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Abstract
To further promote the clinical application of 18F-fluorodeoxyglucose positron emission tomography/computed tomography 
(FDG PET/CT) in infection and inflammation and standardize the diagnostic process, the experts in relevant fields in China 
carried out discussion and formed the Expert Consensus on the clinical application of FDG PET/CT in infection and inflam-
mation. This consensus is intended to provide a reference for imaging physicians to select a reasonable diagnostic plan. 
However, it should be noted that it couldn’t include or solve all the problems in clinical operation. Imaging physicians and 
technicians should develop a comprehensive and reasonable diagnostic procedure according to their professional knowledge, 
clinical experience and currently available medical resources when facing specific patients.
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Introduction

18F-2-Fluoro-2-deoxyglucose (18F-FDG) positron emission 
tomography/computed tomography (PET/CT) is a non-
invasive diagnostic imaging technique that displays local 
metabolic activity, and its oncological application has been 
widely recognized, while its clinical application in infection 
and inflammation needs to be further promoted. In recent 
years, there is increasing evidence that FDG PET/CT has 
unique value in the diagnosis and treatment of various infec-
tions and non-infectious inflammations. FDG PET/CT could 
timely identify the lesions of infection or inflammation before 
conventional imaging shows morphological changes, deter-
mine the extent and severity of active inflammatory lesions, 
help select the appropriate tissue biopsy site, and assess the 
therapeutic effect. To further promote the clinical applica-
tion of FDG PET/CT in infection and inflammation and to 
standardize the diagnostic process, the PET/CT non-tumor 
application development work committee of Chinese Society 
of Nuclear Medicine organizes experts in relevant fields in 
China to carry out discussion and form the Expert Consensus 
on the Clinical Application of FDG PET/CT in Infection and 
Inflammation. This consensus is intended to provide a refer-
ence for imaging physicians to select a reasonable diagnostic 
plan. However, it should be noted that it couldn’t include or 
solve all the problems in clinical operation. Imaging physi-
cians and technicians should develop a comprehensive and 
reasonable diagnostic procedure according to their profes-
sional knowledge, clinical experience and currently available 
medical resources when facing specific patients.

The concept of infection and inflammation

Inflammation is a broad concept that refers to the complex 
defense responses to injurious agents that occur in the living 
tissues of the body with a vascular system. Factors that can 
cause inflammation include physical factors (such as high 
temperature, low temperature, ultraviolet radiation, electric 
shock, cutting or extrusion, etc.), chemical factors (including 
exogenous chemicals and endogenous toxins) and biological 
factors (various pathogens). The basic pathological changes 
of inflammation are local tissue degeneration, exudation and 
hyperplasia, showing local symptoms of redness, swelling, 
heat, pain and dysfunction, and may be accompanied by 
systemic symptoms of varying degrees of fever, fatigue, 
metabolic enhancement, etc., while there are systemic reac-
tions such as leukocytosis, monocyte−macrophage system 
hyperplasia and increased serum inflammatory factors. The 
injury and anti-injury effects of inflammatory process exist 
at the same time. On one hand, inflammatory factors directly 
or indirectly cause the destruction of tissues and cells, on the 

other hand, inflammatory factors can be diluted, killed and 
surrounded by inflammatory hyperemia and exudation reac-
tions, and the damaged tissues can be repaired and healed 
through the regeneration of parenchyma and interstitial cells 
[1, 2].

Infection is a type of inflammation, especially the inflam-
matory response caused due to biological agents invading 
and interacting with the body. Pathogenic microorganisms, 
including bacteria, viruses, rickettsia, protozoa, fungi, spiro-
chetes and parasites, invade the human body through contact 
transmission, blood transmission, air transmission and other 
means, some of them may be infectious, and toxemia or sep-
sis may occur in severe cases [1, 2]. Antibiotics or antivirals 
should be used for the treatment of infection according to the 
different pathogens. However, antimicrobial therapy is not 
effective for the non-infectious inflammation.

Non-infectious inflammation usually refers to autoimmune 
diseases, which are also widely defined and easily lead to 
semantic ambiguity. Autoimmune disease is a kind of systemic 
disease with damage to skin, joints, blood vessels and other 
systems, and it is also known as connective tissue disease, 
rheumatic disease or rheumatism, since it mainly involves the 
connective tissue. For the treatment of these diseases, the cur-
rent clinical treatment is mainly through non-steroidal anti-
inflammatory drugs, glucocorticoids and immunosuppressive 
agents and other means of suppression of excessive inflam-
matory response, reduction of disease symptoms, prevention 
of dysfunction and other adverse events [1, 2]. In addition, 
inflammation caused by physical or chemical factors is also 
non-infectious inflammation, and physical therapy can also be 
used to help alleviate the clinical symptoms.

Thus, in the diagnosis and treatment of infectious and 
non-infectious inflammatory diseases, identifying the cause 
is related to the establishment of treatment. The clinical 
diagnosis of various infectious and non-infectious diseases 
is mainly based on the patient’s medical history, symptoms, 
physical examination, laboratory tests and imaging examina-
tions, and histopathological examination is also an essential 
means of definitive diagnosis.

FDG inflammation imaging mechanism

Warburg OH proposed that malignant cells preferentially 
generate more energy than normal cells through the non-
oxidative breakdown of glucose, and this “Warburg-effect” 
became the basis of the use of 18F-FDG for tumor imag-
ing. Another interesting phenomenon observed by Kubota 
R et al. was that not only the tumor cells but also the non-
neoplastic cellular element would accumulate FDG, and 
these inflammatory cells demonstrated greater FDG uptake 
than tumor cells [3]. The earliest changes in inflammation 
are tissue hyperemia, enhanced vascular permeability, and 
release of inflammatory mediators, while increased tissue 
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blood perfusion results in greater FDG delivery to the lesion 
site; as inflammatory cells recruit, migrate and proliferate 
at the site of inflammation, large amounts of cytokines are 
released, with an up-regulation of glucose transporters 
(especially GLUT1 and GLUT3) and increased hexoki-
nase (subtype A) activity, which result in enhanced glucose 
metabolism and FDG uptake in inflammatory cells. Thus, 
from the perspective of potential metabolic pathways, there 
is a similar imaging mechanism between inflammatory cells 
and malignant tumor cells. In addition, there is a significant 
linear correlation between the FDG uptake and the density 
of inflammatory cells in both acute and chronic inflamma-
tion, and the complex interaction of multiple factors in the 
inflammatory process can lead to a sustained increase in 
FDG uptake at sites of active inflammatory lesions. There-
fore, the location, extent, and severity of inflammatory lesion 
involvement can be demonstrated by detection with PET/CT 
imaging devices [4].

Clinical Indications

Currently, the application of FDG PET/CT in infection 
and inflammation is still in the stage of rapid development. 
The experts in relevant fields in China refer to the EANM/
SNMMI guideline, for 18F-FDG use in inflammation and 
infection, published by the society of nuclear medicine 
and molecular imaging (SNMMI) and European associa-
tion of nuclear medicine (EANM) in 2013 [5], and further 
combined them with the domestic and international clini-
cal research results and application status in recent years to 
propose the recommended indications in clinical application 
of FDG PET/CT for infection and inflammation (Table 1). 
It should be noted that the clinical application of FDG PET/
CT in infection and inflammation involves many types of 
diseases and different clinical situations. Table 1 shows the 
recommended items for current clinical application and 
research, but not all of them have sufficient level of evidence 

Table 1.  Recommended clinical use of FDG PET/CT for infection and inflammation

a Recommendation level is divided into three levels: I has clear significance for clinical diagnosis and treatment; II is likely to be significant for 
clinical diagnosis and treatment; III may be significant for clinical diagnosis and treatment
b The level of evidence is classified into three levels: A: multiple randomized clinical trials or meta-analyses; B: single randomized clinical trials 
or large non-randomized trials; C: expert consensus or small studies, retrospective studies, registries

Recommended content Recom-
mended 
 levela

Level of 
 evidenceb

References

Etiological diagnosis of fever of unknown origin (FUO) or inflammation of unknown origin 
(IUO)

I A [4, 6–9]

Infectious disease
Diagnosis of vascular graft infection I A [10–13]
Diagnosis of infective endocarditis after prosthetic valve replacement and cardiac pacemaker implanta-

tion
I A [14–17]

Diagnosis of periprosthetic infection after hip or knee joint replacement II B [18–21]
Diagnosis of osteomyelitis of peripheral bone III C [22–24]
Diagnosis of spinal infection (spondylitis or vertebral osteomyelitis, non-postoperative) III C [25–27]
Diagnosis of metastatic infection and evaluation of patients with high-risk bacteremia III C [28–31]
Diagnosis of suspected hepatic cyst and renal cyst infection in polycystic disease III C [32–34]
Diagnosis of AIDS-related opportunistic infections, associated neoplasms, and Castleman’s disease III C [35–38]
Diagnosis of extrapulmonary tuberculosis and evaluation of tuberculosis activity III C [39–42]
Assessment of sarcoidosis II C [43–46]
Non-infectious inflammation
Diagnosis and evaluation of large vessel vasculitis (giant cell arteritis and Takayasu arteritis) I A [47–53]
Diagnosis and evaluation of other systemic vasculitis (polyarteritis nodosa, ANCA-associated vasculi-

tis, Behcet’s disease, etc.)
II C [53–56]

Diagnosis and differential diagnosis of adult onset Still’s disease II C [57–59]
Diagnosis and evaluation of idiopathic inflammatory myopathy I C [60–63]
Diagnosis and differential diagnosis of polymyalgia rheumatica II C [64–66]
Diagnosis and differential diagnosis of relapsing polychondritis I C [66–68]
Rheumatoid arthritis lesion activity assessment II C [69–71]
Diagnosis and activity assessment of IgG4-related diseases II B [72–75]
Diagnosis and differential diagnosis of systemic lupus erythematosus III C [76, 77]

http://guide.medlive.cn/

http://guide.medlive.cn/
http://guide.medlive.cn/


 Annals of Nuclear Medicine

1 3

support. However, it can be expected that with further vali-
dation in clinical studies, FDG PET/CT may become the 
first-line examination for a variety of inflammatory diseases.

FDG PET/CT examination procedures

Although the conventional tumor examination protocol of 
FDG PET/CT is also applicable to infection and inflamma-
tion [5], the application of PET/CT in infection and inflam-
mation involves many types of diseases and different clinical 
scenarios, while the distribution of disease types in the sub-
jects varies from region to region and from medical insti-
tution to institution [9]. Therefore, during PET/CT exami-
nation, it is emphasized that special consideration should 
be given to some aspects according to the different clini-
cal conditions of patients, combined with the physician’s 
expertise, and more appropriate examination scheme should 
be adopted. The optimized imaging protocols for different 
types of diseases remain to be confirmed in future clinical 
applications and studies.

Understand the patient’s clinical condition

After receiving the examination request form, the patient’s 
clinical conditions such as the chief complaint, the history 
of present illness, the history of treatment, and the results 
of various laboratory tests should be fully investigated by 
asking the patient, the patient’s family member, the phy-
sician in charge, examining the medical records, or even 
performing necessary physical examination. Pay attention 
to clinically available diagnostic clues and understand the 
main clinical issues that the clinicians currently want 
PET/CT to help address. Preset the examination scheme 
according to the specific circumstances of patients, and 
explain the precautions to patients and their family mem-
bers before examination.

Preparation before examination

The main goal of preparing for examination is to mini-
mize 18F-FDG uptake by normal tissues (e.g., myocar-
dium, skeletal muscle, fat, and urinary tract, etc.), thereby 
improving the ability to detect lesions. It is particularly 
important to prepare for the PET/CT examination in the 
diagnosis of infection and inflammation.

1. Patients should avoid the use of non-steroidal anti-
inflammatory drugs, glucocorticoids or immunosup-
pressive agents before examination. For those who have 
used such drugs, their medication should be recorded 

(including drug type, medication time and daily dose, 
etc.).

2. In patients who may have mediastinal or cardiac lesions, 
high fat and low carbohydrate foods should be consumed 
at the last meal prior to fasting, or fasting should be 
prolonged to 18 h to reduce myocardial uptake of FDG 
[43, 44, 46].

3. For patients with suspected skeletal muscle disease, pay 
attention to the history of diabetes, and strictly control 
blood glucose and the use of insulin [78] to avoid the 
interference of muscle uptake on the observation of 
lesions in muscle tissue.

4. Pay attention to the warmth of the patient and try to 
avoid or reduce the interference of brown fat uptake on 
image interpretation.

Image acquisition and processing

Routine image acquisition can be performed according to 
guidelines related to FDG PET/CT, but the protocol should 
be revised in time according to the patient’s condition.

Image scanning field

For patients with clear lesion site and focus on local observa-
tion, local imaging method can be used, but it is not recom-
mended. For example, for patients suspected of having a 
medical implant-related infection, although local imaging 
can help confirm the presence of infectious foci, imaging 
with larger field of view is more helpful for differential diag-
nosis of other systemic diseases, especially for patients with 
systemic symptoms as the main clinical manifestation [17]. 
It is recommended that the image scan field should include 
at least the skull base to the middle of tibia, with both upper 
limbs placed on the side of the body during imaging. A 
longer scanning trajectory of the whole-body should be used 
depending on the clinical suspicion. This is due to the fact 
that infections or non-infectious inflammatory diseases with 
multiple system involvement are common, and routine trunk 
imaging may lead to a false negative result when lesions 
involve joints, vessels, muscles, and subcutaneous tissues 
of the extremities.

CT image acquisition

It is necessary to make full use of the advantages of the 
equipment and the timely use of diagnostic CT or enhanced 
CT scanning technology to obtain more image information 
according to the needs of diagnosis. For patients suspected 
of having intrapulmonary lesions or patients with rheumatic 
disease who are prone to interstitial lung disease, it is recom-
mended that high-resolution CT images of the chest should 
be acquired first, followed by PET/CT image acquisition, 
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to avoid the hypostatic effect because of prolonged supine 
position during the observation of intrapulmonary lesions.

Image processing

For patients with metal prostheses in the body, it is recom-
mended to reconstruct both attenuation-corrected and non-
attenuation-corrected images and observe them against each 
other to avoid false positives due to artifacts from excessive 
attenuation correction [17].

Preliminary reading

After the completion of image acquisition, preliminary read-
ing should be performed immediately, and whether to add 
delayed imaging, interventional imaging or locally enhanced 
CT scan should be determined according to the positive find-
ings to ensure that the obtained image information can meet 
the diagnostic needs.

Image interpretation and report writing

According to the current situation in China, when FDG PET/
CT is used for infection and inflammation, most of the exam-
ined patients were patients presented as FUO or IUO. Their 
clinical manifestations are lack of specificity, and most of 
them are rare diseases, thus they become a problem in clini-
cal diagnosis and treatment. The imaging diagnosis of PET/
CT also faces challenges. It is recommended that imaging 
physicians should follow the following principles in the pro-
cess of image interpretation and report writing:

1. Before reading, comprehensively review the clinical data 
of patients, understand the current diagnostic ideas of 
clinicians and the problems that need to be solved, and 
learn relevant knowledge of the diseases involved.

2. Carefully read the PET images and CT images within 
the scan field. The description of image findings should 
show the image characteristics corresponding to the 
diagnosis or the positive findings possibly related to the 
current disease, and the image positive findings should 
be compared with the clinical signs of the patient as far 
as possible.

3. The image examination opinions should answer the pur-
pose of examination and should be ranked according to 
the significance of clinical diagnosis. Avoid vague or 
non-diagnostic results. For clinical diagnosis involving 
differentiation of tumor, infection, rheumatic immune 
disease, etc. (such as FUO or IUO), the report should 
provide multi-faceted or multi-level diagnostic informa-
tion, such as the presence or absence of malignant tumor 
or focal infection; whether the positive image findings 
conform the characteristics of a disease; if the positive 

findings cannot be identified, further recommendations 
should be made for clinical diagnosis and treatment, 
such as suggesting the appropriate biopsy site, targeted 
laboratory examination, imaging examination or experi-
mental treatment.

Clinical application status

As an imaging technique, FDG PET/CT is not usually used 
as a routine examination method in the diagnosis of infec-
tion and inflammation. However, when conventional imag-
ing has limited diagnostic capabilities, FDG PET/CT has 
an irreplaceable advantage in the differential diagnosis of 
diseases, monitoring of disease activity and evaluation of 
treatment effect, especially for the fever of unknown ori-
gin (FUO), medical implant-related infections, multisys-
tem involved connective tissue diseases, etc. Given that the 
application of PET/CT in infection and inflammation is still 
under development, and there is a wide range of diseases, 
the clinical significance of the diagnosis of different types 
of diseases needs to be further supported by evidence-based 
medical data. When FDG PET/CT is introduced into the 
clinical process, imaging physicians should pay attention 
to understand the problems that need to be solved clinically 
and adopt a reasonable imaging scheme, so as to provide 
targeted diagnostic information and solve the problems in 
clinical diagnosis and treatment. It is believed that with the 
accumulation of practice, the diagnostic value of PET/CT for 
different types of diseases will be better understood.
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