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We aimed to determine the changes in **F-fluorodeoxyglucose (FDG) uptake in the spi-
nal cord on two serial positron emission tomography/computed tomography (PET/CT)
scans in a healthy population. We retrospectively enrolled healthy people who under-
went PET/CT twice for cancer screening. We excluded those who had degenerative ver-
tebral disease, neurologic disease, or a history of a vertebral operation. The stand-
ardized uptake value (SUVmax) of the spinal cord of each mid-vertebral body was ob-
tained by drawing a region of interest on an axial image of PET/CT. For analysis, the
cord-to-background ratio (CTB) was used (CTB=SUVmax of each level/SUVmax of L5
level). Differences in pattern, sex, age, and intervals of the two serial PET/CT scans
were analyzed. A total of 60 PET/CT images of 30 people were analyzed. The mean inter-
val between the two PET/CT imaging studies was 2.80+0.94 years. On the follow-up
PET/CT, significant change was shown only at the level of the C6 and T10 vertebrae
(p<0.005). Mean CTB showed a decreasing pattern from cervical to lumbar vertebrae.
There were two peaks at the lower cervical level (C4-6) and at the lower thoracic level
(T12). Neither sex nor age significantly affected CTB. The FDG uptake of the spinal
cord changed significantly on follow-up PET/CT only at the level of the C6 and T10
vertebrae. This finding is valuable as a baseline reference in the follow-up of metabolic
changes in the spinal cord.
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INTRODUCTION

To date, no successful treatments for severe spinal cord
injury are available because damaged nerve fibers are in-
capable of regeneration.' Novel therapeutic approaches
such as the transplantation of stem cells or neurons have
been suggested.>® However, monitoring the therapeutic ef-
fect with conventional imaging is limited.* Molecular imag-
ing such as the use of positron emission tomography (PET)
has been proposed for monitoring changes in the spinal
cord.

No reports are available on whether F-fluorodeox-
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yglucose (FDG) uptake in the spinal cord changes on serial
PET/CT measurements performed in the same healthy
population. There are several reports about FDG uptake
in the spinal cord.”” However, those studies were done in
patients with a cancer history and were conducted without
follow-up PET/CT. Therapy such as radiation therapy, che-
motherapy, or surgery might affect FDG uptake in the spi-
nal cord.®"? Also, many diseases, including spinal meta-
stasis,'®'* spinal sarcoidosis,'>'® and myelopathy,'”** can
increase FDG uptake in the spinal cord. In addition, knowl-
edge about possible variations of FDG uptake in the spinal
cord of a normal population is fundamental for monitoring
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the spinal cord in various clinical settings.

Therefore, we examined whether FDG uptake in the spi-
nal cord significantly changes on follow-up PET/CT imag-
ing performed in the same healthy group.

MATERIALS AND METHODS

1. Patient selection

The study was carried out in accordance with the
Declaration of Helsinki. This was a retrospective ob-
servation study. We enrolled people who underwent FDG
PET/CT twice for cancer screening from January 2007 to
December 2010. All PET/CT data were reevaluated by two
nuclear medicine physicians. By screening the medical re-
cords and PET/CTs of these patients, we excluded all sub-
jects with these characteristics: 1) a cancer history, 2) an
abnormal PET/CT finding suggestive of malignant disease
in any organ, 3) inflammatory or congenital vertebral dis-
ease, 4) compression fracture of the vertebra, 5) degener-
ative vertebral disease affecting the vertebral canal or nor-
mal curvature, 6) a history of a spinal operation, 7) a spinal
tumor, or 8) a neurological deficit such as is seen after cere-
bral infarction or post-herpetic neuralgia. We also ex-
cluded those whose fusion images of PET/CT were incorrect
owing to patient movement during the imaging. In the end,
a total of 60 PET/CT images of 30 healthy people were
analyzed. Twenty-four males and six females were
enrolled. Age at first PET/CT was 52.80+8.19 years
(meanztstandard deviation; range: 42-77 years). The mean
interval between the two PET/CT scans was 2.80+0.94
years (range: 0.93-3.62 years).

2. FDG PET/CT

After the healthy subjects had fasted for at least 6 hours,
approximately 375 MBq of FDG was injected via an ante-
cubital vein. FDG PET/CT scanning was performed by us-
ing a dedicated PET scanner (DST PET/CT; Discovery ST
PET-CT, General Electric Medical Systems, Milwaukee,
WI, USA). Non-contrast-enhanced CT scans (helical, 8
slice, 120 Kvp, 10-130 mAs, and 3.79-mm slice thickness)
were performed for attenuation correction. PET scans (3
min/bed, 6-8 beds) were obtained at 60 minutes after FDG
injection. PET and CT data were reconstructed by OSEM
(ordered subset expectation maximization) after attenu-
ation correction [128x128 matrix, 3.27-mm slice thickness,
subsets: 21, iteration: 2, post-Filter: 5.14 FWHM (mm),
loop-Filter: 4.69 FWHM, diameter: 60 cm].

3. Drawing region-of-interest for SUVmax

The standardized uptake value (SUVmax) of the spinal
cord was obtained at each vertebral level (the midpoint lev-
el of each vertebral body) by using Advanced Workstation
4.3 (GE Healthcare Bio-Sciences). Fig. 1 describes the
methods. We recorded all SUVmax values of the spinal cord
from C1 to L5.
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FIG. 1. Demonstration of a drawing of the region-of-interest for
FDG uptake in the spinal cord at each vertebral body level. (A)
Fused PET/CT image in sagittal view. (B) Sagittal PET image. (C)
Sagittal CT image. (D) Axial view of fused PET/CT image at the
level of the yellow cross mark of the image. (E) Axial view of the
CT image at the same level as in D. First, we placed a cursor at the
level of the specific vertebra (at the middle height of the vertebral
body). Then, Advanced Workstation 3.4 automatically showed ax-
ial views of each PET, CT, and fusion PET/CT images at the same
level. Using the fused image, we drew the region-of-interest (ROI)
in the spinal canal. The SUVmax of the ROI was obtained. We re-
peated the same process at all vertebral levels in every subject.

4, Statistical analysis

For internal control, we used the SUVmax of the spinal
cord at the L5 vertebra. From this, the cord-to-background
ratio (CTB=SUVmax of each level/SUVmax of L5 level) was
calculated.® Statistical analyses were performed with
SPSS software (version 19.0).

The Kolmogorov-Smirnov test was used to test the nor-
mality of continuous variables. Based on the Kolmogorov-
Smirnov test, the nonparametric test was used in this
study. We used significance levels of 0.001 and 0.005. The
mean CTB of each vertebral level was obtained for the first
and second PET/CT scans. The pattern of spinal uptake
was determined by drawing a graph based on the mean
CTB of each vertebral level by using the clustered multiple
variables graph function of Medcalc (version 11.2.1.0.).

The Wilcoxon signed rank test was used for comparison of
the CTB at each vertebral level between the first and second
PET/CT scans. Mann-Whitney’s U test was used for compar-
ison of CTBs between males and females. Spearman’s corre-
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lation analysis was used to determine the relationship be-
tween age and the CTB of each vertebral level. To assess
whether the second PET/CT scan in a warmer season
showed lower spinal uptake than the first PET/CT scan in
a colder season, we used Fisher's exact test.

RESULTS

The mean CTB in healthy subjects showed a decreasing
pattern along the spinal cord from the cervical to the lum-
bar vertebrae. There were two peaks at the lower cervical
level (C4-6) and at the lower thoracic level (T12), re-
spectively (Fig. 2).

The graph of the second PET/CT was lower than the
graph of the first PET/CT (Fig. 2). However, the Wilcoxon
signed rank test (with a significance level of p<0.001)
failed to show significant differences in FDG uptake in the
spinal cord for each vertebral level between the first and
second PET/CT (Table 1). With a significance level of p <
0.005, only two levels (C6 and T10 vertebrae) showed a sig-
nificant difference between the first and second PET/CT
(Table 1, Fig. 2).

For C6 and T10, we analyzed whether the difference in
season resulted in lower spinal uptake on the second
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FIG. 2. Changes of mean '*F-FDG uptake in the spinal cord of 30
healthy people between the first and follow-up PET/CT. FDG up-
take is shown as the cord-to-background ratio (CTB, cord SUVmax
to L5 SUVmax). The graph shows the mean CTB of each vertebral
level of the spinal cord of 30 healthy people (white circle mark).
It shows a decreasing pattern along the spinal cord from the cer-
vical to lumbar vertebrae. There are two peaks at the lower cer-
vical level (C4-7) and at the lower thoracic level (T12). The fol-
low-up FDG PET/CT (rectangular mark) was done after more than
ayear (2.80+0.94 years). The cervical peak was not prominent in
the follow-up PET/CT. Moreover, the mean CTB of each level was
lower in the second PET. However, the Wilcoxon signed rank test
showed that there was no significant change in FDG uptake in the
spinal cord at each vertebral level between the first and second
PET/CT with the significance level of p<0.001 (Also see Table 1).
Note: Error bars represent the 95% confidence interval (CI) of each
mean value.
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PET/CT than on the first PET/CT. However, Fisher’s exact
test revealed no significant difference (p=1).

Mann-Whitney’s U test revealed that there was no sig-
nificant difference in CTB between males and females
(p>0.1). Spearman’s correlation analysis revealed that
there was no correlation between age and CTB at any verte-
bral level (p>0.001). Even though this finding did not meet
the significance levels of this study, a moderate positive
correlation between age and CTB was seen at several verte-
bral levels: C6 (rho=0.4, p=0.029), C7 (rh0=0.385, p=0.035),
T6 (rho=0.429, p=0.018), T8 (rh0=0.366, p=0.048), and L3
(rho=0.431, p=0.017). All other levels showed insignificant
differences (p>0.05).

DISCUSSION

The present study in which two serial FDG PET/CT
scans in the same healthy subjects were analyzed showed
changes in spinal cord FDG uptake at the level of the C6
and T'10 vertebrae (p <0.005). The individual FDG uptake
in the spinal cord in each person showed a highly variable
pattern. Therefore, we used a strict standard of p<0.001
or p<0.005 to determine statistical significance. Even un-
der this strict standard, we found that FDG uptake in the
spinal cord changed significantly only at the vertebral lev-
els of C6 and T10 (p<0.005). As far as we are aware, this
is the first report showing differences in spinal uptake in
normal subjects with serial PET/CT measurements.

The peaks of FDG uptake in the spinal cord in our study
correlate well with the results of previous reports.”” Do et
al.® reported two peaks of uptake: at the T11-T12 vertebral
body levels and at the C4 vertebral body level. McCarville
et al.” reported two peaks at the mid-cervical and low-
er-thoracic cord in a study of children with a history of
malignancy. Do et al.® and McCarville et al.” provided both
anatomical and functional reasons to explain the FDG
peaks in the spinal cord. Anatomically, the cross-sectional
area of the spinal cord decreases along the spinal cord in
a cranial to caudal direction with two exceptions that are
related to cervical and lumbar enlargement.” Cervical en-
largement of the spinal cord is from the C3 to the T2 verte-
bral body level (spinal cord segments C6 to C8). Lumbar en-
largement of the spinal cord is from the T9 to the T12 verte-
bral body level (spinal cord segment L4 to S1).*° (Note that
vertebral body levels do not correspond to the same-num-
bered spinal cord segments.) Do et al.® pointed out that the
amount of gray matter in the spinal cord may partly influ-
ence the pattern of FDG uptake. The amount of gray matter
is known to be most abundant in the spinal cord at the C4
to C8 vertebral levels and at vertebral levels of L4 to S1.2*
Functionally, the cervical cord modulates neurologic
transmission from the upper extremities; the distal cord
from segment T11 through L.1 modulates neurologic trans-
mission from the lower extremities. Do et al.’ suggested
that the FDG peak in the spinal cord represents the neuro-
logical demands at these levels. Therefore, these two levels
of the spinal cord would be expected to be more metabol-
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TABLE 1. Comparison of FDG uptake in the spinal cord at each vertebral level between the first and second PET/CT

Mean (£SD) maxSUV

Median first

Approximate probability

Vertebral level on the first PET/CT CTB' (range) z (p, two-tailed)
C1 2.17+0.36 1.83 (1.06-2.60) —1.957 0.05
C2 2.06+0.28 1.69 (0.95-2.45) —0.864 0.388
C3 2.03+0.27 1.64 (0.94-2.40) —1.057 0.29
C4 2.13+0.28 1.84 (1.10-2.50) —2.396 0.017
C5 2.10+0.24 1.77 (1.19-2.30) —2.368 0.018
C6 2.14+0.37 1.79 (1.12-2.64) —3.125 0.002%
C7 1.83+0.23 1.54 (0.86-2.63) —1.802 0.072
T1 1.78+0.17 1.48 (1.00-2.50) —1.861 0.063
T2 1.75+0.24 1.45 (0.88-1.88) -2 0.045
T3 1.66+0.23 1.35 (0.86-2.25) —0.93 0.352
T4 1.70+0.29 1.40 (0.82-1.88) —1.438 0.15
T5 1.61+0.24 1.35(1.88-2.00) —1.276 0.202
T6 1.65+0.26 1.38 (0.81-2.00) —2.232 0.026
T7 1.62+0.31 1.32 (0.85-2.20) —1.742 0.081
T8 1.67+0.25 1.40 (0.64-2.63) —1.913 0.056
T9 1.65+0.30 1.27 (0.88-2.09) —1.964 0.049
T10 1.72+0.32 1.43 (0.81-2.18) —2.859 0.004%
T11 1.70+0.24 1.39 (1.00-2.10) —1.779 0.075
T12 1.80+0.44 1.48 (0.76-2.82) —2.303 0.021
L1 1.55+0.28 1.25(0.71-1.75) —2.562 0.01
L2 1.26+0.18 1.08 (0.57-1.38) —0.586 0.558
L3 1.32+0.24 1.10 (0.67-1.60) —0.569 0.569
14 1.35+0.29 1.13(0.71-1.85) 0.05 0.209
L5 1.24+0.26 1 0 1

CTB: the cord-to-background ratio (cord SUVmax to L5 SUVmax), SD: standard deviation. *p <0.005 between the first and second
CTB by Wilcoxon signed rank test, "Median CTB of the spinal cord at each vertebral level on the first PET/CT.

ically active than other levels.

Our results may support the hypothesis that the FDG
peaks in the spinal cord at the levels of cervical and lumbar
enlargement are partially due to the functional activity of
the corresponding spinal cord segments. The changes at
the C6 and T10 vertebral levels were not associated with
age in our subjects, because in our study, FDG uptake in
the spinal cord at each vertebral level was not correlated
with age. The reason for the differences in uptake at the
C6 and T10 vertebral levels is not clear, but we speculate
that it might be due to differences in neurologic demand
such as sensory stimuli during the second PET/CT scan.
There are some reports showing that sensory stimuli to the
extremities increase metabolic activity in the affected
level of the spinal cord on functional magnetic resonance
imaging.”®** It is well known that brain FDG metabolism
is affected by sensory stimuli.?*® However, as far as we
know, there has been no FDG PET study reporting on spi-
nal cord activity and sensory stimuli to the extremities.

Amin et al.’ reported an interesting result in spinal cord
uptake in cancer patients. They found that spinal cord up-
take occurred more often in winter than in summer.” They
explained that a fasting state, a stressful state, and cold
weather could be additional physical stress factors. They
suggested that activation of the sympathico-adrenal sys-
tem in such circumstances inhibits glucose uptake by pe-
ripheral tissue by inhibiting insulin release, inducing in-

sulin resistance, and increasing hepatic glucose pro-
duction; thus, increased glucose flux to the CNS occurs.”?’
In our study, we analyzed whether the seasonal difference
(colder to warmer season) affected the lower spinal uptake
on the second PET/CT compared with the first PET/CT. We
failed to show a significant result. However, most of the
first PET studies of our study were conducted during
February to April (regarding first PET/CT: 1 case in
January, 7 cases in February, 9 cases in March, 6 cases in
April, 2 cases in May, 2 cases in June, and 1 case in October).
This might cause the different result between our study
and that of Amin et al.’

There are limitations to this study. There was no correla-
tion between CTB and age in our study. However, FDG up-
take on the follow-up PET/CT seemed to be lower than that
on the first PET/CT (Fig. 2), even though it was not statisti-
cally significant at the level of p<0.001. However, owing
to the small number of enrolled subjects, the analysis of the
correlation between age and FDG uptake of the spinal cord
is limited. Moreover, we were not able to enroll subjects
younger than 42 years. Most enrolled subjects were in their
forties (n=12) or fifties (n=14). The interval between the
two PET/CT scans was only 2.80+0.94 years (mean).
Previously, McCarville et al.” reported that the metabolic
activity of the spinal cord increases with age in children.
Therefore, further study with a larger population with var-
ious age groups is needed for the analysis of effect of aging
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on spinal cord FDG uptake. In addition, we did not exclude
subjects with arthritis or other diseases in the extremities.
There is a report showing that arthritis in the rat knee in-
duces changes in the immunoreactivity of the spinal cord.*®
Furthermore, tactile or thermal stimuli to the extremities
before or during the FDG injection could not be strictly con-
trolled in the PET/CT procedure. In addition, we only meas-
ured FDG uptake at the mid-vertebral body level. Volumet-
ric data were not used. Another limitation is that we used
OSEM, not fully 3D ordinary-Poisson LOR-OSEM with
PSF (LOR-OSEM-3D-PSF; HD*PET) as did Amin et al.”
Despite these limitations, however, the results of this
study are meaningful as a baseline reference in the fol-
low-up of metabolic changes to the spinal cord.
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