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Abstract '®F-fluoro-p-deoxyglucose positron emission
tomography (['®F]-FDG PET) is successfully employed as
a molecular imaging technique in oncology, and has
become a promising imaging modality in the field of
infection. The non-invasive diagnosis of spinal infections
(SD has been a challenge for physicians for many years.
Morphological imaging modalities such as conventional
radiography, computed tomography (CT), and magnetic
resonance imaging (MRI) are techniques frequently used in
patients with SI. However, these methods are sometimes
non-specific, and difficulties in differentiating infectious
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from degenerative end-plate abnormalities or postoperative
changes can occur. Moreover, in contrast to CT and MRI,
FDG uptake in PET is not hampered by metallic implant-
associated artifacts. Conventional radionuclide imaging
tests, such as bone scintigraphy, labeled leukocyte, and
gallium scanning, suffer from relatively poor spatial reso-
lution and lack sensitivity, specificity, or both. Initial data
show that ['"®F]-FDG PET is an emerging imaging tech-
nique for diagnosing SI. ['®F]-FDG PET appears to be
especially helpful in those cases in which MRI cannot be
performed or is non-diagnostic, and as an adjunct in
patients in whom the diagnosis is inconclusive. The article
reviews the currently available literature on [18F]-FDG
PET and PET/CT in the diagnosis of SI.

Keywords Spinal infection - MRI - SPECT - PET -
['®F]-FDG
Introduction

Spinal infection (SI) accounts for 2-4% of cases of skeletal
infection. Despite advances in antibiotic treatment regi-
mens, the incidence is still increasing. This might be due to
an increased number of patients at risk, e.g, immunocom-
promised patients, an increasing use of spinal-fusion sur-
gery, and also due to a heightened awareness and improved
diagnostic procedures [2, 18, 50, 84]. Prompt diagnosis is
facilitated by early and appropriate imaging techniques
together with histopathology or bacteriological culture [2,
84]. In addition, delineation of the extent of SI is crucial for
the assessment of appropriate therapy. Although superficial
infection can be diagnosed with relative ease, the diagnosis
of a deep-seated musculoskeletal infection—such as SI—is
more difficult to establish and often requires a
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multidisciplinary approach with close collaboration
between orthopedic surgeons, clinicians, and imaging
specialists [3, 38, 48, 83]. Numerous imaging techniques
including conventional radiography, ultrasonography,
computed tomography (CT), magnetic resonance imaging
(MRI), and radionuclide studies have been used to diag-
nose and monitor SI [2, 81, 83].

Nuclear medicine imaging of infection is nowadays
molecular imaging of different pathophysiological steps in
infectious or inflammatory processes. The increased uptake
and localization of various diagnostic radiopharmaceuticals
at the sites of infection and inflammation can be explained by
both non-specific and specific mechanisms, covering the two
main steps of the inflammatory cascade, including first the
migration of white blood cells (WBC) and second the
increased vascular permeability at the site of bacterial
infection [27]. For this purpose, since more than three dec-
ades, commonly used conventional nuclear medicine pro-
cedures—both planar scintigraphy and Single-Photon
Emission Computed Tomography (SPECT)—are bone
scintigraphy, gallium-67 citrate, and technetium- and
indium-labeled leukocyte scintigraphy [22, 27, 63]. On the
other hand, since more than one decade, fluorine-18 fluo-
rodexoyglucose (['*F]-FDG)-PET has entered the field of
clinical infectious and inflammatory diseases [17, 44]. In the
following chapters, various SPECT tracers (with also a few
investigational tracers) and FDG as PET tracer will be
extensively reviewed and compared regarding their useful-
ness in detecting SI. First, several morphological imaging
techniques used for spine imaging will be shortly addressed.

Morphological spine imaging

In the early course of SI conventional radiography is
normal and it may take up to 4-8 weeks, after the initial
symptoms, until loss of definition and irregularity of the
vertebral end-plate become evident [2, 28, 81]. CT- or
fluoroscopy-guided biopsy may be of value for obtaining
diagnostic specimens for microbiology and histopathology.

Gadolinium-enhanced MRI, demonstrating pathologic
changes of the disc and adjacent bone marrow, is the
imaging modality of choice for diagnosing SI [49, 58, 60,
88]. SI commonly demonstrate typical signal intensity on
T1- and T2-weighted images and enhancement within the
affected bone marrow after the administration of gadolin-
ium-based contrast material [49]. Sensitivity, specificity,
and accuracy are 96, 92, and 94%, respectively [60].
Moreover, epidural, subdural, intramedullary, and paraspi-
nal soft tissue involvement are clearly delineated on
contrast-enhanced MRI [49, 54, 58, 81]. There are, how-
ever, limitations to MR imaging, such as atypical findings
of early SI, age-related changes in the signal intensity

caused by the marrow composition, and issues more related
to technical MRI parameters [8, 26, 37]. In the so-called
atypical MR imaging patterns of SI, it may be difficult to
differentiate infectious spondylitis from neoplastic condi-
tions and sometimes benign compression fractures [37].
Furthermore, known disorders that can mimic SI are
degenerative and inflammatory spinal diseases, such as
ankylosing spondylitis, the neuropathic spine and several
metabolic conditions [2, 19, 37, 71, 72, 75, 80, 81, 88].
Furthermore, the role of MR imaging in postoperative SI
remains controversial because signal characteristics are not
specific, and therefore it can be more difficult to differen-
tiate active infection from ongoing reparative and/or
fibrotic tissue [2, 19, 29, 45, 80, 87]. Moreover, both CT
and MRI are hampered by artifacts induced by spinal
implants or hardware. The characteristic features of post-
operative discitis develop only slowly. Although absence
of vertebral edema has a high negative predictive value for
SI [86], MRI is less reliable for distinguishing septic from
aseptic discitis in the early postoperative period because
scar tissue behaves very much like SI [29]. Even as a late
examination, MRI is sometimes inadequate for diagnosing
discitis because it is not always possible to differentiate
postoperative changes from infection [45]. Nevertheless,
using special MR imaging sequences such as fat suppres-
sion technique may help to differentiate SI from other
conditions [4, 37]. Finally, MRI is contraindicated in
patients with pacemakers and cardiac valves.

Functional spine imaging
Conventional radionuclide techniques (Table 1)

Bone scintigraphy is widely available, easily performed,
and rapidly completed. The test can be positive within
2 days after onset of symptoms [1]. Modic et al. reported a
sensitivity and specificity of 90 and 78% for bone scinti-
graphy and 96 and 92% for MRI, respectively [60]. Gratz
et al. reported that planar bone imaging was 86% sensitive
for diagnosing spinal osteomyelitis; single-photon emission
computed tomography (SPECT) increased the sensitivity to
92% [30]. Love et al. reported sensitivities of 73 and 82%,
respectively, and specificities of 31 and 23%, respectively,
for planar and planar plus SPECT bone imaging [53].
Three-phase bone scintigraphy and analysis of uptake
patterns have been used to enhance the accuracy of the test
to diagnose spinal osteomyelitis [55]. Gratz et al. found
that three-phase bone imaging was positive in patients with
severe infection, but not in patients with mild or moderate
infection [30]. Love et al. reported that although specificity
improved with the three-phase technique, it did so at the
expense of sensitivity, which fell from 92 to 36% [53].
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These investigators also studied uptake patterns and found
that abnormal uptake in two contiguous vertebrae on
SPECT images was the single most accurate criterion
(71%) for detecting spinal osteomyelitis [53].

There are other limitations to bone scintigraphy.
Sometimes disc space infection can present as decreased,
rather than increased uptake. Although the explanation for
this is not well understood, it is thought that inadequate
blood supply (induced by pus or vasospasm), or destructive
bone lesion, as well as the involvement of non-pyogenic
microorganisms, such as mycobacteria may be responsible.
False-negative results have been reported in elderly
patients with spinal osteomyelitis, possibly due to regional
ischemia secondary to arteriosclerotic disease [70].
Abnormalities may persist even after the infection has
resolved, due to ongoing bony remodeling as part of the
healing process. Finally, because it is not especially sen-
sitive for detecting adjacent soft tissue infections, bone
scintigraphy cannot be the only imaging test performed
when SI is suspected (Fig. 1a).

Gallium-67 citrate (°’Ga) imaging often is used as a
complement to bone scintigraphy. Gallium-67 scintigraphy
improves the specificity of the bone scan, detects infection
earlier than the bone scan, and identifies the presence of
accompanying soft tissue infection [1, 35, 51, 53, 60, 64]

(Fig. 1b). This dual tracer technique, however, has several
disadvantages [24, 53]. The procedure requires two dif-
ferent tracers as well as multiple, sometimes lengthy,
imaging sessions on different days.

Although recent data suggest that single ®’Ga-SPECT is
as accurate for diagnosing spinal osteomyelitis as com-
bined planar bone/gallium imaging [30, 53]. However,
even when used alone, gallium is not an ideal tracer. The
physical characteristics and normal biodistribution of the
agent degrade image quality. Although positive results
have been reported as early as 4 h after injection, imaging
for infection typically is performed 2472 h after injection,
and therefore more than one patient visit to the Nuclear
Medicine Department is required. Finally, there are few
data about the role of gallium imaging in postoperative SI.
Only 3 of 22 patients reported on by Love et al. had
undergone spinal surgery [53]. Only one series evaluated
the role of gallium imaging in postoperative SI, and these
investigators concluded that this modality could not dif-
ferentiate infection from postoperative changes [35].

Radiolabeled leukocyte (WBC) imaging

In contrast to other locations in the skeleton, imaging with
in vitro, indium (mIn) or technetium (99mTc) labeled,

Table 1 Conventional,

routinely used and Technique Sensitivity (%) Specificity (%) Accuracy (%) References
invest.igational,. radionuclide Bone scan 90 78 NA [60]
techniques available for
detecting spinal infections: Planar 86 NA NA (30]
comparison to MRI 73 31 50 [53]
SPECT 73 69 50 [53]
92 NA NA [30]
3-Phase 36 92 67 [53]
Planar + SPECT 82 23 50 [53]
Gallium scan [531/[30]
Planar 82/40 77 79
SPECT 91/100 92 92
Bone/gallium scan
Planar 64 85 75
SPECT 91 92 92
MRI 96 92 NA [60]
Gadolinium 91 77 83 [53]
SA/biotin scan 94 95 NA [47]
Biotin scan [46]
Hematog. 84 98 NA
Postop. 100 84 NA
Ciprofloxacin [11]
NA not available, SA 1h >4 71 67
streptavidin, Hematog. 3h 62 71 73
hematogeneous, Postop. 24 h 42 91 77
postoperative, Implants spinal SPECT 100 74 31

implants
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Fig. 1 Infected spinal hardware. A 53-year-old woman, who under-
went spinal fusion with spinal implants 6 years earlier, was admitted
to the hospital with an inflammatory syndrome of unknown origin.
Posterior planar bone (a) and WBC images (c), demonstrate normal

WBCs is of limited value for diagnosing SI [92]. Although
increased uptake is virtually diagnostic, 50% or more of all
cases of SI present as areas of normal, decreased, or even
absent activity on WBC imaging [62] (Fig. 1c).

Unfortunately, photopenia is not specific for vertebral
osteomyelitis and is associated with a variety of non-
infectious conditions including degenerative disease, frac-
ture, tumor, infarction, post-radiation therapy changes,
Paget’s disease, vertebral hemangioma, and also in previ-
ously treated SI [56, 66]. Equally disappointing results
have been reported with radiolabeled antigranulocyte
antibodies, which essentially are an in vivo WBC labeling
technique [31, 34]. In a subgroup analysis of a recent
review concerning the role of several radiological and
nuclear medicine techniques, including FDG PET, Termaat
et al. reported that the pooled sensitivity of WBC imaging
for detection of chronic osteomyelitis in the axial skeleton
was only 21% [82].

Streptavidin/1 1 1-indium-biotin complex

Streptavidin accumulates at sites of inflammation and
infection as a result of increased capillary permeability. In
addition to being utilized by bacteria for their own growth,
biotin forms a stable, high-affinity non-covalent complex
with avidin. Lazzeri et al. investigated a two-step strepta-
vidin/""'In-biotin imaging in 55 consecutive patients with
suspected SI within 2 weeks after onset of symptoms [47].
Streptavidin/'' 'In-biotin was positive in 32/34 patients
with SI (94% sensitivity) and negative in 19/21 patients
without infection (95% specificity). These investigators
concluded that streptavidin/'''In-biotin scintigraphy is
highly sensitive and specific for detecting vertebral osteo-
myelitis in the first 2 weeks after the onset of clinical
symptoms [47].

Although these results were encouraging, the use of a
heterologous protein, such as streptavidin potentially could

distribution of activity in the lumbar spine. Posterior planar gallium
(b), and ciprofloxacin images (d), however, both demonstrate intense
uptake in the lower lumbar spine and upper sacrum. Infected
orthopedic hardware was surgically confirmed

incite an immunogenic reaction. Recently, Lazzeri et al.
reported on the use of '''In-biotin alone for diagnosing SI
in 110 patients, including 71 with suspected hematogenous
infection and 39 with suspected postoperative infection
[46]. "''In-biotin scintigraphy had a sensitivity of 84% and
a specificity of 98% in the hematogenous infection group
and a sensitivity of 100% and a specificity of 84% in the
postoperative infection group. In order to achieve these
results, however, patients with focal tracer uptake in the
spine had to undergo additional radionuclide imaging with
9MT¢_nanocolloid, which helped to confirm both the
presence and location of the infection [46].

Radiolabeled ciprofloxacin

Radiolabeled antibiotics have been investigated for their
potential as “infection specific” tracers [14, 89, 96]. The
most extensively investigated of these compounds is
the 4-fluoroquinolone antibiotic, ciprofloxacin, a broad
spectrum antibiotic that inhibits the actions of DNA gyrase
in gram-negative bacteria and type IV topoisomerase in
gram-positive bacteria, resulting in rapid bacterial death.
9mTc-ciprofloxacin (*™Tc-cipro) has been investigated
extensively for diagnosing a variety of infections, and the
results are inconclusive [6, 20, 68, 74, 91]. The limited data
on its value in SI also are inconclusive [11, 23]. Falagas
et al. retrospectively reviewed 17 *°™Tc-cipro scans
performed in 11 patients [21]. Thirteen of these studies
were performed during active infection and all were posi-
tive. Four studies were negative, and none of the patients
had SI. de Winter et al. evaluated *°™Tc-cipro in 48
patients, including 30 with spinal implants, with suspected
postoperative SI [11] (Fig. 1d). The median interval
between surgery and imaging was 7 months. Thirteen
patients were treated with antibiotics at the time of the test.
Imaging was performed at multiple time points up to 24 h
postinjection. The final diagnosis was confirmed by
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microbiological culture in 22 patients and by clinical fol-
low-up for more than 1 year in 26 patients. There were 13
cases of deep SI. Sensitivity, specificity, and accuracy of
the test were, respectively, 54, 71, and 67% at 1 h, 62, 77,
and 73% at 3 h, and 42, 91, and 77% at 24 h for planar
imaging and 100, 74, and 81% for SPECT imaging. When
recently operated patients were excluded, the specificity of
SPECT rose to 81%. This rather low specificity of the test
could be explained by non-specific accumulation of the
radiopharmaceutical in the spinal tissues and around the
implants [74].

Positron emission tomography with ['*F]-fluorine-
fluoro-p-deoxyglucose

One of the most powerful radiopharmaceutical is ['*F]-
fluorine-fluoro-p-deoxyglucose (FDG), a fluorinated glucose
analog. ['®F]-Fluorine is a positron-emitting radionuclide
and a cyclotron product, with a physical half-life of
110 min. Positron emission tomography uses a completely
different physical principle of imaging than does the
SPECT technique, derived from conventional radionuclides
(like technetium, indium, and gallium), in that after anni-
hilation of a positron with a nearby electron, two gamma
rays instead of one are emitted at the same time [17].

Fluoro-p-deoxyglucose is transported into cells via
glucose transporters, and phosphorylated by hexokinase to
'8E.2.FDG-6 phosphate, but is not metabolized. The
degree of cellular FDG uptake is related to the cellular
metabolic rate and to the number of glucose transporters
[65, 94]. Kubota et al. demonstrated that FDG uptake in
tumors was, in fact, partly the result of newly formed
granulation tissue and activated macrophages associated
with tumor necrosis and growth [43]. These investigators
demonstrated autoradiographically that FDG uptake by
non-neoplastic cells was even higher than its accumulation
in viable tumor cells [93]. Detailed histopathologic and
autoradiographic analysis of an experimental soft tissue
abscess model in rats showed that the highest FDG uptake
was within areas of inflammatory cell infiltrate, which was
composed primarily of neutrophils in the acute phase and
macrophages in the chronic phase [39]. These same
investigators also demonstrated that glucose utilization by
the fibroblast-enriched granulation tissue does not sub-
stantially contribute to FDG uptake.

Increased FDG uptake in inflammation presumably is
due to several factors [57]. Glucose transporters, such as
GLUT-1 and GLUT-3 appear to be the targets of many
cytokines and growth factors, especially after stimulation,
as demonstrated in vitro in both murine and human WBCs.
In activated inflammatory cells, such as neutrophils, lym-
phocytes, monocytes, and macrophages, there are both an
increased number and increased expression of glucose

@ Springer

transporters, as well an increased affinity of these trans-
porters for deoxyglucose [59, 61, 65].

'®E_fluoro-p-deoxyglucose positron emission tomogra-
phy (['®*F]-FDG PET) offers several potential advantages
over conventional nuclear medicine tests in the evaluation
of musculoskeletal and SI [15, 16, 33, 44, 78] (Table 2).

Positron emission tomography intrinsically is a high-
resolution tomographic technique that enables precise
localization, especially when performed as PET/CT, of
sites of infection and inflammation. The procedure is
completed in 1-2 h and has a relatively low radiation dose.
Recent improvements in its production and distribution
have made FDG imaging possible even in institutions
without an on-site cyclotron. FDG is less expensive than
the combinations of conventional radionuclide imaging
techniques.

Semiquantitative analysis, readily available with PET,
but less feasible with conventional gamma camera imag-
ing, potentially could be useful for differentiating infec-
tious from non-infectious conditions and for monitoring
response to therapy.

Normal bone marrow has a low glucose metabolism and
usually show only faintly increased FDG uptake, which
may facilitate the differentiation of inflammatory cellular
infiltrates from hematopoietic marrow and degenerative
bone changes [17]. FDG uptake normalizes relatively
rapidly, usually within 3—4 months, following non-union
fracture or surgery, compared to conventional bone tracers
and to a lesser degree gallium-citrate [16, 33, 77]. Schmitz
et al. and Bredella et al. investigated the FDG avidity in
various types of vertebral compression fractures and con-
cluded that, in general, benign fractures demonstrated

Table 2 Advantages and disadvantages of FDG PET in spinal
infection as compared to conventional nuclear medicine techniques,
such as bone scintigraphy, gallium scanning, and leukocyte
scintigraphy

Advantages Disadvantages

Early imaging and reporting Currently not widely

available
High-resolution images Relatively high cost

Limited anatomic
information

High target-to-background ratio

Low bone marrow uptake Not infection specific

No significant uptake in degenerative
bone disease/older vertebral
fractures

Not immunogenic

Sensitive in chronic osteomyelitis
High interobserver agreement
Minimal labor intensity

Acceptable radiation dose
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Table 3 Studies evaluating the value of FDG PET and PET/CT in patients with SI
Technique Patient number Postop. Hematog. Performances References
Full-ring PET 8 6 2 5 TP/2 TN/1 indeterminate [33, 34]

2 Implants
Full-ring PET 5 NA 3 3 TP/ 2 TN [77]
Full-ring PET 5 NA NA NA [95]
Full-ring PET 7 NA NA 7 TP [40]
Full-ring PET 16 2 14 12 TP/3 TN/1 FP [71]
DHC-PET 16 2 14 14 TP/1 TN/1 FP [32]
Full-ring PET 5 NA 5 5TP [79]
DHC-PET 9 NA NA 4 TP/5 TN [56]
Full-ring PET 6 6 NA 1 TP/5 TN [69]
Full-ring PET 57 30 5 TP/23 TN/2 FP [10]

27 Implants 6 FP

16 16 5 TP/11 TN

Full-ring PET/CT 9 9 NA TP 7/TN 2 [36]
Full-ring PET/CT 22 NA 22 TP 22 [42]

SI spinal infection, Postop. postoperative, hematog. hematogeneous, TP true positive, TN true negative, FP false positive, NA not available,

DHC dual-head coincidence or limited resolution PET

significantly less FDG uptake than malignant fractures or
SI and furthermore that recent and older fractures demon-
strated, respectively, moderate and no or only mildly
increased FDG uptake [5, 72].

Published data indicate that ['*F]-FDG PET is useful for
diagnosing SI [24, 90] (Table 3; Fig. 2). In an early
investigation including four patients with suspected SI,
Guhlmann et al. reported that ['®*F]-FDG PET correctly
diagnosed all three cases of infection and was true-negative
in the one patient without infection [33]. Guhlmann et al. as
part of a larger investigation, studied 15 patients with
suspected chronic osteomyelitis of the central skeleton,
including the spine, and compared ['®F]-FDG PET to a
radiolabeled antigranulocyte antibody (AGA) [34]. Two
readers reviewed images independently. ['*F]-FDG PET
was significantly more accurate than the AGA for reader 1
(93 vs. 70%) and reader 2 (100 vs. 80%) [34]. Schiesser
et al. evaluated ['®F]-FDG PET in the diagnosis of metallic
implant-associated infection in 22 patients (29 scans) with
prior history of trauma [69]. In a subgroup of six patients
with clinically suspected spinal implant infection, ['*F]-
FDG PET was true negative for implant infection in all six
patients (including three patients with fracture non-union
and one patient with osseous necrosis). One of the six
patients had a soft tissue infection, correctly detected and
localized with ['®F]-FDG PET. In this study the degree of
overall interobserver agreement was high [69].

Kalicke et al. evaluated the clinical usefulness of ['®F]-
FDG PET in acute and chronic osteomyelitis in 21 patients;
including 7 with spondylitis and reported that ['*F]-FDG

]
St
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Fig. 2 Chronic hematogenous spondylodiscitis of the thoracic spine.
A 45-year-old man with multiple myeloma presents with severe back
pain and prolonged fever in combination with increased inflammatory
parameters. Sagittal T2-weighted MRI study (a) demonstrates abnor-
mal signal at T11-12, but, nevertheless, the differential diagnosis with
a vertebral compression fracture or even a spinal malignancy cannot
reliably be made. Selected PET images (b transverse, ¢ coronal,
d sagittal view) demonstrate increased FDG uptake at the level of
T11-12 vertebral disc, confirming a Staphylococcus aureus
spondylodiscitis
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Table 4 Benefits and risks of FDG PET in spinal-fusion surgery patients

Benefits

Risks

No major metallic artifacts

Postoperative FDG uptake in the spine for up to 4 months
Faint or no FDG uptake in the degenerative spine

Faint or no FDG uptake in older compression fractures

High negative predictive value

FDG uptake in infection, inflammation (e.g. instability) and tumor
Possible inflammatory reaction incited by spinal hardware

Limited anatomic information (co-registration with in-line CT needed)

PET yielded true-positive results in all 7 cases [40].
Zhuang et al. studied the accuracy of ['*F]-FDG PET for
the diagnosis of chronic osteomyelitis [95]. In five patients,
the region of interest was the spine and ['®F]-FDG PET
correctly diagnosed the presence or absence of infection in
all cases.

Schmitz et al. investigated 16 consecutive patients,
suspected of SI. Twelve of the 16 patients had histopato-
logically confirmed SI [71]. ['®F]-FDG PET was true
positive in all 12 patients with infection and true negative
in 3 of 4 patients without infection. The authors also noted
that PET clearly delineated involvement of the paraverte-
bral soft tissues [71].

Meller et al. prospectively investigated 30 patients with
suspected active chronic osteomyelitis with a (limited
resolution) coincidence detection [ISF]-FDG PET device
[56]. In eight patients (nine sites), the region of interest was
the spine. ['®F]-FDG PET findings were true positive in
four cases and true negative in five cases (100% accuracy).
As expected, the test was superior to radiolabeled leuko-
cyte scintigraphy in the axial skeleton [56]. Gratz et al. also
using a coincidence detection device, investigated the
value of FDG imaging in 16 patients with suspected
spondylitis [32]. They found that, even with its limited
resolution, coincidence detection ['*F]-FDG PET imaging
was superior to MRI for detecting low-grade spondylitis or
discitis. They also found that the test was superior to ®’Ga
imaging for identification of paraspinal soft tissue infection
and superior to bone scintigraphy for differentiating
advanced degenerative arthritis from infection [32].

In one investigation of five patients, Stumpe et al.
reported that ['®F]-FDG PET correctly identified all three
patients with, and both patients without, SI [77]. In a
subsequent investigation, Stumpe et al. prospectively
compared ['®F]-FDG PET to MRI for diagnosing SI in 30
patients with substantial vertebral end-plate abnormalities
of the lumbar spine detected on MRI [79]. A total of 38
sites were evaluated; there were 5 sites of infection in four
patients. ['®F]-FDG PET was true-positive in all 5 foci of
infection and true negative in all 33 uninfected sites (100%
sensitivity and 100% specificity). The sensitivity and
specificity of MRI for detecting disc space infection were
50 and 96%, respectively. They found ['®*F]-FDG PET to
be very helpful in the differentiation of severe degenerative
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changes of intervertebral discs from infective discitis
(n = 5). These investigators concluded that ['8F]-FDG
PET may be useful for differentiating degenerative from
infectious end-plate abnormalities detected on MRI [79].
In perhaps the largest series reported to date, de Winter
et al. investigated ['®*F]-FDG PET in 73 patients [10]. The
study population consisted of 57 patients who had under-
gone previous spinal surgery, including 27 with spinal
implants. The median interval between surgery and
imaging was 10 months (range 1.25-288 months). Sixteen
patients with suspected hematogenous SI, served as a
control group [10]. In six patients, follow-up ['*F]-FDG
PET was ordered for monitoring treatment response. Final
diagnoses were based on histopathology, microbiology,
and/or intraoperative visual assessment by the orthopedic
surgeon in 26 (46%) patients, and by clinical follow-up of
at least 12 months in 31 (54%) patients. Thirteen patients
(23%) were under treatment with antibiotics at the time of
imaging. Fifteen (26%) of 57 patients had SI, including 10
(37%) of 27 patients with, and 5 (17%) of 30 patients
without, hardware. Using optimal cut-off values, sensitivity,
specificity, and accuracy were 100, 81, and 86%,
respectively. The positive predictive value of the test was
65%, and the negative predictive value was 100%. In the
control group all 16 patients were correctly classified with
['®F]-FDG PET (5 true positive and 11 true negative
cases). In the investigational group, among the 30 patients
without spinal implants, there were two false-positive
studies; both occurred in patients who had undergone
surgery within 6 months before imaging. Among 27
patients with spinal implants, there were six false-positive
results, none of which were related to recent surgery.
Unfortunately, the cause of false-positive results could be
established in only one case, namely instability of the
hardware. Sensitivity, specificity, and accuracy were not
significantly different between the subgroup that had
surgery within 6 months before the ['*F]-FDG PET and
the subgroup with surgery more than 6 months prior to
['®F)-FDG PET. The specificity was 65% in the group
with spinal implants and 92% in the group without. In
60% of patients (34/57) infection was excluded with
['®F]-FDG PET. The overall accuracy of ['*F]-FDG PET
in this prospective study was good (86%), and the nega-
tive predictive value (100%) was excellent. The authors



Eur Spine J (2010) 19:540-551

547

Fig. 3 Hematogenous spinal infection of the lumbar spine with
secondary psoas abscess. A 60-year-old man, with known rheumatic
disease (polychondritis/arthritis, episcleritis), treated with corticoste-
roids and methotrexate, presents with a grippal syndrome, malaise,
chillings and fever up to 39°, and substantial weight loss. Laboratory
results reveal increased inflammatory parameters (including a BSE of

concluded that chronic postoperative SI can be excluded
when the PET study is negative. In the patient with spinal
hardware, however, a positive study must be interpreted
cautiously [9] (Table 4).

Hartmann et al. investigated the diagnostic value of
['®F]-FDG PET co-registered with in-line CT (PET/CT
device) in patients with trauma and suspected chronic
osteomyelitis in the axial and appendicular skeleton,
including patients with metallic implants and prosthetic
devices, at a minimum interval of 6 months after surgery
[36]. For the subgroup analysis of nine spinal regions (all
of them involving the lumbar spine), [ISF]—FDG PET/CT
was true positive in all seven cases of SI, and true negative
in the two patients who did not have SI (100% accuracy).
These investigators found that the precise anatomical
localization provided by, and the extent of increased FDG
uptake detected on, combined PET/CT was especially
useful for planning surgical intervention, and, in the cases
in which infection was limited to the soft tissues, for ini-
tiating antibiotic treatment [36].

Kim et al. performed dual time point [18F]—FDG PET/
CT in 22 consecutive patients with a high suspicion of
spondylitis (based on clinic-radiography and bone scan
findings), both pyogenic as well as tuberculous [42]. They
imaged the patients, at 1 h and at 2 h after injection of
FDG. Although the test was very sensitive for detecting SI,

AP LUMBAR X-ray

Fused PET/CT

56 and a CRP of 35 mg/dl). X-ray of the lumbar spine (a) revealed no
pathological findings. Co-registered PET/enhanced CT (Biograph
Siemens HiRez device) (selected sagittal CT, PET and fused PET/CT
images, demonstrate high metabolic uptake at the L3-L4 level (b;
dashed lines), extending in the soft prevertebral tissues

neither visual nor semiquantitative analysis, using dual
time point imaging, could reliably differentiate pyogenic
from tuberculous infection [42].

Overall, the results of ['"®F]-FDG PET for diagnosing SI
that have been reported by various investigators are very
encouraging. PET studies, however, are dealing with a
mixture of hematogeneous and postoperative SI. Therefore,
it is quite difficult to give sensitivity and specificity figures
for the different types of SI. There are, nevertheless, lim-
itations to the test since FDG uptake reflects enhanced
glucose metabolism in general, not infection specifically.
While uptake is significantly higher in infection than in
normal bone or benign compression fractures, there are few
data comparing FDG uptake in SI to uptake in spinal
tumors. Infection and malignancy are not mutually exclu-
sive and it is likely that the test will be less reliable for
differentiating infection from tumor and detecting infection
superimposed on tumor. Also in spinal-fusion surgery,
especially in the presence of metallic implants, the test
suffers from a lower specificity. Increased FDG uptake, in
the absence of infection, has been described in foreign
body reactions [12, 93], and aseptic loosening of ortho-
pedic hardware [13, 52, 85]. Nevertheless, it seems to be
rather consistent that the PET technique is very sensitive
for diagnosing SI. A negative PET study can, therefore,
exclude SI with a high certainty [10]. Larger series
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including patients with spinal instrumentation, with intra-
operative verification of the false positive cases, are needed
[10].

Although FDG accumulation in degenerative changes
has been reported to be low [79], this is not always the
case. In a retrospective study of 150 patients, Rosen et al.
were the only one describing significant focal FDG uptake
(of varying degree) in more than half of the patients, cor-
responding to degenerative spinal disease, primarily in the
lumbosacral spine [67].

A limitation of PET imaging in general is that despite a
relatively high spatial resolution, the anatomic information
available with PET images remains limited. To improve this,
integrated in-line PET/CT systems that provide “hardware”
co-registered PET and CT images have been introduced
recently [41, 69] (Figs. 3, 4). These systems offer excellent
anatomic localization of the actual site of uptake, minimizing
misinterpretation of localization from areas of clear-cut
arthritic bony disease and infection, such as demonstrating
the uptake to be associated with an arthritic facet joint rather
than with the vertebral body or interspace [63, 67].

Conclusions and future prospects

The diagnosis of SI has been a challenge to physicians for
many years. The increasing frequency of these infections is
becoming a global health concern [84]. Prompt and accu-
rate diagnosis of SI requires a high index of suspicion in
high-risk patients, especially in the elderly and immuno-
compromised, and the appropriate investigation to identify
the organism and to determine the extent of infection [80,

Fig. 4 Same patient as in

Fig. 3, high metabolic uptake
localized in the right iliopsoas
region (dashed lines, resp. a
sagittal, b transverse, and ¢
coronal CT, PET, and fused
PET/CT images), indicating an
occult spondylodiscitis
complicated by a secondary
psoas abscess; eventually the
portal of entry was confirmed to
be the urinary tract with a
Staphylococcus aureus infection
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84]. Despite the emerge of advanced imaging techniques,
the diagnosis of this entity and its differentiation from
degenerative disease, non-union or benign compression
fractures, non-infective inflammatory processes, and spinal
neoplasm can be difficult [2, 24, 37, 80]. Plain radiographs
are generally insensitive in the early course of disease and
negative results do not reliably exclude infection. MR
imaging is especially helpful in the evaluation of patients
with hematogeneous SI [49, 54]. However, it is not always
easy to diagnose a SI, particularly when some of the classic
MR imaging features are absent or when unusual patterns
are present [32, 37, 75, 80]. Moreover, MRI is less useful
for diagnosing SI in the presence of fractures (traumatic or
iatrogenic) and spinal implants [48, 73]. Among the
radionuclide procedures, the combination of %7Ga-SPECT
with bone scintigraphy, despite the inherent limitations, is
still considered the radionuclide gold standard for diag-
nosing SI [53]. ['8F]-FDG PET, however, is a very
promising alternative to combined bone/gallium imaging
[10, 24]. Although most of the published series are small,
['®F]-FDG PET appears to be superior in the detection of
SI and in the differentiation of degenerative from infectious
end-plate abnormalities, compared to gallium imaging or
MRI [7, 32, 71, 76, 79]. The advantages of PET are
obvious: The study is sensitive, is completed in a single
session, and image resolution is superior to that obtained
with SPECT tracers. As with gallium, however, specificity
remains an issue. While FDG uptake in uninfected frac-
tures may normalize more rapidly than gallium or
diphosphonate uptake, differentiating infection from tumor
may still be problematic [25]. Furthermore, inflammatory
reactions incited by spinal implants also may adversely

Fused PET/CT
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affect specificity [10]. Nevertheless, there is an expanding
body of evidence that supports the use of ['*F]-FDG PET and
PET/CT for diagnosing SI, especially in patients with MRI
contraindications and in the postoperative spine [10, 24].
With the rapid evolution and proliferation of in-line PET/
CT and SPECT/CT systems, well-designed prospective
comparisons of [18F]—FDG PET/CT and ®’Ga-SPECT/CT
should be undertaken to validate these initial impressions
and to determine the potential of each of these tracers and
techniques for monitoring response to treatment [24, 71].
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