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Proton MR Spectroscopy of Tumefactive
Demyelinating Lesions

Amit M. Saindane, Soonmee Cha, Meng Law, Xiaonan Xue,
Edmond A. Knopp, and David Zagzag

BACKGROUND AND PURPOSE: Tumefactive demyelinating lesions (TDLs) can simulate
intracranial neoplasms in clinical presentation and MR imaging appearance, and surgical
biopsy is often performed in suspected tumors. Proton MR spectroscopy has been applied in
assessing various intracranial diseases and is increasingly used in diagnosis and clinical
management. Our purpose was to determine if multivoxel proton MR spectroscopy can be used
to differentiate TDLs and high-grade gliomas.

METHODS: Conventional MR images, proton MR spectra, and medical records were retro-
spectively reviewed in six patients with TDLs diagnosed by means of biopsy or by documented
clinical improvement, with or without supporting laboratory testing and follow-up imaging.
Proton MR spectra of 10 high-grade gliomas with similar conventional MR imaging appear-
ances were used for comparison. In contrast-enhancing, central, and perilesional areas of each
lesion, peak heights of N-acetylaspartate (NAA), choline (Cho), and creatine (Cr) were mea-
sured and the lactate peak noted. Cho/Cr and NAA/Cr ratios of corresponding regions in TDLs
and gliomas were compared.

RESULTS: No significant differences in mean Cho/Cr ratios were found in the corresponding
contrast-enhancing, central, or perilesional areas of TDLs and gliomas. The mean central-
region NAA/Cr ratio in gliomas was significantly lower than that of TDLs, but mean NAA/Cr
ratios in other regions were not significantly different. A lactate peak was identified in four of
six TDLs and three of 10 gliomas.

CONCLUSION: In the cases examined, the NAA/Cr ratio in the central region of TDLs and
high-grade gliomas differed significantly. However, overall metabolite profiles of both lesions
were similar; this finding emphasizes the need for the cautious interpretation of spectroscopic
findings.

Numerous reports in the literature describe large
demyelinating lesions that masquerade as intracranial
neoplasms. These so-called tumefactive demyelinat-
ing lesions (TDLs) can pose a considerable diagnostic
challenge to both the clinician and the radiologist.
Clinically, TDLs can cause symptoms suggestive of a
mass lesion (1–6). On MR images, TDLs are often
indistinguishable from high-grade glial neoplasms (2–
8), demonstrating ill-defined borders, mass effect,
perilesional edema, central necrosis, contrast en-
hancement, and variable involvement of gray matter

structures. Even in the setting of established demyeli-
nating disease such as multiple sclerosis (MS), the
atypical appearance of a large lesion can suggest con-
current neoplasm (9–11).

The difficulty in diagnosing TDLs often leads to
surgical biopsy, and the histopathologic findings can
be misleading. The presence of hypercellularity, atyp-
ical reactive astrocytes, and mitotic figures can lead to
a misdiagnosis of glial neoplasm, which can result in
unnecessary and potentially harmful surgical resec-
tion or radiation therapy (2, 8). This diagnostic di-
lemma has prompted reports in the pathology litera-
ture that recommend the immunohistochemical
evaluation for astrocyte and macrophage markers and
the use of special stains for myelin and axons to
correctly diagnose TDLs (2–4, 8).

Proton MR spectroscopy has been applied in the
assessment of a variety of pathologic processes that
affect the CNS, and it is increasingly being used to aid
in diagnosis and clinical management. The metabolic
alterations in primary CNS neoplasms (12–15) and in
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demyelinating lesions of multiple sclerosis (MS) (16–
20) have been studied extensively. Few studies, how-
ever, have been conducted to examine TDLs by using
the technique (11, 21). Given their differences in
pathophysiology, proton MR spectroscopy may be
able to distinguish between TDLs and glial neo-
plasms, obviating surgical biopsy. Alternatively, pro-
ton MR spectroscopy may have problems similar to
those of histopathologic analysis in differentiating
these two lesions. The purpose of this retrospective
study was to compare the proton MR spectroscopic
findings of TDLs with those of histopathologically
proven high-grade gliomas to noninvasively differen-
tiate the two entities.

Methods

Patients
Approval for this study was obtained from the Institutional

Board of Research Associates, and informed consent was ob-
tained from all patients. In six patients with a single dominant
intracranial mass lesion, TDLs were diagnosed either by biopsy
or clinical follow-up, with or without supporting laboratory
testing and follow-up imaging. Clinically, patients had an acute
to subacute onset of signs or symptoms involving a focal neu-
rologic deficit or increased intracranial pressure mimicking the
findings of an intracranial neoplasm. Patients had no evidence
of systemic illness, malignancy, or immunosuppression. The
patients included two men and four women with an age range
of 25–57 years and a mean age of 45.1 years.

For comparison, we selected 10 patients with high-grade
intracranial gliomas that had similar conventional MR imaging
features, that is, similar degrees of perilesional edema and mass
effect, definite but varying degrees of contrast enhancement,
and a predominant location in white matter. All gliomas were
diagnosed by means of histopathologic examination after either
stereotactic biopsy (in three patients) or surgical resection (in
seven patients). The pathologic diagnoses were as follows: five
anaplastic astrocytomas, one anaplastic oligodendroglioma,
two anaplastic mixed gliomas, and two glioblastomas multi-
forme. These patients included nine men and one woman with
an age range of 25–80 years with a mean age of 46.2 years.

MR Imaging
Imaging was performed on a 1.5-T clinical MR system (Sie-

mens Medical Systems, Iselin, NJ). Localizing sagittal T1-
weighted images were obtained, followed by axial T1-weighted
(600/14/1 [TR/TEeff/NEX]), T2-weighted (3400/119/1), and ax-
ial fluid-attenuated inversion recovery (9000/110/1/2200 [TR/
TEeff/NEX/TI]) images of the brain. Contrast-enhanced axial
T1-weighted images were obtained after the administration of
0.1 mmol/kg gadopentetate dimeglumine. Conventional MR
images were analyzed for lesion location, size, delineation,
heterogeneity, mass effect, perilesional edema, necrosis or cyst
formation, degree of contrast enhancement, and presence of
additional lesions.

MR Spectroscopy
After the administration of gadopentetate dimeglumine for

MR imaging, multivoxel 2D chemical-shift imaging (CSI) pro-
ton MR spectroscopy was performed. The volume of interest
(VOI) was confirmed by obtaining half-Fourier–acquisition
single-shot turbo spin-echo images (15/6/1/500 [TR/TE/NEX/
TI]). In all patients, 10 axial, coronal, and sagittal images were
obtained with 5-mm-thick sections and a 1 minute 15 second
imaging time. A volume selective 2D CSI sequence with a

TR/TE of 1500/144 was used for MR spectroscopy. The hybrid
multivoxel CSI technique uses a point-resolved spectroscopy
(PRESS) double spin-echo scheme for the preselection of a
VOI that was usually defined to include the abnormality as well
as normal brain tissue, when possible. To prevent the subcuta-
neous fat signals from providing a contribution to the spectra,
the VOI was completely enclosed within the brain and posi-
tioned at the center of the phase-encoded field of view (FOV),
which was large enough to prevent wraparound artifact. A
typical VOI consisted of an 8 � 8-cm region placed within a
16 � 16-cm FOV on a 1.5–2-cm transverse section. A 16 � 16
phase-encoding matrix was used to obtain the 8 � 8 array of
spectra in the VOI with an in-plane resolution of 1 � 1 cm and
a voxel size of 1 � 1 � 1.5 cm or 1 � 1 � 2 cm, depending on
the section thickness. The field homogeneity achieved in auto-
mated nonlocalized multiple angle projection shimming re-
sulted in water peak line widths of typically less than 8 Hz in the
VOI. The water signal intensity was suppressed with a 25.6-ms
gaussian chemical shift selective excitation pulse followed by
spoiler gradients. VOI selection and data collection were
achieved with 5.12-ms sinc-hanning radio-frequency excitation
and refocusing pulses. The second half of the second echo was
collected by using 1024 data points and a spectral width of 1000
Hz. All multivoxel PRESS 2D CSI measurements included four
preimages and one signal average acquisition, resulting in an
acquisition time of 6 minutes 30 seconds. After the measure-
ment and before data processing, the CSI grid was retrospec-
tively adjusted to optimize voxel positioning over the lesion.
The time domain data were multiplied with a gaussian filter
function (center, 0 ms; half width, 256 ms), resulting in broad-
ening of the spectral lines of less than 2 Hz.

All MR spectroscopy at our institution is performed after
the administration of gadopentetate dimeglumine, primarily to
examine areas of maximal enhancement and perienhancement
T2 signal intensity. This practice is consistently applied; there-
fore, no interpatient or interstudy variation exists. Although
the effect of gadopentetate dimeglumine on metabolite ratios
is controversial, evidence suggests that, although the height of
all peaks may be affected minimally, metabolite ratios are not
substantially altered (22, 23).

The heights of selected metabolite peaks such as those of
choline (Cho)-containing compounds, total creatine (Cr), N-
acetylaspartate (NAA), and lactate (Lac) were measured. The
metabolite peaks were assigned as follows: Cho, 3.21 ppm; Cr,
3.04 ppm; NAA, 2.02 ppm. Lac was identified at 1.33 ppm.
Because a TE ranging from 135–144 optimizes the J coupling of
Lac, inversion of the doublet at 1.33 ppm is sufficient to
demonstrate Lac without having to demonstrate the doublet as
an upright peak at a TE of 270 ms. Other metabolite peaks such
as myo-inositol, lipids, and markers that peak at 2.1–2.6 ppm
are visible by using a shorter TE, but they were not specifically
examined because they are not as evident with the intermediate
TE used. The peak height ratios for Cho/Cr and NAA/Cr were
assigned in the area of maximum contrast enhancement, in the
central region, in the perilesional nonenhancing T2 signal in-
tensity abnormality, and in normal-appearing brain contralat-
eral to the lesion. Additionally, the presence or absence of a
Lac peak was confirmed in these four regions.

Statistical Analysis
Because of the small sample size, a normality assumption for

Cho/Cr and NAA/Cr may not have been appropriate. There-
fore, the data were summarized by using the median and range
rather than mean and standard deviation. A nonparametric test
for paired data, a Wilcoxon signed rank test was used to
compare the Cho/Cr and NAA/Cr ratios in each region of the
TDLs or gliomas with those of the contralateral normal-ap-
pearing brain. A Bonferroni correction was applied to account
for multiple comparisons; therefore, a significance level of
5%/2, or 2 .5%, was used. A nonparametric test for indepen-
dent samples, a Wilcoxon rank sum test, was used to compare
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Cho/Cr and NAA/Cr ratios between corresponding regions of
TDLs and gliomas (eg, to compare the NAA/Cr ratio in the
enhancing region of TDLs with the NAA/Cr ratio in the en-
hancing region of gliomas). A Bonferroni correction was ap-
plied to account for multiple comparisons; therefore, a signif-
icance level of 5%/4, 1 .25%, was used.

Results

Diagnosis of TDL
All patients in the TDL group received intravenous

steroid therapy that resulted in a marked improve-
ment in their symptoms. The diagnosis of TDL was
made by means of stereotactic biopsy in one patient.
Pathologically, extensive perivascular inflammatory
infiltration was present, but no evidence of neovascu-
larization was observed. Areas of hypercellularity
were noted, as were atypical reactive astrocytes that
could have been mistaken for a neoplastic process.
Special stains for myelin and axons showed extreme
myelin loss with relative preservation of the axonal
architecture.

Five patients were treated conservatively and did
not undergo biopsy because of a strong clinical sus-
picion and because of our previous experience with
TDLs (24). In these patients, the diagnosis of TDL
was made at clinical follow-up, with or without doc-
umented regression of the lesion on images. The time
between initial MR imaging and final clinical fol-
low-up ranged from 1.2 to 22.9 months, with a mean
of 9.4 months. One patient developed positive so-
matosensory evoked potentials and had positive CSF
test results for oligoclonal bands and myelin basic
protein. The results of these tests were negative in the
remaining four patients, but in these patients, the
symptoms resolved or markedly improved. In one of
these patients, follow-up images demonstrated com-
plete resolution of the lesion, and in another, images
obtained approximately 2 months after initial MR
imaging demonstrated a considerable decrease in

mass effect and contrast enhancement. None of the
patients had a recurrence of symptoms or a worsening
of imaging findings.

Conventional MR Imaging
MR imaging findings in TDLs and high-grade gli-

omas are summarized in Table 1. In the TDL group,
four patients had lesions in the supratentorial white
matter, whereas two patients had lesions in the bra-
chium pontis. On T2-weighted images, the perile-
sional signal intensity abnormality was variable, but
the images typically demonstrated mild to moderate
edema and mass effect. TDLs demonstrated minimal
to extensive contrast enhancement, and four had MR
imaging findings consistent with necrosis or cyst for-
mation or both. Three patients had evidence of addi-
tional smaller lesions. Representative MR images
from a patient with biopsy-proved TDL are presented
in Figure 1A and B.

In the high-grade glioma group, nine patients had
lesions in the supratentorial white matter, whereas
one patient had a lesion in the brain stem. All gliomas
were contrast enhancing and demonstrated mild to
marked perilesional edema and mass effect. Seven of
the gliomas had MR imaging findings consistent with
necrosis or cyst formation. Six patients had evidence
of separate additional tumor foci. Representative MR
images in a patient with a high-grade glioma are
presented in Fig 2A and B.

MR Spectroscopy
Proton MR spectroscopic findings in TDLs and

high-grade gliomas are summarized in Table 2. No
significant differences in the mean Cho/Cr ratio were
found between the corresponding enhancing, central,
or perilesional regions of TDLs and gliomas. The
mean NAA/Cr ratio in the central region of gliomas
was significantly lower than that of the central region

TABLE 1: MR imaging characteristics of tumefactive demyelinating lesions and glioma patients

Patient
No.

Age
(y)/Sex Lesion

Lesion Size
(cm) Enhancement Edema

Mass
Effect

Necrosis/Cystic
Degeneration

Lesion
Delineation Heterogeneity

Additional
Lesions

1 50/F TDL 2.9 50% ��� � Yes Ill Yes No
2 46/F TDL 1.7 30% � � No Well No Yes
3 25/M TDL 1.8 10% � � Yes Ill Yes Yes
4 57/M TDL 1.2 �5% � � Yes Ill Yes Yes
5 41/F TDL 2.8 �5% � � No Ill No No
6 49/F TDL 2.1 30% � � Yes Well No No
7 51/M AA 2.7 50% �� �� Yes Intermediate Yes Yes
8 39/M AA 1.4 90% � � No Ill Yes Yes
9 44/M AO 4.3 50% ��� ��� Yes Ill Yes No

10 28/M AA 1.9 90% � � No Ill No Yes
11 38/M AMG 1.4 90% �� � No Intermediate No No
12 38/M AA 1.7 10% � � Yes Ill Yes Yes
13 80/M AMG 3.5 80% � �� Yes Well Yes No
14 25/F AA 4.8 50% �� �� Yes Ill Yes No
15 60/M GBM 2.3 80% � � Yes Ill Yes Yes
16 34/M GBM 5.2 50% ��� ��� Yes Ill Yes Yes

Note.—TDL indicates tumefactive demyelinating lesion; AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; AMG, anaplastic mixed
glioma; GBM, glioblastoma multiforme.
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of TDLs (P � .008). Although the difference in the
mean NAA/Cr ratio approached significance, it was
not significantly different in the corresponding en-
hancing regions of TDLs and gliomas (P � .014). No
significant difference was found in the mean NAA/Cr
ratio in the corresponding perilesional or normal re-
gions of TDLs and gliomas. A Lac peak was identified
in four of the six TDLs and in three of the 10 gliomas.
Comparisons of mean Cho/Cr and NAA/Cr ratios
between corresponding regions of TDLs and high-
grade gliomas are summarized in Table 3.

Results of the comparison of the mean Cho/Cr and
NAA/Cr ratios in TDLs and high-grade gliomas with
those of contralateral normal-appearing brain are
summarized in Table 4. In TDLs, although the mean
Cho/Cr ratio approached the level of significance, it
was not significantly different from that of contralat-
eral normal-appearing brain in the enhancing (P �
.031), central (P � .031), or perilesional (P � .045)
regions. Likewise, the mean NAA/Cr ratio was not
significantly different from that of the contralateral
normal-appearing brain in the enhancing, central, or
perilesional regions. A representative localizing im-
age and an MR spectrum from a biopsy-proven TDL
are presented in Figure 1C and D.

In high-grade gliomas, the mean Cho/Cr ratio was

significantly elevated in all regions compared with
contralateral normal-appearing brain. The NAA/Cr
ratio was significantly decreased in the enhancing
(P � .006) and central (P � .007) regions compared
with contralateral normal-appearing brain. No signif-
icant difference in mean NAA/Cr ratio was found
between the perilesional abnormality and contralat-
eral normal-appearing brain (P � .041). A represen-
tative localizing image and an MR spectrum from a
high-grade glioma are presented in Figure 2C and D.

Because of the extremely small number of TDLs
examined, a formal statistical analysis to correlate the
MR imaging features with the metabolite ratios from
proton MR spectroscopy was considered inappropri-
ate. In general, TDLs with more perilesional edema
on T2-weighted images had lower NAA/Cr ratios
than TDLs with less edema. A greater degree of
enhancement on contrast-enhanced T1-weighted im-
ages was generally associated with a greater fre-
quency of the Lac peak. TDLs with the MR imaging
appearance of necrosis tended to have lower NAA/Cr
ratios than TDLs without this appearance. No other
noticeable relationships were present between conven-
tional MR imaging features and metabolite ratios in
TDLs. In the high-grade glioma group, no associations

FIG 1. Images in a 50-year-old woman
with biopsy-proven tumefactive demyeli-
nating lesion.

A, Contrast-enhanced axial T1-
weighted image (600/14/1) demonstrates
an ill-defined enhancing mass (arrow) in
the left frontoparietal periventricular white
matter.

B, Axial T2-weighted image (3400/
119/1) shows increased signal intensity
(arrow) around the lesion.

C, Localizing image (600/14/1) for pro-
ton MR spectroscopy displays a voxel in
the central portion of the lesion.

D, Proton MR spectrum obtained by
using PRESS (1500/144) demonstrates
an elevated Cho value, a decreased NAA
value, and a Lac doublet.
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between conventional MR imaging features and proton
MR spectroscopy metabolites were obvious.

Discussion

The spectrum of primary demyelinating diseases of
the CNS is composed of a variety of pathologic enti-
ties. MS, the most common form, is classically defined
by a relapsing-remitting or progressive clinical course;
the pathologic findings demonstrate multiple well-
circumscribed lesions that lack mass effect or edema
and that occur in characteristic locations such as the
periventricular white matter (25). A subset of patients
with demyelinating disease present with large solitary
lesions with prominent edema and mass effect that
produce clinical symptoms suggestive of a mass lesion
(1–6). Most patients with these TDLs have single
acute clinical attacks, and these generally do not
progress to MS (26).

The MR imaging presentation of TDLs can mimic
that of a high-grade glial neoplasm, resulting in a
diagnostic dilemma (2–8). Both TDLs and high-grade
gliomas can demonstrate ill-defined borders, exten-
sive perilesional edema and mass effect, and the ap-
pearance of necrosis or cystic degeneration. Contrast
enhancement on MR images is a nonspecific finding

that reflects breakdown of the blood-brain barrier
(BBB). This enhancement is commonly seen in TDLs
because of inflammatory BBB breakdown and in
high-grade gliomas because of an abnormal or absent
BBB in newly formed capillaries.

Proton MR spectroscopy is a powerful technique
that has been applied to the assessment of a variety of
intracranial pathologic processes. In this study, we
used proton MR spectroscopy to attempt to differen-
tiate six TDLs from 10 high-grade gliomas that ap-
peared similar on conventional MR images. We
found that the only significant difference between
TDLs and high-grade gliomas was the NAA/Cr ratio
in the central region of the lesions. No other consis-
tent differences in the metabolite profiles to discrim-
inate the two types of lesions were present. An un-
derstanding of the pathologic basis for the metabolic
alterations in demyelinating lesions and high-grade
gliomas may, in part, explain our findings.

NAA is predominantly located in neurons (27) and
is thus decreased in all neoplasms that cause the
neurons to be displaced or replaced with malignant
cells (12). Findings of numerous studies have demon-
strated decreased NAA values in glial neoplasms
(12–14). The Cho peak contains contributions from
glycerophosphocholine, phosphocholine, and phos-

FIG 2. Images in an 81-year-old man with
a high-grade mixed glioma.

A, Contrast-enhanced axial T1-
weighted image (600/14/1) demonstrates
an ill-defined enhancing mass (arrow) in
the left temporal region.

B, Axial T2-weighted image (3400/
119/1) shows increased signal intensity
(arrow) around the lesion.

C, Localizing image (600/14/1) for pro-
ton MR spectroscopy displays a voxel in
the central portion of the lesion.

D, Proton MR spectrum obtained by
using PRESS (1500/144) demonstrates
an elevated Cho value and a decreased
NAA value.
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phatidylcholine, components that are thought to re-
flect cellular membrane density and turnover. As in
any process that leads to hypercellularity and in-
creased membrane proliferation, the Cho value is
consistently elevated in gliomas (12–14). Some have
even regarded the frequent coincidence of elevated
Cho levels and decreased NAA levels in gliomas to be
a tumor signature. The presence of Lac indicates that
cellular respiration has shifted from the oxidative
metabolism of carbohydrates to nonoxidative metab-
olism. Increased reliance on anaerobic glycolysis is

found in highly malignant tumors (15), and is thought
to result from hypercellular and hypermetabolic le-
sions that outgrow their blood supply.

Although TDLs may represent a clinical entity sep-
arate from MS (26), analogies may reasonably be
drawn from their similar pathologic features. The
acute lesion of MS is associated with the breakdown
of the BBB and is pathologically characterized by a
dense perivascular inflammatory infiltrate that con-
tributes to demyelination and axonal damage (28).
TDLs also demonstrate a perivascular infiltration of
inflammatory cells and demyelination with relative
sparing of axonal processes (6, 8, 26). Few prior stud-
ies have specifically addressed the proton MR spec-
troscopic features of TDLs; however, numerous stud-
ies have been conducted to examine the spectroscopic
findings in the demyelinating lesions of MS (16–20).

Elevation of the Cho level is consistently found in
acute MS lesions (17–20). Explanations for this find-
ing have included reactive astrogliosis, demyelination,
and inflammation. Intense reactive astrogliosis has
long been recognized in acute MS lesions, and be-
cause Cho-containing compounds are predominantly
located in glial cells (27), membrane turnover in pro-

TABLE 2: MR spectroscopy characteristics of tumefactive demyelinating lesions and glioma patients

Patient
No. Lesion

Enhancing Region Central Region Perilesional T2 Region
Contralateral Normal

Brain

Cho/Cr NAA/Cr Lac Cho/Cr NAA/Cr Lac Cho/Cr NAA/Cr Lac Cho/Cr NAA/Cr Lac

1 TDL 4.6 1.0 �� 3.5 1.0 �� 1.7 1.2 � 0.5 1.6 �

2 TDL 1.8 1.9 � 3.0 3.2 �� 1.6 2.9 � 0.9 1.6 �

3 TDL 1.7 0.7 � 4.9 2.3 � 1.9 1.2 � 0.7 1.6 �

4 TDL 2.4 1.3 � 3.3 2.7 � 1.5 0.3 � 0.8 2.0 �

5 TDL 2.8 1.9 � 1.6 2.5 � 1.4 2.6 � 1.4 3.0 �

6 TDL 1.7 1.7 � 2.3 1.4 � 1.1 1.7 � 0.9 1.9 �

7 AA 3.3 1.2 � 1.5 1.2 � 1.8 2.0 � 0.5 1.7 �

8 AA 3.3 0.7 � 9.0 1.1 � 1.0 0.9 � 0.7 1.2 �

9 AO 0.9 0.7 � 2.1 1.1 � 1.3 0.9 � 0.9 1.1 �

10 AA 4.3 0.9 � 3.8 0.8 � 2.0 1.4 � 0.7 1.7 �

11 AMG 2.5 0.6 � 2.5 0.6 � 2.0 1.3 � 1.6 3.6 �

12 AA 1.3 0.6 � 1.6 0.5 � 1.2 0.9 � 0.9 1.4 �

13 AMG 10.3 0.8 � 11.3 1.6 � 1.2 2.1 � 0.8 2.0 �

14 AA 12.7 0.6 � 4.7 0.8 � 1.5 1.3 � 1.1 1.5 �

15 GBM 1.8 0.7 � 2.2 0.9 � 1.5 1.2 � 1.0 1.5 �

16 GBM 10.0 1.0 � 4.4 0.8 � 2.3 1.0 � 1.2 2.1 �

Note.—TDL indicates tumefactive demyelinating lesion; AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; AMG, anaplastic mixed
glioma; GBM, glioblastoma multiforme.

TABLE 3: Comparison of spectroscopic characteristics of tumefactive demyelinating lesions and gliomas

Region

TDL (n � 6) Glioma (n � 10)

P ValueMedian Range Median Range

Enhancing Region Cho/Cr 2.1 1.7–4.6 3.3 0.9–12.7 .328
NAA/Cr 1.5 0.7–1.9 0.7 0.6–1.2 .014

Central Region Cho/Cr 3.2 1.6–4.9 3.2 1.5–11.3 .914
NAA/Cr 2.4 1.0–3.2 0.9 0.5–1.6 .008

Perilesional T2 Region Cho/Cr 1.6 1.1–1.9 1.5 1.0–2.3 .956
NAA/Cr 1.5 0.3–2.9 1.3 0.9–2.1 .478

Contralateral Normal Brain Cho/Cr 0.9 0.5–1.4 0.9 0.5–1.6 .621
NAA/Cr 1.8 1.6–3.0 1.6 1.1–3.6 .383

Note.—Using the Wilcoxon rank-sum test and a Bonferroni correction for multiple comparisons, P � .0125 is considered statistically significant.

TABLE 4: Comparison of TDLs and gliomas with contralateral
normal-appearing brain

Region
Cho/Cr
P Value

NAA/Cr
P Value

TDL (n � 6) Enhancing Region .031 .094
Central Region .031 .400
Perilesional T2 Region .045 .293

Glioma (n � 10) Enhancing Region .007 .006
Central Region .006 .007
Perilesional T2 Region .006 .041
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liferating astrocytes could possibly lead to increased
Cho levels. Support for this hypothesis comes from
the study by Bitsch et al (20), who at neuropathologic
correlation found that an elevation of the Cho value
corresponded with glial proliferation. Evidence
against demyelination as a cause for Cho elevation
comes from the study by Brenner et al (29), who
found elevated Cho levels in the acute plaques of
experimental allergic encephalitis (EAE), in which
intense inflammation but no demyelination occurs.
The findings of this study suggest that inflammation
alone could lead to elevated Cho levels in EAE, possibly
secondary to the import of the enzyme choline oxidase
in infiltrating macrophages and lymphocytes.

Another common finding in the acute MS lesion is
reduced NAA levels (17–20, 30). Axonal damage and
neuronal mitochondrial dysfunction have both been
implicated. In pathologically confirmed acute MS le-
sions, evidence shows early axonal degeneration (19)
and decreased axonal density (20) that is associated
with decreased NAA values. The reduction in NAA
has been found to be reversible over time in some
lesions (18); this finding suggests that decreased mi-
tochondrial NAA synthesis from transient neuronal
dysfunction (29) may be at least partly responsible.

A more variable finding in the acute lesion of MS is
the presence of Lac (17–20, 31). Local ischemia, neu-
ronal mitochondrial dysfunction, and inflammation
have all been proposed as possible mechanisms. Isch-
emia from elevated intralesional pressure could ex-
plain the increase in Lac; however, no pathologic
evidence of ischemia exists (19). Alternatively, neu-
ronal mitochondrial dysfunction could lead to in-
creased Lac production due to neuronal glycolysis
(29). Enhancing lesions have demonstrated substan-
tially greater Lac signal frequency than nonenhancing
lesions (31), and pathologically, the highest Lac is
found in plaques with high inflammatory activity (20);
this finding suggests that elevated Lac values may be
related to inflammation. Further support for this hy-
pothesis comes from in vitro studies that demonstrate
increased glucose utilization and Lac production in
activated macrophages (32).

In this study, no significant difference in mean
Cho/Cr ratio was found between corresponding re-
gions of TDLs and high-grade gliomas. Because Cho
is a marker for cellular membrane turnover that is not
specific to neoplastic processes, similar elevations in
the metabolite could possibly result from astroglial
proliferation in TDLs and neoplastic growth in high-
grade gliomas. This intense astrogliosis, along with
hypercellularity, nuclear pleomorphism, and mitotic
activity has, in some cases, led to the histopathologic
misdiagnosis of TDLs as gliomas (8). Our patient with
a biopsy-proven TDL had atypical reactive astrocytes
that could have easily been mistaken for a neoplastic
process. As demonstrated in Figure 3, the presence of
demyelination with relative axonal sparing on special
stains for myelin and axons allowed for a definitive
diagnosis of TDL.

Comparison of the NAA/Cr ratio between TDLs
and high-grade gliomas demonstrated a significant
difference only in the corresponding central portions
of the lesions. In most high-grade gliomas in this
study, MR images showed central necrosis. This ap-
pearance is histopathologically correlated with necro-
sis of the brain parenchyma, including the neuronal
elements (33, 34); this observation explains the
marked decrease in NAA levels in the central portion
of gliomas. Four TDLs in this study demonstrated the
appearance of necrosis or cystic degeneration on MR
images; these lesions generally had NAA/Cr ratios
that were lower than the ratios in those without ne-
crosis. At histopathologic analysis, cystic degenera-
tion and areas of micronecrosis may be seen in TDLs,
but extensive coagulative necrosis is rarely observed
(8). NAA/Cr ratios are acutely decreased in TDLs,
indicating that some degree of axonal damage or
dysfunction is occurring. However, because some
TDLs demonstrate complete resolution on follow-up
images, the extent of neuronal damage or death in the
center of TDLs is unlikely to match that found in the
center of high-grade gliomas; this concept may possi-
bly explain the difference in their NAA/Cr ratios.

The mean Cho/Cr ratio in all regions of TDLs was
not significantly different from that of normal-ap-

FIG 3. Photomicrographs of a biopsy specimen from a tumefactive demyelinating lesion in a 50-year-old woman. Left, A Luxol fast blue
stain demonstrates extensive myelin loss. The lower left corner (arrow) shows a relatively normal pattern of myelination. Right, Silver
stain demonstrates relative preservation of axis cylinders.
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pearing contralateral brain. In some patients, how-
ever, the Cho/Cr ratio demonstrated a prominent
elevation, which suggested that different degrees of
inflammation or membrane proliferation in reactive
astrocytes may be occurring in different lesions. The
mean NAA/Cr ratio in all regions of TDLs was not
significantly different from that of normal-appearing
contralateral parts of the brain. A prominent de-
crease in NAA values was observed in some patients,
suggesting that, across all TDLs, different degrees of
axonal damage or dysfunction may be occurring or
that the lesions were at different stages in their evo-
lution. As has been found in some MS lesions, an
initial transient decrease in NAA may occur with
subsequent normalization (18). The wide variations in
peak heights in different TDLs and the small number
of cases examined could explain the lack of significant
differences in mean peak ratios between regions in
TDLs and those in contralateral areas of normal-
appearing brain. This high degree of variability in
metabolite ratios in TDLs underscores the problems
in the use of proton MR spectroscopy for discrimi-
nating between TDLs and gliomas.

A Lac peak was present in four of six TDLs. Inter-
estingly, the two TDLs without a Lac peak had only
minimal contrast enhancement on MR images. Nesbit
et al (25) found that contrast enhancement in MS
lesions reflects the degree of macrophage infiltration.
In of our four TDLs with Lac peaks, the relative peak
height of the Lac doublet appeared to depend on the
degree of contrast enhancement; this finding sug-
gested that BBB breakdown and inflammation may
be related to the elevation of Lac levels in TDLs.

We must stress that the diagnosis of demyelinating
disease was based on clinical but not necessarily im-
aging-documented follow-up. Although we cannot be
absolutely certain that patients who did not undergo
biopsy had TDLs, the clinical behavior of the lesions
and, in some cases, the laboratory and radiologic
follow-up findings were highly atypical for high-grade
gliomas. The presence of other episodes of neurologic
dysfunction would have made the diagnosis of demy-
elinating disease more certain; however, patients pre-
senting with TDLs typically have only single clinical
attacks. A longer period of clinical and radiologic
follow-up would be helpful in confirming the diagno-
sis of TDL in patients without a histopathologic di-
agnosis. Although other demyelinating diseases such
as progressive multifocal leukoencephalopathy (26,
35) and acute disseminated encephalomyelitis (26) can
also sometimes appear as large solitary mass lesions,
clinical and imaging features of these processes are
usually present to allow for their discrimination.

Two previous groups have described the proton MR
spectroscopic features of TDLs. One found that a tu-
mefactive MS lesion demonstrated slightly elevated Cho
levels, decreased NAA levels, and an excess of Lac and
lipids (11). Another used linear discriminant analysis
and pattern recognition to distinguish five TDLs from
66 gliomas (21). With the exception of the NAA/Cr
ratio in the central portions of the lesions, the results of
our study showed that the metabolite profiles of TDLs

and high-grade gliomas had no appreciable differences.
Some studies have revealed that the MR spectra in
perilesional areas of noninfiltrating processes such as
metastases and abscesses are relatively normal, whereas
those in the perilesional areas of infiltrating gliomas are
abnormal (36, 37). Although this finding could be ex-
trapolated to include TDLs, in the heterogeneous and
limited number of cases examined in this study, we did
not find any significant differences between the metab-
olite ratios of perilesional areas in TDLs and high-grade
gliomas.

Although the pathogenesis of acute demyelinating
lesions and that of high-grade glial neoplasms are
vastly different, both result in some degree of rapid
cellular proliferation, increased metabolism, and dis-
ruption of the native neuronal tissue. These similar
metabolic features, combined with the heterogeneous
and evolving nature of the lesions, could result in
substantial overlap in the spectroscopic findings. In
fact, one of the patients in this study had undergone
biopsy for definitive diagnosis because of a proton
MR spectroscopic profile that was highly suggestive
of a tumor (as shown in Figure 1D).

A potential criticism of this study is the use of
semiquantitative peak heights instead of peak areas.
Although a quantitation of the peak areas would have
yielded more precise values, the overall conclusions
of the study are unlikely to have been affected. One
major limitation of this study is the small number of
TDLs examined and therefore its limited statistical
power. Although a larger number of cases could po-
tentially lead to other significant differences in me-
tabolite ratios between TDLs and gliomas, the find-
ings of this study show that the distinction between
the spectroscopic tumor signature and the spectrum
found in TDLs may not always be clear. Given the
results of this study, we believe that the MR spectra in
suspected tumors should be interpreted with caution.
This study also underscores the need to include de-
myelinating lesions in the differential diagnosis of
neoplasms of the brain.

Conclusion

Proton MR spectroscopy is a powerful noninvasive
tool for understanding the biochemical alterations in
various intracranial disease processes. In this study,
we found that high-grade gliomas and TDLs share
many similar features at both conventional MR im-
aging and proton MR spectroscopy. Except for signif-
icant differences in the NAA/Cr ratio in their central
regions, no other metabolite ratios could be used to
distinguish high-grade gliomas and TDLs with confi-
dence; this finding emphasizes the need for the cau-
tious interpretation of spectroscopic findings.
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