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ABSTRACT

BACKGROUNDANDPURPOSE: Only a few reports on intramedullary tumors of the spinal cord using PET have been published.We report
findings of PET by using [18F] fluorodeoxyglucose and [11C] methionine and discuss the usefulness of the findings in patients with intramed-
ullary tumors of the spinal cord.

MATERIALS ANDMETHODS: PET/CT was performed in 9 patients with intramedullary tumors of the spinal cord: Six had ependymomas,
1 had an anaplastic astrocytoma, 1 had a hemangioblastoma, and 1 had a cavernous angioma. Themaximum standardized uptake value of the
tumor was measured and compared with pathologic findings.

RESULTS: The SUVmax of FDG and MET in a case of anaplastic astrocytoma was high. The SUVmax of FDG and MET was relatively high in
4 of 6 cases of ependymoma (excluding myxopapillary ependymomas). A case of hemangioblastoma showed decreased uptake of both
FDG and MET (SUVmax� 2.0 and 1.4, respectively). Three cases with hemorrhage (1 case of ependymoma, 1 case of cellular ependymoma,
and 1 case of cavernous angioma) showed a relatively increased uptake of FDG.

CONCLUSIONS: Both FDG and MET accumulated to a large degree in an anaplastic astrocytoma and accumulated in ependymomas
(excluding a myxopapillary ependymoma). FDG can accumulate in tumors with hemorrhage. More investigation of a larger number of
patients is required to evaluate the diagnostic value of PET with FDG and MET for imaging intramedullary tumors of the spinal cord.

ABBREVIATIONS: [11C]� carbon 11; [18F]� fluorine 18; FDG� fluorodeoxyglucose; MET� 11C methionine; SUVmax� maximum standardized uptake value

PET has been used to evaluate the grade of malignant brain

tumors1-3 and to differentiate recurrent tumors from radia-

tion necrosis after radiation therapy.4-7 In other regions, PET has

been used to detect neoplastic lesions such as metastatic ones and

to differentiate neoplastic from non-neoplastic lesions.8-12 PET

has also been used to evaluate the therapeutic response of brain

tumors13,14 and other tumors.15-17 [18F]-fluorodeoxyglucose and

[11C] methionine have been generally used as tracers for neo-

plasms.18 Numerous imaging tracer studies have been reported

for diseases in the brain; however, only a few reports on intramed-

ullary tumors of the spinal cord have been published.19-26 A ma-

jority of these previously published reports were case reports that

included ependymomas, glioblastomas, and so forth. The present

study included 9 patients with intramedullary tumors, and the

PET findings by using FDG and MET are reviewed.

MATERIALS AND METHODS
Patients
Subjects included 9 patients with intramedullary tumors of the

spinal cord. They included 4 males and 5 females, and their ages

ranged from 12 to 75 years, with a mean age of 36.8 years. This

study was approved by the institutional review board of our hos-

pital, and every patient gave written informed consent before

their study. The public insurance system in our country permits

only FDG-PET, so MET-PET was performed together with FDG-

PET in every patient. The tumor was located in the cervical cord in

3 patients, in the thoracic cord in 3 patients, and in the lumbar

cord in 3 patients. In every patient, the pathology of the tumor was

proved by surgery after PET/CT. Total removal of the tumor was

performed in 7 cases, and partial removal was performed in 1 case.

Biopsy was performed in 1 case of an anaplastic astrocytoma.

Pathology included in anaplastic astrocytoma (n � 1),

ependymomas (n � 6; 2 ependymomas, 1 tanycytic

ependymoma, 2 myxopapillary ependymomas, and 1 cellular
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ependymoma), a hemangioblastoma (n � 1), and a cavernous

angioma (n � 1).

Imaging
Plasma glucose was checked before the PET/CT examination and

was �103 mg/dL in all patients. PET/CT by using both FDG and

MET was performed in all patients. PET/CT examinations were

performed by using 2 different PET/CT units. Full width at half

maximum axial spatial resolution was 6 mm with 1 unit and 7 mm

with another unit. CT was performed by using a continuous spiral

technique with a 4- or 16-section spiral CT that had a gantry

rotation speed of 0.8 seconds. CT was performed at 10, 250, or 300

mAs; 120 KeV; with a section width of 3.75 or 5.0 mm; and a table

feed of 18.75, 15.0, 11.25, or 7.5 mm per rotation. No intravenous

contrast material was used. After CT, PET using MET was per-

formed 20 minutes after injection of MET (325.8 – 643.9 MBq).

For PET using FDG, FDG was injected 60 minutes after MET-

PET. FDG-PET was performed 60 minutes after injection of FDG

(145.2–237.9 MBq). The acquisition time was 5 or 10 minutes per

table position. PET images were reconstructed by using CT data

for attenuation correction and image fusion.

Coregistered images were displayed on a workstation. The

maximum standardized uptake value of the tumor was measured

by placing a circular region of interest over the area including the

maximum uptake, and the SUVmax was compared with patho-

logic findings. One of the authors (N.T.) placed ROIs to measure

SUVmax in every patient. The size of the region of interest ranged

from 30.5 to 366.2 mm2.

All patients underwent MR imaging, including T2-, T1-, and

contrast-enhanced T1-weighted imaging with or without fat sat-

uration within 5 days of the PET/CT. Scan parameters were as

follows: fast spin-echo T1WI with or without fat saturation, TR �

600 – 660 ms; TE � 9.856 –16.596 ms; section thickness � 3.0 –5.0

mm; section gap � 0.5–1.0 mm; NEX � 1 or 1.5; FOV � 15–38

cm; and matrix � 256 –320 � 128 –224; and fast spin-echo T2WI,

TR � 3000 – 4500 ms; TE � 110.64 –121.968 ms; section thick-

ness � 3.0 –5.0 mm; section gap � 0.5–1.0 mm; NEX � 1 or 1.5;

FOV � 15–38 cm; and matrix � 256 –320 � 128 –224. Fusion

images of PET with MR imaging were made at a workstation. The

location of contrast enhancement of the tumor was compared

between tumor uptake of FDG and MET.

RESULTS
PET findings are shown in the Table. The SUVmax of FDG and

MET in a case of anaplastic astrocytoma was 7.4 and 3.2, respec-

tively (Fig 1). In cases of ependymoma, the SUVmax of MET was

variable in all cases, and the SUVmax of FDG was relatively high in

4 cases (Fig 2). Two cases of myxopapillary ependymoma exhib-

ited a decreased uptake of FDG (2.4 and 3.5). A case of heman-

gioblastoma showed decreased uptake of both FDG and MET (2.5

and 2.4, respectively). In a case of cavernous angioma, though the

SUVmax of MET was low (2.0), that of FDG was relatively high

(5.2) (Fig 3). Three of 4 patients with hemorrhage on pathology

(patients 2, 4, 7, and 8 in the Table) showed increased uptake of

FDG. Contrast-enhanced T1-weighted images showed variable

degrees of contrast enhancement in a part of the tumor, which was

almost compatible with the activated area seen with FDG and

MET.

DISCUSSION
In contrast to numerous reports that have used PET to image

intracranial tumors, reports using PET to image primary in-

tramedullary tumors of the spinal cord have been limited. A rea-

son for this lack of reports may be partly due to the poor resolu-

tion of PET. However, the resolution of PET has recently

improved greatly, and PET/CT can now allow confirmation of

spinal cord tumor location within the vertebral column. In the

present study, PET/CT images superimposed on MR images were

also reviewed. A recent review of the literature revealed 8 reports

using PET for primary intramedullary tumors of the spinal cord

from 1983 to 2009.19-26 Six of these are case reports that included

a ganglioneuroma, ependymomas, a glioblastoma, a primitive

neuroectodermal tumor, an oligoastrocytoma, and a hemangi-

oma. Two of these 6 tumors were ependymomas examined with

MET-PET, and the other 4 tumors were examined by FDG-PET.

All 6 of those tumors exhibited a slight-to-moderate uptake of

FDG or MET. Two malignant tumors among those reported

cases, a glioblastoma and a primitive neuroectodermal tumor,

revealed an increased uptake of FDG.

Wilmshurst et al24 reported the use of FDG-PET or MET-PET

before or after therapy in 14 patients with a primary intramedul-

lary tumor. In their study, FDG-PET was performed in 7 tumors,

and MET-PET was performed in 1 tumor before therapy. Other

PET examinations were performed after surgery and/or radiation

therapy. An ependymoma exhibited low uptake (SUV � 2.2), and

another ependymoma showed increased uptake (SUV was not

indicated) of FDG. Only 1 MET-PET image in their study was

performed in a patient with a ganglioglioma. That ganglioglioma

exhibited low uptake (SUV � 1.7). Although they reported PET

SUVmax of each tumor

Patient
Age
(yr) Sex Pathology Location

Cystic
Component

SUVmax
(FDG)

SUVmax
(MET)

1 23 F Anaplastic astrocytoma Th – 7.4 3.2
2 47 M Hemangioblastoma L � 2.5 2.4
3 18 F Ependymoma C � 10 2.9
4 56 M Ependymoma C � 11.2 2.2
5 30 M Ependymoma (myxopapillary) L � 2.4 2.2
6 41 M Ependymoma (tanycytic) Th – 5.4 2.4
7 12 F Cavernous angioma Th – 5.2 2.0
8 75 F Ependymoma (cellular) C � 7.1 3.5
9 29 F Ependymoma (myxopapillary) L � 3.5 3.2

Note:—Th indicates thoracic cord; L, lumbar cord; C, cervical cord; –, absence of cystic component on MRI;�, existence of cystic component on MRI.

2 Tomura ● 2013 www.ajnr.org



findings after therapy, PET findings in patients after radiation

therapy are greatly influenced by postradiation changes.

The present imaging study was performed before therapy in all

patients, and both FDG-PET and MET-PET were performed at

the same time. A patient with an anaplastic astrocytoma with a

high-grade glioma of the spinal cord underwent PET before ther-

apy and exhibited the highest uptake of both FDG and MET in the

present series. As in intracranial tumors, increased uptake of both

FDG and MET might be of diagnostic value.

For imaging intramedullary tumors of the spinal cord, FDG

seemed superior to MET because the uptake value of FDG was

higher than that of MET for every tumor in the present study.

Unlike intracranial brain tissue, no increased uptake of FDG is

evident in the normal spinal cord. Accumulation of MET in the

FIG 1. A 23-year-old woman with an anaplastic astrocytoma. T2-weighted MR image (A) reveals a tumor of the spinal cord from the eighth
thoracic vertebra to the first lumbar vertebra (white arrows). A contrast-enhanced T1-weighted MR image with fat saturation (B) shows mild
contrast enhancement of the tumor (white arrows). FDG-PET (C) andMET-PET (D) reveal increased activity of both FDG (SUVmax� 7.4) andMET
(SUVmax� 3.2) of the tumor (white arrows). A fusion image of FDG-PET and contrast-enhanced T1-weightedMR imaging with fat saturation (E)
clearly shows increased uptake of FDG in the tumor.

AJNR Am J Neuroradiol ●:● ● 2013 www.ajnr.org 3



vertebral body may somewhat disturb visualization of mild tumor

uptake of MET. The partial volume effect from the activity of

MET in the vertebral body seems to influence the SUV of MET in

the tumors. Fusion images of PET and MR imaging, used in the

present study, could be useful to discriminate mild tumor uptake

of MET. Recently developed PET-MR imaging27 would be feasi-

ble to image those tumors with mild uptake.

MET uptake was decreased in the cavernous angioma, which

was not exactly classified into the neoplasms. MET may be more

useful than FDG in differentiation of neoplastic and non-neoplas-

FIG 2. A 56-year-old man with an ependymoma. A contrast-enhanced T1-weighted image (A) shows a tumor from the first to fifth cervical
vertebra with a cystic and solid component (white arrows). Contrast enhancement of the solid component at the second cervical vertebra is
seen (white arrows). FDG-PET (B) and MET-PET (C) show accumulation of both FDG (SUVmax� 11.2) and MET (SUVmax� 2.2) (white arrows).

FIG 3. A 12-year-old girl with a cavernous angioma. A T2-weightedMR image (A) shows amainly hypointense tumor (white arrows) at the twelfth
thoracic vertebra. Hypointensity may be due to hemosiderin deposition. A hyperintense area surrounding the hypointense lesion seems to be
edema, but its histologic evidence was not acquired. Although accumulation of MET is not evident (B), FDG-PET (C) shows slight activity of the
tumor (SUVmax� 5.2) (black arrow).
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tic diseases. Comparison of the clinical significance of FDG with

that of MET, for example, in the evaluation of treatment response,

staging, and differentiation of malignant tumors from benign le-

sions, should be investigated further. All tumors exhibited en-

hancement of the tumor on contrast-enhanced MR imaging. Ac-

cumulation of both FDG and MET corresponded well with the

location of contrast enhancement on MR imaging. The mecha-

nism of accumulation of both FDG and MET in the tumor may be

partly due to disruption of the blood–spinal cord barrier of the

tumor and to the increased blood volume of the tumor. As with

other mechanisms of uptake of MET into the tumor, increased

carrier-mediated transport and elevated protein synthesis have

been reported.28,29 Kracht et al30 reported a correlation between

MET uptake in glioma and microvessel attenuation. The in-

creased expression of amino acid transporters may be presumably

on endothelial cells of newly formed tumor vessels. FDG uptake is

also a complex mechanism, reflecting both glucose transport and

consumption and providing indications concerning the biologic

status of the tumor. Glucose consumption is related to grading of

the tumor, cell attenuation, and biologic aggressiveness.29

SUVmax was used as a marker of activity of FDG and MET in

each tumor.18,31 In the brain, comparison of uptake of the lesion

with uptake in the unaffected hemisphere has been used32-34;

however, this comparison cannot be used in the spinal cord. SUV

is dependent on the timing between injection of the tracer and

imaging. There may be a small difference in SUV between the

present study and the study by Wilmshurst et al24 because the

timing of FDG and MET imaging from the injection in the present

study slightly differed from that in their study. In the present

study, SUVmax was used; however, use of the mean or minimum

SUV is controversial. In many tumors with a cystic component,

the minimum or mean SUV may not be practical.

In the present study, 6 of 9 tumors were ependymomas. Two of

these 6 ependymomas were myxopapillary ependymomas, both

of which showed low uptake of FDG. Ependymomas, including

tanycytic and cellular ependymomas and exclusive of myxopap-

illary ependymomas, showed increased uptake of FDG. Absence

of increased uptake of FDG in myxopapillary ependymomas may

be useful for differentiation between myxopapillary ependymo-

mas and other histologic types of ependymomas. Differences in

uptake between myxopapillary and other histologic types of

ependymomas could be diagnostically useful because prognosis

of myxopapillary ependymomas somewhat differs from that of

other histologic types of ependymomas.35 Another common in-

tramedullary tumor of the spinal cord is an astrocytoma. No low-

grade astrocytomas were examined in our series. In the study by

Wilmshurst et al,24 4 low-grade astrocytomas showed a slight or

moderate uptake of FDG before treatment. No ependymomas

were studied before treatment in their study. SUV of both FDG

and MET is probably not crucial for differentiation of astrocyto-

mas and ependymomas.

Previous reports of imaging of intracranial hemangioblasto-

mas have shown a low uptake of FDG or MET, as was seen in the

present report.36 Only 1 report26 of imaging a cavernous angioma

of the spinal cord by using PET has been found. It showed low-

grade uptake of FDG to the lesion. The present report did not

show remarkable uptake of MET but did show moderate uptake

of FDG in the cavernous angioma. In the present study, 3 tumors

with hemorrhage, including a cavernous angioma, showed a rel-

atively increased uptake of FDG. In previously reported cases with

intracerebral hematoma, Powers37 and Allyson et al38 reported

increased uptake of FDG in the area surrounding the intracerebral

hematoma. All tumors with hemorrhage reported in the present

study showed microscopic hemorrhages without evidence of sub-

acute hemorrhage. The mechanism of accumulation of FDG is

unknown; however, it may be related to mononuclear perivascu-

lar infiltrates, gliosis, and activated macrophages.39 Increased ac-

tivity of mononuclear cells and glial cells may augment consump-

tion of FDG. These microscopic findings were not evident in our

series. Susceptibility-weighted images may be useful for evaluat-

ing the existence of hemorrhage within the lesion when interpret-

ing the FDG-PET results. The relationships of uptake of MET or

FDG to hemorrhage must be further investigated.

Wilmshurst et al24 also remarked that both FDG-PET and

MET-PET did not provide more information beyond what is pro-

vided by MR imaging in the diagnosis of spinal cord tumors.

However, a remarkably increased uptake of both FDG and MET,

seen in an anaplastic astrocytoma in the present series, could be

used to diagnose high-grade or malignant tumors. The clinical

usefulness of FDG-PET and MET-PET compared with MR imag-

ing for the evaluation of treatment response, differentiation be-

tween recurrent tumor and radiation necrosis, and differential

diagnosis of neoplastic from non-neoplastic lesions should be fur-

ther investigated in more patients, including those with low-grade

astrocytomas; and it is also necessary to study this usefulness in

other lesions such as inflammatory and demyelinating processes.

As in the brain, FDG can also accumulate in inflammatory lesions

of the spinal cord. FDG has been observed accumulated in leuko-

cytes, lymphocytes, and macrophages in vitro.11 An increased

FDG distribution level was observed in granulomas, whereas

MET distribution level was low.11 In patients with neoplasms in

the brain, PET by using FDG or MET is more feasible than MR

imaging for follow-up therapeutic results. In patients with neo-

plasms in the spinal cord, PET could be feasible for follow-up after

therapy such as surgery, radiation, or chemotherapy.

Postoperative changes and changes after therapy make it dif-

ficult to evaluate recurrent diseases, even if contrast-enhanced

MR imaging is performed. In patients diagnosed with benign as-

trocytomas or ependymomas by MR imaging, PET could also be

helpful for follow-up because a tendency for increased uptake

may indicate malignant transformation of the tumor. MR perfu-

sion and CTP can show blood flow and blood volume of the

tumors in the brain; however, they may not clearly give us func-

tional images due to relatively small lesions of the spinal cord.

Compared with MR imaging, PET has a limitation of radiation

exposure, especially for pediatric and young patients. In our

country, FDG-PET does not necessarily need the cyclotron be-

cause FDG is commercially available, but the cyclotron is neces-

sary to produce MET in the hospital. PET examinations need

more time for scanning than MR imaging.

There are limitations to the present study. The biggest limita-

tion is the small number of subjects, though the present study was

performed in a larger number of subjects than has been previously

reported. Low-grade astrocytomas were not included, and only 1
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high-grade astrocytoma was examined. Other kinds of intramed-

ullary tumors such as subependymomas, gangliogliomas, lym-

phomas, and oligodendrogliomas should be investigated.

CONCLUSIONS
Both FDG and MET accumulated significantly in anaplastic as-

trocytomas. FDG and MET also accumulated in ependymomas

(excluding the myxopapillary subtype). FDG could accumulate in

tumors with hemorrhage. The present study could not confirm

that either FDG-PET or MET-PET provides more information in

the diagnosis of intramedullary tumors of the spinal cord com-

pared with MR imaging. Further investigation into a larger num-

ber of patients is required to determine the value of FDG-PET and

MET-PET in diagnosis, clinical evaluation of treatment response,

differentiation between recurrent tumor and radiation necrosis,

and differential diagnosis of neoplastic from non-neoplastic

lesions.
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