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ORIGINAL RESEARCH
SPINE

Intramedullary Spinal CordMetastases: Visibility on PET and
Correlation withMRI Features

P.M. Mostardi, F.E. Diehn, J.B. Rykken, L.J. Eckel, K.M. Schwartz, T.J. Kaufmann, C.P. Wood, J.T. Wald, and C.H. Hunt

ABSTRACT

BACKGROUND AND PURPOSE: Studies systematically evaluating the detection of intramedullary spinal cord metastasis with PET are
lacking. Our purpose was to evaluate the visibility of intramedullary spinal cord metastasis on PET in a single institutional series and to
correlate PET and MR imaging features.

MATERIALS ANDMETHODS: Patients were included if pretreatmentMR imaging identifying an intramedullary spinal cordmetastasis and
an [18F] FDG-PET examination near the time ofMR imaging were available. PET examinations were retrospectively reviewed, with reviewers
blinded and then unblinded to the PET report andMR imaging findings. PET intramedullary spinal cordmetastasis features were compared
with and correlated with previously analyzed MR imaging lesion characteristics. Original clinical PET reports were reviewed.

RESULTS: The final study sample was 10 PET examinations in 10 patients with 13 intramedullary spinal cord metastases. In 7 (70%) patients,
retrospective blinded review demonstrated convincing evidence of 10 (77%) intramedullary spinal cord metastases. Three MR imaging features
correlated with intramedullary spinal cordmetastases being visible on PET compared with those nonvisible, respectively: larger lesion enhance-
ment size:mean size: 32.1mmversus6.0mm(P� .038); larger longitudinal extentofT2 signal abnormality:mean5.6 versus 1.0 segments (P� .0081);
and larger ratio of extent of T2 signal abnormality to contrast enhancement: 3.8 versus 1.0 (P� .0069). Intramedullary spinal cordmetastasis was
confidently reported clinically in 2 (20%) patients, accounting for 5 (38%) intramedullary spinal cord metastases.

CONCLUSIONS: Most intramedullary spinal cordmetastases can be detected on PETwhen performed near the time of pretreatmentMR
imaging. However, intramedullary spinal cord metastases may not be clinically reported on PET. Larger lesions with more edema are more
likely to be visible. The spinal cord should be specifically and carefully assessed on PET for evidence of intramedullary spinal cord
metastases to provide timely diagnosis.

ABBREVIATIONS: ISCM� intramedullary spinal cord metastasis; [18F]� fluorine 18; SUVmax� maximum standardized uptake value

Intramedullary spinal cord metastases (ISCMs) are rare and dev-

astating manifestations of metastatic neoplasm. They are pres-

ent at autopsy in 0.9 –2.1% of patients with cancer1,2 and com-

prise 1– 4% of spinal metastases.1-3 Early detection is important

because ISCMs indicate a poor prognosis, and treatment may

slow neurologic deterioration.4 However, ISCMs can be asymp-

tomatic, especially at early stages, and are historically difficult to

detect with imaging.3,5 MR imaging is the cornerstone of spinal

cord imaging,6 but this technique is generally not indicated for

screening of asymptomatic patients.

[18F] FDG-PET is the primary imaging technique used for

whole-body screening for metastases and therefore is a technique

that ideally locates most sites of metastases, including intraspinal.

However, there are only scattered case reports of visualization of

ISCMs on PET.7-12 No large series systematically evaluating the de-

tection of ISCMs with PET have been reported. The purpose of the

current study was to retrospectively evaluate the visibility of ISCMs

on PET in a single institutional series of patients with ISCMs, and to

correlate PET and MR imaging features.

MATERIALS AND METHODS
Institutional review board approval with waived consent was ob-

tained for this Health Insurance Portability and Accountability

Act– compliant retrospective research study.
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Subjects
A search of the radiologic and clinical databases at our institution

from 1999 –2011 had previously yielded a group of 45 patients

with 64 ISCMs, in whom pretreatment MR imaging had identi-

fied the ISCM.13 For inclusion in the current study, this group was

refined to those patients in whom a PET scan (either PET/CT or

PET only) was also available for electronic review. It was assumed

that the number of potential cases of ISCM seen on PET at our

institution but not imaged with MR imaging (and thus not in-

cluded in our 45-patient cohort) would be negligible or nonexis-

tent, given that patients would be expected to undergo spinal MR

imaging if an ISCM was first suggested at PET. When multiple

PET examinations were available for a patient, only the examina-

tion closest to the MR imaging was included in the study. PET

examinations performed more than 60 days before or more than

14 days after the pretreatment diagnostic MR imaging were ex-

cluded. The purpose of these criteria was to exclude PET exami-

nations that were estimated to have a high likelihood of predating

the development of an ISCM (those performed more than 60 days

before MR imaging) and to exclude PET examinations in which

the PET appearance probably would have been affected by the

preceding treatment of an ISCM (those performed more than 14

days after MR imaging).

PET Acquisition
Although there was some variability in PET scanner technology,

given the more than 10-year time period over which the imaging

was performed, our standard [18F] FDG-PET protocol was fol-

lowed for patient preparation and imaging. Patient preparation

included 4 hours of fasting, such that the finger-stick blood glucose

level was in the desired range, between 70–180 mg/dL, before injec-

tion of the [18F] FDG radiotracer. The injected activity: was 15 mCi of

[18F] FDG (�10%), with an uptake time of 60–70 minutes.

All PET images were obtained on General Electric scanners

(GE Healthcare, Milwaukee, Wisconsin). Because of the evolving

nature of our clinical practice over the course of the study, the

scanner types changed with emerging technology. Only 1 of the

patients in this study was imaged on a PET only scanner (Advance

NX series). The other 9 patients were all imaged on PET/CT scan-

ners: 3 on Discovery 690 series, 1 on Discovery ST series, 2 on

Discovery RX series, and 3 on Discovery DLS series.

PET/CT acquisition parameters were helical scan, 0.5 seconds

rotation time; pitch, 0.984; table speed, 39.37 mm/rotation; sec-

tion thickness, 3.75 mm; kVp 120. A 3D PET acquisition toward

the feet was used with bed position of 3 minutes.

Image Review
Two radiologists (F.E.D., neuroradiology faculty member with

an American Board of Radiology certification and a Certificate

of Added Qualification in neuroradiology; C.H.H., neuroradi-

ology and nuclear medicine faculty member with an American

Board of Radiology certification, Certificate of Added Qualifi-

cation– eligible for neuroradiology and nuclear medicine) and a

4th-year medical student (P.M.M.) retrospectively reviewed the

PET examinations for evidence of ISCMs in multiplanar fashion

on an electronic workstation in consensus fashion. The reviewers

were first blinded and, after complete initial review of the PET

examinations, subsequently unblinded to the clinical PET report

and all MR imaging findings. When concurrent CT was available,

images were reviewed both without and with the CT data. Multi-

ple characteristics were analyzed on PET for ISCMs that were

identified: lesion location (spinal levels), maximal superior-infe-

rior extent (number of vertebral body segments), morphology of

FDG uptake (fusiform versus round), and maximum standard-

ized uptake value (SUVmax) of the ISCM. SUVmax of the medi-

astinal blood pool was measured on all PET examinations. The

SUVmax of both the ISCMs and of the mediastinal blood pool

was determined by placing a circular region of interest over the

area that included the subjective maximum uptake. Several MR

imaging lesion characteristics previously analyzed by 2 radiol-

ogists (F.E.D. and J.B.R., a neuroradiology fellow with an

American Board of Radiology certification)13,14 were noted:

lesion location, maximal superior-inferior enhancement

length (size [mm] and extent [number of vertebral body seg-

ments]), extent of T2 signal abnormality (number of vertebral

segments), ratio of extent of T2 signal abnormality to contrast

enhancement, and presence/absence of “rim” and “flame”

signs,13 2 postgadolinium MR imaging findings specific for

ISCM.

Clinical Review
The original clinical PET interpretations were reviewed to assess

whether any of the following were reported: the ISCM(s), the

primary neoplasm, additional metastatic disease (including spe-

cifically CNS, non-CNS, and skeletal spinal column metastases).

Note that these clinical interpretations were issued by subspe-

cialty trained nuclear medicine physicians at a large academic

medical center. The time interval (days) between the PET and MR

imaging examinations was calculated. For cases in which the PET

report did not describe the ISCM(s) but PET occurred before the

MR imaging, a review of the electronic medical record was per-

formed to assess whether there was an impact on clinical care of

the patient.

Statistical Analysis
PET and MR imaging findings were compared for each patient, in

consensus by the 3 reviewers. Spinal segment localization on PET

was considered concordant with that on MR imaging if at least a

portion of the PET location overlapped with the MR imaging

location. One-way t test assuming unequal variances was per-

formed to assess correlation of the following features with visibil-

ity of ISCMs on PET: number of days between MR imaging and

PET and all aforementioned MR imaging features except for lo-

cation. Contingency testing was performed to assess the relation-

ship of the primary tumor pathology (lung cancer and mela-

noma) with the ability to detect ISCM on PET/CT. Bivariate linear

coefficient analysis was performed to assess the correlation of the

length of the ISCM on MR imaging (contrast enhancement) and

on PET, by use of both the size measurement (mm) on MR im-

aging and longitudinal extent (number of vertebral segments) on

both MR imaging and PET. Descriptive statistics were obtained by

use of Excel 2010 (Microsoft Corporation, Redmond, Washing-

ton). Additional analyses were conducted with the use of SAS
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version 9.3 (SAS Institute, Cary, North Carolina). Statistical sig-

nificance was defined as a value of P � .05.

RESULTS
Summary of Subjects
Of the 49 patients with 70 ISCMs and available pretreatment MR

imaging, 17 (35%) had a total of 32 PET examinations performed.

Twenty-two PET examinations from 7 (41%) of these 17 patients

were excluded; 16 PET examinations were excluded because the

PET examination was performed more than 60 days before the

MR imaging and 6 because the PET was more than 14 days after

the pretreatment MR imaging. The final study sample was 10 PET

examinations (9 PET/CT and 1 PET only) in 10 patients with 13

ISCMs. Patient individual and group characteristics are shown in

On-line Tables 1 and 2, respectively. The mean age was 61 years

(range, 37–75), and 6 (60%) were female. The primary malignan-

cies were lung cancer in 5 (50%) patients (8 ISCMs) and mela-

noma in 5 (50%) patients (5 ISCMs). Four of the 5 lung cancer

patients had non–small cell carcinoma and 1 had small-cell lung

carcinoma. Nine (90%) patients had a solitary ISCM (Figs 1, 3,

and 4), whereas 1 (10%) patient with lung cancer harbored mul-

tiple ISCMs (Fig 2).

The mean interval between MR imaging and PET was 11 days

(range, 49 days before to 13 days after). PET occurred before or on

the day of MR imaging in 8 (80%) of patients. Other metastases

were present on the PET report in 9 (90%) patients; 7 (70%)

patients had non-CNS, nonspine metastases, 2 (20%) patients

had other CNS metastases, and 1 (10%) patient had skeletal spinal

column metastases reported (On-line Table 2).

ISCM Findings on PET
ISCM characteristics, including find-

ings on PET, are displayed in On-line

Tables 1 and 2, on an individual and

group basis. On retrospective, blinded

review of PET, there was convincing ev-

idence of 10 of 13 (77%) ISCMs in 7 of

10 (70%) patients (Figs 1– 4). The loca-

tion of FDG uptake for each of these 10

ISCMs was concordant with the loca-

tion of the contrast-enhancing lesion on

MR imaging (for example, Figs 1– 4).

For the 1 patient with multiple ISCMs,

each ISCM was found and even 2 adja-

cent lesions at the T4 and T4 –5 levels

were discretely visualized on PET, as on

MR imaging (Fig 2). Furthermore, the

ISCM extent on PET (number of verte-

bral segments) correlated with the mea-

sured enhancing lesion size (mm) on

MR imaging (R2 � 0.803; P � .0004).

The ISCM extent on PET did not corre-

late with the longitudinal extent of en-

hancement on MR imaging (P � .151).

The average SUVmax was 6.7 (range,

3.3–9.9). For each ISCM, the SUVmax

of the lesion was greater than that of the

mediastinal blood pool. The FDG avid

lesions had round morphology in 8

(80%) cases (for example, Figs 1, 2, and 4).

Three (23%) ISCMs in 3 (30%) patients could not be seen

retrospectively on PET, despite unblinding of reviewers to the

MR imaging results. These 3 ISCMs were also not described in

the original clinical PET interpretations. The PET examina-

tions were performed 7 days before MR imaging in 2 of these pa-

tients and 21 days before MR imaging in another. In all 3 (100%)

patients, other metastases were reported on the original clinical PET

interpretation (On-line Table 2). In none of the 10 patients did un-

blinding of reviewers to the MR imaging findings and PET report

change the retrospective interpretation of the PET.

Correlation of Clinical and MR Imaging Features with
ISCM Visibility on PET
There was no association between either the type of primary ma-

lignancy or the time interval between the MR imaging and PET

and the visibility of ISCM on PET (P � .25, P � .7, respectively).

Three MR imaging features correlated with ISCM visibility on

PET (On-line Table 2): 1) larger lesion enhancement size: mean

size of lesions visible versus not visible on PET, 32.1 mm versus 6.0

mm, respectively (P � .038); 2) larger extent of T2 signal abnor-

mality: mean of 5.6 versus 1.0 segments (P � .0081); and 3) larger

ratio of extent of T2 signal abnormality to contrast enhancement:

3.8 versus 1.0 (P � .0069). MR imaging features that did not

correlate with ISCM visibility on PET were extent of lesion con-

trast enhancement (number of vertebral segments) (P � .11) and

the presence of the “rim” sign (P � .50), “flame” sign (P � .50), either

sign (P � .23), or both signs (P � .53).

FIG 1. Solitary ISCM visible on PET. A 69-year-old woman (patient 8 in On-line Table 1) with
non–small cell lung cancer underwent PET 13 days after MR imaging. A, Postcontrast fat-sup-
pressed sagittal T1WI; B, sagittal PET only image;C, sagittal, andD, axial PET/CT fused images. The
cervical cord ISCM was identified on original clinical and retrospective review. The location of
the FDG avid ISCM in the upper cervical cord (C2–3) corresponds to the lesion location on MR
imaging (C1–5) (arrows). SUVmax of the ISCMwas 5.1 (2.0� that of blood pool). The clinical PET
report favored a primary spinal cord neoplasm.
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Clinical Reporting of ISCMs on PET
Of the 10 patients with 13 ISCMs, ISCMs were confidently pro-

spectively reported in the original clinical PET report in 2 (20%),

accounting for 5 of 13 (38%) ISCMs (for example, Fig 2). In 1

patient, a cord lesion was reported, but a primary cord neoplasm

was favored, at least in part because of lack of other evidence of

FDG metastatic disease (Fig 1). In 7 of 10 (70%) patients with 7 of

13 (54%) ISCMs, the ISCMs were not reported (Figs 3 and 4). In

4 of these 7 (57%) patients and 4 of 7 (57%) ISCMs, the ISCMs

were identified on blinded, retrospective review (Figs 3 and 4).

These ISCMs ranged in size from 7–114 mm on MR imaging. The

PET examinations were performed 49 days and 1 day prior in 2

patients, on the day of MR imaging in 1 patient, and 7 days after

MR imaging in 1 patient. Of these 4 ISCMs visible on retro-

spective review but not clinically reported, the lack of identifi-

cation on PET probably had clinical impact in 1 patient. The

patient shown in Fig 3 had PET performed while having lower

extremity symptoms. It was not until the MR imaging 49 days

later that the ISCM of the conus with leptomeningeal spread in

the cauda equina was formally diagnosed and subsequently

treated with steroids and radiation.

DISCUSSION
The present study shows that most ISCMs can be detected on PET

when this is performed near the time of diagnostic MR imaging.

PET is often performed prior to spine MR imaging and may thus

be the first imaging study to reveal an ISCM. However, ISCMs

may not be clinically reported on PET, as the minority of ISCMs

in the minority of patients had been confidently clinically re-

ported in this study. This can have clinical impact. Larger lesions

with more edema are more likely to be visible on PET, but even

subcentimeter ISCMs can be detected.

These results are clinically relevant in several ways. We

hope that these results will stimulate those who read PET pri-

marily to focus on the spinal cord as part of their search pat-

FIG 2. Patient with multiple ISCMs, all visible on PET. A 73-year-old man (patient 5 in On-line Table 1) with non–small cell lung cancer underwent
PET 5 days beforeMR imaging. Precontrast sagittal T2WI of the cervicothoracic (A) and lower thoracic (B) regions;C, sagittal entire spine PET only
image; sagittal cervicothoracic (D) and thoracic (E) region PET/CT fused images. Several cervical and thoracic cord ISCMs were identified on
original clinical and retrospective review of the PET examination, including 2 immediately adjacent metastases at T4 and T4–5. The locations on
MR imaging (C2; T4; T4–5; T11) correlate with those on PET (C1–2; T4; T5; T10) (arrows). SUVmax of the ISCMs ranged from 5.3–9.9 (2.9–5.5� that
of blood pool). (Note: Postcontrast sagittal T1WI from the same patient showing enhancement of the ISCMs is included in Reference 14, Fig 1, in
which the figure emphasized the asymptomatic status of some patients with ISCM).
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tern. Missing ISCMs can delay diagnosis, and identifying and

treating ISCM(s) early improves outcomes.15,16 The fact that

ISCMs can be asymptomatic or present with minimal neuro-

logic symptoms7-9,12,14,15 also underscores the importance of

detecting the lesions on early imaging, even when other evi-

dence of metastatic disease is present, as there was for most

patients in the current study. Similarly, the results of our study

should encourage those who do not interpret PET primarily

but correlate with it when interpreting MR imaging to actually

review the PET images, not just the interpretation. Finally, PET

may be considered as an alternative to MR imaging for the

evaluation for ISCMs in certain settings, including in patients

for whom MR imaging is contraindicated and those already

undergoing PET for disease staging. Patients suspected of hav-

ing ISCM with equivocal spinal cord findings on MR imaging

who cannot receive intravenous gadolinium may also be good

candidates for PET.

Our study adds to the existing literature describing PET find-

ings of ISCMs, which is otherwise limited to case reports.7-12 This

is the first study starting with a large number of ISCMs identified

on MR imaging to evaluate the conspicuity of ISCMs on PET and

how visibility on PET correlates with MR imaging features. Note

that in a recent neuroimaging study assessing PET findings of 9

intramedullary spinal cord tumors, only primary spinal cord tu-

mors were included; primary tumors can also demonstrate in-

creased uptake on PET.17

There are several possible reasons for nondiagnosis and the

low clinical identification rate of ISCMs on the original PET re-

ports for patients in the current study. These probably include

lack of specific attention to the spinal cord, lack of familiarity with

the appearance or even their existence (as these lesions are rare),

confounding or distracting uptake in the immediately adjacent

vertebral column, satisfaction of search (as other sites of FDG avid

metastatic disease were often present), and the small size of

some of the lesions. As part of the CNS, the spinal cord may

also be overlooked on PET just as the intracranial contents are

often not well scrutinized on this technique. Specifically, MR

imaging has been shown to have superior sensitivity and spec-

ificity in detecting intracranial metastases, even in FDG avid

malignancies.18,19 Contributory factors are that inherent phys-

FIG 3. ISCM not originally clinically reported, probably with clinical impact. A 57-year-old woman (patient 2 from On-line Table 1) with
melanoma underwent PET 49 days beforeMR imaging.A, Postcontrast sagittal T1WI; B, axial PET only image; C, sagittal andD, axial PET/CT fused
images. The fusiform, patchy lower spinal canal uptake (conus and cauda equina region) was not described in the original clinical PET report. It
was not until the MR imaging nearly 2 months later that the large exophytic ISCM arising from the conus was formally diagnosed and treated.
Note that only a single sagittal PET/CT section is shown; on review of multiple adjacent images; the PET uptake appears contiguous. This is the
largest ISCM in this series. The location of enhancing lesions onMR imaging (L1–4) corresponds with PET uptake (T12/L1–L3/4) (arrows). SUVmax
was 5.4 (3.0� that of blood pool).

FIG 4. Smallest ISCM visible on PET, not clinically reported. A 54-
year-old woman (patient 9 from On-line Table 1) with non–small
cell lung cancer underwent PET 1 day before MR imaging. A, Post-
contrast sagittal T1WI; B, sagittal PET only image; C, sagittal, and D,
axial PET/CT fused images. A small, 7-mm cervical ISCM (arrows)
was not described on the original clinical PET report. The location
of the FDG avid ISCM in the upper cervical cord (C3–4) corre-
sponds to the lesion location on MR imaging (C3) (arrows). The
SUVmax was 3.3 (1.9 � that of blood pool).
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iologic FDG uptake within the brain limits visualization of

superimposed FDG avid lesions and that MR imaging has su-

perior spatial sensitivity. Moreover, Lee et al20 showed that

approximately one-third of lung cancer brain metastases ap-

peared hypometabolic on PET.

Limitations of this study include those inherent to a retro-

spective study. The time span over which data were collected

leads to differences in the MR imaging and PET imaging tech-

niques. Another limitation is that the MR imaging and PET

images were interpreted by consensus review and despite

blinding, readers were aware that there was at least 1 ISCM in

each case. Although the exclusion criteria limiting the time

interval between PET and MR imaging examinations may have

eliminated some patients who harbored an ISCM that could

have been visible on PET, we chose those criteria to minimize

the possibility of “false-negative” PET examinations as the re-

sult of an ISCM either not yet having developed or already

having been treated. Additionally, 10 patients with 13 ISCMs is

a relatively small series, but this is the largest such series to be

published to our knowledge. Some factors may overestimate

the sensitivity of PET for ISCMs, such as the fact that the con-

sensus reviewers knew at least 1 ISCM was present in each case;

others may underestimate, such as the fact that not all malig-

nancies are FDG avid.

Future work may include studying a larger patient population,

potentially across multiple centers, to allow further identification

of factors that affect ISCM conspicuity on PET. Some small

ISCMs in this series could be detected on PET, whereas others

could not, and we could not discover an explanation for this in

this current work. Identifying such tumor or patient characteris-

tics may help determine patients for whom PET is or is not a

reliable screening tool for ISCMs.

CONCLUSIONS
We describe the PET findings from a large series of ISCMs and

correlate these with MR imaging features. The results should be

helpful to radiologists. Most ISCMs are visible on PET when this is

performed near the time of diagnostic MR imaging, but they may

not be clinically reported on PET. Larger lesions with more edema

are more likely to be visible on PET. The spinal cord should be

specifically and carefully assessed on PET for evidence of ISCMs

to provide timely and accurate diagnosis. In some settings, such as

when MR imaging is contraindicated, PET may be considered as

an option to evaluate for ISCM.
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