

Summary

FDG-PET/CT has an expanding role in diagnosis
and treatment monitoring in diseases of infec-
tious or inflammatory origin. An expanding set
of studies illustrate the multifarious roles of
FDG-PET/CT in the assessment of these condi-
tions, both systemic diseases and more region-
al. Specifically, PET can provide vital informa-
tion at a molecular level and consequently
detect the disease activity at their earliest man-
ifestation. FDG-PET/CT has proven to be a
robust and accurate modality in diagnosing and
quantifying disease burden particularly in the
context of the clinical diagnosis and treatment
monitoring. The utility and versatility of this
imaging modality in these contexts should gal-
vanize efforts to further expand the role of PET-
CT/CT in the management of infectious and
inflammatory disease.
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