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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activity, participants will be able to:

m Describe the epidemiology, causes, and
workup of fever without a source.

m Determine the appropriate imaging
modalities to evaluate fever without a
source with a focus on nuclear medicine
studies.

m Describe the relative imaging costs to
radiology departments in the workup of
fever without a source with a focus on
radiopharmaceutical costs.

See www. rsna.orgleducation/search/RG.

Fever without source is a febrile illness without localizing signs or
initial obvious cause. Early workup will often include chest radi-
ography and computed tomography (CT) of the abdomen and
pelvis, with or without CT of the chest. To evaluate localizing signs
or symptoms or to further evaluate findings from initial studies,
targeted imaging according to body part can be performed by
using radiography, ultrasonography, CT, or magnetic resonance
(MR) imaging. Nuclear medicine studies can provide imaging of
the whole body and may be helpful when the clinical and con-
ventional imaging workup findings are negative or equivocal in
identifying a source of fever. Nuclear medicine studies can be used
to detect pathologic changes early in a disease course, even in the
absence of an anatomic abnormality. Gallium 67 scintigraphy, in-
dium 111- and technetium 99m-labeled leukocyte scintigraphy,
and fluorine 18 fluorodeoxyglucose positron emission tomography
(PET)/CT studies are all useful in the evaluation of fever, but the
radiopharmaceutical cost for PET/CT is much lower than that for
radiolabeled leukocyte studies. The increased use of bundled pay-
ments for inpatient admissions requires updated cost evaluations
for the preferred nuclear medicine study. For inpatients in whom
the findings from the initial clinical workup and imaging studies are
nondiagnostic, PET/CT examination may be preferable to radio-
labeled leukocyte studies because of its high sensitivity and lower
cost. Negative findings at PET/CT can be helpful in excluding a
suspected site of infection, and positive findings at PET/CT can be
helpful in confirming a suspected site of infection or in identifying
an unexpected cause of fever.

©RSNA, 2016 » radiographics.rsna.org

Introduction

Fever is a common problem among people of all ages worldwide.
Fever without a source is a febrile illness without localizing signs or
initial obvious cause. Fever without a source is well described in the
pediatric literature (1,2), but adult patients also frequently present
with fever with no readily apparent source. Fever of unknown origin,
a subtype of fever without a source, is defined as fever on several
occasions and illness lasting longer than 3 weeks after appropriate
workup (3). This 3-week period allows time for diagnostic evaluation
and for resolution of many self-limiting viral syndromes; however,
life-threatening fevers may have no apparent source after a standard
workup has been completed but before 3 weeks have elapsed.

Fever may be due to infection, inflammation, or malignancy. The
initial workup for fever without a source typically involves obtain-
ing a patient history; conducting a physical examination; performing
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TEACHING POINTS

B Positive PET/CT findings can yield an unexpected cause of fe-
ver or can help confirm a suspected site of infection. Negative
PET/CT findings can help exclude a suspected site of infection.

B |n the evaluation of suspected osteomyelitis, we prefer PET/CT
to radiolabeled leukocyte studies.

B Current changes in reimbursement structures require different
cost evaluations; bundled payments limit the need for item-
ized reimbursement analyses and increase the need for cost-
effectiveness analyses.

B The radiopharmaceutical cost for PET/CT is much lower
than the radiopharmaceutical cost for radiolabeled leuko-
cyte studies.

B With appropriate clinical correlation and communication with
referring clinicians, PET/CT can be useful for evaluating fever,
even in inpatients with complicated multiple findings.

laboratory tests including a complete blood cell
count, blood chemistry analysis, liver function
tests, and urinalysis; and acquiring chest radio-
graphs (4). Further testing, imaging, or biopsy of
suspected sites of infection should be performed
as appropriate on the basis of clinical signs

and symptoms. Further imaging often includes
dedicated imaging of specific body parts on the
basis of the results of clinical assessment. Whole-
body imaging can be performed by using nuclear
medicine studies.

In this article, the role of imaging in the diag-
nosis and management of fever without a source
is discussed with a focus on positron emission
tomography (PET)/computed tomography
(CT). The imaging appearance of many causes
of fever and the imaging costs to a radiology
department are reviewed with a focus on radio-
pharmaceutical costs.

Imaging Studies for

Fever without a Source
Chest radiography is fast and inexpensive and is
part of a typical initial workup of fever without a
source (4). Chest CT is more sensitive than chest
radiography for the detection of airspace disease,
nodules, and lymphadenopathy (5-8). It may be
performed in conjunction with abdominal and
pelvic CT when no localizing signs or symptoms
are present. Abdominal and pelvic CT exami-
nations have essentially replaced exploratory
laparotomies in the search for occult abscesses.
Abdominal ultrasonography (US) and magnetic
resonance (MR) imaging are particularly useful
in pediatric or pregnant patients because of the
lack of ionizing radiation. CT, US, and radiogra-
phy performed with or without MR imaging are
useful in the evaluation of the musculoskeletal
system particularly when assessing for the pres-
ence of gas in the soft tissues, fluid collections, or

Dibble et al 1167

osteomyelitis (9), respectively. Targeted imaging
evaluation of fever without a source is performed
according to body part (Table 1).

Nuclear medicine studies can provide imag-
ing of the whole body and are often used as a
last resort when the findings from radiography,
US, CT, or MR imaging of the chest, abdomen,
pelvis, or extremities are negative or equivocal in
identifying a source of fever. Nuclear medicine
studies can be used to detect pathophysiologic
changes early in the course of a disease even in
the absence of anatomic abnormalities (Fig 1).

Radiolabeled autologous leukocytes are used to
detect abnormal granulocyte localization and are
particularly useful in the setting of suspected infec-
tion (Fig 2). Autologous leukocytes are harvested
by using venipuncture, are labeled ex vivo with ra-
diopharmaceutical agents, and are readministered
intravenously. When used in combination with
technetium 99m (**™Tc) bone marrow scintigra-
phy, indium 111 (*'!In)-labeled leukocyte imaging
can be used to differentiate marrow activity from
osteomyelitis (10) (Fig 3). Radiolabeled leukocyte
studies are limited in patients with neutropenia,
and low leukocyte counts can make !!In labeling
for single photon emission computed tomography
(SPECT) or SPECT/CT difficult to perform. In
addition, radiopharmaceutical agents for labeling
leukocytes are expensive and time consuming to
use, and radiolabeled leukocytes are complicated to
prepare. Unlike '!In scintigraphy, a **™Tc-labeled
leukocyte study is a same-day study that has higher
leukocyte counts, allowing SPECT and SPECT/
CT to be performed more easily. Technetium
99m-labeled leukocytes, however, are excreted
through the gastrointestinal and genitourinary
tracts, which limits the evaluation for pathologic
conditions in the abdomen. An exception to this
is the evaluation of inflammatory bowel disease;
9mTc-labeled leukocytes may be more sensitive
than "'In-labeled leukocytes for this indication,
but images must be acquired before physiologic
bowel activity begins to appear at approximately 4
hours after injection in adults (11,12).

PET/CT is useful in the detection of infection,
inflammation, and malignancy. Increased expres-
sion of the facultative glucose transporters (GLUT
transporters) by tumor cells, increased production
of glycolytic enzymes by tumor cells, and increased
uptake of FDG by tumoral stroma (perhaps caused
by an inflammatory response) allow depiction of
malignant cells with PET/CT imaging (13-15).
Like tumor cells, inflammatory and granulation tis-
sues have increased expression of facultative GLUT
transporters and increased production of glycolytic
enzymes (16). PET and PET/CT have been helpful
in diagnosing various infectious causes of fever, in-
cluding tuberculosis, Q fever, babesiosis, Bartonella,
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Table 1: Imaging Modalities for Fever without a Source according to Body Part

Body Part and
Imaging Modality Characteristics of Modality
Chest
Radiography Fast, inexpensive, evaluate for pneumonia and adenopathy
CT Further evaluate respiratory symptoms or abnormal chest radiograph, iden-

tify small nodules and adenopathy
Abdomen and pelvis

CT Has replaced exploratory laparotomy in search for occult abscess; can be
used to identify lymphadenopathy; limitation: ionizing radiation

US No ionizing radiation; useful to assess for fluid collections, especially in chil-
dren; limitations: operator dependence, unable to image many areas

MR imaging No ionizing radiation; useful for detecting abdominal abscesses; limitations:
cost, lengthy imaging times

Extremities

CT Useful to evaluate for gas in soft tissues, bone erosion, or fluid collections

US No ionizing radiation; useful to assess for fluid collections, especially in chil-
dren; limitations: operator dependence, unable to image many areas

MR imaging No ionizing radiation; useful to evaluate for osteomyelitis, myositis, and

abscesses; limitations: cost, lengthy imaging times
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Figure 1. Q fever in a 40-year-old man who pre-
sented with fever. (a) Sagittal gray-scale US image
of the right upper quadrant shows hepatomegaly
and diffusely hyperechoic hepatic tissue compat-
ible with hepatic steatosis. (b) Coronal contrast
material-enhanced CT image of the abdomen
and pelvis shows hepatomegaly and diffuse hy-
poattenuation of the liver parenchyma, findings
compatible with hepatic steatosis, but findings
were otherwise normal. The patient was sent
home. He returned to the emergency room 4
days later with persistent fever. (c) Coronal maxi-
mum intensity projection image from fluorine 18
fluorodeoxyglucose (FDG) PET/CT performed
to evaluate fever without a source shows diffuse
increased hepatic uptake of FDG and an other-
wise normal distribution of activity, findings that
prompted a liver biopsy. (d) Photomicrograph of
tissue obtained at liver biopsy shows fibrin ring
granulomas (arrows) with a central lipid vacuole,
findings that are classically associated with Q fe-
ver; Q fever was confirmed serologically. (Hema-
toxylin-eosin stain; original magnification, X400.) (Fig 1d courtesy of Chad ). Ellermeier, MD, Warren Alpert Medical School of Brown
University, Providence, RI.)
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Figure 3. Osteomyelitis and neuro-
pathic arthropathy in a 43-year-old
woman with diabetes, fever, and
a history of fifth ray amputation 2
weeks earlier. (a) Axial T1-weighted
MR image of the left foot shows
postsurgical changes related to the
fifth ray amputation, as well as an
area of T1 hypointensity (arrow) at
the base of the fourth metatarsal, a
finding that could represent acute
neuropathic arthropathy or osteo-
myelitis. In addition, midfoot and
hindfoot neuropathic arthropathy is
unchanged from the appearance on
previous images. (b) Sagittal short
tau inversion-recovery MR image
of the left foot shows edema at the
base of the fourth metatarsal (ar-
row) and throughout the surround-
ing muscles, findings that could be
compatible with acute neuropathic
arthropathy or osteomyelitis. A com-
bined *™Tc-sulfur colloid (SC) and
"n-labeled leukocyte study was
subsequently performed to distin-

guish between neuropathic arthropathy and osteomyelitis. (c) Posterior
plantar scintigraphic images from a **"Tc bone marrow scan (top) and
MIn-labeled leukocyte scan (bottom) show diffuse increased ?*"Tc uptake
on the bone marrow scan (thick white arrow) with concordant leukocyte
uptake (thin white arrow) in the left ankle and midfoot, findings consis-
tent with inflammatory changes from neuropathic arthropathy. In addi-
tion, a small focus of increased leukocyte uptake (black arrow) is located
in the region of the left proximal fourth metatarsal without concordant
uptake on the bone marrow scan. This focus corresponds to the area of
abnormal signal intensity in the fourth metatarsal on MR images and is
compatible with osteomyelitis. WBC = white blood cell.

Dibble et al

Figure 2. Pyelonephritis and pneumonia in a
50-year-old woman with fever and a history of
B-cell lymphoma. Anterior (left) and posterior
(right) planar scintigraphic images from a '"'In-
labeled leukocyte scan show a focus of moderately
intense activity (white arrows) in the peripheral
right midportion of the hemithorax that is suspi-
cious for early pneumonia. Increased activity is
also depicted in the bilateral renal collecting sys-
tems and, to a lesser extent, the renal cortices,
which is seen asymmetrically more on the left
(black arrows), a finding suggestive of bilateral
pyelonephritis. The patient’s condition improved
with broad-spectrum antibiotic therapy for pyelo-
nephritis and pneumonia.

Tc99m-SC
Left Planter
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Figure 4. Right groin phlegmon in an 82-year-old man with a history of peripheral vascular disease who was admitted with
group B streptococcal bacteremia and suprapubic pain. The patient had undergone femorofemoral bypass graft placement
1 month previously. (a, b) Axial contrast-enhanced CT images (a obtained lower than b) show inflammatory stranding (ar-
row on a) adjacent to the right origin of the femoral artery bypass graft as well as a patent graft (arrow on b). There was no
drainable fluid collection. (c) Coronal maximum intensity projection image from FDG PET/CT performed to evaluate possible
graft infection and exclude other sources of bacteremia shows increased activity in the right groin (arrow), as well as injection
site activity in the right hand (arrowhead). (d, e) Axial fused PET/CT images (d obtained lower than e) show increased FDG
activity corresponding to the right origin of the femorofemoral bypass graft (arrow on d) and a small phlegmon (arrow on e)
that does not appear to extend into the bypass graft. The patient recovered with long-term antibiotic suppression therapy for
a presumed infection involving the origin of the femorofemoral bypass graft.

Yersinia, toxoplasmosis, cysticercosis, echinococcal
cysts, Epstein-Barr virus, cytomegalovirus, thyroid-
itis, pneumonia, empyema, abdominal and pelvic
abscesses, cholangitis and cholangiolitis, dropped
gallstones, pyelonephritis, colitis, cecitis (typhlitis),
diverticulitis, chronic bacterial prostatitis, chronic
epididymitis, infected vascular grafts and lines,
septic thrombophlebitis, aneurysm sac infections,

joint infections, osteomyelitis, orthopedic infections,
and soft tissue and skin infections (16—42). Positive
PET/CT findings can yield an unexpected cause of
fever or can help confirm a suspected site of infec-
tion. Negative PET/CT findings can help exclude a
suspected site of infection (Fig 4).

Historically, gallium 67 (°’Ga) scintigraphy
was the first-line nuclear medicine study used
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Figure 5. Osteomyelitis in an 85-year-old woman with a history of non—small cell lung carcinoma, esophageal carcinoma, and a re-
cent emergency room visit for fever and a urinary tract infection. (a) Sagittal T1-weighted MR image acquired for metastatic workup
5 days after the emergency room visit shows abnormal low signal intensity in the T12-L1 disk space and in the T12 and L1 vertebral
bodies (arrow). (b) Sagittal short tau inversion-recovery MR image shows fluid in the T12-L1 disk space (arrow), edema in the T12
and L1 vertebral bodies, and prevertebral edema and phlegmon, findings that are compatible with discitis and osteomyelitis. FDG
PET/CT was performed 4 weeks later for cancer restaging. (c) Sagittal fused PET/CT image (bone window) shows increased activity

at T12-L1 (arrow) compatible with known discitis and osteomyelitis.

to evaluate fever of unknown origin. Gallium 67
scintigraphy is more useful than radiolabeled leu-
kocyte scintigraphy in the evaluation of spinal os-
teomyelitis, although ¢’ Ga uptake in areas of bone
repair can complicate interpretation (43). FDG
PET appears to be more sensitive and specific
than ’Ga scintigraphy in the evaluation of fever
of unknown origin, including fever caused by spi-
nal infection, and FDG PET also demonstrates
improved tracer Kkinetics, better spatial resolution,
and lower radiation exposure and allows for more
rapid diagnosis (44-46). PET/CT, by integrating
functional with anatomic information, appears to
be even more sensitive than PET in diagnosing
the source of fever (47).

Investigators have shown that FDG PET is
superior to ''"In-labeled leukocyte scintigraphy for
diagnosing chronic bacterial osteomyelitis and for
establishing a source of fever of unknown origin
(38,48). The results of only one study demon-
strated that ''In-labeled leukocyte scintigraphy was
superior to FDG PET for determining the source
of infection (49). That study has been criticized for
patient selection bias (50) and for the classifica-
tion of abnormal PET findings as false-positive in
patients in whom no cause of fever could be found
but no additional tests were performed to explain
the abnormal PET findings (51). In the evaluation
of suspected osteomyelitis, we prefer PET/CT to
radiolabeled leukocyte studies (Fig 5).

PET/CT has also been helpful in diagnos-
ing inflammatory causes of fever including
sarcoidosis; lupus; Wegener granulomatosis;
subacute thyroiditis; cryptogenic organizing

pneumonia; rheumatic fever; pericarditis; autoim-
mune pancreatitis; inflammatory bowel disease;
Henoch-Schoénlein purpura; various inflamma-
tory arthritides; various vasculitides; deep venous
thrombosis; Castleman disease; Rosai-Dorfman
disease; Erdheim-Chester disease; the immune
dysregulation polyendocrinopathy enteropathy
X-linked (IPEX) syndrome; the synovitis, acne,
pustulosis, hyperostosis, and osteitis (SAPHO)
syndrome; and familial Mediterranean fever
(16,17,21,26,28,34,52-68). PET/CT is also
useful and cost-effective in the setting of occult
bacteremia (Fig 6); the results from one study
demonstrated lower mortality rates and decreased
relapse rates in patients who underwent PET/CT
for occult bacteremia (69,70). PET/CT images
can be acquired less than an hour after FDG
injection (71), which is a major benefit from both
medical and cost-containment perspectives.

Overall, PET/CT has a high sensitivity ranging
from 89% to 100% in the literature and is helpful
in 54% of cases (47). The specificity of PET/CT
is lower and has a wide range of 23%—-87% in the
literature (47), likely because PET/CT is non-
specific for infection, inflammation, and tumor.
Table 2 summarizes the nuclear medicine studies
used to evaluate fever without a source.

The Centers for Medicare and Medicaid
Services (CMS) reimburse for these imaging
studies differently. A major limitation in the use
of FDG PET/CT is that, unlike other imaging
studies, it is not yet reimbursable by CMS for the
indication of fever (Table 3). Current changes
in reimbursement structures require different
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Figure 6. Graft infection in a 47-year-old man with end-stage
renal disease who had undergone hemodialysis access graft
(HeRO Graft; Merit Medical Systems, South Jordan, Utah) place-
ment 4 months previously and who presented with shortness of
breath and bacteremia on blood samples drawn at dialysis.
(a) Coronal contrast-enhanced CT image of the chest shows a
right lower lobe pulmonary embolus (arrow) but no source of
infection. (b) Axial CT image of the thoracic spine from a sub-
sequent CT examination of the abdomen, pelvis, cervical spine,
thoracic spine, and lumbar spine fails to show a source of infec-
tion but does show a new cavitary lung lesion (arrow) that was
suspicious for septic embolus. A transesophageal echocardiogram was negative for endocarditis. (c) Coronal maximum intensity
projection image from FDG PET/CT performed to evaluate for the source of bacteremia and septic embolus shows increased activ-
ity associated with the cavitary lung lesion (arrowhead) and mild linear increased activity associated with the patient’s right upper
extremity graft (arrows). (d) Axial fused PET/CT image shows increased activity (arrow) that corresponds to the cavitary lung lesion
seen on CT images. Because the patient was dependent on the graft for dialysis, he was discharged on antibiotic therapy with a
plan to remove the infected portion of the graft once blood cultures were negative for bacteria for 48 hours; however, the patient
continued to have positive blood cultures and was readmitted for definitive treatment of bacteremia 2 months later. Repeat PET/
CT was performed to reevaluate for the source or sources of bacteremia. (e) Coronal maximum intensity projection image shows
more intense activity at the graft site (arrows). (f) Axial CT image from PET/CT shows resolution of the cavitary lung lesion with
only minimal scarring (arrow). The graft was removed, and graft infection was confirmed at histopathologic examination.

cost evaluations; bundled payments limit the
need for itemized reimbursement analyses and
increase the need for cost-effectiveness analyses.
Cost-effectiveness analyses include the imaging
study costs to the hospital or radiology depart-
ment, and the costs to perform imaging studies
may differ greatly, although the effectiveness of
these studies in establishing diagnoses may be
similar. In addition to equipment and labor costs,
cost analyses should include radiopharmaceuti-
cal costs. Gallium 67—citrate agents are the least
expensive radiopharmaceutical agents described,

and !"'In-labeled leukocyte agents are the most
expensive radiopharmaceutical agents described
with a cost 8.8 times that of ’Ga-citrate. The
radiopharmaceutical cost for FDG PET/CT is
much lower than the radiopharmaceutical cost
for radiolabeled leukocyte studies (Table 4).
Although the per-study technical costs, includ-
ing equipment, labor, and maintenance costs,
are higher for PET/CT than they are for planar,
SPECT, or SPECT/CT imaging, these costs
represent fixed costs, whereas radiopharmaceuti-
cal costs represent variable costs. In the era of
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Table 2: Nuclear Medicine Studies for Whole-Body Imaging to Evaluate Fever without a Source

Imaging Study  Indications Contraindications Advantages Limitations
%’Ga scintigra-  Inflam- None Least expensive radiophar- GI excretion limits evalu-
phy matory maceutical agent, reim- ation for abdominal
conditions, bursable for suspected pathologic conditions,
infection infection, can be used in less useful than PET/
patients with neutropenia, CT for spinal infection
more useful than radiola-
beled leukocytes for spinal
infection, useful in outpa-
tients suspected of having
spinal infections
HTn-labeled Infection Absolute: none; Reimbursable for suspected Expensive radiopharma-
leukocyte relative: neu- infection, more specific ceutical agent, limited
scintigraphy tropenia than ®’Ga scintigraphy and evaluation of non-
PET/CT for infection, can granulocytic processes,
be combined with bone limited use in patients
scan or bone marrow scan with neutropenia, low
to evaluate for osteomyelitis, leukocyte counts make
useful in outpatients sus- SPECT difficult
pected of having infection
9mTc-labeled Infection Absolute: none; Reimbursable for suspected Expensive radiopharma-
leukocyte relative: neu- infection, more specific ceutical agent, limited
scintigraphy tropenia than °’Ga scintigraphy and evaluation of non-
PET/CT for infection, granulocytic processes,
ability to perform same- limited use in patients
day study, feasibility of with neutropenia, GI
performing SPECT/CT, and GU excretion
useful in outpatients sus- limits evaluation for
pected of having infection abdominal pathologic
who need same-day study conditions
FDG PET/ Malignancy, Absolute: none; Relatively inexpensive radio-  Not yet reimbursable for
CT inflam- relative: hyper- pharmaceutical agent, may suspected infection;
matory glycemia be the most cost-effective nonspecific for infec-
conditions, study for inpatients sus- tion, inflammation,
infection pected of having infec- and tumor

tion, same-day study, high
sensitivity

Note.—GI = gastrointestinal, GU = genitourinary.

Table 3: Centers for Medicare and Medicaid Services Imaging Reimbursements in 2014

Imaging Study

Ambulatory

Payment Classification Fee (§)

Professional Fee ($)

Chest radiography
Chest CT

Abdominal and pelvic CT
UsS

MR imaging

®’Ga scintigraphy

62.80
138.49-272.66
264.77-427.21
147.36
322.80-467.02
719.41 (ATWB)

43.38 (AIWB)

9.57-11.40
52.97-65.10
91.21-95.21
42.31
76.13-90.46

719.41 (AIWB)
719.41 (ATWB)

Not reimbursed for fever
without a source

43.38 (AIWB)
43.38 (AIWB)

Not reimbursed for fever
without a source

Tn-labeled leukocyte scintigraphy
9mTc-labeled leukocyte scintigraphy
FDG PET/CT

Note.—AIWB = abscess imaging whole body.
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Table 4: Relative Costs for Radiopharmaceutical Agents

Imaging Study Cost for Radiopharmaceutical Agent

9’Ga scintigraphy Reference cost (least expensive)
Tn-labeled leukocyte scintigraphy 8.8 x reference cost (most expensive)
9mTc-labeled leukocyte scintigraphy 8.1 x reference cost

FDG PET/CT 1.2 x reference cost

Note.—Reference cost is the cost on which the others are based.

Figure 7. Aspiration and right lower extremity soft tissue infection in a 47-year-old woman
with a history of peripheral vascular disease who presented with fever and right lower extremity
erythema. The patient had undergone bilateral above-the-knee amputations more than 1 year
previously. (a, b) Coronal T1-weighted (a) and short tau inversion-recovery (b) MR images
show subcutaneous and intramuscular edema (arrows) in the right lower extremity, but there is
no abscess or abnormal osseous signal intensity to suggest osteomyelitis. (c) Coronal maximum
intensity projection image from FDG PET/CT performed for persistent fevers shows increased
activity in the right side of the chest (arrowhead) and in the right lower extremity (black ar-
rows). The intense focus of increased activity in the neck (white arrow) represents physiologic
vocal cord activity. (d) Axial CT image from PET/CT shows airspace disease (arrow) in the right
lung. (e) Axial fused PET/CT image shows increased activity (arrow) associated with ill-defined
airspace disease in the right lung, a finding compatible with aspiration, which had been clinically
suspected. (f) Coronal fused PET/CT image shows increased activity (arrows) in the subcutane-
ous tissues and musculature of the right lower extremity with no evidence of osteomyelitis or
abscess and no abnormal activity at the patient’s graft sites. The patient underwent surgery to
open the skin and wash out the right lower extremity given the persistent fever. No abscess or
osteomyelitis was found, and the diagnosis at discharge was calciphylaxis and infection in soft
tissues of the right lower extremity.
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Figure 8. Infected hepatic cyst in a 74-year-old man with polycystic kidney disease who presented with 1 week of low-grade

fevers and was found to have bacteremia. (a) Axial contrast-enhanced CT image shows enhancement around a liver cyst (arrow),
which is new compared with findings on previous images and is suggestive of hyperemia related to infection or inflammation.
(b) Axial fused FDG PET/CT image from PET/CT performed to evaluate persistent fever, bacteremia, and suspected hepatic cyst
infection shows focal increased uptake (arrow) peripherally around the same hepatic cyst. MR imaging was performed to plan for
aspiration of the cyst. (c, d) Axial diffusion-weighted MR image (c) and axial apparent diffusion coefficient map (d) show restricted
diffusion in the same cyst (arrow), which corresponds to the area of increased activity at PET/CT. Pus was aspirated from the cyst
with US guidance by using MR imaging-US fusion technology.

bundled payments, PET/CT may be a more cost-
effective study for inpatients with the diagnosis of
fever without a source because of the differences
in radiopharmaceutical cost, although further
studies are warranted.

At our institution, we use PET/CT to evaluate
inpatients who are suspected of having infec-
tion and who have negative or equivocal find-
ings at initial workup. Inpatients frequently have
complicated histories and hospital courses and
may have multiple concurrent acute or chronic
inflammatory conditions and, not infrequently,
more than one source of infection (Fig 7). In
our experience, knowledge of detailed surgi-
cal histories and clinically suspected sources of
infection is critical to optimizing the utility of
PET/CT by minimizing false-positive findings.
We work closely with the team of physicians who
care for the patient, which often includes internal
medicine physicians, infectious diseases physi-

cians, and surgeons, to establish a priori what the
clinical questions are. Radiologists must have a
detailed understanding of physiologic variants,
and all PET/CT findings should be correlated
clinically and with findings of all available prior
imaging studies. Findings from multiple imaging
modalities are often complementary (Fig 8). With
appropriate clinical correlation and communica-
tion with referring clinicians, PET/CT can be
useful for evaluating fever, even in complicated
inpatients with multiple findings.

Conclusion

Fever without a source may be due to infection,
malignancy, or inflammation. In the inpatient
setting, fever is often due to infection. For initial
studies in febrile patients without localizing signs
or symptoms, we recommend chest radiogra-
phy and CT of the abdomen and pelvis with or
without CT of the chest. For inpatients in whom
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the findings from the initial workup and imaging
studies are nondiagnostic, we typically perform
PET/CT instead of radiolabeled leukocyte stud-
ies because of the lower radiopharmaceutical cost
and high sensitivity. Negative PET/CT findings
can be helpful in excluding a suspected site of in-
fection. Positive PET/CT findings can be helpful
in confirming a suspected site of infection or in
identifying an unexpected cause of fever.

Acknowledgment.—The authors would like to thank Chad J.
Ellermeier, MD, Warren Alpert Medical School of Brown Uni-
versity, Providence, RI, for providing Figure 1d.

Disclosures of Conflicts of Interest.—D.C.Y. Activities related to
the present article: disclosed no relevant relationships. Activities
not related to the present article: consultant for Endocyte. Other
activities: disclosed no relevant relationships. R.B.N. Activities
related to the present article: disclosed no relevant relationships.
Activities not related to the present article: institutional grants
from Eli Lilly and Avid Pharmaceuticals. Other activities: dis-
closed no relevant relationships.

References

1.

2.

10.

11.

12.

13.

14.

Baraff 1]. Management of fever without source in infants
and children. Ann Emerg Med 2000;36(6):602-614.
Finkelstein JA, Christiansen CL, Platt R. Fever in pediatric
primary care: occurrence, management, and outcomes.
Pediatrics 2000;105(1 pt 3):260-266.

. Petersdorf RG, Beeson PB. Fever of unexplained origin:

report on 100 cases. Medicine (Baltimore) 1961;40:1-30.

. Hersch EC, Oh RC. Prolonged febrile illness and fever of un-

known origin in adults. Am Fam Physician 2014;90(2):91-96.

. Reittner P, Miiller NL, Heyneman L, et al. Mycoplasma pneu-

moniae pneumonia: radiographic and high-resolution CT
features in 28 patients. AJR Am J Roentgenol 2000;174(1):
37-41.

. Self WH, Courtney DM, McNaughton CD, Wunderink

RG, Kline JA. High discordance of chest x-ray and com-
puted tomography for detection of pulmonary opacities in
ED patients: implications for diagnosing pneumonia. Am J
Emerg Med 2013;31(2):401-405.

. Swingler GH, du Toit G, Andronikou S, van der Merwe L,

Zar HJ. Diagnostic accuracy of chest radiography in detect-
ing mediastinal lymphadenopathy in suspected pulmonary
tuberculosis. Arch Dis Child 2005;90(11):1153-1156.

. Criado E, Sanchez M, RamirezJ, et al. Pulmonary sarcoidosis:

typical and atypical manifestations at high-resolution CT with
pathologic correlation. RadioGraphics 2010;30(6):1567—1586.

. Schweitzer ME, Daffner RH, Weissman BN, et al. ACR Ap-

propriateness Criteria on suspected osteomyelitis in patients
with diabetes mellitus. J Am Coll Radiol 2008;5(8):881-886.
Palestro CJ, Mehta HH, Patel M, et al. Marrow versus
infection in the Charcot joint: indium-111 leukocyte and
technetium-99m sulfur colloid scintigraphy. J Nucl Med
1998;39(2):346-350.

Arndt JW, van der Sluys Veer A, Blok D, et al. Prospective
comparative study of technetium-99m-WBCs and indium-
111-granulocytes for the examination of patients with inflam-
matory bowel disease. ] Nucl Med 1993;34(7):1052-1057.
Datz FL, Seabold JE, Brown ML, et al; Society of Nuclear
Medicine. Procedure guideline for technetium-99m-
HMPAO-labeled leukocyte scintigraphy for suspected
infection/inflammation. J Nucl Med 1997;38(6):987-990.
AkI, Stokkel MP, Pauwels EK. Positron emission tomography
with 2-[18F]fluoro-2-deoxy-D-glucose in oncology. II. The
clinical value in detecting and staging primary tumours. J
Cancer Res Clin Oncol 2000;126(10):560-574.

Pauwels EK, Sturm EJ, Bombardieri E, Cleton FJ, Stokkel
MP. Positron-emission tomography with [18F]fluoro-
deoxyglucose. I. Biochemical uptake mechanism and its
implication for clinical studies. J Cancer Res Clin Oncol
2000;126(10):549-559.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

radiographics.rsna.org

. Whiteside TL. The role of immune cells in the tumor mi-

croenvironment. Cancer Treat Res 2006;130:103-124.
Meller], Sahlmann CO, Scheel AK. *)F-FDG PET and PET/
CTinfever of unknown origin. J Nucl Med 2007;48(1):35-45.
Bleeker-Rovers CP, de Kleijn EM, Corstens FH, van der
Meer JW, Oyen WJ. Clinical value of FDG PET in patients
with fever of unknown origin and patients suspected of focal
infection or inflammation. Eur J Nucl Med Mol Imaging
2004;31(1):29-37.

Bleeker-Rovers CP, Vos FJ, Wanten GJ, et al. *F-FDG
PET in detecting metastatic infectious disease. ] Nucl Med
2005;46(12):2014-2019.

Vos FJ, Bleeker-Rovers CP, Corstens FH, Kullberg BJ, Oyen
WJ. FDG-PET for imaging of non-osseous infection and in-
flammation. QJNucl Med Mol Imaging 2006;50(2):121-130.
Vos FJ, Bleeker-Rovers CP, van Dijk AP, Oyen WJ. Detec-
tion of pacemaker and lead infection with FDG-PET. Eur J
Nucl Med Mol Imaging 2006;33(10):1245.

Bleeker-Rovers CP, Vos FJ, Mudde AH, et al. A prospective
multi-centre study of the value of FDG-PET as part of a struc-
tured diagnostic protocol in patients with fever of unknown
origin. Eur ] Nucl Med Mol Imaging 2007;34(5):694-703.
Fain O, Morin AS, Stirnemann J. PET, extended fever
and tuberculous lymphadenitis [in French]. Rev Prat
2007;57(11):1179.

Federici L, Blondet C, Imperiale A, et al. Value of "*F-FDG-
PET/CT in patients with fever of unknown origin and unex-
plained prolonged inflammatory syndrome: a single centre
analysis experience. Int J Clin Pract 2010;64(1):55-60.
Takanami K, Kaneta T, Tamada T, et al. Q fever with
lymphadenopathy on F-18 FDG PET. Clin Nucl Med
2008;33(6):436-437.

Alwis L, Balan K, Wright P, Lever A, Carmichael A. Bone mar-
row involvementin Q fever: detection by fluorine-18-labelled
fluorodeoxyglucose PET. Lancet Infect Dis 2009;9(11):718.
Balink H, Collins J, Bruyn GA, Gemmel F. F-18 FDG PET/
CT in the diagnosis of fever of unknown origin. Clin Nucl
Med 2009;34(12):862-868.

Jasper N, Dibritz J, Frosch M, Loeffler M, Weckesser M,
Foell D. Diagnostic value of ['*F]-FDG PET/CT in children
with fever of unknown origin or unexplained signs of inflam-
mation. Eur ] Nucl Med Mol Imaging 2010;37(1):136-145.
Kei PL, Kok TY, Padhy AK, Ng DC, Goh AS. [18F] FDG
PET/CT in patients with fever of unknown origin: a local
experience. Nucl Med Commun 2010;31(9):788-792.

Lin KH, Chen YS, Hu G, Tsay DG, Peng NJ. Chronic
bacterial prostatitis detected by FDG PET/CT in a patient
presented with fever of unknown origin. Clin Nucl Med
2010535(11):894-895.

van der Bruggen W, Bleeker-Rovers CP, Boerman OC,
Gotthardt M, Oyen WJ. PET and SPECT in osteomyelitis
and prosthetic bone and joint infections: a systematic review.
Semin Nucl Med 2010;40(1):3-15.

Codreanu I, Zhuang H. Isolated cholangiolitis revealed by
BF-FDG-PET/CT in a patient with fever of unknown origin.
Hell J Nucl Med 2011;14(1):60-61.

Ergtl N, Halac M, Cermik TF, et al. The diagnostic role
of FDG PET/CT in patients with fever of unknown origin.
Mol Imaging Radionucl Ther 2011;20(1):19-25.

Goudard Y, Pierret C, Dusaud M, et al. Fever of unknown
origin: importance of '*F-FDG PET/CT in the diagnosis of
a late infectious complication after aneurysm bypass. Vasa
2011;40(5):418-421.

Kubota K, Nakamoto Y, Tamaki N, et al. FDG-PET for the
diagnosis of fever of unknown origin: a Japanese multi-center
study. Ann Nucl Med 2011;25(5):355-364.

Rosenbaum J, Basu S, Beckerman S, Werner T, Torigian
DA, Alavi A. Evaluation of diagnostic performance of *F-
FDG-PET compared to CT in detecting potential causes of
fever of unknown origin in an academic centre. Hell J Nucl
Med 2011;14(3):255-259.

Gorospe L. Intraperitoneal spilled gallstones presenting as
fever of unknown origin after laparoscopic cholecystectomy:
FDGPET/CT findings. Clin NuclMed 2012;37(8):819-820.
Oh M, Baek S, Lee SO, Yu E, Ryu JS. A case of acute Q
fever hepatitis diagnosed by F-18 FDG PET/CT. Nucl Med
Mol Imaging 2012;46(2):125-128.



RadioGraphics

RG ¢ Volume 36 Number 4

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Seshadri N, Sonoda LI, Lever AM, Balan K. Superiority of
F-FDG PET compared to !"'In-labelled leucocyte scintig-
raphy in the evaluation of fever of unknown origin. J Infect
2012;65(1):71-79.

Vos FJ, Donnelly JP, Oyen W], Kullberg BJ, Bleeker-Rovers
CP, Blijlevens NM. *F-FDG PET/CT for diagnosing infec-
tious complications in patients with severe neutropenia after
intensive chemotherapy for haematological malignancy or
stem cell transplantation. Eur J Nucl Med Mol Imaging
2012;39(1):120-128.

BanzoJ, Ubieto MA, Gil D, etal. ® F-FDGPET/CT diagnosis
of liver cyst infection in a patient with autosomal dominant
polycystickidney disease and fever of unknown origin [in Span-
ish]. Rev Esp Med Nucl Imagen Mol 2013;32(3):187-189.
Buch-Olsen KM, Andersen RV, Hess S, Braad PE, Schifter
S. ¥F-FDG-PET/CT in fever of unknown origin: clinical
value. Nucl Med Commun 2014;35(9):955-960.

Tokmak H, Ergonul O, Demirkol O, Cetiner M, Ferhanoglu
B. Diagnostic contribution of '*F-FDG-PET/CT in fever of
unknown origin. Int J Infect Dis 2014;19:53-58.

Seabold JE, Palestro CJ, Brown ML, et al; Society of Nuclear
Medicine. Procedure guideline for gallium scintigraphy in
inflammation. J Nucl Med 1997;38(6):994-997.

Meller J, Altenvoerde G, Munzel U, et al. Fever of unknown
origin: prospective comparison of [18F]FDG imaging with
a double-head coincidence camera and gallium-67 citrate
SPET. Eur ] Nucl Med 2000;27(11):1617-1625.
Blockmans D. (18F)Fluoro-deoxyglucose positron emission
tomography in patients with fever of unknown origin. Acta
Clin Belg 2004;59(3):134-137.

Gemmel F, Rijk PC, Collins JM, Parlevliet T, Stumpe
KD, Palestro CJ. Expanding role of '*F-fluoro-D-deoxy-
glucose PET and PET/CT in spinal infections. Eur Spine J
2010;19(4):540-551.

Kouijzer IJ, Bleeker-Rovers CP, Oyen W]. FDG-PET in
fever of unknown origin. Semin Nucl Med 2013;43(5):
333-339.

Meller J, Koster G, Liersch T, et al. Chronic bacterial osteo-
myelitis: prospective comparison of *F-FDG imaging with
a dual-head coincidence camera and !''In-labelled autolo-
gous leucocyte scintigraphy. Eur ] Nucl Med Mol Imaging
2002;29(1):53-60.

Kjaer A, Lebech AM, Eigtved A, Hojgaard L. Fever of un-
known origin: prospective comparison of diagnostic value
of ®F-FDG PET and !"'In-granulocyte scintigraphy. Eur J
Nucl Med Mol Imaging 2004;31(5):622-626.
Bleeker-Rovers CP, Corstens FH, Van Der Meer JW, Oyen
WJ. Fever of unknown origin: prospective comparison of di-
agnosticvalue of *F-FDG PET and !!!In-granulocyte scintig-
raphy. EurJNucl Med Mol Imaging 2004;31(9):1342-1343;
author reply 1344.

Balink H, Verberne HJ, Bennink RJ, van Eck-Smit BL.
A rationale for the use of F18-FDG PET/CT in fever
and inflammation of unknown origin. Int ] Mol Imaging
2012;2012:165080.

Amberger CC, Dittmann H, Overkamp D, Brechtel K,
Bares R, Kotter I. Large vessel vasculitis as cause of fever of
unknown origin (FUQO) or systemic inflammation: diagnosis
using 18-F-fluor-2-deoxy-D-glucose positron emission to-
mography ((18)F-FDG-PET) [in German]. Z Rheumatol
2005;64(1):32-39.

Chavaillaz O, Gueddi S, Taylor S, Stalder H, Righini M.
Giant cell arteritis mimicking fever of unknown origin:
potential diagnostic role of PET scan. Thromb Haemost
2006;95(2):390-392.

Keidar Z, Gurman-Balbir A, Gaitini D, Israel O. Fever of
unknown origin: the role of *F-FDG PET/CT. ] Nucl Med
2008;49(12):1980-1985.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Dibble etal 1177

. Skoura E, Giannopoulou C, Keramida G, Skilakaki M,

Datseris I. A case of fever of unknown origin: (18)F-FDG-
PET/CT findings in Takayasu’s arteritis. Hell ] Nucl Med
2008;11(3):172-174.

Meller J, Sahlmann CO, Giirocak O, Liersch T, Meller B.
FDG-PET in patients with fever of unknown origin: the
importance of diagnosing large vessel vasculitis. Q J Nucl
Med Mol Imaging 2009;53(1):51-63.

Czihal M, Tato F, Forster S, Rademacher A, Schulze-
Koops H, Hoffmann U. Fever of unknown origin as initial
manifestation of large vessel giant cell arteritis: diagnosis
by colour-coded sonography and 18-FDG-PET. Clin Exp
Rheumatol 2010;28(4):549-552.

De Giorgi A, Fabbian F, Pala M, et al. The dilemma of
diagnosing fever of unknown origin: large arteries vasculitis
revealed by *F-FDG PET/CT imaging—a case report. Eur
Rev Med Pharmacol Sci 2011;15(10):1227-1230.

Koga T, Umeda M, Migita K, Yamasaki S, Nakamura H,
Kawakami A. A Japanese case of familial Mediterranean
fever presenting diffuse bone marrow uptake of FDG-PET
and high levels of neutrophil membrane CD64 expression.
Rheumatology (Oxford) 2011;50(6):1171-1173.

Miyachi H, Kodani E, Okazaki R, et al. A case of fever of
unknown origin that diagnosed as early-phase of Takayasu
arteritisby FDG-PET/CT [inJapanese]. Nihon Naika Gakkai
Zasshi 2011;100(5):1388-1390.

Bosni¢ D, Baresi¢ M, Padjen I, Balenovi¢ A, Zarkovi¢ K, Ani¢
B. Fever of unknown origin: large vessel vasculitis diagnosed
by PET/CT. Rheumatol Int 2013;33(9):2417-2421.
Kuyumcu S, Turkmen C, Ozluk Y, Kilicaslan I, Unal S.
Microscopic polyangiitis on "*F-FDG PET/CT of a patient
with fever of unknown origin presenting as isolated diffuse
renal hypermetabolism. Eur J Nucl Med Mol Imaging
2013;40(8):1295-1296.

Ma Y, Li F, Chen L. Widespread hypermetabolic lesions
due to multicentric form of Castleman disease as the cause
of fever of unknown origin revealed by FDG PET/CT. Clin
Nucl Med 2013;38(10):835-837.

Blokhuis GJ, Bleeker-Rovers CP, Diender MG, Oyen WJ,
Draaisma JM, de Geus-Oei LF. Diagnostic value of FDG-
PET/(CT) in children with fever of unknown origin and
unexplained fever during immune suppression. Eur J Nucl
Med Mol Imaging 2014;41(10):1916-1923.

LiuY, Zhang W, Zhu Z, Tian X, Wang H. The value of *F-
FDG PET/CT in diagnosing giant cell arteritis presenting
as fever of unknown origin [in Chinese]. Zhonghua Nei Ke
Za Zhi 2014;53(9):701-705.

Roy SG, Karunanithi S, Dhull VS, Bal C, KumarR. *F-FDG
PET/CT aids the diagnosis of adult onset Still’s disease in
a patient with fever of unknown origin. Rev Esp Med Nucl
Imagen Mol 2014;33(6):392-393.

Sathekge M, Stoltz A, Gheysens O. Rheumatic fever: a forgot-
ten but still existing cause of fever of unknown origin detected
on FDG PET/CT. Clin Nucl Med 2015;40(3):250-252.
Gungor S, Koc K, Ones T, Inanir S, Erdil TY, Turoglu
HT. Fever of unknown origin (FUO) due to deep-venous
thrombosis: diagnostic importance of FDG PET/CT. Rev
Esp Med Nucl Imagen Mol 2015;34(1):73-74.

Vos FJ, Bleeker-Rovers CP, Sturm PD, et al. '* F-FDG PET/
CT for detection of metastatic infection in gram-positive
bacteremia. ] Nucl Med 2010;51(8):1234-1240.

Vos FJ, Bleeker-Rovers CP, Kullberg B], Adang EM, Oyen
WJ. Cost-effectiveness of routine "*F-FDG PET/CT in
high-risk patients with gram-positive bacteremia. J Nucl Med
2011;52(11):1673-1678.

. Delbeke D, Coleman RE, Guiberteau M], et al. Procedure

guideline for tumor imaging with '*F-FDG PET/CT 1.0. J Nucl
Med 2006;47(5):885-895.

This journal-based SA-CME activity has been approved for AMA PRA Category 1 Credit™. See www.rsna.orgleducation/search/RG.



