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Abstract

Diabetic foot infection, which is defined as an infection of
the soft tissues or bone below the malleoli, is a common
clinical problem. Diabetic patients can have a significant foot
infection with few or no signs or symptoms and the diagnosis
of osteomyelitis can easily be overlooked. As a result, imaging
studies have become an integral part of the diagnostic workup
of these patients. Although not especially sensitive or specific
radiographs are routinely performed because they provide an
anatomic overview of the area of interest and any pre-existing
conditions that could potentially influence the selection and
interpretation of subsequent procedures. Bone scintigraphy is
sensitive but not specific, and if used at all, should be used as
a screening procedure. In-vitro labeled leukocyte scintigraphy
is, at the moment, the nuclear medicine gold standard for
diagnosing diabetic pedal osteomyelitis, with sensitivity
and specificity ranging from 72% to 100% and 67% to
100%, respectively for In-111 labeled leukocytes and 86%
to 93% and 80% to 98%, respectively, for Tc-99m labeled
leukocytes. Results obtained with leukocytes labeled in-vivo
with antigranulocyte antibodies and antibody fragments,
have been more variable. Furthermore, these agents are
not widely available. In-vitro and in-vivo labeled leukocyte
imaging studies are limited by a combination of poor
image resolution and the small size of the structures being
evaluated. Incorporating single photon emission computed
tomography/computed tomography (SPECT/CT) into the
procedure improves the accuracy of the test by precisely
localizing foci of labeled leukocyte accumulation, facilitating
the differentiation of soft tissue and bone infection, and
improving confidence of interpretation. Furthermore, the
CT component of the examination may have prognostic
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Malleol altindan itibaren kemik veya yumusak dokularin
enfeksiyonu olarak tanimlanan diyabetik ayak enfeksiyonu
sik goriilen bir klinik problemdir. Diyabetik hastalar ciddi
bir enfeksiyon geciriyor olduklari halde cok az belirti
gosterebilirler veya hic belirti vermeyebilirler ve osteomiyelit
tanisi kolayca gozden kagabilir. Bu nedenle, gériintlileme
calismalari bu hastalarda tanisal isleyisin vazgecilmez
bir parcasi haline gelmistir. Cok spesifik veya sensitif
olmamalarina ragmen direkt grafiler tanida rutin olarak
kullaniimaktadir. ilgili alanin anatomik degerlendirmesine
ve takip eden prosediriin secimini ve degerlendirmesini
etkileyebilecek, dnceden var olan durumlarin belirlenmesine
olanak saglarlar. Kemik sintigrafisi, sensitif olmasina
ragmen spesifik degildir ve eger kullanilacaksa tarama testi
olarak kullaniimalidir. Giinlimiizde, in-vitro isaretli |8kosit
sintigrafisi, diyabetik pedal osteomiyelitinin tanisinda niikleer
tibbin altin standart ydntemidir. In-111 isaretli 16kositlerin
sensitivitesi %72-100, spesifitesi %67-100 arasinda, Tc-99m
isaretli I6kositlerin ise sensitivitesi %86-93, spesifitesi %80-
98 araliginda degismektedir. in-vivo olarak antigraniilosit
antikorlari ve antikor fragmanlari ile isaretlenen I6kositlerle
yapilmis calismalarin sonuglari ise oldukca dediskendir.
Ayrica bu ajanlar her yerde bulunmamaktadir. in-vitro ve in-
vivo isaretli I6kosit calismalarinin, goriintii rezollisyonunun
kotli olmasi ve degerlendirilen yapilarin kiiciik olmasi gibi
kisithliklar vardir. Tek foton emisyon bilgisayarli tomografi/
bilgisayarli tomografinin (SPECT/BT) prosediire dahil edilmesi
ile isaretli 16kosit tutulum odagi kesin bir sekilde lokalize
edilmekte, yumusak doku ve kemik enfeksiyon ayrimi
kolaylasmakta ve degerlendirmenin giivenilirligi ve testin
dogrulugu artmaktadir. Ayrica yontemin BT komponentinin
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value. Recent developments suggest that SPECT/CT also
may be useful for determining the success of antibiotic
treatment in diabetic patients with pedal osteomyelitis. F-18
fluorodeoxyglucose (FDG) positron emission tomography
(PET) has several advantages over single photon emitting
radiopharmaceuticals. PET is a high resolution tomographic
technique. FDG is a small molecule that enters poorly
perfused areas quickly. The procedure is completed in hours
rather than days and no laborious labeling procedures are
involved. Unfortunately, the available literature on the role of
FDG-PET and PET/CT in the diagnostic workup of diabetic foot
infections is inconclusive and at times contradictory. Large
multicenter trials, including a uniform reference standard and
more extensive comparison with labeled leukocyte imaging
are needed to establish the role of this test in diabetic foot
infections.

Keywords: Diabetes, flurodeoxyglucose, labeled leukocytes,
osteomyelitis, PET/CT, SPECT/CT

prognostik degeri de vardir. Yakin zamandaki gelismeler, pedal
osteomiyeliti olan diyabetik hastalarda antibiyotik tedavisinin
basarisini degerlendirmede SPECT/BT'nin yararli olabilecegini
gostermistir.  F-18  florodeoksiglikoz ~ (FDG)  pozitron
emisyon tomografinin (PET) tek foton emisyonu yapan
radyofarmasotiklere oranla pek ¢ok avantaji bulunmaktadir.
PET, yiiksek rezollisyonlu tomografik bir tekniktir. FDG,
perflizyonu kotii alanlara bile hizlica girebilen kigik bir
molekiildiir. islem giinler yerine saatler icinde tamamlanir
ve zahmetli bir isaretleme prosediirii gerektirmez. Maalesef,
FDG-PET ve PET/BT'nin diyabetik ayak enfeksiyonlarinin tanisal
isleyisindeki rolu ile ilgili veriler yetersiz ve zaman zaman
da celiskilidir. Bu testin diyabetik ayak enfeksiyonlarindaki
roliini degerlendirmek icin uniform bir referans standardi ve
isaretli 16kosit goriintiileme ile daha kapsamli karsilastirmalar
iceren genis, cok merkezli calismalar gerekmektedir.

Anahtar kelimeler: Diyabet, florodeoksiglikoz, I6kosit isaretli,
osteomiyelit, PET/BT, SPECT/BT

Introduction

Diabetic foot infection, which is defined as an
infection of the soft tissues or bone below the
malleoli, is a common clinical problem. Most of these
infections occur at a site of skin trauma or ulceration.
The estimated lifetime risk of a person with diabetes
mellitus developing a foot ulcer is 15% to 25%, with
an annual incidence of 3% to 10%. Major predisposing
factors include peripheral arterial disease, peripheral
neuropathy, and compromised immunity. More than
50% of all nontraumatic lower extremity amputations
are related to diabetic foot infections, and 85% of all
lower extremity amputations in patients with diabetes
are preceded by an ulcer (1,2,3).

Any breach in the cutaneous integument of the foot
in a person with diabetes has the potential to develop
into severe soft-tissue and/or osseous infection.
Osteomyelitis should be considered in all patients with
a chronic non healing wound, especially when the
wound extends beyond the dermis. The exposed bone
or probe to bone test, which is easy to perform, has a
sensitivity and specificity of 60% and 91%, respectively,
for diagnosing osteomyelitis underlying an open wound
(4). Diabetic patients, however, can have a significant
foot infection with few or no signs or symptoms and
without mounting a systemic inflammatory response
and the diagnosis of osteomyelitis in these individuals
can easily be overlooked (5). As a result, imaging studies

have become an integral part of the diagnostic workup
of the diabetic patient with a foot infection.

In spite of a sensitivity of only about 54% and
a specificity of about 68%, radiographs, which are
nearly universally available and relatively inexpensive,
should be the first imaging test performed. Even when
not diagnostic, radiographs provide an anatomic
overview of the area of interest and any pre-existing
conditions that could influence both the selection and
interpretation of subsequent procedures (4). Although
magnetic resonance imaging plays an important role in
the diagnostic evaluation of the diabetic patient with a
foot infection, a discussion of this technique is beyond
the scope of this review, which will focus on molecular
imaging studies.

Molecular Imaging

Bone Scintigraphy

Focal hyperperfusion, focal hyperemia, and focal
bony uptake are the classic presentation of osteomyelitis
on three phase bone scintigraphy. Many of the conditions
to which the diabetic patient with foot problems is
prone, however, including fracture, the neuropathic
joint, and even the pedal ulcer, can mimic osteomyelitis
(Figure 1, 2) (6). Sensitivity and specificity of the three
phase bone scan range from 75% to 100% and 0% to
59%, respectively (7,8,9,10,11,12,13,14,15,16,17,18).
Attempts at improving the specificity of the three phase
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bone scan, including differentiating arterial from venous
hyperperfusion on the flow phase of the study and the
addition of delayed, next day, imaging, the so called four
phase bone scan, have yielded mixed results and are not
widely used (19,20,21,22,23).

Labeled Leukocyte Imaging

In-vitro labeled leukocyte scintigraphy has long
been considered the molecular imaging gold standard
for diagnosing diabetic pedal osteomyelitis. The
sensitivity of the test, using In-111 labeled leukocytes
with planar imaging, has ranged from 72% to 100%
and the specificity from 67% to 100% [7-10,14,20,21]
(Figure 3). The sensitivity and specificity of technetium-
99m exametazime labeled leukocyte planar imaging
for diagnosing diabetic pedal osteomyelitis range
from 86% to 93% and from 80% to 98%, respectively
(11,12,13,17,24).

The limitations to in-vitro labeled leukocyte
imaging are well known. The Ilabeling procedure
requires skilled personnel, is laborious, not always
available, and involves direct contact with blood.
Considerable effort, therefore, has been devoted to the
development of in-vivo leukocyte labeling methods.
Most of these investigations have focused on the use
of antigranulocyte antibodies and antibody fragments.

) )

Figure 1. Osteomyelitis right great toe. There is focal
hyperperfusion, focal hyperemia, and focally increased bone
activity in the right great toe on the three phase bone scan.
(Reproduced with permission from Palestro CJ, Love C. Nuclear
medicine and diabetic foot infections. Semin Nucl Med.
2009;39:52-65.)

4]

Figure 2. Reactive bone left greattoe. Thereis focal hyperperfusion,
focal hyperemia, and focally increased bone activity in the left
great toe, indistinguishable from osteomyelitis. Compare with
Figure 1. (Reproduced with permission from Palestro CJ, Love C.
Nuclear medicine and diabetic foot infections. Semin Nucl Med.
2009;39:52-65.)

Besilesomab is a murine monoclonal immunoglobulin
G1 (IgG1) antibody that binds to the nonspecific cross-
reacting antigen-95, which is expressed on granulocyte
and granulocyte precursor cell membranes. About 10%
of Tc-99m besilesomab is neutrophil bound within 45
minutes after administration. Another 20% circulates
freely and presumably localizes in infection through
nonspecific mechanisms (25). Dominguez-Gadea et al.
reported that Tc-99m besilesomab was 93% sensitive,
78% specific, and 84% accurate for diagnosing pedal
osteomyelitis in diabetics (26). Schwegler et al. reported
sensitivity, specificity and accuracy of 29%, 85% and
65%, respectively, for diabetic pedal osteomyelitis (27).
The incidence of human antimurine antibody (HAMA)
response in patients receiving Tc-99m besilesomab,
which ranges from less than 5% in patients receiving a
single dose of 125 ug of the antibody to more than 30%
inindividuals receiving repeated injections is a significant
disadvantage to the test. Consequently, patients should
be prescreened for HAMA, should not be injected with
more than 250 ug antibody and should not undergo
repeat administration (25).

Antibody fragments do not induce a HAMA response.
Sulesomab is a 50 kDa fragment antigen binding (Fab’)
portion of an IgG1 class murine monoclonal antibody
that binds to normal cross-reactive antigen-90 presenton
leukocytes. Approximately 3-6% of the Tc-99m sulesomab
injected is associated with circulating neutrophils; by 24
hours after injection, about 35% of the remaining activity
is in the bone marrow. Initial investigations suggested
that sulesomab uptake in infection includes binding to
circulating neutrophils that subsequently migrate to foci
of infection and binding to leukocytes already present
at the site of infection. There are other data, however,
that suggest that sulesomab does not bind to circulating
leukocytes, and that it accumulates in infection
nonspecifically through increased capillary membrane

Dorsal Plantar

Figure 3. Osteomeyelitis left great toe. Radiograph (A) demonstrates
soft tissue swelling, skin ulceration medially, and irregular osteolysis
of the distal phalanx. There is focally increased activity on the dorsal
and plantar In-111 labeled leukocyte images (B)
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permeability (25). In a prospective investigation,
Delcourt et al. compared combined Tc-99m sulesomab/
bone imaging to combined bone/gallium imaging in
25 diabetic patients. The sensitivity, specificity, and
accuracy of Tc-99m sulesomab/bone imaging were 67%,
85%, and 74% versus 44%, 77%, and 58%, respectively
for bone/gallium imaging (28). Harwood et al. studied
122 diabetic patients with foot ulcers and reported that
Tc-99m sulesomab had 91% sensitivity, 56% specificity,
and 80% accuracy for diagnosing pedal osteomyelitis
(29). The test was significantly more sensitive (92% vs.
79% p<0.05), and slightly less specific (58% vs. 67%) than
in-vitro labeled leukocyte imaging and significantly more
specific than bone scintigraphy (50% vs. 21%; p<0.05).
The accuracy of both in-vitro and in-vivo labeled
leukocyte imaging is limited by a combination of poor
image resolution and the small size of the structures being
evaluated. Several investigators have used single photon
emission computed tomography/computed tomography
(SPECT/CT) to improve the accuracy of the test. Heiba
et al. observed that, even when performed as a SPECT/
CT study, it was not always possible to differentiate
between soft tissue infection and osteomyelitis on
indium labeled leukocyte studies (30). They investigated
simultaneous dual isotope labeled leukocyte/ bone
SPECT/CT, and when necessary, bone marrow SPECT/CT,
in 213 diabetic patients. They found that simultaneous
dual isotope SPECT/CT was significantly more accurate
than planar imaging and single isotope bone and In-
WBC SPECT/CT. Performing simultaneous dual isotope
labeled leukocyte/bone SPECT/CT facilitated precise
localization of labeled leukocyte accumulation, thereby
improving confidence of interpretation and test
accuracy. In another investigation, Heiba et al. compared
simultaneous dual isotope, labeled leukocyte/bone
SPECT/CT to conventional imaging for diagnosing and
managing foot infections in diabetic patients (31).

Dorsal A Flantar hid B

Figure 4. Osteomyelitis left fifth metatarsal/phalanx. On the planar
In-111 labeled leukocyte images there is a focus of increased
activity overlying the lateral aspect of the distal left foot. On
the single photon emission computed tomography/computed
tomography images it can be seen that this focus involves both
soft tissue and bone

Compared to conventional imaging studies, dual isotope
SPECT/CT resulted in higher reader confidence and more
accurate diagnosis of soft-tissue infection, osteomyelitis
and other bony abnormalities. Dual isotope SPECT/CT
also provided clear guidance on patient management
and resulted in more limb salvage procedures instead
of amputations. Equally important, from an economic
standpoint, compared to conventional imaging, the
use of dual isotope SPECT/CT resulted in considerably
decreased length of hospitalization.

An alternative to dual isotope SPECT/CT is to use
technetium rather than indium labeled leukocytes.
Technetium offers superior resolution and labeling
and imaging both can be performed on the same day.
Filippi et al. performed planar and SPECT/CT technetium
labeled leukocyte imaging on seventeen diabetic
patients with 19 suspected sites of infection. SPECT/CT
was performed six hours after reinfusion of labeled cells
(32). Labeled leukocyte imaging was positive in 16 of the
19 sites. SPECT/CT changed the interpretation of planar
and SPECT images in 10 (53%) of the sites, by excluding
osteomvelitis in six sites, identifying bone and soft tissue

Figure 5. Osteomyelitis/septic arthritis left forefoot. On the
fluorodeoxyglucose positron emission tomography image there
is increased activity in the left forefoot, but it is difficult to
determine whether the activity involves the bone. The positron
emission tomography/computed tomography images show that
the activity involves the distal left second metatarsal, the proximal
second left phalanx and the metatarsal phalangeal joint space.
(Courtesy of O. Israel, M.D.)
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infection in three sites and identifying osteomyelitis
in one site. These investigators concluded that the
accuracy of diagnosing diabetic pedal osteomyelitis
with technetium labeled leukocyte imaging is improved
by incorporating SPECT/CT into the imaging protocol.
Przybylski et al. retrospectively reviewed the results
of technetium labeled leukcoyte SPECT/CT performed
on 14 diabetic patients, all of whom had pedal ulcers
(33). Five of the patients also had peripheral arterial
disease. Imaging was performed about three hours after
labeled leukocyte reinfusion. The sensitivity, specificity,
and accuracy of the test were 87.5%, 71.4%, and 80%,
respectively.

Erdman et al. in an effort to classify the severity
of diabetic foot infections for prognostic purposes,
developed a scoring system, the Composite Severity
Index (CSI) for technetium labeled leukcoyte SPECT/
CT (34). They hypothesized that analyzing certain key
anatomic and molecular imaging parameters on the
SPECT/CT images could provide both diagnostic and
prognostic information. They retrospectively analyzed
and graded the intensity of labeled leukocyte uptake,
the number and anatomic location of the lesions, and on
the CT component of the test, the presence or absence
of adjacent disrupted bone architecture. The CSI was
derived from these data and was compared to a binary
interpretation (positive or negative for osteomyelitis),
of the images. These investigators observed that the
likelihood of a favorable outcome varied inversely with
the CSl score. As the CSI score increased, the likelihood
of a favorable outcome decreased and the likelihood of
treatment failure increased. The CSI was significantly
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Figure 6. Osteomyelitis of a neuropathic joint. (A) The radiograph
demonstrates midfoot joint derangement with extensive osseous
erosions, increased bony fragmentation, and debris formation
consistent with a neuropathic joint. It is difficult to exclude
superimposed osteomyelitis. (B) On the In-111 labeled leukocyte
image (left), there is intensely increased activity in the right
mid foot (arrow). On the bone marrow image (right) there is no
corresponding activity (arrow), and the combined study is positive
for osteomyelitis. Note also the increased activity in the left hind
foot on both the labeled leukocyte and bone marrow images. This
indicates the presence of functioning bone marrow, not infection

more accurate (p=0.016) than binary interpretation for
predicting therapeutic outcome.

Over the years, the vast majority of the investigations
have focused on the role of labeled leukocyte imaging for
diagnosing diabetic foot infections, with scant attention
paid to monitoring response to treatment.

Newman et al. studied serial planar indium labeled
leukocyte imaging in 35 diabetic patients with 41 pedal
ulcers, including 28 with biopsy proven underlying
osteomyelitis (20). They observed that the intensity of
labeled leukocyte activity decreased by 16 to 34 days
and normalized by 36 to 54 days of appropriate antibiotic
treatment. They did not, however, use thisinformation for
prognostic purposes. More recently, data are emerging
that suggest that technetium labeled leukocyte SPECT/
CT may be useful for monitoring treatment response
in diabetics with pedal osteomyelitis. Vouillarmet et al.
compared radiographs, three phase bone scintigraphy,
and technetium labeled leukocyte SPECT/CT for
assessing pedal osteomyelitis remission, which was
defined as an absence of relapsed osteomyelitis after
one year follow up, in 29 patients (35). Radiographs
showed no improvement or progression from baseline
in 20 patients, 16 of whom had relapsed osteomyelitis.
There was radiographic improvement in nine patients,
including one with relapsed osteomyelitis. Three phase
bone scintigraphy was positive in 26 patients; only five
developed relapsed osteomyelitis. The test was negative
in three patients, none of whom developed relapsed
osteomyelitis. Technetium labeled leukocyte SPECT/
CT, performed 20 hours after reinfusion of labeled
leukocytes, was negative in 22 patients, none of whom
developed relapsed osteomyelitis. Seven studies were
positive for osteomyelitis, including five with relapsed
infection. Sensitivity, specificity, and positive and
negative predictive values for predicting osteomyelitis
relapse after completion of antibiotic treatment were
80%, 33%, 20% and 89%, respectively for radiographs;
100%, 12.5%, 15.5% and 100%, respectively for three-
phase bone scintigraphy; and 100%, 91.5%, 71.5% and
100%, respectively, for technetium labeled leukocyte
SPECT/CT. The authors concluded that a negative test
reliably identifies diabetic foot osteomyelitis remission
and potentially could be very useful for guiding antibiotic
therapy.

Lazaga et al. retrospectively reviewed pre- and post
treatment technetium labeled leukocyte SPECT/CT in 20
diabetic patients with pedal osteomyelitis to assess the
value of this test for monitoring response to treatment
(36). Successful treatment of osteomyelitis was defined
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as wound healing or lack of re-admission for bone
infection at the same site within 1 year. The sensitivity,
specificity, and positive and negative predictive values
for determining success of treatment were 90%, 56%,
69% and 83%, respectively.

These preliminary results suggest that technetium
labeled leukocyte SPECT/CT may be useful for monitoring
response to treatment in diabetic patients with pedal
osteomyelitis. The test appears to be especially valuable
when it is negative, making relapsed infection very
unlikely.

F-18 Fluorodeoxyglucose

F-18 fluorodeoxyglucose (FDG) positron emission
tomography (PET) has several advantages over single
photon emitting radiopharmaceuticals. PET intrinsically
is a high resolution tomographic technique that
enables precise localization of radiopharmaceutical
accumulation. FDG is a small molecule that enters poorly
perfused areas quickly. The procedure is completed in
hours rather than in days, and in contrast to in-vitro
labeled leukocytes, no laborious labeling procedures
are required. FDG uptake in traumatized bone usually
normalizes within three to four months and degenerative
bone changes usually show only mildly increased uptake
(6).

Several groups have investigated the role of FDG-PET
and PET/CT in the evaluation of diabetic foot infections.
Nawaz et al. prospectively compared FDG-PET, plain
radiography, and magnetic resonance imaging (MRI) for
diagnosing pedal osteomyelitis in 110 diabetic patients,
although not all patients underwent all three studies
(37). All patients had a blood glucose level below 200 mg/
dL. Images were interpreted visually; SUV was not used.
Sensitivity, specificity, positive and negative predictive
values, and accuracy of FDG-PET were 81%, 93%, 78%,
94%, and 90%, respectively. Sensitivity, specificity,
positive and negative predictive values, and accuracy of
MRI were 91%, 78%, 56%, 97%, and 81%, respectively.
Sensitivity, specificity, positive and negative predictive
values and accuracy of radiographs were 63%, 87%,
60%, 88%, and 81%, respectively. The authors concluded
that FDG-PET is highly specific for diagnosing diabetic
pedal osteomyelitis and is a useful compliment to MRI.
The authors also suggested that when MRI cannot
be performed FDG-PET can be used after negative or
inconclusive radiographs. The vast majority of diabetic
patients with pedal osteomyelitis present with ulcers
involving the distal forefoot; pedal osteomyelitis in the
absence of an ulcer is uncommon. Unfortunately data

about the areas of interest (forefoot, mid foot, hind
foot) and the number of patients with soft tissue ulcers
were not provided, which makes it difficult to assess
the significance of the findings in this investigation.
The results obtained by Schwegler at al. were very
different (27). These investigators, who also used only
visual image analysis, prospectively evaluated FDG-PET
for diagnosing clinically unsuspected osteomyelitis in
20 diabetic patients with nonhealing pedal ulcers. The
ulcers were located in the forefoot in 18 patients and
in the hind foot in two patients. Information on blood
glucose levels at the time of imaging was not provided.
Sensitivity, specificity and accuracy were 29%, 92% and
70%, respectively, for FDG PET and 86%, 92% and 90%,
respectively, for MRI. The investigators speculated that
the low sensitivity of the test may have been related
to a diminished inflammatory response in the study
population and/or to impaired bony uptake of FDG,
because of insulin resistance. Motion artifacts and
limited spatial resolution may have been additional
contributing factors. The authors concluded MRI might
be the preferred imaging modality for diagnosing
osteomyelitis in diabetic patients with non healing pedal
ulcers.

Yang et al. studied 48 diabetic patients with
suspected pedal osteomyelitis, including 27 with serum
glucose levels above 150 mg/dL (38). The accuracy of
FDG-PET was 93.8%. Sensitivity was 88.9% for patients
with serum glucose levels above 150 mg/dL and 88.3%
for patients with serum glucose levels below 150 mg/
dL. They concluded that a mildly to moderately elevated
serum glucose level does not affect FDG-PET accuracy
for detecting pedal osteomyelitis in diabetic patients.

Keidar et al. compared FDG-PET and PET/CT in 14
diabetic patients with 18 clinically suspected sites of
infection, including seven in the forefoot, one in the mid
foot, and ten in the hind foot (39). Blood glucose levels
ranged from 84 mg/dL to 330 mg/dL. Seven patients had
blood glucose levels in excess of 200 mg/dL. There were
14 foci of abnormal uptake on the PET images consistent
with infection. PET/CT confirmed the diagnosis in 13 of
the 14 sites, correctly localizing the abnormalities to
bone in 8 sites to bone and to the soft-tissues in five
sites. One site, thought to be infection on PET images,
was identified as diabetic osteoarthropathy on PET/
CT images. Maximum SUV in the sites of abnormal
FDG uptake ranged from 1.4 to 11.1. There was no
relationship between the patients’ blood glucose level
and degree of FDG uptake. The authors concluded that
FDG can be used for diagnosing diabetes-related foot
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infection and that by performing PET/CT it is possible
to accurately differentiate osteomyelitis from soft-
tissue infection (Figure 5). Kagna et al. in an expansion
of this investigation reported sensitivity, specificity, and
accuracy of 100%, 93%, and 96%, respectively for the
diagnosis of diabetic pedal osteomyelitis (40).

Familiari et al. compared FDG-PET/CT to planar
Tc-WBC imaging in 13 diabetic patients with a high
pretest likelihood of foot infection (41). All 13 patients
had a blood glucose level of less than 160 mg/dL.
Histopathologic confirmation of the final diagnosis was
available for all cases. Both FDG-PET/CT and technetium
labeled leukocyte planar imaging were performed at
multiple time points. Sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy
of technetium labeled leukocyte imaging for diagnosing
osteomyelitis were 86%, 100%, 100%, 86%, and 92%,
respectively. Sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of FDG
PET/CT for diagnosing osteomyelitis were 43%, 67%,
60%, 50%, and 54%, respectively. Accuracy of FDG PET/
CTimproved to 62%, when CT findings were incorporated
into the image interpretation. The investigators
concluded that FDG PET/CT has a low diagnostic
accuracy and cannot replace labeled leukocyte imaging
for diagnosing pedal osteomyelitis in diabetics.

The majority of diabetic patients with diabetic foot
infections present with an ulcer in the distal forefoot.
The neuropathic, or Charcot, joint, which is much less
common than, and not always associated with, an ulcer,
usually develops in the diabetic mid or hind foot. The
tarsal and tarsometatarsal or Lisfranc joints are the most
frequently involved locations (60%) followed by the
metatarsophalangeal joints (30%) and the tibiotalar joint
(10%). Differentiating infection from the neuropathic
joint or diagnosing infection superimposed on the
neuropathic joint is challenging. Three-phase bone
scintigraphy invariably is positive in both conditions.
Labeled leukocytes accumulate in both the infected and
the uninfected neuropathic joint. Accumulation in the
uninfected neuropathic joint is due, at least in part, to
hematopoietically active marrow in the involved bones.
Performing complementary bone marrow imaging
accurately differentiates labeled leukocyte uptake due to
bone marrow from that due to infection (Figure 6) (42).
Palestro et al. reported an accuracy of 95% for planar
In-WBC/bone marrow imaging. Heiba et al. reported
similar results using dual isotope SPECT/CT (30,43).

Data on the role of FDG PET and PET/CT in the
evaluation of the neuropathic joint are limited. Hopfner

et al. performed FDG-PET on 16 diabetic patients to
determine the value of the test in the preoperative
evaluation of the neuropathic joint (44). None of the
patients in this investigation had osteomyelitis. The
investigators suggested that, even though none of the
patients studied had diabetic foot infection, because of
the relatively low uptake in the uninfected neuropathic
joint, FDG-PET could be useful for differentiating
osteomyelitis from neuropathic lesions. Shagos et al.
compared FDG-PET to three phase bone scintigraphy in
the evaluation of diabetic foot complications including
osteomyelitis (n=36) and the neuropathic joint (n=43)
(15). They reported that FDG-PET was more specific
than bone scintigraphy for osteomyelitis, while bone
scintigraphy was more sensitive than FDG-PET for the
neuropathic joint. Basu et al. investigated the ability
of FDG-PET to differentiate pedal osteomyelitis and
soft tissue infection from the uninfected neuropathic
joint (45). The sensitivity and accuracy of FDG-PET
for diagnosing osteomyelitis were 100% and 94%.
The investigators concluded that FDG-PET had a high
negative predictive value for excluding osteomyelitis in
the presence of the neuropathic joint. Unfortunately
only one patient in this investigation had osteomyelitis
superimposed on the neuropathic joint.

Based on available evidence it is not possible to
conclude that FDG PET or even PET/CT should be
the molecular imaging test of choice for diabetic
pedal osteomyelitis. The limitations of the available
data include variable methodology, different patient
populations, variable image interpretation, (visual versus
SUV), lack of information about the presence or absence
of vascular insufficiency, inconsistent correlation with
MRI, a paucity of comparative studies with labeled
leukocyte imaging, and lack of a uniform standard of
truth (46,47). Treglia et al. in a meta-analysis, reported
a sensitivity and specificity of 74% and 91%, respectively
for FDG for diagnosing diabetic pedal osteomyelitis
and commented that the literature on FDG imaging in
suspected diabetic pedal osteomyelitis remains limited
and large multicenter studies using bone biopsy as the
reference standard are needed (47).

Conclusion

The diagnosis of pedal osteomyelitis in a diabetic
patient with a foot infection is often overlooked and
imaging studies have become an integral part of the
diagnostic workup of these patients. At the present
time, in-vitro labeled leukocyte imaging is the molecular
imaging test of choice for this population. Published data
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suggest that either In-111 or Tc-99m labeled leukocytes
can be used, with comparable results. Regardless of the

rad

iolabel used, however, SPECT/CT should routinely be

performed. Incorporating SPECT/CT into the procedure
improves both reader confidence and test accuracy.
SPECT/CT may also have prognostic value and be useful

for

monitoring response to treatment. The concept of

using FDG PET and PET/CT in the diagnostic evaluation of

the

diabetic foot infection is exciting, but more extensive

investigations are needed before any conclusions about
its role can be drawn.

10.
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Malleol altindan itibaren kemik veya yumusak dokularin
enfeksiyonu olarak tanimlanan diyabetik ayak enfeksiyonu
stk gorilen bir klinik problemdir. Diyabetik hastalar ciddi
bir enfeksiyon gegiriyor olduklari halde cok az belirti
gosterebilirler veya hic belirti vermeyebilirler ve osteomiyelit
tanisi kolayca gozden kacabilir. Bu nedenle, goriintiileme
calismalari bu hastalarda tanisal isleyisin vazgecilmez
bir parcasi haline gelmistir. Cok spesifik veya sensitif
olmamalarina ragmen direkt grafiler tanida rutin olarak
kullanilmaktadir. ilgili alanin anatomik degerlendirmesine
ve takip eden prosediiriin secimini ve degerlendirmesini
etkileyebilecek, dnceden var olan durumlarin belirlenmesine
olanak saglarlar. Kemik sintigrafisi, sensitif olmasina
ragmen spesifik degildir ve eger kullanilacaksa tarama testi
olarak kullaniimalidir. Giinlimiizde, in-vitro isaretli |6kosit
sintigrafisi, diyabetik pedal osteomiyelitinin tanisinda nikleer
tibbin altin standart yontemidir. In-111 isaretli I&kositlerin
sensitivitesi %72-100, spesifitesi %67-100 arasinda, Tc-99m
isaretli I6kositlerin ise sensitivitesi %86-93, spesifitesi %80-
98 araliginda degismektedir. in-vivo olarak antigraniilosit
antikorlari ve antikor fragmanlari ile isaretlenen I6kositlerle
yapilmis calismalarin sonuclari ise oldukca degiskendir.
Ayrica bu ajanlar her yerde bulunmamaktadir. in-vitro ve in-
vivo isaretli Iokosit calismalarinin, gériintii rezollsyonunun
kotl olmasi ve degerlendirilen yapilarin kiiclik olmasi gibi
kisithliklar vardir. Tek foton emisyon bilgisayarli tomografi/
bilgisayarli tomografi (SPECT/BT) prosediire dahil edilmesi
ile isaretli 16kosit tutulum odagi kesin bir sekilde lokalize
edilmekte, yumusak doku ve kemik enfeksiyon ayrimi
kolaylasmakta ve degerlendirmenin giivenilirligi ve testin

Abstract

Diabetic foot infection, which is defined as an infection of
the soft tissues or bone below the malleoli, is a common
clinical problem. Diabetic patients can have a significant foot
infection with few or no signs or symptoms and the diagnosis
of osteomyelitis can easily be overlooked. As a result, imaging
studies have become an integral part of the diagnostic workup
of these patients. Although not especially sensitive or specific
radiographs are routinely performed because they provide an
anatomic overview of the area of interest and any pre-existing
conditions that could potentially influence the selection and
interpretation of subsequent procedures. Bone scintigraphy is
sensitive but not specific, and if used at all, should used as a
screening procedure. In-vitro labeled leukocyte scintigraphy
is, at the moment, the nuclear medicine gold standard for
diagnosing diabetic pedal osteomyelitis, with sensitivity
and specificity ranging from 72% to 100% and 67% to
100%, respectively for In-111 labeled leukocytes and 86%
to 93% and 80% to 98%, respectively, for Tc-99m labeled
leukocytes. Results obtained with leukocytes labeled in-vivo
with antigranulocyte antibodies and antibody fragments,
have been more variable. Furthermore, these agents are
not widely available. In-vitro and in-vivo labeled leukocyte
imaging studies are limited by a combination of poor
image resolution and the small size of the structures being
evaluated. Incorporating single photon emission computed
tomography/computed tomography (SPECT/CT) into the
procedure improves the accuracy of the test by precisely
localizing foci of labeled leukocyte accumulation, facilitating
the differentiation of soft tissue and bone infection, and
improving confidence of interpretation. Furthermore, the
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dogrulugu artmaktadir. Ayrica yontemin BT komponentinin
prognostik dederi de vardir. Yakin zamandaki gelismeler, pedal
osteomiyeliti olan diyabetik hastalarda antibiyotik tedavisinin
basarisini degerlendirmede SPECT/BT'nin yararli olabilecegini
g6stermisti.  F-18  florodeoksiglukoz ~ (FDG)  pozitron
emisyon tomografinin (PET) tek foton emisyonu yapan
radyofarmasotiklere oranla pek cok avantaji bulunmaktadir.
PET, yiksek rezollisyonlu tomografik bir tekniktir. FDG,
perflizyonu kotii alanlara bile hizlica girebilen kiiciik bir
molekiildiir. islem giinler yerine saatler icinde tamamlanir
ve zahmetli bir isaretleme prosediirii gerektirmez. Maalesef,
FDG-PET ve PET/BT'nin diyabetik ayak enfeksiyonlarinin tanisal
isleyisindeki rolii ile ilgili veriler yetersiz ve zaman zaman
da celiskilidir. Bu testin diyabetik ayak enfeksiyonlarindaki
roliinii degerlendirmek icin uniform bir referans standard ve
isaretli I6kosit goriintiileme ile daha kapsamli karsilastirmalar
iceren genis, c¢ok merkezli calismalar gerekmektedir.
Anahtar kelimeler: Diyabet, florodeoksiglukoz, I6kosit
isaretli, osteomiyelit, PET/BT, SPECT/BT

CT component of the examination may have prognostic
value. Recent developments suggest that SPECT/CT also
may be useful for determining the success of antibiotic
treatment in diabetic patients with pedal osteomyelitis. F-18
fluorodeoxyglucose (FDG) positron emission tomography
(PET) has several advantages over single photon emitting
radiopharmaceuticals. PET is a high resolution tomographic
technique. FDG is a small molecule that enters poorly
perfused areas quickly. The procedure is completed in hours
rather than days and no laborious labeling procedures are
involved. Unfortunately, the available literature on the role of
FDG-PET and PET/CT in the diagnostic workup of diabetic foot
infections is inconclusive and at times contradictory. Large
multicenter trials, including a uniform reference standard and
more extensive comparison with labeled leukocyte imaging
are needed to establish the role of this test in diabetic foot
infections.

Keywords: Diabetes, fluorodeoxyglucose, labeled leukocytes,
osteomyelitis, PET/CT, SPECT/CT

Giris

Malleol altindan itibaren kemik veya yumusak
dokularin enfeksiyonu olarak tanimlanan diyabetik
ayak enfeksiyonu sik goriilen bir klinik problemdir. Bu
enfeksiyonlarin ¢cogu travmatik veya llsere olmus deri
alanindan kaynaklanir. Tahmini olarak, diyabetik bir
hastada hayati boyunca ayak dlseri gelisme riski %15-25
arasindadir, yillik oran ise %3-10 arasinda degismektedir.
Diyabetik ayak enfeksiyonuna neden olan predispozan
faktorlerin basinda periferik arter hastaligi, periferik
néropati ve immiin bozukluklar gelmektedir. Tim
nontravmatik alt ekstremite = ampitasyonlarinin
%50’sinden fazlasi diyabetik ayak enfeksiyonlarina
baghdir ve diyabetli hastalardaki alt ekstremite
amputasyonuna giden siiregte %85’inde 6ncesinde llser
oykusl bulunmaktadir (1,2,3).

Diyabetik bir hastada ayak derisinin butinlGgliniin
bozuldugu her durumda, pek ¢ok ciddi yumusak doku
ve/veya kemik enfeksiyonu gelisme riski bulunmaktadir.
Genel olarak hastalarda kronik, iyilesmeyen 6zellikle de
dermisin otesine gegen enfeksiyonlarda osteomiyelit
akla gelmelidir. “Exposed bone” veya “probe to bone”
testinin uygulanmasi kolay olup, acik bir yarada gelisen
osteomiyeliti tanimada sensitivitesi ve spesifitesi
sirastyla %60 ve %91'dir (4). Diyabetli hastalarda ciddi

bir ayak enfeksiyonu hicbir semptom vermeyebilir ya da
cok az bulgu verebilir, sistemik bir enflamatuvar yanit da
olusturamadiklarindan bu hastalarda osteomiyelit tanisi
kolayca gbézden kagabilir (5). Bu nedenlerle, gériintileme
yontemleri ayak enfeksiyonu olan diyabetik hastalarda
tanisal isleyisin vazgecilmez bir parcasidir.

Direkt  grafiler, sensitifiteleri  yaklasik %54,
spesifiteleri yaklasik %68 oraninda olmasina ragmen
kolay uygulanabilir ve nispeten ucuz olmalarindan
dolayr segilecek ilk gorintileme yontemi olmalidir.
Tani koydurucu olmasalar da ilgili alanin anatomik
degerlendirmesine ve o6nceden var olan durumlarin
tespitine olanak saglayarak bir sonraki goérintiileme
prosedirinin segiminde ve degerlendiriimesinde yol
gosterici olurlar (4). Her ne kadar manyetik rezonans
goriintileme de (MRG) ayak enfeksiyonu olan diyabetik
hastalarin tanisinda ¢ok onemli bir role sahip olsa
da konu bu derlemenin kapsaminin disindadir, bu
yazida molekiler gorintileme yontemleri (izerinde
durulacaktir.

Molekiler Gorlintiileme

Kemik Sintigrafisi

Ug fazli kemik sintigrafisinde osteomiyelit klasik
olarak fokal hiperperfiizyon, fokal hiperemi ve fokal
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kemik tutulumu seklinde gozlenir. Diyabetik bir hastada
sikhkla gorulebilecek fraktir, ndropatik eklem ve hatta
pedal llseri gibi durumlar osteomiyeliti taklit edebilir (6)
(Sekil 1, 2). Ug fazh kemik sintigrafisinin sensitivitesi %75-
100, spesifitesi %0-59 arasinda degismektedir (7,8,9,10,
11,12,13,14,15,16,17,18). Ug fazli kemik sintigrafisinin
spesifitesini arttirmak icin akis fazinda arteriyel ve venéz
hiperperflizyonu ayirmak veya ¢alismaya geg¢ gorintii/2.
gin goruntilemenin eklenmesi (bu durumda dort
fazh kemik sintigrafisi adini almaktadir) gibi yontemler
denenmistir, ancak bunlarin da sonuglari oldukca
karmasik olup rutin kullanima gegmemistir (19,20,22,23).

isaretli Lokosit Goriintiileme

in-vitro isaretli Idkosit sintigrafisi, diyabetik
ayak osteomiyelitinin tanisinda uzun zamandir altin
standart molekiler yontem olarak kullaniimaktadir.
indium-111 isaretli 16kositler kullanilarak yapilan planar
gorintilemenin diyabetik ayak osteomiyeliti tanisinda
sensitivitesi %72-100, spesifitesi %67-100 arasinda
degismektedir (Sekil 3) (7,8,9,10,14,20,21). Tc-99m
eksametazime isaretli |6kosit planar goriintiilemenin
ise sensitivitesi %86-93, spesifitesi %80-98 arasinda
degismektedir  (11,12,13,17,24). In-vitro isaretli
I6kosit gorintilemenin yetismis donanimli personel

) )

Sekil 1. Sag ayak bas parmaginda osteomiyelit: Ug fazli kemik
sintigrafisinde sag ayak bas parmaginda fokal hiperperfiizyon,
fokal hiperemi ve kemikte fokal aktivite artisi dikkati gekmektedir.
(Palestro CJ, Love C. Nuclear medicine and diabetic foot infections.

Semin Nucl Med. 2009;39:52-65)
. i N

Sekil 2. Sol ayak bas parmaginda reaktif degisiklikler. Sol ayak
bas parmaginda Sekil 1 ile karsilastirildiginda- osteomiyelit ile
benzer sekilde fokal hiperperfiizyon, fokal hiperemi ve kemikte
fokal aktivite artisi dikkati ¢ekmektedir. (Palestro CJ, Love C.
Nuclear medicine and diabetic foot infections. Semin Nucl Med.
2009;39:52-65)

gerektirmesi, zahmetli olmasi, her zaman uygulanabilir
olmamasi ve kan ile dogrudan temas gerektirmesi gibi
bilinen pek ¢ok limitasyonu vardir. Bu nedenlerle, in-vivo
I6kosit isaretleme metodlari gelistirmek i¢in ¢cok sayida
calismalar yapiimistir. Bu calismalarin ¢ogu antigraniilosit
antikorlari ve antikor fragmanlari Gzerine odaklanmistir.
Besilesomab, capraz reaksiyon antijen-90’a baglanan bir
fare monoklonal immiinoglobulin G 1 (IgG1) antikorudur.
Bu antijen, granilosit ve granilosit oncillerinin hiicre
membranindan eksprese edilir. Uygulamadan 45
dakika sonra Tc-99m besilesomabin %10’u nétrofillere
baglanmaktadir. Diger %20’si dolagimda serbest kalir
ve non-spesifik mekanizmalar (zerinden enfeksiyon
alaninda tutulur (25). Dominguez-Gadea ve ark., Tc-99m
besilesomabin diyabetik ayak osteomiyelitinin tanisinda
sensitivitesinin %93, spesifitesinin %78, ve dogrulugunun
%84 oldugunu belirtmiglerdir (26). Schwegler ve ark.in
calismasinda ise sensitivite, spesifite ve dogruluk
oranlari sirasiyla %29, %85 ve %65 olarak bulunmustur
(27). Tc-99m besilesomab verilen hastalarda “insan anti-
fare antikor” (HAMA) yanitinin gelisme orani 125 ug tek
doz antikor uygulamasi sonrasi %5, tekrarlayan dozlarda
ise %30 olarak bildirilmistir, bu da testin 6nemli bir
dezavantajidir. Sonug olarak, hastalar éncesinde HAMA
acisindan degerlendirilmeli, 250 pg’dan fazla antikor
enjekte edilmemeli ve tekrarlayan enjeksiyonlardan
kacinilmahdir (25).

Antikor  fragmanlari ise  bir HAMA vyaniti
olusturmazlar. Sulesomab, I6kositlerde bulunan normal,
capraz reaksiyon-90'a baglanan IgG1l sinifi murin
monoklonal antikorunun 50 kDa’luk antijen baglayan
(Fab’) bolimudir. Enjekte edilen Tc-99m sulesomabin
yaklasik %3-6’si dolasimdaki notrofillere baglanirken,
enjeksiyondan 24 saat sonra kalan aktivitenin %35’
kemik iliginde toplanmaktadir. ilk calismalarin sonuglari

Dorsal Plantar

Sekil 3. Sol ayak bas parmaginda osteomiyelit. (A): Direkt grafide
yumusak dokuda sislik, medialde deride Ulserasyon ve distal
falankslarda diizensiz osteolizis ve (B) dorsal ve plantar In-111
isaretli |okosit goruntllerinde fokal artmis aktivite tutulumu
gbzlenmektedir
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enfeksiyondaki sulesomab tutulumunun, dolagimdan
enfeksiyon odagina go¢ eden noétrofillere ve zaten
enfeksiyon odaginda bulunan I6kositlere baglanma
Uzerinde oldugu yonindedir. Bir diger goris ise,
sulesomabin dolasimdaki |6kositlere baglanmadigl,
enfeksiyon alanindaki tutulumun bu alandaki artmig
kapiller permeabiliteye bagh non-spesifik olarak
gerceklestigi yonlindedir (25). Delcourt ve ark. 25
diyabetik hastadan olusan prospektif calismalarinda,
kombine Tc-99m sulesomab/kemik goruntileme ile
kemik/galyum gorintilemeyi karsilastirmislardir (28).
Tc-99m sulesomab/kemik goérintilemenin sensitifitesi
%67, spesifitesi %85 ve dogruluk orani %74 bulunurken
kemik/galyum goruntileme icin bu oranlar sirasiyla
%44, %77 ve %58 olarak bulunmustur. Harwood ve ark.
ayak Ulseri bulunan 122 diyabetik hasta ile yaptiklari
¢alismalarinda Tc-99m sulesomabin pedal osteomiyelit
tanisindaki sensitivitesini %91, spesifitesini %56 ve
dogrulugunu %80 olarak bulmuslardir (29). Test in-vitro
I6kosit isaretleme yontemine oranla anlaml olarak daha
sensitif (%92 vs. %79, p<0,05), hafifce daha az spesifik
(%58 vs. %67), kemik sintigrafisine oranla ise anlaml
olarak daha spesifik (%50 vs. %21, p<0,05) bulunmustur.

Hem in-vitro hem de in-vivo isaretli |6kosit
gorintilemenin  dogruluk orani, zayif gorinta
rezollisyonu ve degerlendirilen yapilarin boyutunun
kiicik olmasi nedeniyle olduk¢a sinirhdir. Bazi
arastirmacilar bu yontemin dogruluk oranini arttirmak
icin tek foton emisyon bilgisayarli tomografi/bilgisayarli
tomografiyi (SPECT/BT) kullanmislardir. Heiba ve
ark., indium isaretli l6kosit calismalarinda SPECT/BT
kullanilarak yapilsa bile, yumusak doku enfeksiyonu
ile osteomiyelit ayrimi yapmanin her zaman mimkin
olamadigini belirtmisledir (30). iki yiiz on g diyabetik
hastada dual izotop isaretli I6kosit/kemik SPECT/BT’yi es
zamanh gergeklestirmisler, gereklilik halinde ise kemik
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-~

-1
>
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Dorsal A Flantar

Sekil 4. Sol 5. metatars/falanksta osteomiyelit. Planar In-111
isaretli Iokosit goriintilerinde sol ayak distal kesim lateralde
artmigs aktivite odag izlenmektedir. Tek foton emisyon bilgisayarli
tomografi/bilgisayarli tomografi goriintilerinde bu odagin kemik
ve yumusak dokuyu icerdigi dikkati cekmektedir

iligi SPECT/BT yapmislardir. Sonug olarak, es zamanli
dual izotop SPECT/BT’nin planar gorintilemeye ve
tek izotop kemik ve In-111 I6kosit SPECT/BT’ye oranla
dogruluk oraninin anlamh olarak daha yiksek oldugunu
bulmuglardir. Dual izotop isaretli 16kosit/kemik SPECT/
BT'yi es zamanh gerceklestirmek, isaretli l6kosit
akiimulasyonunun kesin sekilde lokalize edilmesini
saglamis boylece sonucun glvenilirligini ve testin
dogrulugunu iyilestirmistir. Bir diger ¢alismada Heiba ve
ark. diyabetik hastalarda ayak enfeksiyonlarinin tanisinda
es zamanli dual izotop isaretli I6kosit/kemik SPECT/
BT’yi konvansiyonel yontemlerle karsilastirmislardir
(31). Konvansiyonel gorintilemeye oranla dual izotop
SPECT/BT, yumusak doku enfeksiyonlari, osteomiyelit
ve diger kemik anormalliklerinin tanisinda daha
yiksek “reader confidence” ve daha yiksek dogruluk
gostermistir. Bunun neticesi olarak dual izotop SPECT/
BT kullanimi ile gereksiz amputasyonlar azalmis, organ
koruyucu yaklasimlar artmistir. Bir diger dnemli nokta
da ekonomik getirisidir, dual izotop SPECT/BT kullanimi
ile konvansiyonel yontemlere oranla hastanede kalis
sureleri kisalmistir.

Sekil 5. Sol ayak ©6n kesimde osteomiyelit/septik artrit.
Florodeoksiglikoz pozitron emisyon tomografi gorintisiinde sol
ayak 6n kesimde artmig aktivite tutulumu izlenmekle beraber bu
alanda kemik tutulumu agisindan yorum yapmak oldukga giictir;
pozitron emisyon tomografi/bilgisayarli tomografi gérintisiinde
aktivite tutulumunun sol 2. distal metatars ve 2. proksimal falanks
ile metatarsofalengeal eklem araligina karsilik geldigi dikkati
¢cekmektdir. (O. Israel, M.D. izniyle)
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Dual izotop SPECT/BT’de bir diger alternatif indium
isaretli lokositler yerine teknesyum kullaniimasidir.
Teknesyumun rezollsyonu daha yiiksektir ve isaretleme
ile gorintilemenin ayni gin yapilabilmesine olanak
saglar. Filippi ve ark. 19 supheli enfeksiyon alani olan
17 diyabetik hastaya planar ve SPECT/BT teknesyum
isaretli l6kosit gorintileme yapmislardir. SPECT/BT
gorintileme isaretli hiicrelerin enjeksiyonundan 6
saat sonra yapilmistir (32). On dokuz alanin 16’sinda
isaretli l6kosit gorlintileme pozitif olarak bulunmustur.
SPECT/BT, planar ve SPECT goruntileme sonuglarini 10
tutulum alaninda (%53) degistirmistir, buna goére alti
alanda osteomiyelit tanisi dislanmis, ¢ alanda yumusak
doku ve kemik enfeksiyonu tanimlanmis ve bir alanda
osteomiyelit tanisi konmustur. Arastirmacilar, teknesyum
isaretli 16kosit goriintileme protokoliine SPECT/BT
eklenmesinin diyabetik ayak enfeksiyonunda tanisal
dogrulugu arttirdig1 sonucuna varmislardir. Przybylski
ve ark. tamaminda ayak Ulseri olan 14 diyabetik hastaya
ait teknesyum isaretli 16kosit SPECT/BT gorintilerini
retrospektif olarak degerlendirmislerdir (33). Bu 14
hastanin bes tanesinde ayni zamanda periferik damar
hastalig da bulunmaktaydi. Gorlintlileme isaretli |0kosit
enjeksiyonundan yaklasik 3 saat sonra gergeklestirildi.
Testin sensitivitesi %87,5; spesifitesi %71,4 ve dogrulugu
%80 olarak bulundu. Erdman ve ark. diyabetik ayak
enfeksiyonu olan hastalarda prognozu 6ngorebilmek
amaciyla hastaligin ciddiyetini siniflandirmaya calistilar
ve bu amacla teknesyum isaretli |6kosit SPECT/BT
goruntilerinde Composite Severity Index (CSI) skorlama

)n labeled leukocyte 99 Te sulfur colloid

A B

Sekil 6. Noropatik eklem osteomiyeliti. (A): Direkt grafide ayak
orta kesimde yogun kemik erozyonunun eslik ettigi dizensizlik,
kemikte pargalanma ve debris formasyonu ile karakterli néropatik
eklem goriinimi izlenmekte olup bu tabloya eslik eden bir
osteomiyeliti dislamak oldukga zordur. (B): indium-isaretli l6kosit
gorintisitinde (solda) sag ayak orta kesimde yogun artmis aktivite
tutulumu (ok) izlenmektedir. Kemik iligi goruntilemesinde
(sagda) bu alanda tutulum gézlenmemesi ile ¢alisma osteomiyelit
agisindan pozitif olarak degerlendirilmektedir. Ayrica sol ayak
arka kesimde de hem isaretli [6kosit hem kemik iligi calismasinda
artmis aktivite tutulumu dikkati ¢gekmekte olup bu fonksiyonel
kemik iligi aktivitesini gostermektedir

sistemini gelistirdiler (34). SPECT/BT goruntllerinde
anahtar anatomik ve molekiiler parametreler
kullanilmasinin tanisal ve prognostik bilgi saglayabilecegi
hipotezini ortaya koydular. Bu amacla isaretli l6kosit
tutulumunu  retrospektif olarak  degerlendirdiler
ve derecelendirdiler, lezyon sayisi ve anatomik
lokalizasyonu ile BT gorintileri Gzerinden tutulum
komsulugunda bozulmus/dizensiz kemik yapilanmasi
varligini/yoklugunu not ettiler. CSI skoru bu veriler
Uzerinden elde edildi ve gorintilerin ikili degerlendirme
sonuglari (osteomiyelit agisindan pozitif veya negatif)
ile karsilastirildi. Arastirmacilar olasi olumlu prognostik
sonuglarin CSI skorlari ile ters sekilde iliski gosterdigini
gozlemlediler. CSI skoru arttikga olumlu sonug
ihtimalinin azaldigini ve tedavi basarisizlik ihtimalinin
arttigini buldular. Tedavi sonuglarini 6ngérmede CSI,
ikili degerlendirmeye oranla anlamli olarak daha yliksek
dogruluk oranina sahip bulundu (p=0,016).

Yillardir, arastirmacilarin ¢ok buyik kismi isaretli
I6kosit goriintiilemenin diyabetik ayak enfeksiyonundaki
tanisal roline odaklanmis ancak tedavi yaniti
degerlendirmesi lizerinde ¢ok durulmamistir. Newman
ve ark. 28’inde osteomiyelit tanisi biyopsi ile kanitlanmis
41 adet pedal Ulseri olan 35 diyabetik hastada seri
planar indium isaretli 16kosit goriintiileme yapmislardir
(20). isaretli 16kosit aktivitesinin yogunlugunun, uygun
antibiyotik tedavi sonrasi 16-34. glinlerde azaldigini ve
36-54. gilinlerde normale dondigini bildirmislerdir.
Ancak bu verileri prognostik degerlendirme amaciyla
kullanmamislardir. Son dénemlerde, teknesyum isaretli
|6kosit SPECT/BT’nin diyabetik pedal osteomiyeliti
olan hastalarin tedavi vyanitini degerlendirmede
kullanilabilecegine dair veriler vardir. Vouillarmet ve ark.
29 hastada, 1 yillik takip sonrasinda pedal osteomyelit
remisyonunu degerlendirmek amaciyla direk grafi,
Uc fazh kemik sintigrafisi ve teknesyum isaretli 16kosit
SPECT/BT’ yi karsilastirdilar (35). Direkt grafiler 16’sinda
relaps gelisen bazal 20 hastada hastalik kotlilesmesi ya
da progresyonu gostermedi. Dokuz hastada radyolojik
kotllesme gosterilirken bunlarin bir tanesinde relaps
gelisti. Ug fazl kemik sintigrafisi pozitif olan 26 hastadan
sadece bes tanesinde relaps gelisti. Ug fazlh kemik
sintigrafisi negatif olan (¢ hastanin hicbirinde ise
relaps gozlenmedi. Teknesyum isaretli 16kosit SPECT/BT
goriintlilemeisaretlilokositlerin enjeksiyonundan 20 saat
sonra geceklestirildi, 22 hastada negatif olarak izlendi ve
bu hastalarin higbirinde relaps gelismedi. Yedi ¢alisma
pozitif olarak degerlendirilirken bunlardan bes tanesinde
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relaps gelisti. Antibiyotik tedavisinin tamamlanmasindan
sonra osteomiyelit relapsini 6ngérmedeki sensitivite,
spesifite, pozitif ve negatif 6ngori degerleri direkt
grafiler icin sirasiyla %80, %33, %20 ve %89 olarak
bulunurken g fazli kemik sintigrafisi icin sirasiyla %100,
%12,5, %15,5 ve %100, teknesyum isaretli I6kosit SPECT/
BT icin %100, %91,5, %71,5 ve %100 olarak bulunmustur.
Arastirmacilar negatif bir galismanin giivenilir bir sekilde
diyabetik ayak osteomiyelit remisyonunu gosterdigi ve
antibiyotik tedavisine yol gbstermesi acisindan potansiyel
olarak ¢ok faydali oldugu sonucuna varmislardir.

Lazaga ve ark. diyabetik ayak osteomiyeliti olan
20 hastanin tedavi Oncesi ve sonrasi teknesyum
isaretli |6kosit SPECT/BT gorlntllerini tedavi yanitini
degerlendirmek icin retrospektif olarak yeniden gézden
gecirdiler (36). Tedavi basarisi, yarada iyilesme veya son
1 yiligerisinde ayni alanda enfeksiyonun tekrarlamamasi
olarak tanimlandi. Tedavi basarisini  belirlemede
sensitivite, spesifite, pozitif ve negatif ongoéri degeri
sirastyla %90, %56, %69 ve %83 olarak bulundu.

Bu ilk sonuglar, teknesyum isaretli l6kosit SPECT/
BT'nin diyabetik pedal osteomiyeliti olan hastalarda
tedavi yanitini degerlendirmede vyararli bir tetkik
olabilecegi yoniindedir. Test, negatif oldugu durumlarda
enfeksiyon relaps ihtimalini belirgin oranda dislamasi
acisindan ozellikle degerlidir.

F-18 Florodeoksiglikoz

F-18 florodeoksiglikoz (FDG) pozitron emisyon
tomografinin  (PET) tek foton emisyonu yapan
radyofarmasoétiklere  oranla  pek ¢ok  avantaji
bulunmaktadir. PET, esasen radyofarmasotik
akiimilasyonunun kesin sekilde lokalizasyonuna olanak
saglayan yiksek rezoliisyonlu tomografik bir tekniktir.
FDG, perflizyonu kotl alanlara bile hizlica girebilen
kiiclik bir molekildiir. islem gilinler vyerine saatler
icinde tamamlanir ve in-vitro I6kosit isaretlemenin
tersine zahmetli bir isaretleme prosediirii gerektirmez.
Travmatik kemikteki FDG tutulumu genellikle 3-4 ayda
normale doner ve dejeneratif degisikliklerde hafifce
artmis bir tutulum gozlenir (6).

Pek cok arastirmac,, FDG-PET ve PET/BT’nin
diyabetik ayak enfeksiyonlarini degerlendirmedeki
rollinii arastirmiglardir. Nawaz ve ark. 110 diyabetik
hastada pedal osteomiyelit tanisinda FDG-PET, direkt
grafi ve  MRG’nin roliinG hastalarin timine bu (g
prosediiriin hepsi uygulanmamis olsa da- prospektif
olarak karsilastirmislardir (37). Hastalarin tamaminda

kan seker diizeyi 200 mg/dUnin altindaydi. Hastalar
gorsel olarak degerlendirilmis olup SUV degerlendirmesi
yapilmamistir. FDG-PET icin sensitivite, spesifite, pozitif
ve negatif 6ngori degeri ile dogruluk degerleri sirasiyla
%81, %93, %78, %94 ve %90 olarak bulunmustur.
MRG icin bu degerler sirasiyla %91, %78, %56, %97 ve
%81; direkt grafi icinse %63, %87, %60, %88 ve %81
olarak bulunmustur. Sonug olarak FDG-PET’in diyabetik
ayak osteomiyelitinin tanisinda oldukga spesifik ve
MRG’yi tamamlayici faydali bir tetkik oldugu sonucuna
varilmistir. Arastirmacilar ayrica MRG’nin yapilamadigi
zamanlarda FDG-PET’in direkt grafilerin negatif veya
sonugsuz oldugu durumlardan sonra kullanilabilecegini
belirtmislerdir.

Pedal osteomiyeliti olan diyabetik hastalarin ¢ok
blyilik kismidistal 6nayakta Ulserlerile presenteolur, Glser
olmaksizin pedal osteomiyeliti ¢ok nadirdir. Maalesef
ilgili alanlarla (6n ayak, orta ayak, arka ayak) ait bilgiler ve
yumusak doku dlseri olan hasta sayisi bilinemediginden
bu bulgularin 6nemi degerlendirilememistir.

Schwegler ve ark./nin galismasinin sonuglari oldukga
farkhidir (27). Bu arastirmacilar klinik olarak siphe
gotlirmeyen, iyilesmeyen pedal Ulseri olan 20 diyabetik
hastada prospektif olarak FDG-PET’in tanisal rollini
sadece gorsel olarak degerlendirmislerdir. Pedal Glserler
18 hastada ©on ayakta, iki hastada ise arka ayakta
lokalizedirler. Goruntlileme sirasindaki kan glukoz
degerleri ile ilgili bilgi bulunmamaktadir. FDG-PET igin
sensitivite, spesifite ve dogruluk degerisirasiyla %29, %92
ve %70 olarak bulunurken MRG igin bu degerler sirasiyla
%86, %92 ve %90 olarak bulunmustur. Arastirmacilar
testin dlsiUk sensitivitesinin ¢alisma populasyonundaki
azalmis enflamatuvar yanita ve/veya insilin direncine
sekonder FDG’nin bozulmus kemik tutulumuna bagl
olabilecegini belirtmislerdir. Hareket artefaktlari ve
uzaysal rezoliisyonun sinirl olmasi da bu duruma
katkida bulunmus olabilir. Arastirmacilar iyilesmeyen
pedal dlseri olan diyabetik hastalarda osteomiyelit
tanisinda MRG’nin tercih edilecek gorintileme yontemi
olabilecegi sonucuna varmislardir.

Yang ve ark. supheli pedal osteomiyeliti olan 48
diyabet hastasi ile calismislardir, bunlarin 27 tanesinde
kan glukoz diizeyi 150 mg/dLlnin Ustlindedir (28). FDG-
PET’in dogruluk orani %93,8 olarak bulunmustur. Serum
glukoz degeri 150 mg/dl'nin Uzerinde olan hastalarda
sensitivite %88,9; 150 mg/dL'nin altinda olan hastalarda
%88,3 olarak bulunmustur. Calismada hafif-orta diizeyli
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artmis serum glukoz diizeylerinin diyabetik hastalarda
pedal osteomiyelit tanisinda FDG-PET’in dogrulugunu
etkilemedigi sonucuna varilmistir.

Keidar ve ark. 14 diyabetik hastaya ait 18 klinik
olarak slipheli enfeksiyon alaninda FDG-PET ile
PET/BT’yi karsilastirmislardir (39). On sekiz stpheli
enfeksiyon alanindan yedi tanesi ayak 6n kesimde, bir
tanesi orta kesimde ve kalan 10 tanesi arka kesimde
yer almaktaydi. Kan glukoz dizeyleri 84-330 mg/
dL arasinda degismekte olup yedi hastada 200 mg/
dUnin Gzerindeydi. PET goriintilerinde enfeksiyon ile
uyumlu 14 anormal tutulum alani saptanirken PET/
BT ile bu 14 alandan 13 tanesi konfirme edildi. On
U¢ tutulum alanindan sekiz tanesi kemik, bes tanesi
kemik ve yumusak dokuda olacak sekilde dogru bir
sekilde lokalize edildi. PET gorintulerinde bir tutulum
alani enfeksiyon olarak degerlendirilmis olsa da bu
alan PET/BT’de diyabetik osteoartropati olarak olarak
tanimlandi. Anormal FDG tutulum alanlarindaki
maksimum SUV degerleri 1,4-11,1 arasinda ol¢llda.
Hastalarin kan glukoz dlizeyleri ile FDG tutulum
dereceleri arasinda iliski saptanmadi. Arastirmacilar
FDG’'nin diyabete bagli ayak enfeksiyonlarinin
tanisinda  kullanilabilecegi ve PET/BT seklinde
yapilmasi durumunda ise osteomiyelitin yumusak
doku enfeksiyonundan dogru bir sekilde ayirt
edilebilecegi sonucuna varmisglardir (Sekil 5). Kagna
ve ark. bu arastirmayi genisleterek diyabetik pedal
osteomiyelitinde sensitivite, spesifite ve dogruluk
degerlerini sirasiyla %100, %93 ve %96 olarak rapor
etmislerdir (40).

Familiari ve ark. yiksek pretest enfeksiyon olasiligi
olan 13 diyabetik hastada FDG-PET/BT ile planar Tc-
WBC gorintiuleme yontemini karsilastirmislardir (41).
Tm hastalarin kan glukoz diizeyi 160 mg/dLnin altinda
Olcllmuistlr. Tim olgularda kesin tani histopatolojik
olarak konfirme edilmistir. Osteomiyelit tanisinda
teknesyum isaretli 16kosit planar goriintilemenin
sensitifite, spesifite, pozitif ve negatif 6ngori degeri ile
dogruluk degerleri sirasiyla %86, %100, %100, %86 ve
%92 olarak bulunmustur. FDG-PET/BT igin bu degerler
sirasiyla %43, %67, %60, %50 ve %54 olarak bulunmustur.
Goriuntuler degerlendirilirken BT bulgularinin  da
gbz oninde bulundurulmasi ile FDG-PET/BT’nin
dogruluk orani %62'ye vyikselmistir. Arastirmacilar,
FDG-PET/BT’nin tanisal dogrulugunun distk oldugu

ve diyabetik pedal osteomiyelitinin tanisinda isaretli
I6kosit gorlintilemenin yerini alamayacagl sonucuna
varmislardir.

Diyabetik ayak enfeksiyonu olan hastalarin ¢ogunlugu
distal 6n ayak ulseri ile presente olur. Néropatik/Charcot
eklemiise dahaaz goriilmekle birlikte cogunlukla tlser ile
iliskili degildir ve ayagin orta veya arka kisminda gorilir.
En sik tarsal ve tarsometatarsal (Lisfranc) eklem (%60)
tutulurken, bunu metatarsofalengeal (%30) ve tibiotalar
eklem (%10) takip eder. Enfeksiyon/noropatik eklem
ayrimi veya noropatik bir eklemde superempose olan
enfeksiyon durumunda tani zorlayicidir. Ug fazh kemik
sintigrafisi her iki durumda da pozitiftir. isaretli I6kositler
hem enfekte hem de enfekte olmayan ndropatik
eklemde akiimile olurlar. Enfekte olmayan noropatik
eklemdeki akimdulasyon, c¢ogu durumda etkilenen
kemikteki hematopoetik olarak aktif kemik iligine
baghdir. Tamamlayici olarak kemik iligi goriintilemesi
yapilmasi ile isaretli 16kosit akimdilasyonunun kemik
iligi aktivitesine mi yoksa enfeksiyona mi sekonder
oldugunun ayrimi dogru bir sekilde yapilir (Sekil 6) (42).
Palestro ve ark. planar In-WBC/kemik iligi goriintiilemesi
icin %95 bir dogruluk orani belirtmisler, Heibe ve ark.da
dual izotop SPECT/BT kullanarak benzer sonuglara
ulasmislardir (30,43).

Noropatik eklem degerlendirmesinde FDG-PET ve
PET/BT’nin roll ile ilgili bilgiler sinirhdir. Hopfner ve
ark. noropatik eklemin preoperatif degerlendirmesinde
FDG PET'in rolini 16 hastalik c¢alismalarinda
degerlendirmislerdir (44). Bu arastirmadaki higbir
hastada osteomiyelit yoktu. Arastirmacilar her ne kadar
calismaya alinan hastalarin higbirisinde diyabetik ayak
enfeksiyonu olmasa da enfekte olmayan noéropatik
eklemde izlenen rélatif distk tutulum nedeniyle FDG
PET’in osteomiyeliti noropatik eklem lezyonlarindan
ayirmada faydali olabilecegi sonucuna varmislardir.
Shagos ve ark. osteomiyelit (n=36) ve noropatik eklem
(n=43) gibi diyabetik ayak komplikasyonlarininin
degerlendirmesinde FDG PET ile ¢ fazli kemik
sintigrafisini karsilastirdilar (15). Buna gore osteomiyelit
tanisinda FDG PET’in (g fazl kemik sintigrafisine oranla
daha spesifik, noropatik eklem tanisinda ise ¢ fazlh
kemik sintigrafisinin FDG PET’e orana daha sensitif
oldugu sonucuna vardilar. Basu ve ark. FDG PET’in pedal
osteomiyelit ve yumusak doku enfeksiyonunu enfekte
olmayan noropatik eklemden ayirmadaki etkinligini
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arastirdilar (45). FDG PET’in osteomiyelit tanisinda
sensitifitesi %100, dogrulugu %94 olarak bulundu.
Arastirmacilar FDG PET’in noropatik eklem varliginda
osteomiyeliti ekarte edici yiksek negatif 6ngori degeri
oldugunu belirttiler. Maalesef bu ¢alismada, sadece bir
hastada noropatik eklem Uzerine sliperempoze olmus
osteomiyelit tablosu s6z konusuydu.

Mevcut kanitlara dayanarak FDG PET veya PET/
BT’nin diyabetik ayak osteomiyeliti tanisinda segilecek
molekdiler goriintiileme yéntemi oldugunu séylemek
mumkin degildir. Mevcut verilerin, metodoloji
ve hasta popilasyonlarindaki farkliliklar, goérinti
degerlendirmesindeki farkhliklar (gorsel vs. SUV),
vaskuler yetmezlik olup olmadigi ile ilgili bilgi eksikligi,
MRG ile olan tutarsiz korelasyonlar, isaretli 16kosit
gorunttleme ile karsilastirmali yapilan ¢calismalarin az
olmasi ve uniform bir dogruluk standardinin olmamasi
gibi limitasyonlari bulunmaktadir (46,47). Treglia ve
ark. meta-analiz c¢alismalarinda FDG’nin diyabetik
ayak osteomiyelitini tanimada sensitifitesini %74,
spesifitesini %91 olarak belirttiler (47). Ayrica stipheli
diyabetik ayak osteomiyelitinde FDG gorintiileme
ile ilgili literatlrin sinirh oldugu ve referans standart
olarak kemik biyopsisi kullanilarak yapilmis c¢ok
merkezli ¢alismalara ihtiya¢ oldugu yorumunda
bulundular.

Sonug¢

Ayak enfeksiyonu olan bir diyabetik hastada pedal
osteomiyelit tanisi siklikla gézden kagmaktadir ve bu
hastalarda goruntileme c¢alismalari tanisal isleyisin
vazgecilmez bir parcasi haline gelmistir. Su anda, in-vitro
isaretli I6kosit gorlintileme bu hasta popilasyonunda
secilecek molekiiler goriintiileme yéntemidir. Yayinlanan
veriler In-111 ve Tc-99m isaretli |6kositlerin her ikisinin
de kullanilabilecegi ve sonuglarinin benzer oldugu
yoniindedir. Kullanilan radyo-isaretleyiciden bagimsiz
olarak, SPECT/BT rutin olarak kullanilmahdir. SPECT/
BT’nin prosediiredahil edilmesiile “reader confidence” ve
testin dogrulugu artmaktadir. SPECT/BT’nin ayni zamanda
prognostik degeri de bulunabilmektedir ve tedavi
yanitini degerlendirmeye yardimci olabilir. Diyabetik
ayak enfeksiyonlarinin tanisal degerlendirmesinde FDG-
PET ve PET/BT’nin kullanilmasi heyecan uyandirsa da
bununla ilgili herhangi bir sonuca varmadan dnce daha
kapsamli arastirmalar gerekmektedir.
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