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Procedure to Use Quantitative Bone-Specific
SPECT/CT in North Karelia Central Hospital
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Abstract—This study aimed to describe procedures that we
developed to use in the quantitative, bone-specific SPECT/CT at our
hospital. Our procedures included the following questions for
choosing imaging protocols, which were based on a clinical doctor's
referral: (1) Is she/he a cancer patient or not? (2) Are there any
indications of inflammatory rheumatoid arthritis? We performed
about 1,106 skeletal scintigraphies over two years. About 394
patients were studied with quantitative bone-specific single-photon
emission  computed  tomography/computerized  tomography
(SPECT/CT) (i.e., about 36% of all bone scintigraphies).
Approximately 64% of the patients were studied using the
conventional Anterior-Posterior/Posterior-Anterior imaging. Our
procedure has improved efficiency and decreased cycle times.
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I. INTRODUCTION

KELETAL scintigraphy is one of the most frequent

imaging methods in the field of nuclear medicine. With
skeletal scintigraphy, it is possible to visualize bone
metabolism, and it exhibits a fairly high sensitivity to detect
skeletal lesions [1]. However, skeletal scintigraphy has
limitations in terms of specificity and spatial resolution. Thus,
quantitative bone-specific (BS) SPECT/CT was developed. In
combining SPECT and CT, it is possible to overcome the
limitations of skeletal scintigraphy [1]. In BS SPECT/CT, the
bone-specificity is based on the classification of the tissues
using low-dose CT.

According to Tuncel et al., it is possible to use the
quantitative SPECT/CT in a differential diagnosis of bone
metastasis from degenerative skeletal changes by skeletal
SPECT/CT. Localized skeletal deterioration, and/or sclerotic
changes suggest bone metastases, while sclerotic changes or
skeletal deformation suggest skeletal degeneration or
inflammatory diseases [2].

The European Association of Nuclear Medicine (EANM)
published the practice guidelines for bone scintigraphy in
2016. The aim of the guideline is to provide an educational
tool to support practitioners in appropriately recommending,
performing, interpreting, and reporting the results of bone
scintigraphy [3].

Through image analysis and quantification, it is possible to
use a standardized uptake value (SUV), which is based on
body weight (BW). It is calculated according to the equation
given below; relative weight in voxels of interest (VOI) was
assumed to be 1 g per 1 cnv.

L Korpinen, P Taskinen, and P Rautio are with Clinical Physiology and
Neurophysiology Unit, The North Karelia Central Hospital, Joensuu, Finland;
(e-mail: leenakorpinen@gmail.com).

Kuji et al. [4] studied the topic of skeletal SUVs obtained
by quantitative SPECT/CT as an osteoblastic biomarker for
the discrimination of active bone metastasis in prostate cancer.
They studied 170 patients with prostate cancer. They imaged
the patients who underwent skeletal quantitative SPECT/CT
using  **"Tc-methylene-diphosphonate  (MDP),  through
conjugate gradient reconstruction with tissue zoning,
attenuation, and scatter corrections applied. They concluded
that the skeletal SUVs were greater than that of the
degenerative changes in patients with prostate cancer with
adequate discrimination accuracy, and SUVs in quantitative
SPECT/CT might be useful for the prognostication of bone
osteoblastic metastatic burden in patients with prostate cancer
[4].

According the Finnish Radiation and Nuclear Safety
Authority (STUK) approximately 50,000 isotopic studies are
performed annually in Finland. Table I shows examples of the
types of isotopic studies in Finland in 2012. Most of them
focused on the skeletal system. However, the lungs, kidneys,
vascular system, cardiovascular system, and thyroid gland can
also be studied with nuclear medicine methods [5].

TABLEI
EXAMPLES OF THE ISOTOPIC STUDIES IN FINLAND IN 2012

Isotopic study Amount
Skeletal scintigraphy 8884
Lung scintigraphy 1821
Renal scintigraphy 1843
Gamma imaging of cardiac pump function (at 1016
equilibrium)
Gamma imaging of infection site 604
Sentinel node lymphoscintigraphy 4188
Myocardial perfusion SPECT 2736
Dopamine transporter SPECT imaging 1245
Gamma imaging of thyroid metastases (after 458
ablation)
Whole-body positron tomography —computed 2156
tomography (PET-CT) (F-18-FDG)
The upper body PET-CT (F-18-FDG) 1322

According to STUK, one isotopic study causes about an
average exposure of 4.2 mSv to the patient [5].

North Karelia Central Hospital (PKKS) offers specialized
medical care and services for the inhabitants of its 14-member
municipalities. Annually, about 70,000 people use these
services out of about 169,000 residents.

The purpose of this work is to describe procedures that we
developed to the BS SPECT/CT at PKKS Hospital.
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II. MATERIALS AND METHODS

Since February 2016, we have been utilizing the BS
SPECT/CT and have developed related methods and
protocols, with the related procedures presented here.

When selecting a scan protocol, the first step is to evaluate
whether if one has an oncological patient or one not based on
a clinical doctor's referral. If it is an oncologic case, we do a
BS SPECT/CT imaging of the whole body and, if necessary,
we also do other imaging. From possible metastases, we
analyze SUV/LBM (lean body mass) values. If the referral is
non-oncological, the second step is to assess whether there is a
reference to inflammatory rheumatoid arthritis in the case
notes. If present, we conduct conventional planar whole-body
imaging in the Anterior-Posterior (AP) projection and in the
Posterior-Anterior (PA) projection. Moreover, we collect
additional planar images of the ankles, hands, and SI joints.

Skeletal Scintigraphy

L

Then, during the imaging phase, the physician will evaluate
the images obtained from the camera. If he or she finds any
evidence of malignancy or if it is unclear, either the BS
SPECT/CT or SPECT imaging is made. If there is no
reference to the inflammatory rheumatoid disease in step two,
the physician proceeds to whole-body AP/PA imaging. Images
are retaken if they are ambiguous.

Fig. 1 shows our skeletal scintigraphy procedure. The used
radiopharmaceutical ~was **"Tc-HDP  (hydroxyethylene
diphosphonate). The administered activity was 10 MBg/kg,
minimum-maximum activity administered was on range
400 MBq — 1000 MBq. Adult effective dose was appr. 5.7
mSv for HDP and 3-4 mSv for CT. Our SPECT/CT camera is
Siemens Symbia Intevo®. We did reconstructions with
Siemens xSPECT Bone -technology. We calculated
SUV/LBM values with Hermes Hybrid viewer™.
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Fig. 1 Developed procedure of skeletal scintigraphy

III. EXAMPLES OF PATIENTS’ IMAGES OF SPECT/CT

According to the above-described procedure (Fig. 1), we
have performed about 1,106 skeletal scintigraphies over two
years. We have imaged 394 patients with BS SPECT/CT (i.e.,
about 36% of all bone metastases). Approximately 64% of the
patients have been imagined with the conventional AP/PA
imaging.

A. Case 1—Breast Cancer Patient

Breast cancer was diagnosed 5 years ago and treated (no
metastases). For over a year, the patient had low back pain. In
the early part of the year while undergoing private magnetic
imaging, possible sacroiliitis was suspected. Skeletal
scintigraphy was performed with traditional AP/PA (in May
2016) with suspected metastases (Fig. 2.). In the summer, a
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sacroliitis, but malignancy was also possible. Mid-September  Figs. 4-7 show images with SPECT/CT.
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Fig. 2 Case I: first planar whole-body images (arrows = suspensions of metastases)
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Fig. 3 Case 1: second planar whole-body images (possible metastases at arrows in Fig. 2)

(2016): abdominal whole-body AP/PA images (Fig. 3) and
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Fig. 5 Case 1: SPECT images, CT images and SPECT/CT image (metastases, SUV/LBM max 28.08)
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Fig. 7 Case 1: SPECT image, SPECT/CT image and CT image (metastasis, SUV/LBM max 33.15)

B. Case 2—Prostate Cancer Patient
Fig. 8 shows a Case 2 with many metastases.
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Posterior

Fig. 8 Case 2: SPECT images and SPECT/CT image (metastasis around the spinal canal, the risk of the spinal compression)
C. Case 3—Breast Cancer Patient with Back Pain
Figs. 9-11 show Case 3 with possible metastases.
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Fig. 9 Case 3: SPECT image, SPECT/CT image and CT image (degenerative changes on the lumbar spine)
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Fig. 11 Case 3: SPECT images, SPECT/CT image and CT image (arrows = metastases, SUV/LBM max 14.42)

D. Case 4—Breast Cancer Patient
Figs. 12—13 show Case 4 with initial metastasis.
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Fig. 12 Case 4: SPECT images and SPECT/CT images (an example of a metastasis)
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Fig. 13 Case 4: SPECT images and SPECT/CT (Blue arrows = osteoblastic metastasis and orange arrows = osteoclastic metastasis)

IV. DISCUSSION

Skeletal nuclear medicine imaging is a fast-developing
technology. Earlier it was only possible to use planar whole-
body images and focal planar images. Typically, the colors of
those images were only different grey scales. However, we
have used a more informative combined grey and customized
color scale (see Figs. 2 and 3). Nowadays it is possible to use
three-dimensional SPECT and SPECT/CT. For example, we
can do the animations of the interesting findings. In addition,

we can calculate the SUV/LBM values, e.g., from metastases
or possible metastases. SUV/LBM values are useful, e.g.,
when we compare the changes before and after the treatments
of metastases or cancer.

It is also possible to obtain high SUV values without
evidence of metastasis or cancer; therefore, the location is also
important. For example, we can find degenerative changes
with quite high SUV values.

Rager et al. compared the diagnostic accuracy of the two
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approaches using 212 consecutive patients with a history of
cancer who were referred for bone scans to detect bone
metastases. They concluded that whole-body SPECT/CT had a
higher sensitivity than targeted SPECT/CT for detecting bone
metastasis and, as a result, changed the diagnosis in 12
patients out of 212 (5.7%) [6]. In our procedure, we used
whole-body SPECT/CT when we had an oncological patient.
Based on our experiments, SPECT/CT increases the
sensitive and specificity of skeletal gamma scintigraphy. It is
possible to find small tumor colonies early. Challenges are the
level of detail, time and, effort required to gain CT knowledge.

V.CONCLUSION

The developed procedure has been well-practiced. A clear
classification will enhance the efficiency and speed up the
work phases. In addition, the use of our new procedure has
increased the quantitative and accurate positioning of the
imaging results, which has significantly improved the
diagnostics and the level of observation monitoring. In the
future, we can also transfer some ideas from this procedure to
other areas nuclear medicine imaging.
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