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ABSTRACT

Purpose : Early identification and localization of spine infection is necessary for the
planning the most adequate therapy. We comparatively assessed the diagnostic and
localization performance of n-Biotin SPECT/CT versus planar and SPECT
imaging in patients with suspected spine infection. Methods: 72 consecutive
patients underwent SPET/CT and planar imaging 2-4 hours post i.v. injection of
n-Biotin. Final diagnosis was based on bacterial cultures and/or clinical/imaging
follow-up for at least one year. The diagnostic and localization performance of **!In-
Biotin scintigraphy was evaluated by separately reading planar, SPECT alone, and
SPECT/CT imaging. Results : "n-Biotin SPECT/CT and SPECT showed similar
sensitivity (93.5% versus 92.1%) and identical specificity (92.3%), both higher than
those achieved by planar imaging alone (80.4% sensitivity and 69.2% specificity),
although with different degrees of statistical significance. In 13 out of the 46 patients
with confirmed spine infection SPECT/CT provided additional diagnostic information
(implying some change in therapy planning with definite clinical advantage over
SPECT alone), by correctly depicting the infection as involving the bone only, or
both bone and soft tissue; furthermore, in 3 additional cases it allowed to rule out
true spine infection, by identifying infection to involve the para-vertebral soft tissues
only. Conclusions : SPECT/CT enhances the clinical impact of 'In-Biotin
scintigraphy on clinical management of patients, allowing to localize the exact site of
infection, therefore to select the most adequate therapy.
Key words: vertebral osteomyelitis, soft tissue infection, **
SPECT/CT imaging.

In-Biotin scintigraphy,

INTRODUCTION

Vertebral osteomyelitis (also defined as spondilodiscitis, SD) can be either primary
(haematogenous) or secondary (direct bacterial contamination due to open-wound
trauma, spine surgery, or other invasive medical procedures). A multidisciplinary
approach is crucial to establish prompt diagnosis and to select proper therapy,
because diagnosis is often delayed by poor specificity of symptoms. Delay of
appropriate therapy can lead to irreversible neurological impairment and even to
death [1-3].

Back pain is the most frequent symptom of SD, followed by fever (usually low-
grade), anorexia, spinal tenderness and rigidity [1-6]. Neurological signs are present
in only 15% of the patients, while blood chemistry abnormalities include high C-
reactive protein levels; erythrocyte sedimentation rate and white blood cell count can
vary, depending on the grade and type of SD [7-9]. The lumbar-sacral tract of the
spine is the most frequent site of vertebral infection (45%) followed by the dorsal
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(35%), and cervical tract (20%) [1]. Predisposing conditions include drug addiction,
prior implantation of vascular devices including valve prosthesis [2-5], prior severe
infection at other sites, and systemic metabolic diseases such as diabetes.
Suspicion of spine infection raised on clinical ground must be confirmed or ruled out
by diagnostic imaging, including both radiologic and radionuclide procedures:
Computed Tomography (CT), Magnetic Resonance Imaging (MRI), " Tc-MDP bone
scintigraphy combined with " Ga-citrate scintigraphy, ®'Ga-citrate SPECT, and
Positron Emission Tomography (PET) with ['*FJFDG [10]. MRI is currently the
modality of choice in patients with suspected spinal infection [11,12], especially in
patients with primary SD. Nevertheless, post-surgical structural changes can
hamper correct interpretation of MRI, and the diagnostic role of MRI is questioned
during patients’ follow-up and disease monitoring [1,13-17]. Although CT-guided
biopsy with bacterial culture has 100% diagnostic specificity, its sensitivity ranges
between 58%-91% [1,18-19]; this invasive procedure is therefore not routinely
employed. On the other hand, few diagnostic algorithms and/or practical guidelines
for imaging are available for secondary SD and for patients’ follow-up after therapy
[10,20].

Prior studies have shown the high diagnostic accuracy of ~~“In-Biotin scintigraphy in
patients with spinal infections [21-24]. In this regard, the recent introduction of hybrid
SPECT/CT systems has provided the opportunity to enrich purely functional images
characterized by relatively low anatomic definition (such as those obtained with
planar and tomographic **In-Biotin scintigraphy) with the correlation to anatomical
landmarks for better localizing the foci of abnormal uptake. In this study we explored
the added clinical value of SPECT/CT with In-Biotin to detect vertebral
osteomyelitis and to identify possible involvement of the adjacent paravertebral soft
tissues in a large series of consecutive patients in a relatively early stage of disease.
MATERIALS AND METHODS

Patients

Between April 2005 and April 2007, we evaluated 106 consecutive patients with
suspected vertebral osteomyelits. The study protocol was approved by our
Institutional Review Board, and informed consent was obtained from all patients.
Inclusion criteria were: (a) age >18 years, (b) no pregnancy or lactation, (c)
suspicion of vertebral infection on the basis of clinical presentation (presence of at
least back pain and fever, or back pain and positive blood culture), routine blood
chemistry (erythrocyte sedimentation rate, C-reactive protein, white blood cell count,
etc.) and radiological findings suggesting vertebral osteomyelitis. Detailed clinical
history was obtained in all cases. All the patients gave their written informed consent
prior to inclusion. All patients underwent physical examination, conventional x-ray as
well as "'In-Biotin scintigraphy within 40 days after the onset of clinical signs or
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symptoms. Bacterial culture (from samples obtained by CT-guided biopsy or during
open surgery), histopathologic analysis, and/or clinical/imaging follow-up for at least
one year were used as standard of reference for final diagnosis. SD was confirmed
in case of positive bacterial growth on biopsy/intraoperative sampling or in case of
typical/specific positive findings at clinical, laboratory and scintigraphic imaging
(gngc-MDP bone scan and/or ®’Ga-citrate scan), with partial/complete response to
antibiotic therapy and normalization of imaging abnormalities after at least 3 months
of therapy. Negative clinical/imaging signs and laboratory findings after 6 months
without antibiotic therapy, as well as negative surgical findings or culture, permitted
to rule out the diagnosis of spinal infection. Thirty-four patients were excluded from
the study because no adequate follow-up data were available. The remaining 72
patients formed therefore our study group, which was further divided into two
subgroups, respectively with suspected haematogenous infection (n=44) and with
suspected post-surgical infection (n=28) The main clinical data and site of suspected
SD of the study population are summarized in Table 1. A total of 46 patients also
underwent MRI, 7 patients underwent CT imaging, and 15 underwent both MR and
CT imaging.

Table 1 — Main clinical features of the study population.

Mean age (yr) 57.7+14.3
Median, and range 56, 31-86
Men/Women 29/43

Prior spinal surgery 28

Suspected site:

lumbar 46
thoracic 11
L5-S1 8
cervical 5
multiple levels 2
Antibiotic therapy 18
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Radiopharmaceutical

Diethylene-triamine-penta-acetic acid (DTPA)-conjugated biotin [Q-
bis(biocytinamide)], purchased from Sigma (St. Louis, MO, USA), was diluted in
sterile acetate buffer 0.05 M, pH 5.5. Aliquots containing 500 pg/ml of DTPA-Biotin
were then prepared and stored at 4C for subsequent labeling with Indium-111. Just
prior to administration, a 500 pg DTPA-Biotin aliquot and n-chloride (111 MBq in
about 1 mL) were mixed at room temperature for 15 minutes, and labeling efficiency
was assessed by ascending chromatography [22-23]; labeling efficiency was always
>98%.

Scintigraphic imaging

Scintigraphy was performed with a hybrid SPECT/CT dual-head gamma camera
(Infinia Hawkeye, GE Healthcare, Milwaukee, W1, USA). Medium-energy collimators
and 20% energy windows centered around the 173 keV and 247 keV energy peaks
of *!In were employed for imaging. In all patients planar and SPECT/CT images of
the site of suspected infection were acquired 2-4 hours after i.v. injection of the
radiopharmaceutical. Anterior and posterior planar images (matrix 128x128 pixels,
with an 1.33 electronic zoom factor) were acquired for 500.000 counts each; the
kidneys and bladder (sites of physiologic excretion) were shielded when included in
the imaging field of view. SPECT images were obtained in a step-and-shoot mode,
employing 3°angular steps with a range of 180°per gamma camera head and a 30-
second acquisition per step. The image matrix was 256x256 pixels, and images
were reconstructed as 4.42-mm-thick sections by using an iterative algorithm. CT
images were simultaneously acquired (matrix of 256x256, slice step 10 mm, 2.5 mA,
140 KV), to correct for tissue attenuation and to generate fused images
(SPECTICT). The patients suspected to have haematogenous infection underwent
also total-body scan.

Image interpretation

Separate planar, SPECT and SPECT/CT images were interpreted jointly and in
consensus by two experienced nuclear medicine physicians (E.L. and P.A.E.) who
were unaware of the final diagnosis and of the results of other imaging modalities.
Image analysis was performed in three separate reading sessions. Only planar
images were reviewed initially, and classified as positive if *'In-Biotin uptake was
present at the site of suspected vertebral infection and negative if no !1n-Biotin
uptake was detected. In the second reading session SPECT images (in transaxial,
coronal and sagittal planes, and as maximum intensity projection) were reviewed
directly on a workstation using Xeleris software (eNtegra 2.5202, GE Healthcare,
Waukesha, WI, USA). The images were classified as positive or negative according
to the presence of *!In-Biotin uptake in the spine. Fusion imaging was subsequently
evaluated (third reading session), and the SPECT/CT findings were compared with
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the findings obtained with SPECT alone and with planar imaging alone. SPECT/CT
was considered contributory when it provided data that could not be obtained from
the assessment of planar and SPECT images concerning not only the presence of
infection but its precise location (bone involvement only or extension to the adjacent
paravertebral soft tissues).

Statistical Analysis

Data were expressed as mean values * standard deviation, and/or confidence
intervals whenever appropriate. The number of cases in which SPECT/CT changed
scintigraphic interpretation with respect to the presence or exact location of infection
was recorded and used for comparing the diagnostic performances of planar,
SPECT and SPECT/CT imaging, respectively. *!In-Biotin planar, SPECT and
SPECT/CT sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV) and accuracy for detection of spinal infection were calculated and
compared using the McNemar’s test. Statistical analyses were performed using
SPSS 14.0 (SPSS, Chicago, IL, USA). Two-tailed P values of 0.05 or less were
considered to be statistically significant.

RESULTS

Spinal infection was confirmed in 46/72 patients (63.9%) by means of either positive
tissue cultures from bioptic/surgical samples (n=26), or positive clinical, laboratory
and imaging follow-up data (n=20). Out of the 26 cases with positive bacterial
culture, the infectious agent was identified in 23 cases, Staphylococcus aureus
being the predominant germ (n=14) (see Figure 1 for St. aureus infection involving
only the soft tissues) followed by Mycobacterium tuberculosis (n=5), Streptococcus
(n=2), Aspergillus (n=1), and Propionibacterium acnes (n=1). The specific strain was
not identified in the remaining 3 cases with positive bacterial growth. The 26 patients
who did not have spine infection had either compression fracture (n=6),
degenerative disease (n=5), malignancies (n=5), or disk hernia (n=3). Less common
conditions included pleuro-pulmonary infection and vasculitis (1 patient each). No
clear pathologies were definitely identified in the remaining 5 patients.
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Fig. 1 Patient with St. aureus post-surgical infection involving the posterior soft tissues
adjacent to the L3-L5 lumbar tract, with **!In-Biotin accumulation at the site of infection and in
the corresponding abdominal lymph node, without bone involvement. (a): sagittal SPECT, CT,
and fused sections. (b): transaxial SPECT, CT, and fused sections

n-Biotin SPECT/CT was positive in 45/72 (multiple foci of infection being detected
in 2 cases) and negative in 27/72 patients. The diagnostic performance parameters
of planar, SPECT and SPECT-CT ™In-Biotin scintigraphy in terms of sensitivity,
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specificity, positive predictive value (PPV), negative predictive value (NPV), and
accuracy for detecting vertebral infection are reported in Table 2.

Table 2 — Comparative diagnostic performance parameters of planar imaging, SPECT
imaging, and SPECT/CT fusion imaging, respectively (PPV = positive predictive value; NPV =
negative predictive value; N.S. = not significant, with P>0.05).

Planar SPECT SPECT/CT SPBET SPECT/CTvs SPECT/CTvs
Planar (P) Planar (P) SPECT (P)

Sensitivity, % 80.§38/46) 92.1(41/46) 93.5(43/46) N.S. 0.0313 N.S
Specificity, % 6817/26)  92.3(24/26) 92.3(24/26) 0.0313 0.0313 N.S.
Accuracy, %  76.455/72) 90.3(65/72) 93.0(67/72) 0.0020 0.0005 SN
PPV, % 82.638/46) 95.3(41/43) 95.5(43/45) N.S. 0.0313 N.S.
NPV, % 65.317/26) 82.7(24/29) 88.8(24/27) 0.0313 0.0313 N.S.

SPECT performed significantly better than planar imaging as regards specificity,
overall accuracy and negative predictive value (but not for sensitivity and positive
predictive value), while all the diagnostic performance parameters of SPECT/CT
were significantly better than those of planar imaging. Nevertheless, there was no
statistically significant difference in the diagnostic performances of SPECT/CT
versus those of SPECT alone (see Table 2), although SPECT/CT resulted in more
accurate localization of the site of infection in 16/45 cases (35.5%), e.g., by
detecting infection involving also the adjacent soft-tissues in addition to spine
infection. Furthermore, in 3 of such 16 cases hybrid imaging clearly localized Mhn.
Biotin uptake in the paravertebral soft-tissues only, thus excluding true bone
infection; these 3 patients had had recent spine surgery, and SPECT/CT correctly
identified post-operative infection limited to the surgical wound. Overall, SPECT and
SPECT/CT imaging reduced both false-positive and false-negative results of planar
imaging alone. In particular, 8 false-positive results of planar imaging were reduced
to 2 with either SPECT or SPECT/CT, while the 9 false-negative findings of planar
imaging were reduced to 5 and to 3, respectively with SPECT and with SPECT/CT.
In the latter instance, SPECT/CT correctly reclassified as positive for spinal infection
two cases with mild tracer uptake in the anterior portion of the vertebral body that
had been misinterpreted as vascular blood pool both on planar imaging and on
SPECT imaging. Incorrect SPECT/CT findings included two false-positive and three
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false-negative results. The false-positive cases included one patient with Wegener's
granulomatosis (Figure 2) and one patient with aseptic vertebral phlogosis, both
confirmed by bone biopsy. The SPECT/CT false-negative findings included two
patients with non-pyogenic spinal infection (Mycobacterium tubercolosis) (Figure 3)
and one patient with meticillin-sensitive Staphylococcus aureus infection.

Fig. 2 Patient with Wegener's granulomatosis. Transaxial, coronal, and sagittal fused
SPECT/CT sections showing mild in-Biotin uptake in dorsal vertebra (false-positive finding)

Fig. 3 Patient with Mycobacterium tuberculosis infection of the L3 body. Transaxial CT,
SPECT and fused sections showing no obvious n-Biotin accumulation at the infection site
(false-negative result)
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DISCUSSION

Although radiological imaging, particularly MR, represents the method of choice for
the diagnosis of haematogenous vertebral infection, such procedures suffer from
some limitations especially in the differential diagnosis between SD and other
conditions such as degenerative disease or myeloma-chordoma [14-16].
Furthermore, the diagnostic accuracy of radiological imaging is reduced in patients
with secondary SD, because of the difficulty in discriminating infection from reactive
postoperative changes. Moreover, since MR cannot always discriminate between
sterile inflammation and bacterial infection [13,15], its usefulness for the follow-up of
patients undergoing treatment is controversial. Although radionuclide imaging with,
e.g., ¥™re-MDP, ®’Ga-citrate or [lBF]FDG is highly sensitive in patients with
suspected vertebral osteomyelitis, its specificity varies widely [25-31]. On the other
hand, nuclear medicine procedures offer the advantage of whole body acquisition
during a single imaging session, thus making possible the detection of unknown
sites of infection either in the spine and/or in other organs. Among other radionuclide
approaches explored, *"Tc-ciprofloxacin (a radiolabelled antibiotic) [32,33] has
demonstrated high specificity for osteomyelitis, not confirmed however in the specific
setting of secondary spine infections [34]. Most of the above limitations to
radionuclide imaging for detecting spine infections have been overcome by Mn-
Biotin scintigraphy, which has shown high accuracy in detecting spine infection [24].
The mechanism of ***In-Biotin accumulation at the infection sites has been linked to
the fact that bacterial Acetyl-coA carboxylase, involved in the synthesis of fatty
acids, is biotin dependent and many bacteria utilize biotin as their growth factor [35].
The results of the present study indicate that the high diagnostic performance of
!n-Biotin scintigraphy may be further improved by the combined SPECT/CT
acquisition. In fact, the diagnostic accuracy of *"'In-Biotin SPECT/CT observed in
our study (93%) is higher than the values observed with either planar scintigraphy or
SPECT as stand-alone examinations (76.3% and 90.3%, respectively).

"n-Biotin SPECT/CT allowed the correct diagnosis of spine infection in 43/46
affected patients, or 93.5% of the cases. The false-negative cases included two
cases of infection from Mycobacterium tuberculosis. Such observation, which is
consistent with our previous findings in a different population of patients [24], is
probably explained by the slow replication rate (with consequent lower utilization of
biotin) of this microorganism versus other bacteria. The third false-negative Mn-
Biotin scan was observed in a patient with spine infection from meticillin-sensitive
Staphylococcus aureus after long-term antibiotic therapy. Such therapy might have
caused reduction of the microrganism load (although without definite cure of the
infection) with subsequent reduction of tracer incorporation. The 24/26 true-negative
results included 5 patients with bone metastasis, none of them exhibiting any uptake
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of "!In-Biotin at the suspected site of infection. On the other hand, there were two

false-positive results, observed in a patient with Wegener granulomatosis and in a
patient with aspetic phlogosis of a vertebral body, respectively (both confirmed by
CT-guided biopsy). In both such conditions nonspecific *'In-Biotin accumulation
might have occurred because of local changes of vascular permeability. When
comparing planar with SPECT images, the former showed a higher proportion of
false-positive results (8 versus 2), due to poor identification of physiological or
patho-physiological areas of tracer uptake in, e.g., the ureters (n=3), heart wall
(n=1), pleural region (n=1), lymph-nodes (n=2) or vertebral crush (n=1). Planar
imaging also yielded more false-negative cases than SPECT imaging (9 versus 5),
most likely linked to small size of the areas with abnormal n-Biotin uptake at the
infection site. There were two discordant findings between planar imaging and
SPECT (both being true-positive) concerning localization of the infection; in both
cases SPECT demonstrated that infection was not confined to bone (as planar
imaging would indicate) but rather involved also the adjacent soft tissues. The better
imaging performance of SPECT was further improved when adding image fusion
analysis (SPECT/CT), concerning especially the false-negative cases and the true-
positive cases with soft tissues involvement of infection. In fact, although both
SPECT alone and SPECT/CT reduced the false-positive findings on planar imaging
in the same manner (from 8 to 2), SPECT/CT reduced the false negative findings on
planar imaging from 9 to 3 (compared with 9 to 5 for SPECT alone). In particular, in
6 cases SPECT/CT correctly identified In-Biotin accumulation as due to
physiologic uptake/excretion sites (that had been mistaken as infectious foci by
planar imaging) and in 3 cases planar imaging failed to detect abnormal uptake due
to infection because of small size of the infection within the affected vertebral body
(located anteriorly). Overall there were 18 discordant findings between planar and
SPECT/CT imaging, mainly concerning the site and extension of the infectious foci.
In all these patients, bone involvement was evident already in the planar images, but
SPECT/TC identified as separate entities the following conditions: sole bone
involvement (n=1), sole soft tissue involvement (n=3), and the concomitant infection
both bone and soft tissues (n=14). Identifying the true site of infection in the
vertebral and/or paravertebral region is a crucial factor for selecting the therapeutic
strategy most appropriate according to the actual extension of infection. In fact,
drainage of the abscess is performed and specific antibiotics are used if infection is
limited to the paravertebral soft tissues, while other antibiotics are reserved when
bone infection is present [36]. Although the specific antibiotic is selected on the
basis of resistance testing, different classes of antibiotics are usually employed
according to the site of infection [37]. It should also be noted that early and correct
localization of infection is important for prognostic purposes, as the infection limnited
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to the para-vertebral soft tissue only has better outcome than true bone infection
[37,38].

Finally, although SPECT and SPECT/CT showed concordant true positive results in
41 patients, in 18 of such cases the two imaging modalities defined however
different burdens of infection (bone and/or soft tissue infection correctly identified by
SPECT/CT versus bone infection only identified by SPECT). Furthermore,
SPECT/CT corrected two false-negative SPECT scans, in which a small amount of
activity, found in the anterior region of vertebral body, had been misinterpreted as
vascular blood pool on the SPECT images alone. In this regard, the contribution of
hybrid imaging (SPECT/CT) is crucial for correctly identifying the site of uptake of
n-Biotin, which does not accumulate in normal bone and/or bone marrow and
therefore does not provide unequivocally identifiable anatomic landmarks as
topographic reference.

In conclusion, the results of the present study demonstrate that In-Biotin
SPECT/CT is an efficient and reproducible imaging modality for the detection of
vertebral osteomyelitis, able to differentiate bone infection from soft tissues infection.
n-Biotin SPECT/CT allows, in particular, to choose the adequate therapy in
patients with spine infection, as different regimens of antibiotic therapy are employed
if there is only bone infection, or combined bone and soft tissues involvement, or
infection of soft tissues only. Finally, "'In-Biotin SPECT/CT can also provide
prognostic information, as each of the three different clinical settings mentioned
above is characterized by varying clinical outcomes. The procedure is safe, easy to
perform and does not entail long-time acquisition.

Since local uptake of *!In-Biotin is most likely due to the presence of bacteria with
high proliferative rate, this scintigraphic approach might find an important role in the
diagnosis of spine infections. Furthermore, it might be of extreme usefulness during
the follow-up of antibiotic therapy.
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