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ABSTRACT

Introduction. Infectious cases require prompt diagnosis for
effective therapy. Imaging infection in nuclear medicine uses ra-
diotraqers with different mechanisms of action.

Objectives. The objective of this study was to determine
the potential role of 18F-fluorodeoxyglucose labeled leukocytes
(FDG-WBC) positron emission tomography with low-dose CT
(PET-CT) in infection imaging in patients with diabetic foot and
osteomyelitis at St. Luke's Medical Center.

Methodology. There were 11 participants (6 male, 5 female;
mean age of 49±18.6 years) with diabetic foot or suspected with
osteomyelitis from November 2009-0ctober 2012. In vitro label-
ing of autologous human leukocytes with 18F-FDG was done.La-
beling efficiency and cell viability values were obtained. A PET-CT
of the infection site was performed 65.1 ±8.4 minutes after injec-
tion of 96.4±42.5 MBq of FDG-WBC. The scans were read as
positive or negative for infection by 3 Nuclear Medicine physicians
and subsequently compared to a reference standard (histopathol-
ogy or clinical end-diagnosis).

Results. Radiochemical purity, cell viability and labeling ef-
ficiency were >95%, 98.6±1%, and 17.4±6%, respectively. No
adverse reactions were encountered. There were 10 positive
PET-CT results. Nine had concordant final diagnoses of infection.
The one false positive PET result had a final diagnosis of Giant
cell tumor. One patient had a negative PET-CT finding but was
diagnosed to have infection. There were 9 concordant and 2 dis-
cordant results.

Conclusion. FDG-WBC PET-CT scan is useful in imaging
patients with diabetic foot and osteomyelitis. It has shorter radio-
tracer half-life, waiting time post-injection, scan duration and su-
perior images than other infection scans.
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Infectiouscases require prompt diagnosis and localiza-
tion for immediate and effective therapy. Leukocyte
chemotaxis on infection sites has been the concept

for infection imaging using radiolabeled white blood
cells (WBC). lllIn-oxine was first introduced for WBC-
labeling and eventually replaced by Tc-99m hexamethyl-
propylene-amine oxime (HMPAO) because of better
dosimetry and imaging quality. I

On the other hand, glucose utilization by inflamma-
tory cells is the basis of fluorine-I 8 fluoro- 2-deoxyglucose
positron emission tomography with low-dose CT (FDG
PET-CT) scan for infection imaging.' During the respi-
ratory burst, macrophages have increased GLUT-3 and
neutrophils have shown an overproduction of the hexo-
kinase II enzyme.' Although FDG PET-CT scan has high
sensitivity for infection imaging, it is limited by its known
lower specificity." A recent study by Kagna, however,
showcased a higher specificity ofFDG PET-CT scan. His
investigation of 39 diabetic patients demonstrated a high
sensitivity, specificity and accuracy (100%,92% and 95%,
respectively) ofFDG PET-CT scan for osteomyelitis.'

In 1992, Osman and Danpure radiolabeled human
granulocytes with FDG.6 Eight years later, FDG was noted
by Forstrom to be a feasible WBC-radiolabeling agent.
He obtained a satisfactory labeling efficiency (LE) with
incubation at 37°C. 7 Further investigations on FDG labeled
leukocyte PET-CT infection imaging (FDG- WBC PET-
CT scan) ensued: Dumarey studied FDG-WBC PET-CT
scans of patients with bacterial infection.' Rini compared
FDG-WBC PET-CT scan with l l l In-Oxine.f Pellegrino
subjected septic rats to FDG PET-CTscan and FDG- WBC
PET-CT scan." We wanted to validate their findings in the
local setting.

At St. Luke's Medical Center (SLMC), Tc-99m HM-
PAO is used for WBC-tagging and has a half-life (T Y2)
of 6 hours. Imaging is done using a gamma camera 1 to 2
and 4 hours post-injection.

On the other hand, 18F-FDG has a shorter T.~ of 110
minutes and imaging is done 1 hour post-injection. Im-
ages in a PET-Ct camera have higher spatial resolution
compared to a gamma camera.

Our paper limits the participants to those with' diabetic
foot and osteomyelitis. At the Philippine General Hospital
(PG-H), 16-20% of yearly emergency admissions are due
to diabetic foot." Osteomyelitis comprises up to 33% of
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diabetic foot cases. It is usually caused by direct; contigu-
ous contamination from soft tissue lesions." Among PGH
patients with diabetic foot, 48.6% ultimately underwent
major amputation. IO Early diagnosis of osteomyelitis in
the diabetic foot could have prevented this.

This study challenges the current usage of Tc-99m
HMPAO in WBC-tagging by assessing the possibility of
18F-FDG as an alternative, if not better labeling agent
with the added advantage of PET-CT imaging.

OBJECTIVES

General Objective
This paper aims to determine the potential role of

FDG- WBC PET scan in infection imaging in patients with
diabetic foot and osteomyelitis at SLMC.

Specific Objectives
To assess the accuracy of FDG- WBC PET scan in

infection localization and extent determination.
To assess the quality of FDG as a tagging agent for

leukocytes by three quality control parameters: radio-
chemical purity, labeling efficiency, and cell viability.

METHODOLOGY

Patients
Inclusion criteria for the study were the following: (a)

diagnosed with diabetic foot (at least grade 2 deep ulcer
in Wagner's Classification for diabetic foot disease) or (b)
diagnosed/suspected to have osteomyelitis (through bac-
teriologic/ radiologic/clinical parameters). The exclusion
criteria were: (a) WBC <2,000/uL, (b) favorable clinical
response to an antimicrobial treatment of more than 7 days,
and (c) pregnancy or lactation (derived from Dumarey's
exclusion criteria). Eleven patients (6 men, 5 women; mean
age, 49.5 years ± 18.6 years) were enrolled from November
2009 - October 2012. The procedure was performed by
four medical technologists. Informed consent was duly
accomplished by all participants.

Leukocyte Extraction/ Harvesting
WBC harvesting duration ranged from 90 minutes to

2 hours. It was derived from the SLMC Tc-99m HMPAO
WBC protocol and the protocol used by Dumarey.

A 60 ml syringe with 7 mL of acid-citrate-dextrose
was used to withdraw 40 mL wholeblood from the patient.
The syringe was clamped to a ring stand in an upright
position (10-200 tilt) until the supernatant was clear of
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red blood cells. With a winged infusion set, the leukocyte
rich plasma was collected into a WBC labeled tube and
centrifuged at 1700 rpm for 5 minutes. Leukocyte-poor
plasma (LPP) was set aside for later use. The leukocyte
button was washed with 5.0 mL of sodium chloride and
centrifuged again. Its supernatant was removed, except for
about 0.5-1.0 mL to cover the cells. The leukocyte button
was gently resuspended with I mL of LPP.

Leukocyte tagging with 18F-FDG
WBC labeling took approximately 30 minutes. FDG

was prepared and assessed daily for radiochemical purity
using thin layer chromatography. The following formula
was used: % radiochemical purity = activity due to radio-
pharmaceutical in desired form! total activity of the sample
x 100%.

A 1110 MBq of FDG was added to the tube of har-
vested WBC, and was gently swirled and incubated for
15 minutes at 37°C. Simultaneously, the LPP tube was
centrifuged at 2800 RPM for 15 minutes, and 10 ml was
added to the WBC tube and centrifuged again. The su-
pernatant was removed, and 5 ml ofLPP was added. The
FDG-Iabeled WBC was transferred into a shielded syringe
and properly labeled and assayed in a dose calibrator prior
to injection.

Labelling efficiency (LE) and cell viability values
were computed by a designated radiochemist. The fol-
lowing formula was used: % LE = activity in cell pellet
(WBC)/ initial FDG activity in the vial after 18F-FDG
production, corrected for decay x 100%.

A Trypan blue exclusion technique was performed to
measure cell viability: 1 drop ofFDG-WBC was placed
on a glass slide. One drop of 0.08% Trypan blue dye was
added, and the slide was assessed using a hemacytomer.
Cell viability was calculated using the formula: % cell
viability = total number of viable cells (stained only in
periphery)/ total number of cells (stained + stained only
in periphery) x 100%.

Patients were injected with 96.4±42.5 MBq ofFDG-
WBC. Mean waiting time prior to imaging w?ls 65.1±8.4
minutes.

Imaging protocol and assessment
PET-CT imaging took a mean duration of 19.6±7.7

minutes using a Philips Gemini Time-of-Flight 64 PET-
CT camera. A surview scan was done to determine the
region of interest. A low-dose CTscan (mAs of 150) was
first acquired, followed by an emission scan of 3-5 min-
uteslbed. The acquired data were processed by iterative
reconstruction (ordered-subset expectation maximization).

Images were interpreted by two Nuclear Medicine
consultants and a Nuclear Medicine resident doctor. The
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scan was assessed as positive ifthere was increased tracer
uptake in the lesions, and negative if there was none.

The PET-CT results were compared to a reference
standard, which consisted of histopathologic report with
bacterial culture and/ or clinical follow-up with the refer-
ring physician (treatment response, laboratory and imaging
work-ups). The accuracy was also computed from which
the usefulness of the FDG- WBC PET-CT scan was as-
sessed.

RESULTS

The patients' clinical characteristics are listed in
Table 1.

Table 1. Patient sample characteristics

Age

Male: Female ratio

Diabetic foot*

Osteomyelitis*

49.5 years ± 18.6 years

6:5
6
5

*Initial diagnosis

There were no adverse reactions experienced by the
patients. One patient was excluded from the study due to
a cardiac event during PET-CT imaging.

In terms of quality control parameters for 18F-FDG
as a tagging agent, SLMC has established strict criteria for
FDG radiochemical purity (>95%), thereby sustaining a
high radiochemical purity for the study. The cell viability
was also high with an average of98.6±1 %. However, the
labeling efficiency was 17.4±6%.

The final diagnoses were procured for all eleven
patients using the reference standard (Table 2). These
were compared to the PET-CT findings. Seven patients
underwent operation oftheir lesion sites. Clinical follow-
up was done in 4 patients.

Ten out of 11 patients showed positive PET-CT results
for infection. Nine out of ten were concordant with the
reference standard. The one false positive case had a final
diagnosis of Giant cell tumor.

Only one out of 11 patients had a negative PET-CT
finding, which turned out to be a false negative case. The fi-
nal diagnosis was Grade IV ulcer, severe peripheral arterial
occlusive disease. The patient underwent below the knee
amputation within a month of the PET-CT scan. Histologic
and bacteriologic report was positive for Staphylococcus
capitis.

Table 2. Image results and Final Diagnoses

No. Initial Diagnosis Imaging results Final Diagnosis Reference Standard

Chronic osteomyelitis, left tibia sip external Positive*
fixation with subsequent removal of fixators
due to fracture

2 Grade III ulcer, left foot Positive*
3 Grade IV ulcer, right foot Negative*
4 Tic osteomyelitis, sip ORIF*, right femur Positive*

5 Tic osteomyelitis of left knee,slp ORIF** Positive*
6 Grade III ulcer, anterior left leg; Positive*

Tic osteomyelitis, left tibia and fibula
7 Grade II ulcer, right lower leg; Positive*

sip external fixation, distal right tibia
8 Tic osteomyelitis, right foot; grade II ulcer, Positive*

left foot sip amputation of the distal phalanx
of the 2nd digit of the rightfoot

9 Grade II ulcer, right foot Positive*
10 Chronic osteomyelitis, left foot Positive*

sip OREF*** and removal offixators
due to fracture

11 Grade II ulcer, left foot Positive*

Chronic osteomyelitis Histopathologic

Grade III ulcer
Grade IV ulcer
Osteomyelitis, peri-prosthetic
infection
Giant cell tumor
Grade III ulcer

Histopathologic
Histopathologic
H istopatholog ic

Histopathologic
Clinical Follow-up

Grade II ulcer Clinical Follow-up

Chronic osteomyelitis Histopathologic

Grade II ulcer
Chronic osteomyelitis

Clinical Follow-up
Histopathologic

Grade II ulcer Clinical Follow-up

* For infection ** ORIF- open reduction, internal fixation *** OREF- open reduction, external fixation
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The computed accuracy yielded 81.82%.
Specific cases:

'a) A 23 year-old female (patient 8) presented with
chronic non-healing wound in the 2nd digit and new
wounds in both feet, sip amputation of the distal phalanx
of the 2nd digit of the right foot from gangrene. FDG-
WBC PET-CT (Fig, 1) showed focal tracer localization in
the right big toe and 2nd digit and soft tissues along the
dorsum and first digit of the left foot.

Histopathology report of the 2nd toe of the right foot
and intramedullary, right big toe showed chronic osteo-
myelitis. She then underwent completion disarticulation
of 2nd digit, debridement and curettage of the 1st digit of
the right foot.

b) A 71 year-old diabetic (patient 6) experienced
difficulty in ambulation when using her left leg, after
sustaining a punctured wound (Fig.2) in the left lower leg.
Osteomyelitis of the left tibia and fibula was considered
in the X-ray of the lower extremities (Fig.3). FDG-WBC
PET-CT (FigA) showed tracer localization in the soft
tissues and skin along the left lower leg, consistent with
cellulitis. No uptake was seen in the left tibia and fibula.
Patient was treated only medically. Follow-up revealed
healed wound.

c) A 26 year-old female (patient 5) presented with left
knee pain and sw·elling sip ORIF for a sustained fracture.
Three-phase bone scan (Fig.5 A & B) exhibited increased
tracer activity in all three phases, which may represent
osteomyelitis.

FDG- WBC PET-CT (Fig. 6) showed focal tracer
localization in the distal left femur and left patella, con-
sistent with infection. Intra-operative finding was a mass.
Histopathology report revealed Giant cell tumor and
culture was negative for any microorganisms.

d) Patient 11 was diagnosed with diabetic foot (Fig.7),
left sip debridement. CT scan (Fig. 8) showed abscess for-
mation in the plantar aspect of the left foot, osteomyelitis
cannot be excluded.

FDG- WBC PET-CT (Fig. 9) showed soft tissue infec-
tion in the medial plantar aspect of the left foot. Patient
was medically treated and improved.

e) A 60 year-old male (patient 3) with diabetic foot.
18F-FDG WBC PET/CTscan (Fig. 10) showed no uptake
in both lower extremities.

He underwent below the knee amputation within a
month after the scan. Histopathology was positive for
Staphylococcus capitis.

DISCUSSION

This study demonstrated high radiochemical purity
and cell viability but low LE ofFDG.

The exact reasons for the LE results are uncertain.
In an Italian study by Pelligrino, the LE (64-75%) did

not differ from that ofTc-99m and In-Ill as WBC labeling
agents."

Rini's study showed a lower LE of FDG-WBC
PET-CT scan(72±8%) compared to Il1-In-oxine scan
(90±5%)8. He cited the following factors for the lower
LE: WBC glucose transporter expression, serum glucose
levels, and receptor-blocking substances.

Meller admitted that labeling leukocytes with FDG is
not very stable. Meller's suggestions for having good LE
such as immediate injection within an hour and centrifuga-
tion at 370C were satisfied in this study.'

The LE formula for this study made use of ratio ofthe
activity in the WBC pellet to the initial FDG, corrected
for decay. This formula might have been underestimated,
since the initial FDG activity in the vial might not be the
actual FDG transferred to the WBC tube due to the pres-
ence of retained activity. The denominator of the formula
should have been the total activity measured in the WBC
pellet and the wash. This should be considered for future
studies.

Another possible reason for low LE is the WBC cell

Figure 1. FOG-WBC PET-CT showing uptake in the digits (axial slices).
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Figure 2. Left leg Figure 3. X-ray Figure 4. FDG-WBC PET-
CT wound. Left leg, showing
infection limited to soft tissues
(sagittal and axial views).

Figure 5A. Three phase bone scan showing increased tracer activity in all three phases.

R L

••

TISSUE PHASE ANTERIOR

Figure 58. Three phase bone scan: Left knee uptake which may represent osteomyelitis.

Figure. 6 FDG-WBC PET-CT showing uptake in the distal left femur and left patella (sagittal slices).

St. Luke's Healthcare Journal, Vol. 09, No. 0 I • January - March 2014 59



ROLE OF 18F-FDG LABELED WBC PET/CT IN INFECTION IMAGING

Figure 7. Left foot ulcer. Figure 8A & B. CT scan demonstrating abscess formation. (A= dimensions; B= arrow)

Figure 9. FDG-WBC PET-CT: Infection limited to soft tissues (sagittal slices).

Figure 10. 18F-FDG-WBC PET-CT: no uptake to denote infection (coronal slices).
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concentration. Stodola recognized that LE was influenced
by initial FDG ~';tivity and cell concentration.l? While
there is high initial FDG activity (111 0 MBq), the WBC
concentration in the FDG- WBC injected in the patients
was not obtained.

To date, no recommended cut-off value for labeling
WBC with FDG has been established.

In the guidelines set by Roca in In-oxine labeling, if
labeling efficiency is < 50%, further quality control should
be performed, such as Trypan blue exclusion test for cell
viability, which was carried out in our study. I The high
cell vi~bility in our investigation is similar to that of Pel-
ligrino's: 98.5%-99.9%.9 The in vivo function ofWBC is
their "ultimate test of viability" which is manifested in the
scans by their ability to detect infection." Since the FDG-
labeled WBC went to the areas of interest, in our case,
areas of infection, our study still showed a good outcome.
Moreover, the tagging procedure consisted of incubation
and centrifugation (allowing FDG to bind WBe) and
subsequent removal of the supernatant (consisting of free
FDG).

Majority of the sample population, 81.82%, had con-
cordant results between FDG- WBCPET-CT and the final
diagnoses: 9 out of 11 patients. This was also the computed
accuracy.

Patient 6 had initial diagnoses of osteomyelitis based
on x-ray and clinical impression. Patient 11 had CT find-
ing of left foot abscess but osteomyelitis could not be
excluded. Their FDG- WBCPET-CT results showed only
soft tissue uptake. There was good response to medical
treatment alone. This implied the usefulness and feasibil-
ity ofFDG- WBC PET-CT for infection imaging. This was
supported in previous papers. In Dumarey's prospective
study of21 patients with infection who underwent FDG-
WBC PET-CT, the sensitivity and specificity were 2:91%
and 85% respectively."

The solitary false-positive case had a final diagnosis
of Giant cell tumor. Tumors are known to elicit immune
inflammatory response, and studies have shown leukocyte
infiltration in various tumors. 13 The possibility ofthe tumor
taking up free FDG could have contributed to a positive
result.

Patient 3 had a negative FDG- WBC PET-CT result,
but his final diagnosis was positive for infection. He had
right foot amputation shortly after the scan. A plausible ex-
planation could be his severe peripheral arterial occlusive
disease. No blood flow to the right foot lesion or "limb-
ischemia" could have prevented migration of the injected
FDG- WBe. The patient was also given a prolonged course
of antibiotics. In Dumarey's study, a possible explanation
for their false-negative result was antibiotic usage, which
reduced local infection burden and subsequent leukocyte
diapedesis. For this reason Dumarey recommended that

FDG- WBC PET-CT scan be performed prior to antibiotic
administration.'

Superiority of FDG- WBC PET-CT scan over FDG
PET-CT alone was attested by Pelligrino et al. In their
animal model, they found increased ratio of infected
over normal muscle uptake in FDG- WBC PET-CT scan
compared to FDG PET-CT alone using three methods:
tissue biodistribution, phosphoroimaging and microPET
imaging."

Compared to Tc99m-HMPAO, FDG-WBC PET-
CT scan has shorter radiopharmaceutical T12 and also
shorter waiting time post-injection (0.5 to 4 hours vs. 60
minutes ).14 Moreover, PET-CT images have better quality
because of its intrinsic high-spatial resolution tomographic
technique.

To date, no published studies have compared three-
phase bone scan and FDG- WBC PET-CT scan on a head-
to-head basis. Although the three-phase bone scan is the
imaging of choice for osteomyelitis, its sensitivity and
specificity decreases in violated bone structures, neces-
sitating additional WBC scan." Since it makes use of
Tc-99m like in Tc99m-HMPAO, it has longer T12, waiting
time post-injection and scan duration (i.e., has delayed
imaging) than FDG- WBC PET-CT.

CONCLUSION AND RECOMMENDATION

FDG- WEC PET-CT scan is a useful tool in infection
imaging with majority having concordant results among
patients with diabetic foot and osteomyelitis in St. Luke's
Medial Center. FDG- WBC PET-CT scan has shorter ra-
diotracer T12, waiting time post-injection, scan duration
and with superior spatial resolution.

We recommend that succeeding stu·dies should have
a bigger sample size and random sampling. There should
be correct computation for labeling efficiency. In addition,
imaging of the brain to assess for free FDG could be done.
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