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13.1	 �Introduction

Infections, abscesses, and other inflammatory 
process are a major concern to the clinician and 
to the patient. Inflammatory imaging requires a 
multidisciplinary approach to accurately diag-
nose, stage, and follow up infectious processes. 
Inflammation acts as the initial host defense 
against invasive pathogens and other inciting 
stimulus. It plays an important role in tissue 
repair and elimination of harmful pathogens. 
Although the inflammatory response is essential 
for host defense, it is very much a double-edged 
sword. Inappropriate inflammatory reaction or 
delay in the resolution of inflammation will dam-
age adjacent normal cells in the tissue.

Timely diagnosis and localization of infection 
is a critical step in the appropriate clinical man-
agement of this group of diseases. Radiological 
imaging modalities such as computed tomogra-
phy (CT), magnetic resonance imaging (MRI), 
and ultrasonography (US) are all being currently 
used for the evaluation of infection. These imag-
ing techniques are, however, based on morpho-
logical changes and are therefore of limited value 
in the early stage of the infectious process, which 

may show only insignificant structural infection-
related tissue modifications or none at all.

Nuclear medicine plays an important role in 
the evaluation of infection. Scintigraphic tests are 
excellent noninvasive modalities of whole-body 
scanning that allow diagnosis of infectious foci 
and assessment of the extent of disease in any 
part of the body. Nuclear medicine procedures 
have been the tool of choice for assessment of 
musculoskeletal infections such as osteomyelitis, 
infected prosthetic joint implants, and diabetic 
foot. These functional imaging modalities are 
also used for the evaluation of patients presenting 
with fever of unknown origin. Infection-seeking 
radiotracers are used for diagnosis and localiza-
tion of suspected abdominal abscesses, vascular 
graft infection, and pulmonary infection [1].

Nuclear medicine provides unique information 
on pathophysiological and patho-biochemical pro-
cesses—as opposed to other imaging procedures 
such as CT, MRI, and US, which supply high-
resolution data on morphological changes that 
take place as a result of a specific disease. Because 
they provide a different type of information, scin-
tigraphic and anatomical imaging modalities play 
a complementary role in many clinical settings, 
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including the assessment and management of 
patients with infectious processes.

13.1.1	 �Devices

13.1.1.1	 �Gamma Camera
The vast majority of all clinical nuclear medicine 
studies are based on the imaging of the internal 
distribution of one or more radiopharmaceuticals 
with a gamma camera. The term gamma camera 
refers to a device that can image the distribution 
of a gamma-emitting radionuclide.

For many years, nuclear medicine proce-
dures have been performed using a gamma cam-
era. Originally, multiple planar projections were 
acquired to provide diagnostic information, but, 
more recently, the techniques of SPECT (Single 
Photon Emission Computed Tomography) have 
been utilized. Conventional planar images gener-
ally suffered from poor contrast due to the presence 
of overlying and underlying activity that interferes 
with imaging of the region of interest. The result-
ing planar image is low in contrast due to the effect 
of the superposition of depth information.

This effect can be reduced by collecting 
images from multiple positions around the distri-
bution and producing an image of a transverse 
slice through the distribution.

The resulting tomographic image is of higher 
contrast than the planar image due to the elimina-
tion of contributions of activity above and below 
the region of interest. This is the goal of SPECT 
to provide images of slices of radionuclide distri-
butions with image contrast that is higher than 
that provided by conventional techniques. 
Currently with the new hybrid tomograph, 
SPECT/CT images could be performed with a 
more accurate localization.

13.1.1.2	 �PET/CT
Positron emission tomography (PET) is a nuclear 
medicine functional imaging technique that is 
used to observe metabolic processes in the body. 
The system detects pairs of gamma rays emitted 
indirectly by a positron-emitting radionuclide 
(tracer), which is introduced into the body on a 
biologically active molecule. Three-dimensional 

images of tracer concentration within the body 
are then constructed by computer analysis. In 
modern PET/CT scanners (Fig.  13.1), three-
dimensional imaging is often accomplished with 
the aid of a CT performed on the patient during 
the same session, in the same machine [2]. 
Currently, it is principally used for oncology pur-
pose (almost 90% of the scan), but there is a con-
tinuous rise of the use in the field of neurology, 
cardiology, and infectious disease. It is clear that 
the different types of tests that we can do with the 
PET depend on the type of tracer rather than from 
the tomograph; it follows that the variation of the 
tracer will change the function studied. However 
there are tracers which have a major versatility, 
compared to others, and can be used for different 
purpose.

13.1.2	 �Tracers

The detection and localization of inflammation 
and infection with nuclear medicine techniques 
has been studied using different methods of con-
ventional nuclear medicine since the 1970s. The 
ideal characteristics of an infection-imaging 
radiopharmaceutical are well synthesized in 
Table 13.1.

Currently there are several SPECT and 
PET tracers in general use. The common trac-
ers are being gallium-67 (67Ga)-, indium-111 
(111In)-, and 99mTechnetium (99mTc)-labeled 
white blood cells (WBCs), labeled antigranu-
locyte antibody (LeukoScan), and fluorine-18-
fluorodeoxyglucose (18F-FDG). The sensitivity 
and specificity of these tracers depend on the 
clinical scenario and the organ involved.

Fig. 13.1  Difference between glucose and FDG
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13.1.2.1	 �67Ga-Citrate
67Ga-citrate (Ga) has been used for imaging infec-
tion for almost four decades, since its discovery in 
the early 1970s [3]. Ga was used for the investiga-
tion of fever of unknown origin, acute or chronic 
osteomyelitis, and the diagnosis of infections in 
immunocompromised patients. Although Ga scin-
tigraphy shows high sensitivity in detection of both 
acute and chronic infections, it has several draw-
backs that limit its clinical application. Its specific-
ity is relatively low because of early physiologic 
excretion through the urinary system and delayed 
excretion through the bowel and because of the nor-
mal biodistribution to the liver. Ga is a bone-seeking 
tracer, accumulating in areas of bone remodeling. It 
is also a tumor-seeking agent, accumulating in such 
tumors as lymphoma or hepatoma. Physiological 
hepatic, bowel, and renal uptake can either mimic or 
mask foci of infection localized inside or in the 
vicinity of these organs. Optimal Ga imaging may 
therefore require delayed imaging of up to a few 
days after injection, a disadvantage when diagnos-
ing acute infectious processes that may require 
rapid therapeutic interventions [3, 4].

13.1.2.2	 �Radiolabeled Leukocytes
Labeled WBC imaging using either 99mTc or 
111In has been shown to perform excellently in 
detecting acute and chronic infections. This test 
has become the nuclear medicine modality of 
choice in a variety of clinical settings when the 
suspicion of an infectious process exists. Clinical 
indications for labeled leukocytes scintigraphy 
include osteomyelitis, especially in cases where 
infected joint prosthesis or posttraumatic osteo-
myelitis is suspected.

Scintigraphic assessment, however, lacks ana-
tomical landmarks, rendering the topographic 
localization of sites of abnormal tracer uptake 
difficult. In this clinical setting, the precise local-
ization achieved with SPECT/CT in a single 
imaging step and with greater diagnostic accu-
racy may provide a tool for guiding invasive tis-
sue sampling procedures and further treatment 
planning.

A study aimed at investigating the potential 
advantage of 111In-labeled WBC-SPECT/CT 
compared with SPECT alone evaluated 14 
patients with various sites of suspected infection. 
The authors concluded that SPECT/CT improved 
the accuracy of anatomic localization of foci of 
abnormal WBC uptake and led to modification in 
clinical management [5].

13.1.2.3	 �Labeled Antigranulocyte 
Antibodies

The preparation of radiolabeled leukocytes is 
laborious, requires specialized staff and dedi-
cated expensive equipment, and can be hazardous 
because of blood-product handling.

The advantages of radioimmunoscintigraphy 
over techniques involving labeled autologous leu-
kocytes for imaging infection have to do mainly 
with the simplicity of its use due to the fact that 
there is no need for blood-product handling. 
Indications for labeled antigranulocyte antibody 
scintigraphy include the suspicion of osteomy-
elitis, fever of unknown origin, abdominal infec-
tions, and vascular graft infections [6–8].

Correlation of results from this scintigraphic 
technique to anatomical imaging modalities is 
considered mandatory for accurate diagnosis. 
False-positive studies may be the result of 
increased vascular permeability. Increased uptake 
of labeled antibodies has been observed in peri-
vascular hematomas and contusions, especially 
in the delayed phase images obtained 24 h after 
injection. With the additional anatomical infor-
mation it provides, SPECT/CT can be of value in 
excluding or confirming the presence of a hema-
toma as the cause of abnormal tracer uptake. 
Similar to the performance capabilities of other 
nuclear medicine procedures, the precise local-
ization of the infected site may be difficult on 

Table 13.1  Inflammation tracer carateristics

Ideal characteristics of an infection-imaging 
radiopharmaceutical

    – High sensitivity and specificity

    – Differentiates infection and inflammation

    – Differentiates acute and chronic infection

    – Rapid clearance from circulation/background

    – �No significant normal uptake in liver, spleen, 
intestine, bone, bone marrow, kidneys, and muscle

    – Easy to prepare, low cost, and easily available

    – No toxicity and free of immune reaction
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scintigraphy alone. A study investigating the 
value of SPECT/CT in chronic osteomyelitis 
assessed 27 patients with 29 sites of suspected 
bone infection and compared planar and SPECT/
CT imaging after injection of 99mTc-labeled 
antigranulocyte antibodies [9]. SPECT/CT was 
able to correctly localize all positive foci detected 
on planar and SPECT images. SPECT/CT also 
allowed the differential diagnosis of soft tissue 
infection, septic arthritis, and osteomyelitis. 
Furthermore, following the diagnosis of bone 
involvement, hybrid imaging was also able to dif-
ferentiate between cortical, corticomedullar, and 
subperiosteal foci of disease involvement. The 
authors concluded that combined SPECT/CT 
imaging improves the accuracy of radioimmu-
noscintigraphy for diagnosis of soft tissue infec-
tion and osteomyelitis [9].

13.1.2.4	 �FDG
Fluorodeoxyglucose (FDG) is currently mainly 
used in oncology, neurology, and cardiology and 
in the study of infectious and inflammatory 
disease.

FDG has been approved by US Food and Drug 
Administration (FDA) and European Medicines 
Agency (EMEA) and authorized as a diagnostic 
radiopharmaceutical in the diagnosis of infec-
tion. Fluorine-18 (18F) is a cyclotron-produced 
radioisotope with a half-life of 109.7  min that 
undergoes positron decay. [18F]FDG is an 
analogue of glucose, whereby the 2-carbon 
hydroxyl group of glucose is substituted with a 
fluorine atom (Fig. 13.1).

Like glucose, [18F]FDG is taken up by cells 
via the glucose transporter (GLUT1) and phos-
phorylated by hexokinase II (HKII) to form [18F]
FDG-6-PO4; however, unlike glucose, further 
metabolism is prevented due to the absence of the 
required 2-carbon hydroxyl, and hence [18F]FDG 
remains trapped within the cell (Fig. 13.2). [18F]
FDG-6-PO4 accumulates in cells over time, lead-
ing to signal amplification and making this imag-
ing agent a suitable indicator of hexokinase II 
activity as well as a cell’s need for glucose [10].

FDG rapidly accumulates at the sites of infec-
tion and inflammation with high target-to-
background ratio. The mechanism of FDG 

localization in infection is that cells involved in 
infection and inflammation, especially neutro-
phils and the monocyte/macrophage, are able to 
express high levels of glucose transporters, espe-
cially GLUT1. The common indications of FDG-
PET/CT in infection and inflammation included 
the following in descending order of accuracy: 
sarcoidosis, osteomyelitis, spondylodiscitis, 
fever of unknown origin, vasculitis, diabetic foot, 
prosthesis (especially hip), and vascular grafts. 
Also it is used for assessing the extent of fungal 
infection and evaluation of therapy in infectious 
or inflammatory diseases [11].

Mechanism of uptake of SPECT and PET

SPECT and PET tracer Mechanism of uptake

67Ga-citrate and 
99mTc-HMPAO 
migration of leukocytes

Transferrin and lactoferrin 
receptor binding

99mTc-HMPAO-WBC Migration of leukocytes

111In-oxine-WBC Cellular migration of 
leukocytes

LeukoScan (Tc-anti-
NCA-90 FAB 
antigranulocyte 
antibody)

Increased vascular 
permeability and binding 
and migration of 
antibody-labeled 
granulocytes

18F-FDG Glucose uptake by 
activated inflammatory 
cells

13.2	 �Diagnosis of Cyst Infection

Cyst infection is a diagnostic challenge in patients 
with autosomal dominant polycystic kidney dis-
ease (ADPKD) because of the lack of specific 
manifestations and limitations of conventional 
imaging procedures [12]. ADPKD represents the 
most common inherited kidney disease [13]. It is 
characterized by the development of fluid-filled 
cysts in kidney and liver parenchyma, derived 
from various renal tubular segments and biliary 
ducts. Cyst growth causes organ enlargement 
leading to abdominal and/or loin discomfort. 
Liver cysts are not associated with hepatic dys-
function, whereas kidney cysts cause end-stage 
renal disease (ESRD) in more than 70% of 
ADPKD patients. Also, cysts carry significant 
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morbidity, including bleeding and infection. Cyst 
infection is a serious complication of ADPKD. Its 
incidence is 0.01 episode/patient/year, according 
to a retrospective monocentric series of Sallée 
et al. [14]. Predisposing conditions include age, 
female gender, and recent instrumentation of the 
urinary tract. In the chronic hemodialysis popula-
tion, the prevalence of renal infection is signifi-
cantly higher in ADPKD patients than in controls 
[15]. In the renal transplant recipient (RTR) pop-
ulation, the prevalence of urinary tract infections 
in patients with ADPKD does not appear to be 
increased [16]. Cyst infection is the cause of hos-
pitalizations for 15% of ADPKD patients [14, 
17]. Most common pathogens are enteric flora, 
Escherichia coli. The retrograde route via the 
ureters is the presumed mechanism of cyst infec-
tion in the kidney. The identification of the germ 
is lacking in more than half of cases, similar to 
the rate observed in the general population with 
severe sepsis. Although the identification of the 
infectious agent is essential for tailoring the anti-
biotic therapy, the diagnosis of cyst infection is 
not easy because of the various, most often non-
specific, clinical manifestations and the limita-
tions of conventional imaging techniques. 
Proving the presence of cyst infection requires 
cyst fluid analysis. However, this is not always 
possible or indicated, so that diagnosis relies 
practically on a constellation of concurrent clini-
cal, biological, and radiological parameters.

Conventional imaging procedures, such as CT 
and magnetic resonance imaging (MRI), were 
largely discussed on the previous chapter.

13.2.1	 �WBC

Radiolabeled-leukocyte scintigraphy in the diag-
nosis of kidney cyst infection is a complement of 
the radiological procedures in the assessment of 
infectious site localization. Particularly, 111In leu-
kocyte scanning allowed the identification of renal 
cyst infection in ADPKD patients in whom other 
noninvasive imaging procedures had failed. 111In 
leukocyte scanning requires the handling of blood 
derivatives and in vitro labeling process, as well as 
a 24-h delay imaging. 111In scintigraphy is charac-
terized by poor spatial resolution, low sensitivity, 
high radiation activity, and significant interob-
server variability. Hexamethylpropyleneamine 
oxime (HMPAO) represents an alternative lipo-
philic chelator for efficient labeling of leukocytes 
with 99mtechnetium (99mTc). Radiation charac-
teristics of 99mTc-HMPAO are more favorable 
for imaging than those of 111In, particularly for 
single-photon emission computed tomography 
(SPECT). Furthermore, the dual modality tech-
nique combining CT with SPECT using radiola-
beled WBC has been associated with a diagnostic 
yield of 85% of cases with abdominal infections. 
The relevance of SPECT/CT to cyst infec-
tion diagnosis in ADPKD patients is currently 
unknown [12].

13.2.2	 �FDG-PET/CT

In the general population, 18FDG-PET/CT imag-
ing represents a reliable tool for the detection of 
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tissue infection on the basis of the high metabolic 
activity and increased uptake of the radiolabeled 
glucose analogue, 18FDG, by inflammatory cells 
[22]. Importantly, 18FDG is not nephro- or hepa-
totoxic and has been successfully used in patients 
with renal function ranging from mildly reduced 
GFR to ESRD [14, 23]. First, 18FDG-PET alone 
proved helpful in identifying or excluding renal 
and hepatic cyst infection in case reports and two 
retrospective series [14, 20, 24]. To further 
improve the localization of infectious sites, PET 
was combined with CT to integrate metabolic 
data from PET with anatomical information from 
CT [22]. In our series, 18FDG-PET/CT yielded 
positive results in 87% of cyst infection cases 
[17]. PET/CT was considered as positive for cyst 
infection when the uptake of 18FDG was focally 
increased around at least one cyst in comparison 
with the physiological accumulation in the paren-
chyma and was located at distance from the pelvi-
calyceal excretion. PET/CT yielded two 
false-negative results in a diabetic RTR during the 
immediate posttransplantation period and in a 
62-year-old nondiabetic woman with stage IV 
CKD. By contrast, three liver pyocysts could be 
percutaneously drained only after localization by 
PET/CT. The median delay between the onset of 
symptoms and PET/CT imaging was 9 days, and 
the mean maximal standardized uptake value 
(SUVmax) reached 5.1 ± 1.7 g/mL. The measure-
ment of SUVmax allows standardized quantifica-
tion of the inflammatory process in addition to the 
visual evaluation [23]. Repeated measurements of 
SUVmax may help follow up the inflammatory pro-
cess over time. Piccoli et al. [18] reported on the 
clinical management of ten patients with sus-
pected cystic infection, which was tailored upon 
18FDG-PET/CT results. PET/CT identified five 
kidney and one liver cyst infections. The mean 
SUVmax reached 8.4 ± 5.4 g/mL on initial PET/CT 
images. The follow-up of four patients included a 
comparative PET/CT performed 3–6 weeks later, 
which showed a visual reduction of pathological 
18FDG uptake but no significant change of 
SUVmax. Three patients underwent a third PET/
CT 7–9 weeks after the initial imaging, which dis-
closed no residual 18FDG uptake. Of note, the 
normalization of serum CRP levels preceded 

PET/CT normalization. The clinical relevance of 
persistent altered PET/CT images to treated infec-
tious diseases remains unclear. The literature in 
oncology supports that the follow-up by 18FDG-
PET/CT of therapeutic responses to chemo- or 
radiotherapy varies from 3 to 12 weeks depending 
upon the type of cancer and the administered ther-
apy. However, the pathophysiology of infection is 
intrinsically different from neoplasia, and cyst 
infection is associated with the additional chal-
lenge of antibiotic diffusion into a chronically 
damaged organ and a cystic cavity. Consequently, 
18FDG-PET/CT probably represents an optimal 
tool for the detection and localization of pyocysts 
in ADPKD patients, but its role in the follow-up 
after antibiotic therapy remains uncertain. PET/
CT in ADPKD patients with suspected cyst infec-
tion offers the additional advantage of entirely 
scanning the abdominal cavity, thereby occasion-
ally identifying non-cystic inflammatory disor-
ders and adjusting the therapy. PET/CT results 
significantly changed the management of 26% of 
cases [17]. Moreover, PET/CT confirmed two 
kidney cyst infections, although both patients did 
not meet all four of the standardized criteria [19]. 
The advantages of 18FDG-PET/CT are rapid 
imaging, minimal labor intensity, high target-to-
background ratio, high interobserver agreement, 
and a simultaneous coregistration with low-dose 
CT without administration of contrast medium 
[23]. Limitations of PET/CT include its cost, 
restricted availability, and relative inability to reli-
ably distinguish infectious from noninfectious 
inflammation or malignancy. The differentiation 
of 18FDG accumulation in residual functional 
renal parenchyma from that in inflammatory cells 
lining pyocysts remains debatable. The distinc-
tion between cyst infection and pyelonephritis 
may not be easy. The PET/CT pattern of pyelone-
phritis usually includes a diffuse 18FDG uptake 
in an edematous cortex and locoregional hyper-
metabolic adenopathies, which contrasts with the 
focally increased uptake of 18FDG lining the 
pyocyst. Besides infectious processes, 18FDG 
uptake can be increased in other conditions, such 
as cancer. The actual risk of malignancy in 
ADPKD patients does not seem to be increased 
[25]. Liver cystadenocarcinoma is very uncom-

D. Penna et al.
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mon, and most kidney tumors show low-grade 
malignancy leading to low 18FDG uptake. 
However, “false-positive” rate of 18FDG-PET/
CT in cyst infection diagnosis remains to be pro-
spectively investigated. Finally, PET/CT has not 
been evaluated in intracystic bleeding, the main 
differential diagnosis of cyst infection in ADPKD 
patients. Accumulation of 18FDG has been 
reported in the setting of extrarenal hematoma 
[26]. In conclusion the 18FDG-PET is a very 
useful method for increasing the accuracy of the 
diagnosis of the infected cyst with a sensitivity of 
77%, a specificity of 100%, and a negative predic-
tive value of 77% [27].

13.2.3	 �Cases Presentation

13.2.3.1	 �Case 1
An 81-year-old woman, suffering from poly-
cystic hepatorenal disease, was hospitalized 
for onset of fever of unknown origin. Following 
investigations, because of the suspect of left 
acute multifocal pyelonephritis, the patient 
was treated with ceftriaxone and amikacin. The 
abdominal CT examination showed the pres-
ence of a renal cyst with diameter of 
80  ×  90  mm and characterized by homoge-
neous fluid content and slightly and uniformly 
thickened walls in the absence of nodular 
lesions. Then therapy was later stopped due to 
the persistence of symptoms and high levels of 
inflammatory markers. The patient was thus 
treated with ertapenem getting better results 
but not a complete response. She was therefore 
aimed at our center to perform an 18F-FDG-
PET/CT scan. This functional examination 
showed the presence of an abnormal FDG 
uptake at the level of the left kidney cyst walls 
(Fig. 13.3).

The pathological presence of radiotracer at 
this level, indicative of an active inflammatory 
process, suggested the continuation of antibiotic 
treatments. After 37  days a second PET scan 
showed a good response to the treatment docu-
mented by a significant reduction in the extent 
and intensity of the abnormal uptake of radio-
tracer (Fig. 13.4).

During the follow-up a second CT scan 
showed the persistence of the right renal cysts 
although dimensionally significantly reduced 
compared to the previous control. In the absence 
of a definitive imaging judgment of complete 
response, a third PET scan was performed. PET 
showed the complete disappearance of the 
abnormal uptake of the radiopharmaceutical at 
the walls of the kidney cysts, still present from a 
morphological point of view (Fig. 13.5).

In this clinical case, the PET examination, 
together with clinical parameters, seems to have 
helped, both in the correct diagnosis and in 
response assessment to the treatment.

13.2.3.2	 �Case 2
A 55-year-old patient with hepatorenal polycys-
tic disease went to the hospital for pain in the left 
lumbar region associated with fever. Biochemical 
examinations showed a high CRP value 
(188.3 mg/L), and a possible left renal cyst with 
hemorrhagic aspects was detected by contrast-
enhanced CT in the suspect of an active inflam-
matory process in this site; the patient was 
subjected to antibiotic therapy with amoxicillin. 
One month later the symptoms disappeared 
almost completely, and the PCR values were sig-
nificantly reduced although not yet in standard 
levels, while a second CT scan showed no more 
signs of active left kidney inflammation. In con-
sideration of the difficult judgment of treatment 
response, the patient was sent to our clinic for a 
PET/CT examination. The examination showed 
an abnormal uptake of radiotracer at the lower 
portion of the known left renal cyst, with a 
SUVmax 2.9 (Fig. 13.6).

In the following months, the patient under-
went further antibiotic therapy and was moni-
tored with multiple diagnostic tests. It was 
interesting to note that PET scan was the only 
imaging examination able to identify the persis-
tent focus of the disease. This finding was fur-
ther reduced by size and fixation in the 
subsequent PET control, showing a SUVmax of 
2.4 (Fig. 13.7).

A further reduction in this finding was found 
in the third PET examination, showing a SUVmax 
of 2.0 (Fig. 13.8).
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One last PET scan was performed when the 
patient showed total normalization of inflamma-
tory indices and a complete resolution of the 
symptoms. This last examination showed the 
complete disappearance of the radiotracer uptake 
(Fig. 13.9).

In this clinical case, PET has proven to be a 
good diagnostic tool in evaluating minimal 
persistence of inflammatory disease. PET scan, 
used during the treatment, has helped clini-
cians decide on the type and duration of 
therapy.

13.3	 �Future Development

In addition to glucose metabolism, a variety of 
targets for inflammation imaging are being dis-
covered and utilized, some of which are consid-
ered superior to FDG for imaging inflammation. 
We summarize the potential inflammation imag-
ing targets and corresponding PET tracers and 
the applications of PET in major inflammatory 
disease.

18F-FDG-PET imaging of inflammation 
tends to give false-positive results, especially in 

Fig. 13.3  PET/CT scan (CT, PET, Fusion, Transaxial and MIP images): diffuse abnormal uptake of 18F-FDG at the 
walls of a large kidney cyst indicative of a high presence of inflammatory active cells at this level

D. Penna et al.
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patients with cancer. Moreover, the high tracer 
accumulation in the heart and brain makes it 
difficult to detect inflammatory foci near those 
organs or tissues. Consequently, new imaging 
tracers and targets for more specific inflamma-
tion detection and therapy evaluation are under 
intensive investigation. PET imaging with these 
new tracers greatly improved our understanding 
of the mechanism of inflammation and increased 
the diagnostic specificity and accuracy of 
inflammatory foci. As summarized in Fig. 13.10, 
various radiopharmaceuticals have been devel-

oped for PET imaging of inflammation, target-
ing different biomarkers from macrophages to 
angiogenesis.

A small survey of the new tracer potentially 
available in the next future.

13.3.1	 �Translocator Protein (TSPO)

Formerly known as peripheral benzodiazepine 
receptor (PBR), TSPO is ubiquitously 
expressed in peripheral tissues but is only min-

Fig. 13.4  PET/CT scan (CT, PET, Fusion, Transaxial and MIP images): significant reduction of the abnormal uptake 
of radiotracer at the renal cyst wall, indicative of good response to antibiotic treatment

13  Nuclear Medicine in the Management of Patient with Kidneys Intracystic Infection
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Fig. 13.6  PET/CT scan (CT and PET Transaxial images): focal abnormal uptake of 18F-FDG at the level of the lower 
portion of a left kidney cyst, due to the presence of active inflammatory cells

Fig. 13.5  PET/CT scan (CT, PET, Fusion, Transaxial and MIP images): complete disappearance of the abnormal 
radiotracer uptake at the renal cyst level, after further antibiotic treatment

D. Penna et al.
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imally expressed in the healthy human brain. 
Previous studies found high TSPO expression 
in macrophages, neutrophils, lymphocytes 
[28–30], activated microglia, and astrocytes 
[31–35]. PET imaging using TSPO as an 
inflammation biomarker has also been reported 
for atherosclerosis detection with promising 
results [31, 32, 36, 37]. TSPO PET has also 
been used to image inflamed lung and liver dis-
eases [30, 38, 39].

13.3.2	 �Type 2 Cannabinoid Receptor 
(CB2R)

There are at least two subtypes of CBRs in the 
endocannabinoid system. The first in vivo PET of 
brain CB2R was performed in 2010 by Horti and 
his group [40]. Promising results on CB2R tar-
geted PET imaging warrant further applications 
in a wide range of neuroinflammatory diseases 
and evaluation of the therapeutic value of novel 

Fig. 13.7  PET/CT scan (CT and PET Transaxial images): reduction of the abnormal uptake of radiotracer at the left 
kidney cyst after antibiotic treatment

Fig. 13.8  PET/CT scan (CT and PET Transaxial images): further reduction of radiotracer uptake during antibiotic 
therapy
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CB2R-related drugs. However, the exact role of 
CB2R in CNS still remains to be fully elucidated, 
and more in vivo studies using relevant disease 
models should be conducted to get a better 
understanding.

13.3.3	 �Formyl Peptide Receptor (FPR)

FPR is a type of G-protein-coupled receptor 
expressed on neutrophils, responsible for the leuko-
cyte migration cascade in the inflammation process. 
PET using cFLFLFK-PEG-64Cu as FPR-specific 
ligand could visualize inflammatory foci within the 
lung in an animal model of lung inflammation 
induced by Klebsiella pneumoniae [41].

13.3.4	 �Cyclooxygenase (COX)

COX is the target of nonsteroidal anti-
inflammatory drugs (NSAIDs) [42]. In addition, 
COX is an integral membrane glycoprotein which 
can be induced by acute and chronic inflamma-
tory stimulations. Thus far, three COX subtypes 
(COX-1, 2, and 3) have been identified. Among 
them, the inducible isoform COX-2 plays a piv-

otal role in cancer, cardiac/cerebral ischemia, 
Alzheimer’s/Parkinson’s disease, and response to 
inflammatory stimuli, especially neuroinflamma-
tion [43, 44]. Celecoxib is broadly used as a 
selective COX-2 inhibitor to treat inflammatory 
diseases. Imaging tracers have also been devel-
oped using celecoxib and some other COX inhib-
itors by radiolabeling them with either 18F or 
11C. They have been used to image neuroinflam-
mations [45], tumors, or experimental skin 
inflammation [46, 47]. However, most of the 
tracers showed unsatisfactory ex vivo or in vivo 
properties due to either nonspecific bindings or 
low sensitivity in inflammatory foci or both.

13.3.5	 �Interleukin-2 (IL-2)

IL-2 is a small single-chain glycoprotein synthe-
sized and secreted by activated T lymphocytes 
seen in many types of inflammatory diseases, 
such as inflammatory degenerative diseases, graft 
rejection, tumor inflammation, organ-specific 
autoimmune diseases, and adipose inflammatory 
insulin resistance [48]. Previously, 123I and 
99mTc-labeled IL-2 have been used in many 
chronic inflammatory diseases, such as autoim-

Fig. 13.9  PET/CT scan (CT and PET Transaxial images): total disappearance of the 18F-FDG cystic uptake, indicative 
of complete metabolic response to the treatment
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mune diseases [49], celiac disease [50], and vul-
nerable atherosclerotic plaques [51] via SPECT 
imaging. However, routine application of this 
technique was limited because the labeling pro-
cedures are complex and the spatial resolution of 
SPECT is not high enough. Recently, 
Gialleonardo et al. reported the labeling of IL-2 
with N-succinimidyl 4-18F-fluorobenzoate (18F-
SFB) for the synthesis of 18F-FB-IL-2 to detect 
activated T lymphocytes in inflammation [52].

13.3.6	 �Tumor Necrosis Factor-α 
(TNF-α)

TNF-α is a cytokine that can contribute to cell 
apoptosis and organ dysfunction [53]. Many stud-
ies show that TNF-α is important in acute immune 
response to infection, injury, autoimmune, and 
chronic inflammatory disorders such as rheuma-
toid arthritis [54] and psoriasis [55]. Previously, 

some group used a PET tracer 64Cu-DOTA-
etanercept, to image acute inflammatory process 
induced by 12-O-tetradecanoylphorbol-13-acetate 
(tetradecanoylphorbol acetate, TPA) [56].

So far, many inflammation-related biomarkers 
have been identified and investigated as imaging or 
therapy targets, including inflammatory cell metabo-
lism, membrane markers, cytokines, and vascular 
changes during inflammation. After intensive pre-
clinical studies, some of these targets have been 
tested in humans. However, very few of them are 
considered to be inflammation specific. With better 
understanding of the inflammatory reaction in each 
disease type, more sensitive and specific biomarkers 
will be identified, and potential new imaging probes 
may be developed to target these biomarkers. 
Moreover, multiplexed imaging with tracers target-
ing different biomarkers and multimodal imaging by 
incorporating PET with other imaging modalities 
will also contribute to improved visualization and 
quantification of the inflammatory diseases.

Fig. 13.10  PET imaging of Inflammation Biomarkers
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