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Nuclear medicine imaging procedures play an important role in
the assessment of inflammatory diseases. With the advent of 3-
dimensional anatomic imaging, there has been a tendency to
replace traditional planar scintigraphy by CT or MRI. Further-
more, scintigraphic techniques may have to be combined with
other imaging modalities to achieve high sensitivity and spec-
ificity, and some may require time-consuming labeling proce-
dures. On the other hand, new developments such as combined
SPECT/CT increase the diagnostic power of scintigraphy. Also,
the advent of PET had a considerable impact on the use of nu-
clear medicine imaging techniques. In this review, we aim to
provide nuclear medicine specialists and clinicians with the
relevant information on rational and efficient use of nuclear
medicine imaging techniques in the assessment of patients with
osteomyelitis, infected vascular prostheses, metastatic infec-
tious disease, rheumatoid arthritis, vasculitis, inflammatory bowel
disease, sarcoidosis, and fever of unknown origin.
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Apart from clinical examination, the diagnosis of in-
flammatory diseases usually requires laboratory tests and
imaging procedures. The approach to diagnosing a specific
inflammatory disease depends on the type of suspected dis-
ease and the clinical presentation. Therefore, the context in
which imaging procedures are used varies considerably. For
many inflammatory diseases, no unequivocal guidelines for
the use of imaging procedures exist, but in some cases there
is sufficient evidence from the literature to advise on im-

aging procedures for optimal diagnosis or follow-up. In other
cases, local factors and specific expertise with a certain
diagnostic algorithm may play an important role. Here, we
provide a concise summary of the most important and wide-
spread nuclear medicine imaging techniques in inflamma-
tory diseases for clinicians and nuclear medicine specialists.
This paper focuses on imaging in important infectious dis-
eases such as osteomyelitis, vascular graft infection, and
metastatic infectious disease; imaging of noninfectious in-
flammatory diseases such as rheumatoid arthritis (RA), vas-
culitis, inflammatory bowel disease (IBD), and sarcoidosis;
and fever of unknown origin (FUO). Imaging of other in-
flammatory diseases such as infection of joint prostheses
has been specifically covered by recent reviews and is there-
fore not the subject of this paper.

IMAGING TECHNIQUES

Imaging techniques for the detection of inflammation
include ultrasonography, CT, MRI, endoscopic techniques,
PET, planar scintigraphy, and SPECT. All these techniques
have specific advantages and disadvantages. To better un-
derstand the roles of these modalities in relation to the nu-
clear medicine techniques, it is important to be aware of
their respective advantages and disadvantages.

Ultrasonography is widely available, quick, inexpensive,
and not associated with radiation exposure. It has an excel-
lent spatial resolution reaching below 1 mm and can be used
to obtain functional information to a limited extent (e.g.,
blood flow by Doppler ultrasonography). The disadvantages
are that the results are highly operator-dependent, penetra-
tion and reflection of the sound waves in tissue may be
hindered by gas (bowel) or dense structures (bone), and struc-
tures deep within the body may be difficult to visualize be-
cause the image quality suffers from the longer wavelengths
used for deep imaging.

CT is highly reproducible, has an excellent spatial resol-
ution, and, although more expensive than ultrasonography, is
still relatively inexpensive. The disadvantages are exposure of
the patient to radiation and the lack of functional information.
Furthermore, the use of contrast medium to enhance image
contrast may be limited or impossible in patients with im-
paired renal function or previous allergic reactions.
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MRI is also characterized by a high resolution, has some
potential to obtain functional information, and causes no
radiation exposure. It has also become widely available but
is prone to movement artifacts because of the relatively long
examination time. Because of the long imaging times and
the considerable exposure to noise, MRI is not convenient
for patients. Furthermore, there are limitations to the scan-
ning of patients with pacemakers, implants, and other de-
vices, and the procedure is relatively expensive.
Although PET and SPECT have a limited spatial reso-

lution (PET down to 3–5 mm; SPECT down to 8–10 mm),
their asset is high contrast resolution, offering functional
and molecular information with high sensitivities in the
nano- or picomolar range (PET . SPECT). The radiation ex-
posure is mostly low but, dependent on the radiotracer used,
may reach the radiation exposure of an abdominal CT scan.

RADIOPHARMACEUTICALS

Radiopharmaceuticals for imaging of inflammatory dis-
ease should be highly sensitive (apart from having general
characteristics such as easy preparation, wide availability,
and low cost). In addition, in an ideal situation radiophar-
maceuticals would also be able to distinguish between in-
fectious and sterile inflammation. Awide variety of radiotracers
has been tested for imaging of inflammation to achieve the
desired characteristics. However, only a few agents are cur-
rently in general use for inflammation imaging. These include
18F-FDG, autologous white blood cells (WBCs [leukocytes])
labeled with 99mTc or 111In, 99mTc-labeled bisphosphonates
such as methylene diphosphonate or hydroxymethylene di-
phosphonate, 67Ga-citrate, 99mTc-labeled nanocolloids, and
99mTc- or 111In-labeled proteins, such as IgG or albumin.
None is specific for inflammation, and none offers the pos-
sibility of directly distinguishing sterile from septic inflam-
mation. The accumulation of these agents in inflamed tissue
is based on different mechanisms. The first mechanism is
uptake into inflamed tissue as a result of increased metab-
olism, either of inflammatory cells (18F-FDG, as a glucose
analog reflecting the energy demand of inflammatory cells)
or of tissue-specific cells with increased activity as a reac-
tion to inflammation (99mTc-hydroxymethylene diphospho-
nate and 99mTc-methylene diphosphonate, reflecting the
activity of osteoblasts as the active response of bone to in-
flammation). The second mechanism is unspecific accumu-
lation in the site of inflammation as a result of increased
blood flow and enhanced vascular permeability (albumin,
IgG). In the case of labeled activated leukocytes, the uptake
mechanism is specific migration to the site of inflammation.
Finally, 67Ga binds to transferrin, with the complex being
extravasated at sites of inflammation because of increased
vascular permeability and then being transferred to locally
present lactoferrin. Most radiolabeled agents would accu-
mulate at sites of infection if the local blood flow and the
vascular permeability were increased, but local binding also
plays a role as exemplified by 67Ga-citrate. Bisphosphonates
are another example of several mechanisms playing a role

in the accumulation of a radiotracer. Bisphosphonates show
increased uptake at sites of inflammation on early images taken
directly after injection of the radiopharmaceutical (arterial
phase, as a result of increased blood flow) and a few minutes
after injection (blood-pool phase, as a result of increased vas-
cular permeability in combination with increased blood flow)
and on the delayed images several hours after injection (static
phase, as a result of increased bone metabolism reflecting
osteoblastic activity at sites of inflammation) (Table 1).

IMAGING OF INFECTIOUS DISEASES

Osteomyelitis

Three-phase bone scanning with 99mTc-hydroxymethylene
diphosphonate or 99mTc-methylene diphosphonate has long
been used as the standard method for the detection of os-
teomyelitis. Bone scintigraphy has a high sensitivity ex-
ceeding 80% and a limited specificity reaching up to 50%
(Fig. 1) (1,2). The limited specificity can be explained by
uptake of the radiopharmaceutical at all sites of increased
bone metabolism irrespective of the underlying cause. How-
ever, if combined SPECT/CT is performed, the specificity
increases considerably to above 80% (3). As an alternative
to bone scanning, WBC imaging has been proposed. Be-
cause of physiologic uptake into bone marrow, both sensi-
tivity and specificity may be impaired (4). Therefore, combined
imaging of inflammation with WBC and nanocolloids for
bone marrow has been evaluated. Because, in osteomyelitis,
bone marrow is replaced by the infectious process, bone
marrow imaging will be negative whereas WBC scanning
in the same location will be positive. This combined imaging
approach will result in an excellent sensitivity and specificity
above 90% (5). Also, the combination of WBC and bone
SPECT results in high sensitivities and specificities above
90%. This combination has been shown to be superior to
MRI and CT in postoperative patients with osteomyelitis in
the mastoid region (6). However, in spondylitis and spondy-
lodiscitis, WBC imaging results in low sensitivities around
50%, which has been hypothesized to reflect the inability of
leukocytes to migrate into the encapsulated infection (6).
These photopenic lesions are not specific for infection and,
together with the physiologic uptake of WBCs into the bone
marrow, hamper accurate detection of spinal infection (4).

18F-FDG PET has also been evaluated in patients with
osteomyelitis. PET has been shown to offer an excellent sen-
sitivity, normally reaching or exceeding 95%, with high speci-
ficities above 87% (7,8). In spondylitis and spondylodiscitis,
PET combines high sensitivity with high specificity (9–11).
Gratz et al. showed that PET was superior to MRI (9). De
Winter et al. were able to demonstrate that the specificity
for spinal infection dropped only if patients had undergone
surgery less than 6 mo before PET (specificity 75%) and if
osteosynthetic material was present (specificity 65%) (11).
However, because MRI may not be an option in patients with
metallic implants in situ, PET currently is the most sensi-
tive imaging modality in the evaluation of such patients (11).
Furthermore, in cases of severe degenerative disk disease
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with edemalike changes in the endplates and the adjacent
discs, MRI can give false-positive results (12).
In diabetic patients, PET with 18F-FDG may be at a dis-

advantage because peripheral insulin resistance might cause
decreased uptake at the site of inflammation (13). In di-
abetic-foot patients with clinically suspected osteomyelitis,
18F-FDG PET showed an only slightly lower sensitivity
than MRI for the detection of osteomyelitis but a higher
specificity (81% and 93% as compared with 91% and 78%,
respectively) (14), whereas in diabetic-foot patients without
clinical suspicion of osteomyelitis, MRI was clearly supe-
rior (13). On the basis of these results, PET seems to be
complementary to MRI and may be used as an alternative to
MRI after plain radiography as a screening method (14).
In routine clinical practice, several factors have to be

considered for efficient imaging of suspected osteomyelitis.
These factors include, besides the sensitive and specific de-
tection of disease, the time needed to complete the proce-
dure, ease for the patient, and radiation exposure. MRI has
been shown to be sensitive for detection of osteomyelitis,
the typical sign of osteomyelitis on MR images being bone
edema, possibly associated with destruction of vertebral
endplates in later stages of spondylodiscitis (12). Because
in most cases osteomyelitis will be limited to a specific bone
or adjacent bones of a specific area, whole-body imaging is
not necessary. MRI has therefore started to replace bone
scintigraphy as the imaging procedure of choice in osteo-
myelitis, and the comparably inconvenient combination of
WBC scanning, bone marrow scanning, and bone scanning
is less frequently performed (12).

In the case of suspected osteomyelitis in children, dis-
semination with foci in several bones has to be kept in mind.
These foci can easily be detected by bone scintigraphy or
18F-FDG PET. However, with the advent of whole-body
MRI, MRI is at an advantage because it does not expose
children to radiation. At this time, whole-body MRI is be-
coming more widely available, and shortcomings (limited
number of sequences, extra effort required for imaging in
axial direction for higher sensitivity, image realignment if
moving table-top is not available) are largely overcome
(15,16). Therefore, to avoid radiation exposure, pediatri-
cians tend to perform whole-body MRI rather than 18F-FDG
PET or bone scanning in cases of suspected osteomyelitis
(16).

Although MRI of bone infection may be highly accurate
and convenient for physicians and patients, nuclear medi-
cine imaging may be equivalent or even offer some advan-
tages. In patients with pacemakers or other metallic implants,
PET is an excellent alternative to MRI. Furthermore, com-
bined SPECT/CT increases the specificity of bone scan-
ning, rendering this technique an alternative if PET is not
available. Highly innovative SPECT reconstruction algo-
rithms increase image quality and potentially also the sen-
sitivity of SPECT (17). Therefore, the competition between
MRI and PET/CT or SPECT/CT may endure, and thor-
oughly planned prospective controlled clinical trials have
to be performed to answer the question of which imaging
modality is most efficient for the detection of osteomyelitis
and spondylitis or spondylodiscitis. At this time, for imag-
ing of peripheral osteomyelitis as well as spondylitis or
spondylodiscitis, MRI or 18F-FDG PET are advised. If they
not available, SPECT may be an alternative. Also, in pa-
tients with claustrophobia, bone scanning or PET may be
used instead of MRI.

Infected Vascular Grafts

Early diagnosis of vascular graft infection is of the ut-
most importance in patient management. The rate of infec-
tion of vascular grafts ranges from 0.5% to 5% and is
associated with a high risk of morbidity (such as limb loss)
and mortality. Because bacterial eradication is rarely pos-
sible, surgical intervention—removal of the infected graft—
is required (18,19).

TABLE 1
Mechanisms of Radiopharmaceutical Accumulation in Inflamed Tissue

Radiopharmaceutical Mechanism

18F-FDG Macrophages (metabolically active cells), leukocytes
99mTc/111In-labeled autologous WBCs

(leukocytes)

Active migration into sites of inflammation

99mTc-labeled bisphosphonates Uptake in sites of increased perfusion and extravasation (early phase) and

increased bone formation (late phase)
67Ga-citrate Increased perfusion, extravasation due to increased vessel permeability, locally

binding to lactoferrin
99mTc-labeled nanocolloids Uptake in macrophages (inflammation, bone marrow, liver, spleen)
99mTc/111In-labeled proteins (IgG, albumin) Extravasation (increased perfusion and vessel permeability)

FIGURE 1. 99mTc-hydroxymethylene diphosphonate bone SPECT
scan of patient with osteomyelitis of fifth lumbar vertebra (arrows).
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For the diagnosis of vascular graft infection, not only a
high sensitivity but also a high specificity is required in
view of the considerable consequences of a false-positive
diagnosis. On CT scans, air bubbles can be detected around
the infected graft in about half the cases but are highly un-
specific, because in 50% of grafts these bubbles are present
for weeks or even months after surgery (19). Also, it is dif-
ficult to differentiate between acute infection, hematoma, and
lymphocele on CT scans, and CT is often false-negative in
chronic low-grade infections (19). In comparison to CT, PET/
CT has shown superior diagnostic performance. PET has
shown a sensitivity exceeding 90%, in comparison to 64%
for CT (20). Although the specificity was not sufficient, reach-
ing only 64%, it exceeded 90% with the adoption of clear
criteria for image interpretation (only focal abnormal uptake
interpreted as positive for infection) (20). These data have
been confirmed recently by another study (Fig. 2) (21,22).
The linear mildly to moderately increased uptake around vas-
cular grafts seems to be attributable to a chronic aseptic in-
flammation in the synthetic graft material (19). It appears that
inhomogeneously increased uptake should be interpreted as
a nondiagnostic PET scan, because in this group of patients
the sensitivity and specificity were only 73% and 86%, re-
spectively (22). In another study, the value of combined PET/
CT could be demonstrated, allowing exact determination of
the location of the infectious focus, thus resulting in high
positive and negative predictive values of 88% and 96%, re-
spectively. Imaging of vascular graft infection by labeled
WBCs suffers from a chance of false-positive results caused
by the inability to exactly localize the site of inflammation and
a lower sensitivity than PET (19,23).

Therefore, as long as the exact role of MRI remains to
be established in the diagnosis of vascular graft infection,
PET/CT seems to have the higher sensitivity. The criteria as
defined by Fukuchi et al. and Spacek et al. should be used
in the assessment of PET scans for vascular graft infection
to guarantee sufficient specificity (20,22). In the group of
nondiagnostic PET scans (22), an alternative imaging mo-
dality with high specificity should be used. WBC scanning
appears to be most appropriate for this task. Although it
seems as if PET, being superior to CT (24), may be the im-
aging procedure of choice, one cannot finally conclude at
this time—based on the available literature—that PET is
also superior to WBC scanning. However, in view of the
high sensitivity of PET and the fact that PET is more con-
venient for patients and health care professionals alike, we
would recommend PET/CT first, followed by WBC imag-
ing for the nondiagnostic group. In addition, PET should be
performed at least 2 mo after surgery to avoid false-positive
results. Because most vascular graft infections are diag-
nosed late (at least 4 mo) after surgery, this limitation plays
a minor role (19).

Detection of Metastatic Infectious Disease

Timely detection of metastatic infectious foci in Gram-
positive bacteremia is crucial, because these foci often re-

quire prolonged antibiotic treatment or drainage. Diagnosis
of metastatic infectious foci is difficult because localizing
symptoms are often absent. 18F-FDG PET has been assessed
in the detection of metastatic infectious foci (24). In the 40
patients evaluated in this retrospective study, metastatic com-
plications were diagnosed in 75%. It could be demonstrated
that, although a median number of 4 diagnostic procedures
had been performed before PET, PET identified clinically
relevant new foci in 45% of cases. The positive and nega-
tive predictive values of PET were 91% and 99%, respec-
tively (24). In a recent prospective study, 18F-FDG PET
was performed on 115 nonneutropenic patients with Gram-
positive bacteremia and at least 1 risk factor for developing
infectious complications. The results were compared with
230 matched historical controls in whom no 18F-FDG PET
had been performed. Significantly more patients were di-
agnosed with metastatic foci in the study group (67.8% vs.
35.7%). The sensitivity, specificity, and negative and posi-
tive predictive values of 18F-FDG PET/CTwere 100%, 87%,
100%, and 89%, respectively. Overall mortality after 6 mo
decreased from 32% to 19% in the 18F-FDG PET/CT group
(P 5 0.014) because of a decrease in relapse rate (25).

Therefore, 18F-FDG PET is a valuable imaging technique
for the detection of metastatic infectious foci and can detect
foci even when other imaging procedures are negative. Be-
cause of its high sensitivity, PET should be performed early
in all patients with high-risk Gram-positive bacteremia and
should be considered in patients with suspected dissemi-
nated infection (Fig. 3).

IMAGING OF NONINFECTIOUS
INFLAMMATORY DISEASE

RA

RA is an autoimmune chronic disease destroying joints
and eventually leading to permanent disability. Because the
early signs of RA are not necessarily specific, early diagnosis
may be challenging. Moreover, because the presentation of
the disease may vary considerably, a defined approach needs
to be used to evaluate treatment response and disease ac-
tivity. To integrate all the different aspects of disease activ-
ity and response monitoring, different sets of criteria have
been developed, among which those of the American Col-
lege of Rheumatologists are well suited for response as-
sessment whereas the widely used DAS28 criteria aim to
define absolute measures of disease activity, allowing its
continuous monitoring.

Monitoring the effects of anti-RA drug treatment for op-
timal patient therapy has become even more important
through the individualized use of disease-modifying anti-
rheumatic drugs, such as methotrexate, sulfasalazine, lefluno-
mide, and, more recently, biologicals (26). For optimization
of therapy to achieve low disease activity in patients with
a longstanding history of RA, or to achieve remission in
newly diagnosed patients, it is important to sensitively mea-
sure response to treatment, and such a measurement cannot
always be easily based on clinical criteria (26). Another
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aspect at an early time point is to determine the optimal mo-
ment to start treatment before irreversible joint damage has
occurred. Finally, there is also a need to stratify patients into
those with a low risk or a high risk of rapid disease pro-
gression and severe joint destruction.
Imaging procedures may help to overcome the chal-

lenges of diagnosis and therapy monitoring in patients with
RA. Synovitis, for example, is an early manifestation of the
disease that can reliably be detected by imaging procedures.
Ultrasonography and MRI are able to detect synovitis, as
well as increased synovial blood flow in affected joints, and
nuclear medicine methods can also detect synovitis (imag-
ing with nanocolloids, 18F-FDG PET, 3-phase bone scintig-
raphy). Several factors influence the use of imaging modalities
in clinical practice. Ultrasonography, because it is sensitive,
widely available, relatively inexpensive, and not associated
with ionizing radiation, is gaining an increasingly promi-
nent position as a screening modality for diagnosing syno-
vitis. Furthermore, ultrasonography is convenient for patients
and physicians. Therefore, it is a useful tool for the screen-
ing of suspected-RA patients for synovitis or inflammatory
changes in other soft tissues such as tendons or tendon sheaths.

Also, ultrasonography may show bone erosions in small joints
(finger and toe joints) with high sensitivity (27). However,
ultrasonography is not suitable for visualizing erosions in
larger joints because of its inability to penetrate bone. MRI,
at this point in time, remains the gold standard for the de-
tection of synovitis (28). It is also sensitive in the detection
of erosions and, as compared with CT, offers the possibility
to simultaneously evaluate erosions and synovitis. Plain ra-
diography has been shown to be less sensitive in the de-
tection of early lesions in RA (28,29).

Planar bone scintigraphy has been used to image disease
activity in patients who are receiving therapy, but because the
method is clearly less sensitive than SPECT, early stages of
the disease or mild abnormalities may be missed. Therefore,
multipinhole SPECT of the hands has been used to identify
patients with minimal changes in bone metabolism. Ostendorf
et al. (30) demonstrated increased bone metabolism in finger
joints by multipinhole SPECT. This technique proved to equal
MRI in sensitivity and also detected increased bone metabo-
lism in 2 patients in whom MRI had negative results (absence
of bone edema), demonstrating that multipinhole SPECT may
be even more sensitive than MRI in some cases.

FIGURE 2. 18F-FDG PET/CT scan of
patient with proven Escherichia coli
infection of vascular graft. Focal, intense
uptake of 18F-FDG (arrows) is sign of
infection, in comparison with more
diffusely increased physiologic uptake
along graft.

FIGURE 3. 18F-FDG PET/CT scan of
patient with FUO after placement of
aortic stent for treatment of aneurysm of
thoracic aorta. Stent infection was
considered most likely cause of FUO,
but 18F-FDG PET showed bilaterally
increased uptake in region of dorsal hip
muscles related to abscess for-
mation (arrows). This scan demon-
strates value of whole-body PET in
patients with FUO.
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High sensitivity and specificity have been reported for
imaging of synovitis with 99mTc-nanocolloids, but in view
of the broad availability of ultrasonography and MRI, whether
this imaging technique will play a role remains more than
questionable. As an alternative, PET may be used for im-
aging of synovial inflammation or arthritis. Besides 18F-FDG,
tracers such as 11C-choline may be used for measurement
of cell proliferation. This tracer detected synovitis with
high accuracy (31). Again, the usefulness of PET, compared
with MRI and ultrasonography, needs to be proven in RA
imaging.
Currently, large systematic prospective studies on the

efficient use of imaging modalities to assess the efficacy of
treatment in early RA are lacking. For practical reasons, it
seems as if many rheumatologists prefer MRI for early
diagnosis of RA and use ultrasonography as a relatively
inexpensive and easily available screening method after the
history has been taken and physical examination and lab-
oratory tests performed. Plain radiography can be used to
exclude other bone diseases but is not sufficiently sensitive
to detect early changes, detecting only (then largely irre-
versible) damage to joints at a later stage of the disease
(28). Nuclear medicine techniques, especially bone scan-
ning (including multipinhole SPECT of small joints) and
PET, may significantly add to the early diagnosis of RA.
Although PET and SPECT with either 18F-FDG or bisphos-
phonates may play a role in identifying RA at an early stage
(28,30), repeated imaging to assess the efficacy of treatment
may be required as often as every 6–12 wk over a long
period (26), and the radiation exposure associated with both
techniques will put ultrasonography and MRI at an advan-
tage. As a future development in RA imaging, optical im-
aging may also become more important. The limited penetration
of light does not play an important role in optical imaging
of small joints (fingers and toes), and ligands specifically
binding to inflamed synovial tissue may be able to detect
RA at an early stage. This imaging technology is now lim-
ited mostly to preclinical use but may become an attractive
modality in RA (28,32).
In conclusion, the role of nuclear medicine imaging in

the assessment of RA is currently not clear. The paradig-
matic changes that have been taking place in the treatment
of RA in the last 2 decades require highly sensitive imaging
modalities that will also allow for repeated imaging. Al-
though bone SPECTor 18F-FDG PET may play a role in the
early diagnosis of RA, patient exposure to radiation hinders
their use in repeated assessments. Large controlled, pro-
spective clinical trials comparing different imaging modal-
ities in RA diagnosis and therapy monitoring are lacking.
Therefore, it is difficult to clearly position the use of SPECT
or PET in RA. The actual use of nuclear medicine imaging
techniques will depend more on local preferences than on
true evidence from the literature. It seems likely that ultra-
sonography and MRI will become the most important tech-
niques for RA imaging unless clinical trials demonstrate
added value for PET or bone SPECT.

Vasculitis

The diagnosis of vasculitis is usually based on clinical
symptoms, combined with laboratory tests. The American
College of Rheumatology has defined criteria for the diag-
nosis of giant cell arteritis (GCA) and other types of vas-
culitis. Three of the following criteria have to be present to
make the diagnosis of GCA probable: age greater than 50 y,
new headache, abnormalities on palpation of temporal ar-
tery, elevated erythrocyte sedimentation rate, and histologic
changes of the temporal artery. However, because vasculitis
can often clinically present with unspecific symptoms, the
diagnosis is not primarily considered. Therefore, in patients
with unspecific symptoms caused by vasculitis, the under-
lying reason may not be detected by biopsy and histopath-
ologic evaluation before vasculitis is identified as the potential
cause. As an example, vasculitis may present as FUO (Fig. 4).
In elderly patients, up to 17% of cases of FUO are caused
by vasculitis (33). Furthermore, even if vasculitis is sus-
pected, temporal artery biopsy is false-negative in up to
45% of patients (34). This exemplifies the potential value
of imaging procedures in patients in whom the diagnosis
remains unclear.

Ultrasonography has been shown to detect temporal ar-
teritis with high sensitivity. If duplex ultrasonography is
combined with Doppler ultrasonography, the diagnosis of
arteritis is based mainly on 3 findings: edema visible as
a hypoechoic circumferential wall thickening around the
lumen, stenosis resulting in increased blood-flow velocity
and turbulence, and occlusion resulting in loss of Doppler
signal. If 1 or 2 of these signs are present, ultrasonography
of arteritis will result in a sensitivity exceeding 85% and
a specificity above 90% (35). Ultrasonography is suitable
for imaging of the proximal arm and axillary arteries and
can therefore play an important role in the detection of
GCA or FUO caused by GCA (36). Ultrasonography can
also play an important role in diagnosing small-vessel vas-
culitis (carotid, finger, and temporal arteries (37)). How-
ever, excellent results will be obtained only by experienced
sonographers and may not be reached in general in clinical
practice.

MRI also allows imaging of GCA with high sensitivity
and specificity (81% and 97%, respectively) (38). Diagnos-
tic criteria are thickening of the arterial walls and increased
gadolinium contrast enhancement. However, high field
strengths are required for imaging of vasculitis by MRI.
One-tesla scanners seem to be inadequate for imaging of
vasculitis, and a field strength of 1.5 T or, even better, 3 T is
advised (35,39). The reason is the trade-off between image
resolution required for imaging of the walls of superficial
cranial arteries and signal intensity.

18F-FDG PET is a highly sensitive imaging technique for
the detection of inflamed arterial walls. In contrast to ultra-
sonography, with 18F-FDG PET the thoracic aorta can also
be visualized. Other large arteries can be visualized without
the limitations associated with ultrasonography (gas in
bowels, bones, locations deep within the body), allowing
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for simple assessment of the abdominal and pelvic arteries.
18F-FDG PET has been shown to have a high sensitivity of
more than 80% in the detection of vasculitis of the large ar-
teries (40). These results are in line with other data. Hautzel
et al. have published a controlled study in which they not
only demonstrated a high sensitivity for 18F-FDG PET in
the detection of vasculitis of the large arteries but also,
on performing a receiver-operating-characteristic analysis
comparing thoracic artery standardized uptake value with
liver standardized uptake value, found an investigator-
independent sensitivity and specificity of 89% and 95%
(41). When therapy of GCA was assessed with 18F-FDG
PET, the standardized uptake value decreased 3 mo after
the onset of therapy but remained unchanged after 6 mo.
This observation may be caused by vascular remodeling,
and therefore PET seems to be less suitable for the evalu-
ation of therapeutic effects (40). A study of biopsy-proven
GCA patients demonstrated that vascular uptake of 18F-
FDG in the acute phase of disease correlated strongly with
aortic diameter on follow-up (42). These findings suggest
a role for 18F-FDG PET not only in the primary diagnosis
of disease but also as a prognostic tool for the development
of aortic aneurysms. In patients with polymyalgia rheumat-
ica, 18F-FDG uptake in the large arteries was detected in
approximately 30% of patients, whereas increased uptake
in the shoulders and hips was seen in 94% and 89%, re-
spectively. Of note, increased uptake was present in the
processi spinosi of the cervical and lumbar spine in more
than 50% of patients (43).
Patients with Takayasu arteritis (TA) are usually younger

than patients with GCA at the onset of disease (40 y old or
younger). Because the disease is rare, published studies have
been performed on only a few patients. Several case reports
are also available. In ultrasonography, the same changes are
detected as in GCA, and the carotid and subclavian arteries
are often involved (44,45). 18F-FDG PET also offers good
sensitivity and specificity exceeding 90% in patients with

TA, although the data have been obtained from small groups
of patients (46,47). It appears that slightly increased 18F-
FDG uptake may remain over the course of the disease, as
is also the case for GCA (35). Contrast-enhanced MR arte-
riography seems to be a valuable imaging modality for de-
tection and follow-up of TA. Although, in analogy to PET,
the changes in the arterial walls tend to persist (rendering
MR arteriography and MRI less suitable for assessment of
disease activity (48)), MR arteriography as an anatomic
imaging modality has the advantage of providing informa-
tion about arterial stenosis as well as aneurysm formation,
a common complication in TA (49).

In view of the available literature, ultrasonography appears
appropriate as the primary imaging modality for the detec-
tion of typical signs of temporal arteritis, provided that the
examination is performed by an experienced sonographer.
Otherwise, the value of the method will be impaired. In pa-
tients in whom ultrasonography or temporal biopsy is nega-
tive or in whom GCA is only 1 possible differential diagnosis,
18F-FDG PET appears to be the logical second approach.
Especially in FUO caused by vasculitis, PET plays a pivotal
role in the diagnosis (Fig. 4) (50). The advantages of PET
are the high sensitivity and the ability to screen all large
arteries in a single step (standardized whole-body scan-
ning). Furthermore, uptake of 18F-FDG seems to correlate
with later formation of aneurysms, thus rendering 18F-FDG
uptake a prognostic marker. However, PET has a low sen-
sitivity only in the detection of small (and medium)-vessel
disease, and imaging such disease is the strength of MRI,
provided that imaging of a given anatomic region is per-
formed. Thus, MRI and MR arteriography are highly sen-
sitive for the detection of changes in the superficial cranial
arteries. Furthermore, MRI and MR arteriography allow for
the detection of aneurysm formation and are thus especially
useful in the diagnosis and follow-up of TA. Blockmans et
al. demonstrated a decrease of 18F-FDG uptake in diseased
vessels 3 mo after the initiation of therapy (35). However,

FIGURE 4. Patient with a history of
FUO. Physical examination and ultra-
sonography of temporal artery were
negative. Erythrocyte sedimentation and
C-reactive protein were elevated; other-
wise, laboratory parameters did not
indicate vasculitis. 18F-FDG PET scan
shows increased uptake in thoracic aorta
and subclavian arteries (left), carotid
arteries (middle), and abdominal aorta
together with iliac arteries (right) (arrows).
Vasculitis was diagnosed. This example
supports role of PET for detection of
vasculitis as underlying cause of FUO.
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the uptake did not further decrease 6 mo after therapy. This
persisting 18F-FDG uptake seems to be caused by vessel wall
remodeling. Both PET and MRI appear to show this vessel
wall remodeling in GCA and TA; after assessment of the
initial therapeutic response by both modalities, changes in
the vessel walls will persist. Therefore, more data are re-
quired to elucidate the potential of PET and MRI in moni-
toring the response of vasculitis to therapy later than 6 mo
(35). When PET scans are evaluated for the presence of vas-
culitis, these factors need to be kept in mind. If the patient is
receiving immunosuppressive therapy, uptake into diseased
vessels will be decreased but not absent. Slightly increased
vessel uptake may reflect vascular remodeling and may be
a sign of vasculitis in patients receiving immunosuppression.

18F-FDG PETmay be a helpful tool in diagnosing polymyal-
gia rheumatica, because the large arteries are less frequently
involved in this disease than in GCA or TA (35). Increased
uptake in the shoulders or hips together with increased uptake
in the cervical and lumbar processi spinosi may point toward
polymyalgia rheumatica, and involvement of the large vessels
can be found in around 30% of patients (43).

Sarcoidosis

Most frequently, sarcoidosis affects the lungs and the
associated hilar and mediastinal lymph nodes. Typically,
noncaseating granulomas are found. However, because sar-
coidosis can affect multiple organ systems, the clinical pre-
sentation can vary considerably. Unspecific constitutional
symptoms can be found frequently; more specifically, dyspnea
and coughing are associated with lung involvement. On chest
radiographs, mediastinal and bilateral hilar lymphadenop-
athy can be found; less frequently found are parenchymal
opacities and, in advanced stages of disease, pulmonary
fibrosis, as is reflected in a staging system ranging from 0
(no abnormality) to 4 (pulmonary fibrosis) based on chest
radiography findings (51). Peripheral lymphadenopathy is
also frequently found in up to one third of patients (cervi-
cal, axillary, inguinal), whereas skin lesions affect about one
quarter of patients (51).
Chest radiographs still play a role in the detection of sar-

coidosis in patients presenting with dyspnea and coughing.
CT has achieved a central role in detecting lymphadenop-
athy and changes in lung parenchyma on high-resolution
scans. Nuclear imaging techniques used for the assessment
of sarcoidosis include 67Ga imaging and 18F-FDG PET. These
allow disease activity to be determined and treatment re-
sponse monitored (6,52). In particular, both techniques have
been reported to detect sites of disease previously unknown,
as well as unsuspected metabolically active disease. This
aspect is of particular importance, as PET detects multi-
organ involvement in a considerable number of patients
(53). Furthermore, PET is superior to 67Ga imaging and is
able to detect sites of inflammation unrecognized by 67Ga
imaging (54,55).
In the primary diagnosis of sarcoidosis, high 18F-FDG up-

take may be present in lymph nodes and in other involved

organs. This uptake may mimic malignant disease such as
lymphoma (Fig. 5) (6). The same problem occurs in CT of
patients with sarcoidosis, as enlarged abdominal lymph
nodes may be mistaken for lymphoma, metastatic disease,
or Mycobacterium infection (56). Definitive diagnosis often
requires biopsy to prove sarcoidosis and to exclude other
(malignant) diseases. In response to treatment, uptake of
67Ga and of 18F-FDG decreases, allowing for assessment
of treatment effects and for early adaptation of therapy if no
response can be measured (53,57). Also, patients with pul-
monary fibrosis who may not profit from corticosteroid
therapy can be identified (53).

Therefore, in the assessment of sarcoidosis, PET with
18F-FDG allows disease activity and treatment response to
be determined. 18F-FDG PET is superior to 67Ga imaging.
Traditionally, chest radiography and CT have played an
important role in the diagnosis of sarcoidosis. In view of
the advantages of combined PET/CT, one should consider
replacing several CT scans by combined whole-body PET/
CT. For determination of changes in the lung parenchyma,
high-resolution CT is most suitable.

IBD

Crohn’s disease and ulcerative colitis are the 2 main
subtypes of IBD. Although ulcerative colitis affects solely
the colon, Crohn’s disease can affect any part of the gas-
trointestinal tract, with involvement of the terminal ileum in
90%. Consequently, ileocolonoscopy has gained wide ac-
ceptance as the reference standard for diagnosing colonic or
ileal involvement. For small-bowel disease, barium exami-
nations using an enteroclysis technique are still considered
the standard of reference (58). Furthermore, disease activity
is measured clinically by clinical activity scores. This diag-
nostic approach has several disadvantages: the clinical scor-
ing system is indirect and endoscopy or barium enteroclysis
are both invasive techniques. Barium may be contraindicated

FIGURE 5. 18F-FDG PET/CT scan of patient with sarcoidosis.
Maximal-intensity projection on left side gives overview of sites
of disease, including cervical area, axillae (green arrows), me-
diastinum (blue arrows), and inguinal lymph nodes (red arrows).
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in cases of severe inflammation because of the risk of per-
foration and subsequent peritonitis. In acute ulcerative co-
litis with severe inflammation, colonoscopy is associated
with an increased risk of perforation. Therefore, noninva-
sive imaging procedures are warranted to adequately diag-
nose and follow patients with IBD (59).
WBC imaging (preferably with 99mTc instead of 111In

because of better image quality) has extensively been used
for diagnosing IBD. This imaging technique has also shown
high sensitivity and specificity between 80% and 90% in
adults and children for the correct detection of the involved
bowel segment (60–63). WBC scanning may also help to
diagnose therapy resistance within days after the onset of
therapy (64). However, as a consequence of the rather com-
plicated and time-consuming labeling procedure of WBCs
and the duration of the procedure, WBC scanning is rela-
tively inconvenient for the patient and requires a dedicated
laboratory and personnel for handling of blood products.
Horsthuis et al. have performed a metaanalysis of prospec-

tive studies on imaging of IBD by ultrasonography, MRI,
CT, and WBC scintigraphy (62). They demonstrated that
CT is less sensitive than ultrasonography, MRI, and WBC
scanning and advised that CT not be performed in the di-
agnostic work-up of IBD. Ultrasonography, MRI, and WBC
scanning were equivalent in IBD imaging, with sensitivities
ranging from 84% to 93% and specificities ranging from
84% to 95%. Ultrasonography is very much operator-
dependent, and usually not all bowel segments can be vi-
sualized; therefore, the use of this imaging modality may
depend on locally available expertise. The authors advised
the primary use of ultrasonography and MRI (using an en-
teroclysis technique rather than oral administration of con-
trast medium) for IBD imaging. This advice was based
mainly on the absence of radiation exposure of ultrasonog-
raphy and MRI. Moreover, PET has not been evaluated in
this metaanalysis because of the limited number of pub-
lished studies (62).

18F-FDG PET has been evaluated in children and adults
with IBD. In a study of 65 children, PET had a good sen-
sitivity of 80% (compared with colonoscopy), and a nega-
tive PET scan excluded the presence of inflammation in
children with recurrent abdominal pain (65). In another
study of children, the results of PET were compared with
histology, and PET reached a sensitivity of 98% and a spec-
ificity of 68% (in comparison to endoscopy [90% and 75%,
respectively] and ultrasonography [56% and 92%, respec-
tively]). For small-bowel disease, PET was even more reli-
able (65). In a study of adults with IBD, hydro-MRI was
clearly inferior to PET, with sensitivities of 40.9% and
85.4%, respectively (66). More studies have demonstrated
a good sensitivity for PET in IBD, with a high correlation
with disease activity, laboratory parameters, endoscopy, and
other parameters (67–70).
The role of video capsule endoscopy in the evaluation of

IBD is not completely clear. Although promising results have
been obtained, questions remain. For example, the correlation

between mucosal healing diagnosed by video capsule en-
doscopy and follow-up is not clear. Before video capsule
endoscopy can be performed, one should be certain that
there are no strictures, which would lead to retention of the
capsule and, possibly, bowel obstruction (71). Thus, the
technique is not without risk of complications. Indeed, re-
tention of the capsule was observed in more than 10% of
the patients with Crohn’s disease (72). However, video cap-
sule endoscopy is a highly promising technique whose ex-
act role in IBD will have to be determined.

For imaging of IBD, 18F-FDG PET seems to be equiva-
lent in sensitivity to WBC, although supporting data are
limited so far. For WBC imaging, SPECT/CT should be
performed for the correct localization of involved bowel
segments. In conclusion, ultrasonography is a valuable tool
for imaging of IBD but, because of its limitations (operator
dependence, bowel segments not completely visible), should
be followed by MRI, WBC imaging, or PET (Fig. 6). In-
sufficient data are available to conclude whether MRI or
nuclear medicine techniques are preferable for imaging of
IBD. Prospective controlled trials comparing PET or WBC
imaging and MRI, and their influence on therapy in IBD,
are warranted.

IMAGING IN FUO

FUO was originally defined in 1961 as a temperature of
at least 38.3�C (101�F) on several occasions, with the un-
derlying cause being uncertain after 1 wk of hospitalization.
The potential causes of FUO include a broad spectrum of
diseases, namely infectious diseases (such as abscess or
endocarditis), autoimmune disorders (such as vasculitis or
rheumatic disease), and malignant tumors. In the past 4
decades, new imaging and other diagnostic techniques have
been developed, allowing earlier diagnosis in many patients
with fever. For example, ultrasonography, CT, or MRI to-
gether with laboratory tests have facilitated the diagnosis of
malignant diseases; echocardiography allows for a reliable
diagnosis of endocarditis. Immunodeficient patients are not
included in the FUO definition because they need an en-
tirely different approach, which does not fall into the scope
of this article. Recently, the criteria for definition of FUO
have been modified to a list of investigations that need to be
performed to identify the origin of the fever. If the diagno-
sis is still uncertain after these tests, the patient is classified
as having FUO (73).

In the clinical work-up of a patient with FUO, it is es-
sential to first identify clues about the diagnosis by taking
a thorough history and performing a physical examination
followed by laboratory tests, chest radiography, and abdom-
inal ultrasonography. If a hypothesis for the cause of FUO
can be established on the basis of these findings, a further
focused diagnostic work-up can be performed to prove or
refute the hypothesis (73).

Imaging techniques may help to identify the cause of
FUO. Anatomic imaging modalities require anatomic changes
in tissues secondary to inflammation before detection is
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possible and therefore in many cases are not able to detect
early stages of disease. In addition, changes caused by cured
disease or surgery (scars, fibrosis, and other causes) may
result in false-positive interpretation of the images. Fur-
thermore, anatomic imaging modalities routinely include
only a limited area of the body and do not provide infor-
mation about other areas—a major disadvantage if the po-
tential cause of the fever is not clear. Therefore, nuclear
medicine imaging techniques play an important role in the
diagnosis of FUO because they are performed as whole-
body imaging examinations and the radiotracers used are
able to detect inflammatory processes in the body at an
early stage, possibly before anatomic changes appear.
Scintigraphic detection of inflammatory foci using 67Ga

has been widely performed, and although this method has
proven efficiency in the detection of inflammation, it is as-
sociated with several disadvantages. Because of the high
g-energy, image quality is impaired by lower resolution
resulting from the use of high-energy collimators and other
factors. Furthermore, the radiopharmaceutical has to clear
from the background to achieve acceptable target-to-back-
ground ratios (especially, bowel uptake resulting from clear-
ance via the liver disturbs imaging), often requiring late
images to be obtained (48- or 72-h imaging). Therefore, 67Ga
imaging has several disadvantages for patients: it is time-
consuming, must be repeated, and has a relatively high ra-
diation burden. In a study of 58 patients with FUO, Meller
et al. showed that 67Ga scintigraphy had a diagnostic yield
nearly equivalent to that of 18F-FDG PET (74). However, in
that study, 18F-FDG scanning was performed with a coinci-
dence camera instead of a dedicated full-ring PET scanner,
which is superior for PET. In view of the disadvantages of
67Ga, 18F-FDG PET is the procedure of choice for this in-
dication. The advantage of 18F-FDG is the high rate of back-
ground clearance achieved via renal elimination while the
tracer is trapped in cells with high glucose consumption.

Therefore, tissues with increased glucose metabolism can
be identified with high sensitivity. Because both inflammatory
cells and tumor cells have a high glucose demand, 18F-FDG
PET is highly suitable for the detection of both inflamma-
tion and malignancy. 18F-FDG PET has high sensitivity for
most malignant tumors. In addition, the therapeutic and prog-
nostic consequences of a delay in diagnosing a malignancy,
responsible for FUO in up to 25% of cases, are clinically
important. Therefore, high accuracy in diagnosing malig-
nant disease should be an important operational character-
istic for recommended nuclear medicine techniques in FUO
patients. 18F-FDG PET is also able to detect bacterial in-
flammation and most types of autoimmune inflammation
(Fig. 4). Therefore, all important underlying causes of FUO
(infection, autoimmune disease, malignancy) can usually be
detected with high sensitivity by a single imaging technique.

As another alternative, labeled leukocytes may be used to
identify infectious foci. However, because leukocytes accu-
mulate mainly in foci of bacterial infection and the prev-
alence of FUO caused by bacterial infections is relatively
low (15%–40%), the evaluation of patients with other un-
derlying diseases (malignancies, autoimmune diseases) will
mostly be false-negative (73), and the clinical value of la-
beled leukocytes for diagnosing the cause of FUO is there-
fore limited.

A potential drawback of 18F-FDG is physiologic accu-
mulation in the brain, heart, bowel, and urinary tract due to
excretion of the tracer via urine. In addition, in patients
with fever, uptake into the bone marrow may be increased.
PET is not suitable for diagnosing endocarditis as a cause of
FUO. In patients with suspected endocarditis, echocardiog-
raphy is the imaging modality of choice. Other diseases,
such as IBD or pyelonephritis, are usually associated with
typical clinical symptoms; neither condition is a typical cause
of FUO, and they are therefore less relevant for PET in
FUO. The diffusely increased uptake of 18F-FDG in the bone
marrow usually shows a typical pattern, and the diagnostic
accuracy of PETwould be impaired only if a small focus of
equivocal uptake in the bone marrow were present.

Because of its high sensitivity, favorable imaging charac-
teristics (good spatial resolution, no delayed imaging re-
quired), whole-body imaging, and high patient convenience,
18F-FDG PET currently is the most powerful imaging mo-
dality in the diagnosis of FUO, especially when combined
with CT in integrated PET/CT scanners allowing exact an-
atomic localization of 18F-FDG–avid foci. Therefore, with
the advent of combined PET/CT, PET has gained consid-
erably in specificity.

In FUO, it is of the utmost importance to identify a focus
as the underlying cause of the disease. Therefore, high sen-
sitivity combined with exact localization of foci—both
characteristics inherent to PET/CT—plays a pivotal role
in the diagnosis of FUO.

In several studies, 18F-FDG PET has shown value in the
diagnosis of FUO. Although it is difficult to compare those
studies because of the differences in inclusion criteria and

FIGURE 6. 18F-FDG PET/CT scan of patient with ulcerative
colitis. Maximal-intensity projection on left side gives overview
of extent of disease, which includes transverse colon (red
arrows on coronal slice), sigmoid (blue arrows on transversal
slice), and rectum (green arrows on sagittal slice).
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the different time points in the diagnostic work-up at which
PETwas performed, 18F-FDG PET showed an overall help-
fulness, corrected for study population, of approximately
35%–40%, which is high compared with radiologic tech-
niques and 67Ga-citrate scintigraphy (73,75–79). In 1 pro-
spective study, all patients had undergone a clearly defined
standardized diagnostic evaluation before PET was per-
formed. In addition, that study compared PET/CT with CT
of the abdomen and chest (76). The study clearly showed
that 18F-FDG PET is superior to CT in patients with FUO. So
far, in the absence of systematic evaluation of CTand MRI in
patients with FUO, this has been the only study systemati-
cally comparing PET and CT. Furthermore, PET did not
contribute to the diagnosis of FUO when C-reactive protein
and erythrocyte sedimentation rate were normal. On the basis
of these results and the favorable characteristics of 18F-FDG
PET, conventional scintigraphic techniques should be replaced
by 18F-FDG PET in the investigation of patients with FUO in
institutions where this technique is available. Also, in com-
parison to CT, 18F-FDG PET performs excellently. Therefore,
18F-FDG PET should be performed early if imaging tech-
niques are used in the diagnosticwork-up of patientswith FUO.

CONCLUSION

Nuclear medicine imaging techniques play an important
role in the assessment of inflammatory diseases. However,
there is strong competition with other imaging modalities,
especially ultrasonography, MRI, and CT. Here, we sum-
marize our advice for the use of the different imaging mo-
dalities based on the current literature:

• In the diagnosis of osteomyelitis and RA, MRI has
gained wide acceptance together with ultrasonography.
However, with the advent of new SPECT reconstruc-
tion algorithms and multipinhole SPECT acquisition,
nuclear medicine imaging techniques may still have
a role in the assessment of RA, and clinical studies
are required to define the future role of SPECT in RA.
PET is highly suitable for imaging of spondylitis and
spondylodiscitis and may also play a role in the assess-
ment of osteomyelitis.

• In FUO, PET with 18F-FDG is able to play a key role
in the assessment of patients in whom clinical and
laboratory findings together with ultrasonography have
not revealed a diagnosis. As long as comparative stud-
ies between MRI, PET, and CT are largely missing, the
available data suggest preferring PET. Furthermore,
vasculitis may cause FUO in a considerable number
of patients, further supporting the central role of 18F-
FDG PET in FUO.

• In IBD, PET may also play an important role in the
future. WBC has performed convincingly in compari-
son to MRI and CT.

• In vasculitis, PET seems to be of crucial importance if
the diagnosis cannot be made on the basis of temporal
artery biopsy and ultrasonography. This is especially

true for GCA and polymyalgia rheumatica, whereas in
TA, MRI or MR arteriography will enable a better de-
tection of aneurysms.

• 18F-FDG PET is a highly sensitive imaging modality
in diagnosing sarcoidosis and also allows for assess-
ment of treatment response.

• 18F-FDG PET/CT is the procedure of choice in the
diagnosis of vascular graft infection; simultaneous
CT is mandatory to avoid false-positive results. PET
scans needs to be assessed according to the mentioned
criteria to avoid false-positive results. Patients with non-
diagnostic PET scans should undergo WBC scanning.

• PET can detect metastatic infectious foci with high
sensitivity, even if other imaging procedures show neg-
ative results.

• 67Ga imaging can largely be replaced by 18F-FDG
PET, as 67Ga offers no advantages for imaging of in-
flammatory diseases.

• WBC scanning may still play a role (IBD, vascular
graft infection) and have some advantages over PET
in certain categories of patients. However, WBC scan-
ning requires handling of blood products, and the la-
beling is time-consuming and inconvenient for the
patient, who has to wait for labeling and imaging.
Therefore, for practical reasons, WBC scanning is be-
coming less popular. Another disadvantage is that it
may need to be combined with other imaging tech-
niques to achieve high sensitivity and specificity.
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