Imaging Infection with 'F-FDG-Labeled
Leukocyte PET/CT: Initial Experience in

21 Patients

Nicolas Dumarey, MD'; Dominique Egrise, PhD!; Didier Blocklet, MD'; Bernard Stallenberg, MD?;
Myriam Remmelink, MD, PhD?; Véronique del Marmol, MD, PhD*; Gaétan Van Simaeys, PhD!;

Frédérique Jacobs, MD?; and Serge Goldman, MD, PhD!

!Department of Nuclear Medicine and PET/Biomedical Cyclotron Unit, CUB-Hopital Erasme, Université Libre de Bruxelles,
Brussels, Belgium; >Department of Medical Imaging, CUB-Hépital Erasme, Université Libre de Bruxelles, Brussels, Belgium;
3Department of Pathology, CUB-Hopital Erasme, Université Libre de Bruxelles, Brussels, Belgium; *Department of Dermatology,
CUB-Hopital Erasme, Université Libre de Bruxelles, Brussels, Belgium; and >Department of Infectious Diseases, CUB-Hépital Erasme,

Université Libre de Bruxelles, Brussels, Belgium

The aim of this study was to assess the feasibility and the potential
role of PET/CT with '8F-FDG—labeled autologous leukocytes in the
diagnosis and localization of infectious lesions. Methods: Twenty-
one consecutive patients with suspected or documented infection
were prospectively evaluated with whole-body PET/CT 3 h after
injection of autologous '8F-FDG-labeled leukocytes. Two experi-
enced nuclear medicine physicians who were unaware of the
clinical end-diagnosis reviewed all PET/CT studies. A visual score
(0-3)—according to uptake intensity—was used to assess studies.
The results of PET/CT with '8F-FDG-labeled white blood cell (18F-
FDG-WBC) assessment were compared with histologic or biologic
diagnosis in 15 patients and with clinical end-diagnosis after com-
plete clinical work-up in 6 patients. Results: Nine patients had fe-
ver of unknown etiology, 6 patients had documented infection but
with unknown extension of the infectious disease, 4 patients had a
documented infection with unfavorable evolution, and 2 patients
had a documented infection with known extension. The best
trade-off between sensitivity and specificity was obtained when
avisual score of =2 was chosen to identify increased tracer uptake
as infection. With this threshold, sensitivity, specificity, and accu-
racy were each 86% on a patient-per-patient basis and 91%,
85%, and 90% on a lesion-per-lesion basis. In this small group
of patients, the absence of areas with increased WBC uptake on
WBC PET/CT had a 100% negative predictive value. Conclusion:
Hybrid "8F-FDG-WBC PET/CT was found to have a high sensitivity
and specificity for the diagnosis of infection. It located infectious le-
sions with a high precision. In this small series, absence of areas
with increased uptake virtually ruled out the presence of infection.
18F-FDG-WBC PET/CT for infection detection deserves further in-
vestigation in a larger prospective series.
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Swift and accurate diagnosis of infection can shorten the
course of infectious disease, decrease morbidity and mor-
tality, and reduce hospitalization time and total cost of
treatment. In a public health perspective, it may also reduce
inappropriate use of antibiotic treatments. Precise localiza-
tion of infectious lesions can be useful for the guidance of
biopsy procedures and it can substantially alter treatment
planning. The archetypical inflammation- and infection-
seeking agent is ®’Ga citrate, which lacks specificity and
has several other disadvantages, such as long imaging time,
low resolution, and a long-lasting presence of physiologic
bowel activity. The need for more specific tracers has led to
the development of ex vivo and in vivo leukocyte labeling
techniques. Autologous leukocytes labeled with conven-
tional radioisotopes have an established utility for imaging
of inflammation and infection. The concept of labeled
leukocyte imaging is based on the mechanisms of chemo-
taxis exerted on activated leukocytes by chemoattractants.
Among various problems encountered, elution from ?°™Tc-
hexamethylpropyleneamine oxime—labeled leukocytes compro-
mises infection detection in urinary and gastrointestinal
areas. Labeling antibiotics has been another approach to
image bacterial infection. *™Tc-Labeled ciprofloxacin, sup-
posed to bind specifically to DNA gyrase of living bacteria,
has been proposed to distinguish infection from inflamma-
tion (/,2) but this application remains controversial (3,4).
Chemotactic peptide fragments, such as the antimicrobial
ubiquicidin analogs, and nonpeptide leukocyte-binding mol-
ecules, such as leukotriene antagonists, have also emerged
for infection imaging (5,6), but their clinical use is not
widely accepted yet. '8F-FDG PET has proven useful for
imaging inflammation and infection (7-117). It is rapidly
completed and allows quantification at a better spatial
resolution than SPECT. The increased glycolytic activity
of inflammatory cells such as neutrophils and activated
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macrophages causes '8F-FDG uptake at the site of inflam-
mation and infection (/2—14). However, '8F-FDG is a non-
specific tracer of increased glucose metabolism and does
not accumulate only in sites of infection and inflammation.
Indeed, its high sensitivity for the detection of malignant
cells has led to its successful and extensive use in oncology.
In patients suspected of having focal infection, '8F-FDG
PET demonstrates sensitivity similar to that of '''In-labeled
leukocytes, but it has lower specificity due to a false-positive
signal in tumor and postoperative changes (/5). Avidity of
inflammatory cells for '8F-FDG has led to the concept of ex
vivo labeling of leukocytes with '8F-FDG. This approach
combines cell-bound radionuclide trafficking from the blood-
pool compartment to the lesion with the high quality of
PET. Osman and Danpure (/6) and Forstrom et al. (/7) dem-
onstrated the feasibility of '3F-FDG labeling of autologous
leukocytes under appropriate conditions.

In spite of its high spatial resolution, the anatomic infor-
mation available with stand-alone PET remains limited.
Integrated PET/CT systems provide “hardware” coregistered
metabolic and structural data. Such a correlated acquisition
of metabolic and anatomic data may benefit the precise
detection of infected sites. The aim of this study was to
assess the feasibility and the value of PET/CT using '8F-
FDG-labeled leukocytes for the diagnosis and localization
of infectious lesions.

MATERIALS AND METHODS

Patients

Twenty-one consecutive patients (8 women, 13 men) were
prospectively evaluated with PET/CT between December 2004
and April 2005. The study population had a mean age of 56 y (age
range, 24-84 y). All patients underwent an exhaustive clinical,
radiologic, and biochemical work-up. The inclusion criteria were
(a) presence of either suspected or documented bacterial infection
and (b) fever of unknown etiology. Exclusion criteria were (a)
peripheral white blood cell (WBC) count of <2,000/n.L, (b) favor-
able clinical response to an antibiotic treatment applied for >7 d,
(c) age of <18y, and (d) pregnancy or lactation.

Fourteen patients had systemic antibiotic treatment at the time
of PET/CT (mean duration at the time of imaging, 10.4 d; range,
1-33 d). Eight of these patients were treated for <7 d, whereas the
6 other patients were under systemic antibiotic treatment for >7 d
and had persistent signs of infection at the time of PET/CT.

The local ethics committee approved the study protocol and
written informed consent was obtained from all participating
patients.

Leukocyte Harvesting and Radiolabeling

Eighty milliliters of fresh venous blood were collected using
heparin/saline (800 IU heparin in 1.6 mL saline) for anticoagu-
lation. Ten milliliters were centrifuged for 10 min at 2,000g
to obtain cell-free plasma. The remaining 70 mL were mixed with
14 mL 6% hydroxyethyl starch (Plasmasteril; Fresenius Kabi
Deutschland GmbH) for selective red blood cell sedimentation.
After 45 min of sedimentation, the supernatant was collected with
a sterile pipette and centrifuged for 5 min at 150g. After resus-
pension in 2.5 mL heparin/saline, mixed leukocytes were incu-
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bated with 740 MBq '8F-FDG (final concentration of heparin,
17 IU/mL). The cell suspension was placed for 30 min at 37°C in
a lead-shielded incubator and mixed by gentle swirling every
5 min. The labeled cell suspension was then centrifuged at 150g
for 5 min, and activity in the cell pellet and supernatant was
counted for determination of labeling efficiency. The cell pellet
was resuspended in 3 mL of cell-free plasma. A 0.2-mL aliquot of
the labeled cells was kept at 37°C to test labeling stability over
time. The median labeling efficiency was 80% (range, 24%—-96%;
mean * SD, 75% = 21%). The mean labeling stability tested in
16 experiments at 180-255 min was 90%.

All manipulations with opened tubes were performed under a
laminar flow hood to maintain sterility. Cell viability was dem-
onstrated by the trypan blue dye exclusion technique.

Imaging Studies

The '8F-FDG-labeled WBCs ('8F-FDG-WBCs) were admin-
istered via a 20-gauge intravenous dwelling catheter (mean dose *+
SD, 303 = 111 MBgq; range, 99—481 MBq). In all patients, whole-
body PET and noncontrast-enhanced CT images were obtained
at 3 h after injection on a Gemini 16 Power PET/CT system
(Philips). The PET camera has an intrinsic axial spatial resolution
of 4 mm and an 18-cm field of view. Conditions of PET
acquisition were a 3-min emission scan at each of 6-8 bed posi-
tions, and attenuation correction by low-dose-CT—produced atten-
uation maps. Additional attenuation correction was performed
with an external 137Cs source in case of potential CT-based atten-
uation correction artifacts (e.g., in the case of metallic prostheses).
Low-dose CT was performed on each patient under the following
conditions: 30 mA, 40 mA-s for patients with a weight of <80 kg,
60 mA:s for patients with a weight of >80 kg. In patients with
suspected or proven infection of an extremity, additional acquisi-
tions were obtained on the site of interest. In patients with diabetic
foot infection, we performed CT of the feet at 150 mA:s.

PET images were reconstructed iteratively using a full
3-dimensional  row-action = maximization-likelihood  algorithm
(RAMLA), delivered with the PET/CT system by the manufac-
turer. Images were analyzed on a Sunfire version 250 (Sun
Microsystems Inc.) computer, by means of the Syntegra fusion
and display software (Philips).

Image Analysis

All PET/CT studies were reviewed by 2 experienced nuclear
medicine physicians who were aware of the patient’s clinical
history but were unaware of the clinical end-diagnosis. A visual
score (0-3) was used to assess studies with scores of 0 = '8F-FDG—
WBC uptake equivalent to adjacent healthy sites, 1 = mildly in-
creased uptake, 2 = moderately increased uptake, and 3 = intensely
increased uptake. In case of discordance, consensus between the
2 physicians was reached. The diagnostic values were evaluated
with regard to identification of suspected focal infectious lesions.

Statistical Analysis

PET/CT results were interpreted as true- or false-positive and
true- or false-negative on the basis of bacterial culture, histologic
examination, and complete clinical work-up, including the diag-
nostic method of reference of the suspected disease. Two different
score thresholds were studied for the definition of a positive 8F-
FDG-WBC uptake site—that is, a score of =1 and a score of =2.

Diagnostic performances are presented as sensitivities, speci-
ficities, accuracies, positive predictive values (PPVs) and negative
predictive values (NPVs).
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RESULTS

No adverse effects were observed after injection of the
tracer in the 21 patients who were imaged by '8F-FDG-WBC
PET/CT.

The clinical conditions that led to inclusion in the study
were fever of unknown etiology (group 1; n = 9), docu-
mented infection with unknown extension of the infection
(group 2; n = 6), documented infection with unfavorable
evolution (group 3; n = 4), and documented infection with
known extension (group 4; n = 2). Group 2 included 3
diabetic foot patients with an infected ulcer.

Apart from the different sites of pathologic accumulation
of the tracer, a constant pattern of 'SF-FDG-WBC distri-
bution was found in the reticuloendothelial system. This
normal distribution of the activity included the hemopoietic
bone marrow, the spleen, the liver, and a faint activity in
the '8F-FDG-avid organs—that is, the brain and the
myocardium (Fig. 1). In infected lesions detected by
IBR_.FDG-WBC PET/CT (visual score, >0), the minimum
standardized uptake value (SUV) was 0.9 and the maxi-
mum SUV value was 37.4. These values are to be compared
with median SUVs in organs with massive WBC homing,
such as the bone marrow (5.4 in the fourth lumbar verte-
bra), the liver (5.6), and the spleen (47.2).

The results of the '8F-FDG-WBC PET/CT were com-
pared with histologic or bacterial diagnosis in 15 patients.
Thirteen of these patients had a final diagnosis of infection.
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FIGURE 1. Anterior (A) and posterior (B) maximum-intensity
projections of '8F-FDG-WBC PET show biodistribution of
tracer, with accumulation of labeled leukocytes in reticuloen-
dothelial system (hemopoietic bone marrow, liver, and spleen).
Faint activity is seen in '"8F-FDG-avid organs—that is, brain and
myocardium—and no significant activity is found either in in-
testines or in kidneys.
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In the other patients (n = 6), a final diagnosis of infection
was accepted (n = 1) or rejected (n = 5) on the basis of the
diagnostic method of reference and after a review of all
clinical, radiologic, surgical, and biochemical data.

Twelve patients had a clinical end-diagnosis of soft-
tissue infection and 2 patients with a complicated diabetic
foot had a combination of soft-tissue infection and under-
lying foci of osteomyelitis (OM). The clinical characteristics
of the patient population are listed in Table 1; the clinical
end findings and PET/CT results are presented in Table 2.

On a patient-per-patient basis, when at least 1 lesion with
a score of =2 was present and considered positive for
infection, the sensitivity was 86%, specificity was 86%,
PPV was 92%, NPV was 85%, and accuracy was 86%.
When at least 1 lesion with a score of =1 was present and
considered positive, the sensitivity, specificity, PPV, NPV,
and accuracy were 100%, 57%, 82%, 100%, and 86%.

Fifty-seven lesions were identified. The sensitivity, spec-
ificity, PPV, NPV, and accuracy on a lesion-per-lesion basis
when a score of =2 was considered positive for infection
were 91%, 85%, 95%, 73%, and 90%. When a score of
=1 was considered positive for infection, the sensitivity,
specificity, PPV, NPV, and accuracy were 96%, 69%, 90%,
91%, and 82%, respectively. WBC PET/CT allowed correct
diagnosis of unsuspected colon diverticulitis in 2 of the
4 patients of group 3, to correctly exclude OM or septic
joint in 8 of the 11 patients with clinical suspicion of OM or
septic joint and to correctly diagnose OM or septic joint
in the other 3 patients of this latter group. The extension
of infection was accurately mapped in the 3 diabetic foot
patients.

lllustrative Cases

Patient 1 was a 78-y-old patient who was treated unsuc-
cessfully with antibiotics for septic arthritis of the knee
caused by Staphylococcus aureus; despite surgical draining
and intravenous antibiotic treatment for >3 wk, biologic
signs of a severe inflammatory condition persisted. '8F-
FDG-WBC PET/CT revealed intense leukocyte accumula-
tion in several colon diverticula (Fig. 2). The diagnosis of
colon diverticulitis was confirmed on CT. An adapted anti-
biotic regimen led to a rapidly favorable outcome. Strik-
ingly, there was intrarectal accumulation of '8F-FDG-WBC,
corresponding to purulent secretion from the inflamed di-
verticula, as indicated by the presence of leukocytes in the
feces on microscopic examination.

In patient 18, a 41-y-old man, Behget’s disease had been
diagnosed 2 y earlier. In spite of enforced immunosuppres-
sive treatment, he had ongoing asthenia, fever, uveitis,
abdominal pain, an episode of diarrhea, and biologic signs
of inflammatory reaction. Considering the prolonged im-
munosuppressive therapy and the unusually severe biologic
signs of inflammation, '83F-FDG-WBC PET/CT was per-
formed to exclude a deep abscess. No focus of increased
WBC accumulation was observed—in particular, in an en-
larged intestinal lymph node detected on CT. Interestingly,
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TABLE 1
Clinical Data

Patient no. Group Age (y) Sex History Clinical setting
1 3 78 M Septic arthritis; persistent fever
2 4 50 F Pneumonia
3 2 38 F  Resolved soft-tissue abscesses of Suspicion of pelvic OM
buttocks
4 2 55 M Cuneometatarsal arthrodesis with Chronic foot ulcer; underlying OM?
metallic implant; arteritis lower limbs
5 3 37 F  Lung transplant Opportunistic pneumonia; persistent fever
6 3 50 M Acute pancreatitis Infected pancreatic pseudocysts; persistent fever
7 1 84 M  Biologic aortic valve replacement; Bacterial sepsis
endocarditis 3 y earlier
8 1 55 F Fever of unknown etiology
9 1 45 F  Resection of meningioma, complicated Fever of unknown etiology; subcutaneous
with bacterial meningitis collection at craniotomy site; OM?
10 2 24 M Type | diabetes Olecranon bursitis with erysipelas; underlying OM?
11 3 36 M Acute pancreatitis Infected pseudocysts; persistent fever
12 2 35 M Complicated diabetic foot; Infected foot ulcer, suspected underlying OM;
transmetatarsal amputation L foot chronic sinusitis
13 1 51 F  Common variable immunodeficiency Olecranon bursitis; poor wound healing of incision
syndrome site; persistent fever
14 1 82 M  Abdominal aorta prosthesis Fever of unknown etiology; pleural effusion
15 2 66 M Complicated diabetic foot with Recurrent foot abscess; underlying OM?
amputation of 4th and 5th digit
of R foot
16 1 65 F  Cephalic duodenopancreatectomy Suspicion of secondary infection of pseudocyst
for tumor; pancreatic pseudocyst
17 4 74 M COPD-type emphysema; bronchiectasis  Infected bronchiectasis
18 1 56 M  Behget’s disease diagnosed 2 y earlier Unfavorable evolution
19 1 70 M Ethylic liver cirrhosis with ascites Fever of unknown etiology; hip pain
20 1 38 F  Myasthenia gravis; femoral head necrosis Femoral head necrosis; septic etiology to be
excluded before hip joint arthroplasty
21 2 80 M Complicated diabetic foot; amputation Infected foot ulcers, bilaterally; underlying OM?

1st digit R foot

COPD = chronic obstructive pulmonary disease; L = left; R= right.

this patient had '8F-FDG PET/CT performed, on which
increased '"8F-FDG uptake was manifest at the level of this
Ilymph node. The diagnosis of Whipple’s disease was
established by polymerase chain reaction (PCR) on blood
and on liquid of the anterior eye chamber. Whipple’s
disease is a chronic, relapsing multisystem disease, due to
infiltration of body tissues by Tropheryma whipplei and in
which light microscopic examination is characterized by
infiltrations of periodic acid-Schiff—positive macrophages.
Patient 12, a 35-y-old diabetic patient, had a history of
transmetatarsal amputation of the left foot. He had a chronic
suppurating fistula of the forefoot despite local treatment
and several prolonged systemic antibiotic treatments. OM
of several foot bones was suspected on MRI, and a more
proximal amputation of the forefoot had been proposed in 2
other diabetic foot centers. 'SF-FDG-WBC PET/CT re-
vealed only a superficial and very limited soft-tissue focus
in the forefoot stump with no significant intraosseous
uptake. Further MRI showed no signs of OM. The patient
was further successfully managed with local treatment.

Patient 7, an 84-y-old man with a history of biologic aortic
valve replacement in 2000 and bacterial endocarditis in 2002
was hospitalized for fever and weight loss. Streptococcus
bovis colonies grew in 2 blood cultures. Transthoracic and
transesophageal ultrasound failed to confirm the presence
of vegetation on the aortic valve leaflets. MRI did not show
signs of vegetation or gadolinium enhancement in the aortic
valve leaflets. '8F-FDG-WBC PET/CT performed 2 d after
the onset of intravenous antibiotic treatment revealed an in-
tense accumulation of leukocytes in the aortic valve (Fig. 3),
confirming the diagnosis of probable bacterial endocarditis.

A 66-y-old man (patient 15), with a recent history of
amputation of the fourth and fifth digit of the right foot, was
hospitalized for a recurrent deep infected ulcer. '8F-FDG—
WBC PET/CT was in favor of an extended abscess of the
forefoot with multifocal OM (Fig. 4). The patient had an
amputation, and histologic examination of the resected ma-
terial confirmed the underlying multifocal OM.

In patient 6, in addition to known infected pancreatic
pseudocysts, '8F-FFDG-WBC PET/CT revealed a covered
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TABLE 2

Clinical and PET/CT Results

Patient no. Lesion site Visual score Final diagnosis Diagnostic method
1 1. Colon diverticula 2-3 1. Diverticulitis CT
2. L knee joint 3 2. Septic arthritis Culture (1)
2 R lung 1 Pneumonia Bronchioalveolar liquid culture (2)
3 Pelvic bone 0 No OM MRI
4 1. Deep foot ulcer 3 1. Infected ulcer Swab culture (3)
2. Underlying bone 0 2. No underlying OM Radiography at 3-mo FU
5 R and L lung 3 Opportunistic pneumonia  CT, transthoracic aspiration and sputum
cultures (4)
6 1. Pancreatic pseudocysts 3 Infected pancreatic Culture (5)
pseudocysts
2. Sigmoid diverticulum 3 Sigmoid diverticulitis CT
7 Aortic valve 2 Endocarditis Clinical criteria, with positive blood
cultures (6)
8 Soft tissues R thigh 1 Myositis, no infection Muscle biopsy histology
9 Skull bone at craniotomy site 0 No OM Clinical evolution, 5-mo FU
10 1. Olecranon bursa 3 1. Olecranon bursitis Clinical + US
with erysipelas
2. Underlying joint 0 2. No septic arthritis Clinical + US, 2-mo FU
11 Pancreatic pseudocysts 3 Infected pancreatic Culture (7)
pseudocysts
12 1. Ulcer L foot stump 2 1. Infected ulcer Deep wound swab culture (8)
2. Underlying bone 0 2. No OM MRI
3. R maxillary sinus 3 3. R maxillary sinusitis CT
4. R ethmoid sinus 3 4. R ethmoidal sinusitis CT
13 1. Olecranon bursa 2 1. Olecranon bursitis Culture (9)
2. Underlying bone 0 2. No OM Radiography, CT, 6-mo FU
14 1. Mesentery 3 1 & 2. Giant cell arteritis Clinical, 6-mo FU
2. Effusion L pleura 3
15 1. Large ulcer R forefoot 3 1 & 2. Infected ulcer with  Deep wound swab culture + resected
OM of 5 foot bones forefoot histology (10)
2. Underlying bones 2-3
16 Pancreatic pseudocyst 0 Acute pancreatitis, no CT, 2-mo FU
secondary infection
17 Bronchiectasis L lung 3 Infected bronchiectasis Bronchoalveolar liquid culture (11) and
cytology
18 1. R knee joint 1 1 & 2. Whipple’s disease  Anterior eye chamber liquid and
blood PCR
2. Mesenteric lymph node 0
19 1. Peritoneum 1 1 & 2. Diverticulitis with Resected sigmoid histology and ascites
peritonitis culture (12)
2. Sigmoid diverticulum 0
3. L hip joint 0 3. Coxarthrosis MRI
20 L femoral head 0 Femoral head necrosis Resected femoral head histology
21 1. Ulcers R foot 3 1 & 2. Infected ulcers with Deep wound swab cultures (13) + resected
OM of 4 foot bones forefoot histology
2. Underlying bones R foot 3
3. Ulcers L foot 3 3 & 4. Infected ulcers Bone scan + leukocyte scan and deep
with OM of 1 foot bone wound swab cultures (13)
4. Underlying bones L foot 3

FU = follow-up; L = left; R = right; US = ultrasound; PCR = polymerase chain reaction.

(1) Staphylococcus aureus; (2) Streptococcus pneumoniae; (3) Staphylococcus aureus; (4) Nocardia abscessus, Aspergillus fumigatus,
and Rhizomucor pulsillus; (5) Polymicrobial flora with predominance of Escherichia coli and Streptococcus species; (6) Streptococcus bovis;
(7) Enterobacter cloacae; (8) Staphylococcus aureus and Streptococcus agalactiae; (9) Staphylococcus aureus; (10) Streptococcus
constellatus, Streptococcus intermedius, and Peptostreptococcus micros; (11) Pseudomonas aeruginosa; (12) Escherichia coli; (13)
Escherichia coli and Staphylococcus aureus.

IMAGING INFECTION WiTH '8F-FDG-WBC PET/CT ¢ Dumarey et al.
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FIGURE 2. (A) Coronal '®F-FDG-WBC PET and (B) fused
coronal '8F-FDG-WBC PET/CT in 78-y-old patient treated
unsuccessfully with antibiotics for septic arthritis of knee
caused by Staphylococcus aureus. '8F-FDG-WBC PET/CT
reveals intense leukocyte accumulation in several colon diver-
ticula, corresponding with diverticulitis on CT.

perforated diverticulitis of the sigmoid, which was further
documented with contrast-enhanced CT.

DISCUSSION

We have demonstrated the feasibility of combined
PET/CT with in vitro '8F-FDG-labeled leukocytes for the
noninvasive diagnosis of infection. A previous experi-
ment demonstrated that 87% of '3F-FDG incubated with
a WBC pellet is found in granulocytes (/6). Therefore,
IBF.FDG-WBC may be considered appropriate for acute
infection imaging. Recent rat model data suggested that
I8F-FDG-WBC may be better than '8F-FDG for tracking
inflammatory lesions (/8).

This series showed high accuracy of the method. Al-
though the short half-life of '8F excludes imaging 24 h after
injection—which is known to raise specificity in labeled-
leukocyte studies performed with y-emitting tracers—a high
specificity for infection was found with the high threshold
adopted for significant uptake. This probably related to the
high sensitivity of PET that results in a better estimation of
uptake intensity than that with y-emitter imaging. The high

AFLY lc 75z, XS0 TRC S RO = =]
FIGURE 3. (A) Transverse '8F-FDG-WBC PET and (B) fused
transverse '8F-FDG-WBGC PET/CT in 84-y-old man admitted for
fever and weight loss with history of biologic aortic valve
replacement 5 y earlier, followed 2 y later by bacterial

endocarditis. '8F-FDG-WBC PET/CT reveals intense focal
accumulation of leukocytes in aortic valve. Final diagnosis
was bacterial endocarditis caused by Streptococcus bovis.
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FIGURE 4. Sagittal '®F-FDG-WBC PET (A) and fused '8F-
FDG-WBC PET/CT (B) of infected foot of 66-y-old diabetic
man. Intense accumulation of '8F-FDG-WBC at site of large
plantar abscess is seen; accumulation extends across distal
part of second metatarsal bone (center of cross) to dorsal side
of foot. (C) On sagittal MRI (fat-saturated, gadolinium-enhanced
T1-weighted image), collection (asterisk) with parietal enhance-
ment (arrows) is observed at site of intense WBC uptake. (D)
Microscopic view (40x) of hematoxylin—eosin staining of second
metatarsal bone shows foci of acute as well as chronic OM.
Dors. = dorsal side of foot; Plant. = plantar side; M = head of
second metatarsal bone; P = base of phalanx of second digit.

level of anatomic detail provided by the PET/CT correla-
tion probably contributed to the high specificity. It allowed
distinction of closely related lesions and discrimination be-
tween osseous and soft-tissue infection. This is of major
clinical importance as treatment drastically differs when
OM is present.

The NPV of '8F-FDG-WBC PET/CT is very high: An
examination with no lesion (score = 0) virtually rules out
bacterial infection. This is important—in particular, when
an underlying disease would necessitate immunosuppres-
sive treatment.

I8E-FDG-WBC PET/CT can provide definitive results
within 3 h of tracer administration. Conventional nuclear
medicine modalities applied for infection diagnosis require
imaging with a time lapse of at least 24 h. The labeling
technique applied for '8F-FDG appeared as practical and
straightforward as for '''In- or ?°™Tc-based WBC proce-
dures. An advantage of PET is the fact that it is not
sensitive to the presence of prosthetic metallic material, a
source of potential chronic infection that may preclude CT
and MRI evaluation. Contrast enhancement, administered
either orally or intravenously, might further improve the
sensitivity of '8F-FDG-WBC PET/CT for detection of
infection—in particular, for visceral localizations. This
should be evaluated in further studies.
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The normal biodistribution of '®F-FDG includes major
uptake in the brain and the genitourinary tract and variably
high activity in the myocardium, bone marrow, stomach,
and bowel. '8F-FDG is therefore poorly efficient for the
detection of infection in these sites. Accordingly, '®F-FDG
PET has a poorer diagnostic performance compared with
in-leukocyte scintigraphy, and this is probably attribut-
able to a high percentage of false-positive studies (/5). As
previously shown (/9), we demonstrate a pattern of !8F-
FDG-WBC uptake comparable to that of other radiolabeled
leukocytes. It essentially occurs within the reticuloendo-
thelial system. The absence of gastrointestinal and renal
uptake and the faint brain and myocardial uptake makes
IBF_-FDG-WBC likely to do well in the assessment of
intraabdominal, renal, intracerebral, and cardiac infectious
diseases. The effective imaging of bacterial endocarditis,
infected pancreatic pseudocysts, and colon diverticulitis
supports this assessment.

Another major difference between '8F-FDG-WBC
PET/CT and '8F-FDG PET/CT relates to the cellular types
involved in the signal detected in infected sites. '®F-FDG
reveals different types of inflammatory cells, including
macrophages, residing within the lesions, whereas !'SF-
FDG-WBC essentially reveals active diapedesis of granu-
locytes through chemotactic processes. One patient in our
series illustrates this difference well, showing the '8F-FDG
signal in an enlarged lymph node most probably in relation
to macrophage activity in the context of Whipple’s disease,
whereas no signal related to 'SF-FDG-WBC was detected
in this lesion.

Dosimetry values of '3F-FDG-WBC previously deter-
mined for doses ranging from 225 to 315 MBq were found
to be comparable with results for conventional doses of
n oxine-labeled leukocytes (19,20).

PET/CT, compared with PET, is of particular interest for
the detection of infection sites, as illustrated in our series by
3 diabetic foot patients. In this complex condition, the
benefit of CT coregistration has already been shown in a
recent study with '8F-FDG PET/CT (21). Accurate and
early diagnosis of OM in the diabetic foot is crucial be-
cause antibiotic treatment can be curative and may prevent
amputation. Adequate localization of infected structures
could avoid amputation or limit the extent of amputation in
some of our patients. In this matter, scintigraphy with con-
ventionally labeled WBC can be valuable, but low spatial
resolution remains a limiting factor. Combination with bone
scintigraphy is often required, whereas this was not the case
with '8F-FDG-WBC PET/CT.

Ideally, to evaluate the accuracy of the '3F-FDG-WBC
PET/CT, subjects should be imaged before initiation of
antibiotic treatment. We preferred to adapt the study pro-
tocol to current clinical settings and we tolerated a margin
of a maximum of 7 d of successful antibiotic administra-
tion. This better reflects the accuracy of the '8F-FDG-WBC
PET/CT in a realistic clinical environment. In our study, the
2 patients with false-negative PET/CT findings—when only
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lesions with a score of =2 are considered positive—
belonged to the group with antibiotic treatment of =7 d.
In patient 1, only a faintly increased tracer uptake was
found at the site of pneumonia. In patient 19, there was no
increased uptake at the diverticulitis site and a diffuse
faintly increased uptake in the peritonitis site. The use of
antibiotics might have reduced the local infection burden in
these patients, and, hence, WBC diapedesis.

IBF_.FDG-WBC might be a better tracer than 'SF-FDG
for the assessment of response of OM to antibiotic treat-
ment but this still needs investigation. '|F-FDG-WBC
PET/CT could also facilitate invasive tissue-sampling pro-
cedures and treatment planning. It could be attractive to
adopt a quantitative approach instead of a visual evaluation
of "8F-FDG-WBC PET/CT. Unfortunately, normalization
to the injected dose is sensitive to multiple confounding
factors, notably labeling yield, labeled leukocyte load, blood
formula, and propensity for homing in the reticuloendothe-
lial system. Nonetheless, it is indicative that the range of
SUVs found in infected lesions was 0.9-37.4.

CONCLUSION

This initial experience in 21 patients demonstrates the
feasibility and the potential value of hybrid '*F-FDG-WBC
PET/CT in infection. Our results show that '8F-FDG-WBC
PET/CT is a promising technique with a high sensitivity
and specificity and has major advantages over the more con-
ventional nuclear medicine and radiologic methods. Its po-
tential role as a diagnostic instrument in infection imaging
merits further investigation in larger prospective series.
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