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FDG-PET in infectious lesions: The detection and assessment
of lesion activity
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The usefulness of FDG-PET in the detection of infectious foci and the assessment of lesion activity
was evaluated. The study covered 24 patients with 25 FDG-PET studies, including lesions of
bacterial, tuberculous and fungal origins. The FDG uptake was determined by the lesion to muscle
ratio (LMR) on the static images. The time activity curves (TACs) were classified into four patterns
based on both the existence of an initial peak and a slope thereafter. A high FDG uptake was
observed in 23 of 25 lesions (92%). Two lesions, in which no abnormal uptake was noted, included
one in the healing stage and the other consisting of a cavity with a thin wall. The acute active lesions
showed higher LMRs than the chronic active or healing lesions (mean = SD: 9.8 £3.6,3.6 + 1.8
and 4.3 £ 1.7, respectively, p < 0.05), and they could be approximately distinguished by an LMR
of 6. The patterns of the TACs in acute or chronic active lesions were either an increase without an
initial peak or a plateau, while those in the healing lesions demonstrated predominantly an increase
with an initial sharp peak. Our results indicated that FDG-PET is clinically useful in the detection
of the infection of miscellaneous microorganisms as well as in the assessment of lesion activity.
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INTRODUCTION

IT HAS BEEN REPORTED that "*F-fluorodeoxyglucose (FDG)
accumulates not only in malignant tumors but also in
inflammatory lesions of both infectious and non-infec-
tious origins, including brain abscesses,' pulmonary
granuloma,*’ pulmonary histoplasmosis,® pulmonary tu-
berculosis,”® pulmonary anthracosis,® posttherapy fibrosis
in the lung,’ sarcoidosis,'? abdominal abscesses,!"'? liver
abscesses,'? inflammatory pseudotumors of the liver,'?
chronic pancreatitis,'? pelvic abscesses!? and the post-
irradiated state.'® But these reports have mainly focused
on the differential diagnosis of malignant and benign
lesions, while there have been few reports to date regard-
ing the role of FDG-PET in the evaluation of inflamma-
tory lesions.'®!? In this study, we evaluated the usefulness
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of FDG-PET in infectious lesions in respect to the de-
tection of infectious foci and the assessment of lesion
activity.

MATERIALS AND METHODS

Patients

The study covered 24 patients with miscellaneous infec-
tious lesions who underwent 25 FDG-PET studies (Table
1). One patient (case 2 in Table 1) underwent FDG-PET
twice with an interval of 42 days. Details of 3 patients
(cases 1, 2 and 4) were previously reported."!! The final
diagnoses were established by identification of the micro-
organisms in 10 patients, the clinical courses in 9, histol-
ogy in 4 and necropsy in 1, and they were pulmonary
tuberculosis in 8, pneumonia in 6, an abdominal abscess
in 3 (with 4 FDG-PET studies), a liver abscess in 2, and
brain abscess, tuberculous osteomyelitis, a pulmonary
abscess, pulmonary atypical mycobacteriosis and pulmo-
nary aspergillosis in 1, respectively. Fifteen patients had
already received antibiotics at the time of the FDG-PET
study. The inflammatory stages were determined on the

Original Article 185



Table 1 Patient profiles

Case Age/ Diagnosis Causa.tlve Method .Of Stage Pattern Size (cm) LMR  TAC
Sex organism diagnosis
1 52/M  Brain abscess Corynebacterium OP AA  Focal 4 ND NP
2 21/F  Abdominal abscess n.i. op AA  Focal 7x4 14.0 1
H  Focal 6x3 5.1 I
3 26/F Abdominal abscess n.i. OoP AA  Focal 10x3 13.3 I
4 41/M  Abdominal wall abscess Escherichia coli  OP AA  Focal 9x4 10.5 NP
5 56/F Liver abscess n.i. cC H  Focal 3 5.7 111
6 62/F Liver abscess n.i. cC H  Focal 3.5%x2  Negative NP
7 22/M  Tuberculous osteomyelitis  Mycob. thc oP CA  Focal 7x4 6.3 I
8 72/M  Pulmonary abscess Pseudomonas Sputum AA  Focal 55 6.1 |
9 67/M Bronchopneumonia n.i CcC AA Infiltrative 5 5.3 I
10 72/F Lobar pneumonia n.i. CcC H Infiltrative 12 53 I
11 72/F  Organizing pneumonia n.i. CcC H  Focal 3 6.1 I
12 56/F Organizing pneumonia n.i. CcC H  Focal 3 23 v
13 55/F Organizing pneumonia n.i. CcC H  Focal 3 4.1 I
14 66/M Organizing pneumonia n.i. cC H  Focal 4 44 I
15 44/M  Pulmonary tuberculosis Mycob. the Sputum CA  Focal 2.5 Negative NP
16 61/M  Pulmonary tuberculosis Mycob. the OP CA  Focal 3 6.9 NP
17 64/M Pulmonary tuberculosis n.i. CcC CA  Focal 3 3.1 NP
18 48/F Pulmonary tuberculosis n.i. TBLB CA  Focal 3 31 I
19 27/F Pulmonary tuberculosis Mycob. the BL CA  Focal 35 23 11
20 S56/F  Pulmonary tuberculosis n.i. LNB CA  Focal 4.5 34 11
21 24/F Pulmonary tuberculosis Mycob. the Sputum CA  Scattered <1 14 NP
22  20/M  Pulmonary tuberculosis Mycob. thc Sputum CA Focal, scattered <4 4.8 1
23  50/M  Pulmonary atypical Mycob. avium Sputum CA Infiltrative 12 42 1
mycobacteriosis
24 76/M Pulmonary aspergillosis Aspergillus Necropsy CA  Semi-invasive 12 34 I

n.i.: not identified, Mycob. thc: Mycobacterium tuberculosis, Mycob. avium: Mycobacterium avium complex, OP: operation,
CC: clinical course, TBLB: transbronchial lung biopsy, BL: bronchial lavage, LNB: lymph node biopsy, AA: acute active, CA: chronic
active, H: healing, LMR: lesion to muscle ratio, ND: not determined, NP: not performed

basis of the clinical manifestations and the courses; namely,
acute active: a progressive lesion with a duration of less
than 1 month from onset; chronic active: a progressive
lesion with a duration of more than 1 month from onset;
and healing: a resolving lesion which still remains. They
were determined to be in the acute active stage in 6
lesions, the chronic active stage in 11, and the healing
stage in 8. The sizes of the lesions were determined by an
X-ray CT.

The serum glucose values at the time of the PET study
were measured on 18 PET studies. They were 94.3 + 13.5
mg/d/ (mean * SD), ranging from 75 to 122 mg/d/. Serum
insulin values were not measured. Two patients (cases 4
and 14) were known to have diabetes mellitus. Their
serum glucose values were 122 mg/d! at the time of the
PET study in case 14 and 116 mg/d! obtained 5 days after
the PET study in case 4.

The investigation was approved by the committee for
the medical application of the cyclotron-produced radio-
nuclides in Kyushu University Hospital, and informed
consent was obtained from all patients.

FDG-PET study
FDG was prepared as described previously.'* A positron
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scanner SET130W (Shimadzu Corp. and Akita Noken,
Japan) was used for the scanning, which has 3 detector
rings providing 5 contiguous slices at 15 mm intervals.
The effective spatial resolution used in the study was 14
mm in FWHM. Transmission scanning was performed
with a #Ge/*®*Ga ring source for attenuation correction.
From 111 to 296 MBq (3—-10 mCi) of FDG was slowly
injected in a fasting state. Static scanning was done for 15
minutes from 45 to 60 minutes in all 25 PET studies. In
addition, 17 serial scannings were also done over a 45-
minute period from immediately after the injection in 18
PET studies. Matrices of 128 x 128 were used, with each
pixel measuring 3 mm X 3 mm in size.

Data analysis

With reference to the X-ray CT images, PET images were
visually interpreted by three nuclear medicine physicians
depending on the existence of an abnormal FDG uptake in
the lesion.

On the static images, the regions of interests (ROIs),
which ranged from 15 mm X 15 mm to 27 mm X 27 mm
in size, were placed on the lesion and muscles. The area
showing the highest FDG uptake was chosen as the ROI
of the lesion. The ROIs of the muscle were set on from 5
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Fig.1 The patterns of the time activity curves.

to 8 different parts, and their mean values were used. The
lesion to muscle ratio (LMR) was calculated from the
mean counts per volume in the lesion and the muscles, and
was used as an index of the FDG uptake. The LMR could
not be obtained in one patient (case 1), since the muscle
component did not exist in the scanning field. The LMR
in the lesions which were not identified on the FDG-PET
images was assumed to be 1 in the following analysis.

The time activity curves (TACs) were obtained with
the 18 scanning data from O to 60 minutes postin-
Jjection. Based on the existence of an initial peak within
10 minutes and changes of more than 20% in the PET
counts from 10 to 60 minutes, the TACs were classified
into four patterns: Type I, an increase up to 60 minutes;
Type II, a plateau; Type III, an initial peak and then
a gradual increase thereafter; and Type IV, a decrease
(Fig. 1).

A combination of one way factorial ANOVA and
Scheffe’s multiple comparison test, and the chi-square
test were used for the statistical analysis.

RESULTS

A high FDG uptake was noted in 23 out of 25 lesions
(92%) (Figs. 2 through 5). Among them, a prominently
high FDG uptake was noted in 3 with an abdominal
abscess in the acute active stage. Two lesions showed no
FDG uptake, and included one with a liver abscess in the
healing stage measuring 3.5 cm in diameter and another
with pulmonary tuberculosis consisting of a cavity with a
thin wall measuring 2.5 cm in diameter. The sensitivities
according to the inflammatory stages were 5/5 (100%) in
the acute active stage, 12/13 (92%) in the chronic active
stage and 8/9 (89%) in the healing stage.

The mean LMR in the acute active lesions was higher
than that in the chronic active lesions (mean + SD: 9.8 + 3.6
versus 3.6 + 1.8, p < 0.05) (Fig. 6). It was also higher than
that in the healing lesions (the latter: 4.3 = 1.7, p < 0.05).
The active lesions were approximately distinguished by
an LMR of 6 from the chronic active or healing lesions
(p < 0.05, respectively) (Table 2). No difference was
noted in the mean LMRs for the chronic active and healing
lesions.
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Fig.2 A 72-year-old-male (Case 8) demonstrating a pulmo-
nary abscess in the acute active stage. An enhanced CT (A)
shows a consolidation with an ill-defined margin in the right
posterior segment measuring 5.5 cm in size. On an FDG-PET
image (B), a high FDG uptake is noted in the corresponding area
with an LMR of 3.5. A high uptake is also noted in the enlarged
mediastinal lymph nodes. The time activity curve (C) shows a
Type I pattern.

In the analysis of the TACs, Type I was observed in 9
lesions, Type I in 4, Type IIl in 4 and Type IV in 1 (Table
3). After comparing the TAC and the lesion activity, the
TAC:s in all 4 acute active lesions were Type I, while those
in the chronic active lesions were either Type I or Type IL
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Fig.3 A 27-year-old-female (Case 19) with pulmonary tuber-
culosis in the chronic active stage. A plain CT (A) shows fibrotic
changes with a bullous formation in the right apical segment.
Adjacent pleural thickening is also noted. The findings on CT
are suggestive of a healed scar from tuberculosis. However, on
an FDG-PET image (B), a high uptake is noted with an LMR of
2.3, and the time activity curve (C) shows a Type II pattern.
Tuberculous bacilli were identified by transbronchial lavage,
and thereafter anti-tuberculous medication was administered.
The lesion had decreased in size 6 months later.

In contrast to this, the healing lesions were predominantly

Type I1I, although the remaining 3 types were also noted
on occasion.
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Fig. 4 A 56-year-old-female (Case 5) presenting with a liver
abscess in the healing stage. An enhanced CT (A) shows a round
low density mass with a ring-like enhancement in the medial
segment of the left lobe measuring 3 cm in diameter. On an FDG-
PET image (B), a high FDG uptake is noted in the corresponding
area showing an LMR of 5.7. The normal liver is also faintly
visualized. The time activity curve (C) shows a Type III pattern.

DISCUSSION
The sites of FDG accumulation in infectious lesions are

considered to be in migratory inflammatory cells,'>'®
causative microorganisms'® and granulation tissue.?*?! It
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Table 2 Comparison of the lesion activities and FDG
uptake

LMR
More than 6  Less than 6
Acute active*** (n =5) 4 1
Chronic active* (n=11) 2 9
Healing** (n=28) 1 7/

*p <005 % p<0.05

Table 3 The correlation of the inflammatory stages and
the patterns of the time activity curve (n = 18)

Patterns of TAC
1 II 11T v
Acute active (n=4) 4 0 0 0
Chronic active (n=7) 4 3 0 0
Healing m=7) 1 I 4 1

is considered that the former two play a predominant role
in the acute stage, while the last one plays a role in the
healing stages. It is known that neutrophils utilize glucose
as a source of energy, and even in aerobic conditions they
derive most of their energy supply from glycolysis. FDG
uptake reflects the glucose metabolism in the process of

Vol. 10, No. 2, 1996

—=eo— |esion

6000 —O— muscle

—o— blood (aorta)

4000 A

PET count (cps/ml)

Time after injection (minute)
C

Fig.5 A 76-year-old-male (Case 24) with bilateral pulmonary
aspergillosis in the chronic active stage. The patient had been
diagnosed with aspergillosis 6 years before. An enhanced CT
(A) shows a large cavitary lesion containing a fungus ball in the
left upper lobe. The adjacent chest wall is also involved. On an
FDG-PET image (B), the FDG uptake is not uniform in the
lesion, and the highest uptake is observed in the left anterior
chest wall showing an LMR of 3.4. A high uptake is also noted
in the right pleural lesion. The time activity curve (C) shows a
Type II pattern.
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Fig. 6 The FDG uptake according to the lesion activity.

both the transport of glucose into the cells and the conver-
sion to glucose-6-phosphate.”? FDG uptake is therefore
further accelerated in anaerobic glycolysis, compared to
that in aerobic metabolism. Infiltrating cells in acute
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infections are predominantly neutrophils, whereas lym-
phocytes are predominant in chronic tuberculous infec-
tions.? Glucose utilization in neutrophils is 10 times
higher than that in lymphocytes.’ The difference in the
infiltrating cells correlates with our findings in which the
acute active lesions showed a higher FDG uptake than
chronic active lesions. It is possible that a portion of the
FDG administered is also incorporated into causative
microorganisms, since they metabolize glucose in various
pathways as a source of energy." A lack of any FDG
uptake in an experimental aseptic abscess has been re-
ported,” in which the absence of microorganisms might
be one of the causes of no FDG uptake.

For the evaluation of infectious lesions, *’Ga-citrate
(Gallium) and '"'In-leukocyte (In-WBC) have been used
widely in clinical practice.?* The uptake mechanism of
these agents differs from that of FDG. Gallium is incorpo-
rated in migratory white blood cells, causative microor-
ganisms and binding sites with lactoferrin.?*? In-WBC
simply reflects the distribution of migratory white blood
cells.* Regarding comparisons between the two agents, it
has been reported that In-WBC is less sensitive in chronic
or healing lesions, whereas Gallium may fail to detect
acute lesions.?® It has also been reported that In-WBC may
produce a negative scan in fungal or parasitic infections.?’
These differences also correlate with the difference in
their mechanisms of the accumulation.

In this series, high FDG uptake was noted in 23 out of
25 lesions regardless of either the causative microorgan-
isms or the lesion activities. This suggested that FDG can
thus be used for the detection of a wide range of infectious
lesions. The FDG uptake measured in small lesions espe-
cially in those measuring less than 3 cm was thought to be
underestimated, since the spatial resolution of the PET
scanner used in the study was 14 mm in FWHM.3!2 Two
lesions were less than 3 cm in diameter, and one of them
with active tuberculosis consisted of a thin-wall cavity
(case 15) showed false negative FDG-PET. Limitations in
the spatial resolution might have been the cause of the
false negative result in this patient.

On the other hand, it is well known that most malignant
tumors show a high FDG uptake. Therefore, the combina-
tion of FDG and whole body PET may be utilized as a
screening test in patients suspected of an unknown focal
abnormality from infectious or tumorous origins. It should
also be mentioned that the possibility of a high accumu-
lation in secondary infections should also be kept in mind
even in patients with malignant tumors.'*!8

Apart from such sensitivities, FDG has two advantages
in the detection of infectious lesions when compared to
the above mentioned agents. The first is short examina-
tion time. When Gallium or In-WBC is used, at least 4-6
hours, or ideally 24 hours postinjection, are required
before scanning. FDG has fast uptake in lesions as well as
fast clearance from the blood, which makes it possible for
FDG-PET to be completed within 1 hour postinjection.
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This is especially advantageous in the diagnosis of acute
infections. The second advantage is that the physiological
accumulation of FDG is confined to the brain and heart,
while little uptake is noted in the abdominal organs such
as the liver and urinary tract. Gallium shows high accumu-
lation in the liver and bowel, and In-WBC in the liver and
bone marrow. These physiological accumulations may
interfere with detection in either the superimposed or
surrounding areas. In this regard, FDG is therefore con-
sidered to be superior in the diagnosis of abdominal
lesions.

Regarding the assessment of lesion activity, the LMRs
differentiated the acute active lesions from both chronic
active and healing lesions. However, no difference was
observed between chronic active and healing lesions. In
addition to the LMRs, the TACs also afforded additional
information in the assessment of lesion activities. In this
series, Type I and II patterns were observed in the active
lesions, and Type III and IV patterns were observed in
healing lesions. It is interesting to note that the patterns of
the TACs observed in this series were similar to those
found in malignant tumors.'**3 The TAC of Type I ob-
served in the acute or chronic active stage was exactly the
same as that in malignant tumors before therapy, whereas
Types II and IV were observed after effective therapy.
Minn et al.>* analyzed the TACs in malignant tumors after
therapy and classified them into three patterns, based on
both a fast initial component and a following slow com-
ponent. They speculated that a slow component reflected
the tumor activity, while a fast initial component repre-
sented the blood flow rather than the tumor metabolism.
It is therefore considered that the initial peak observed in
this series represented a vascular component, which is not
used for metabolism, resulting from increased blood flow
due to newly-formed or dilated blood vessels. Thus, the
Type III pattern, showing an initial peak and then a
gradual increase thereafter, suggested the co-existence of
both active and necrotic areas. In this series, this pattern
was only noted in healing lesions, and was also helpful in
differentiating between chronic active and the healing
stages.

In conclusion, our results indicated that FDG-PET can
be successfully used in the detection of infectious lesions
as well as in the evaluation of lesion activity. It should also
be kept in mind that secondary infections may cause false
positive results in the interpretation of FDG-PET in pa-
tients with malignant tumors.
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