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Summary Purpose. To determine the metabolic characterization of a

large solitary demyelinating lesion. Methods. Magnetic Resonance

Spectroscopy (MRS) and Positron Emission Tomography (PET)

studies with 2-deoxy-2-[F-18]fluoro-DD-glucose (FDG), carbon-11-

methionine (methionine) and carbon-11-choline (choline) were done

on the demyelinating lesion. Results. The demyelinating lesion

exhibited a low glucose uptake, prominent methionine uptake and a

minimal choline uptake on the PET studies. MRS data revealed an

increased choline to creatine (cho/cr) ratio and a decreased N-acetyl-

aspartate to creatine (NAA/cr) ratio, which demonstrated a return to

near normal ratios on follow-up study. Conclusion. The report sum-

marizes the metabolic characteristics of a demyelinating plaque.
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INTRODUCTION

Brain lesions in multiple sclerosis (MS) may present as solitary
mass lesions located in the white-matter and gray-white junction.1

A typical clinical and radiographic features of large demyelinating
plaques may lead to several erroneous differential diagnoses such
as tumors, infection or demyelination from other causes.2,3

The diagnosis of MS, till recently, largely depended on the clin-
ical course, which typically features an exacerbation and remis-
sion of multi-focal neurological deficits, electrophysiological
tests, CSF analysis and imaging studies.3 The advent of func-
tional/metabolic imaging modalities such as magnetic resonance
spectroscopy (MRS)4–7 and positron emission tomography
(PET) has revolutionized our concepts in many brain diseases,
including MS.
We report an unusual case of multiple sclerosis presenting with

subacute onset of focal neurological signs and a single, large

enhancing lesion on the MRI. The lesion was further characterized
using functional imaging modalities such as PET with different
tracers (FDG, methionine, choline) and proton magnetic resonance
spectroscopy (1H-MRS). We believe this is the first ever reported
case of MS studied by methionine and choline PET imaging.

CASE REPORT

A 36-year-old lady presented with complaints of subacute (10 days)
onset of dysarthria and right hemi-paresis. She had no neurological
complaints prior to the present illness. She gave a history of mild
hypertension for 2 years not requiringmedication and was a chronic
smoker. She had a family history for hypertension and diabetes.
Gadolinium enhanced magnetic resonance imaging (Gd-MRI)

of the brain at the time of admission revealed a single enhancing
1.2 · 1.4 cm area of hyper-signal in the left corona radiata on T2-
weighted images (Fig. 1). The differential diagnoses entertained
were a low grade tumor vs a plaque of MS.
1H-MRS showed an increased peak of choline with a mean

cho/cr ratio of 2.29 against a control of 1.79. The mean NAA
peak was reduced with a mean NAA/cr ratio of 2.57 against
3.37 in the control. An elevated lactate peak was also noted
(Fig. 2). The lesion volume was 2.6 cc. The findings on MRS
strongly suggested a demyelinating pathology (Fig. 2).
A CSF analysis was then carried out to substantiate MS. CSF

analysis showed no cells and an elevated protein of 65 mg%.

Fig. 1 Gd-MRI and the co-registered images of PET showing a single

enhancing 1.2 · 1.4 cm area of hyper signal in the left corona radiata on

T2-weighted images on the MRI of the brain; prominent methionine, mild

glucose and choline uptake in the lesion.
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There were no oligoclonal bands but myelin basic protein was
positive.
Since the large size of the lesion provided an opportunity to

determine the metabolic profile of the demyelinating lesion fur-
ther, we categorized the lesion with FDG, 11C-MET and 11C-
choline PET studies.
The glucose images demonstrated glucose uptake in the lesion

which was more than white matter but much less than in cortical
regions. The methionine study demonstrated a focal area of in-
creased methionine uptake (35%) in the deep white matter of
the left frontal parietal region corresponding to the enhancing
abnormality noted on the MRI scan (Fig. 1). Choline PET imaging
contrary to expectations revealed a mild focus of choline uptake,
distinct from the surrounding normal brain tissue.
Following the CSF and the 1H-MRS report, the patient was

diagnosed to have a demyelinating disease and was started on a
short course of high dose steroids (1000 mg of solumedrol/i.v/
day/3 days) followed by oral steroids tapered over the next 10
days. She improved rapidly and recovered fully with no residual
neurological deficit over the next 10 days.
A repeat MRI scan done three weeks later showed a mild de-

crease in the initial hyperintense lesion in the left corona radiata.
However, two other lesions were now seen. On the flair sequence
in the white matter. This lent further credence to primary demye-
linating plaques as the etiology. Repeat MRS study showed a de-
crease in the ratios closer to normal (NAA/cr: 2.53 vs 2.9 and cho/
cr: 2.26 vs 2.1) (Table 1).

DISCUSSION

Imaging studies in MS usually reveal multiple small plaques rang-
ing from a few millimeters to 16 mm in size. However, MS some-
times presents as a large solitary mass lesion that is
indistinguishable from a brain tumor. Multiple sclerosis simulat-
ing a single mass lesion has been described in the literature.
Acute plaques are characterized by edema and some demyelina-

tion, while chronic plaques are characterized by gliosis, and to
some extent, neuronal loss. There have been several studies of
MRS in MS.4–7 Acute plaques can show an increase of choline
(Cho), lactate (Lac), and mobile lipid peaks (products of myelin
breakdown). The increase of Choline signal is due to the release
of phosphocholine and glycerolphosphocholine during active
demyelination. In MS plaques, 1H MRS has shown a reversible
decrease of NAA, which suggests axonal damage and/or impair-
ment. We found a relatively decreased NAA/cr ratio and an ele-
vated cho/cr ratio in the lesion. This agrees well with reports in
the literature. An elevated lactate peak represented inflammation.

Fig. 2 1H-MRS image showing an increased peak of choline with a mean chol/cr ratio of 2.29 as against a control of 1.79 and a reduced NAA peak with a

mean NAA/cr ratio of 2.57 as against 3.37 in the control.

Table 1

Initial study Repeat study

NAA/cr Cho/cr NAA/cr Cho/cr

Patient 2.57 2.29 2.53 2.26

Control 3.37 1.79 2.9 2.1

ª 2004 Elsevier Ltd. All rights reserved. Journal of Clinical Neuroscience (2005) 12(2)

177Functional imaging (PET, MRS) in multiple sclerosis



MRS investigations have been further validated from the positive
biopsy results in tumors with high in vivo choline peak.7,8 Low
grade gliomas in contrast are characterized by low NAA, strongly
elevated choline and inositol and variable lactate levels.
The most widely used PET ligand for mapping the glucose

metabolism in the brain is FDG. The amount of intracellular
FDG is proportionate to the rate of glucose transport and intracel-
lular phosphorylation. Very few studies have to date evaluated the
MS lesions with FDG PET.9,10 The few that were done have
shown inconsistent results. Bakshi et al.9 studied the regional glu-
cose metabolism prospectively in MS using a high resolution FDG
PET. When compared with controls, MS subjects demonstrated a
9% reduction in total brain glucose metabolism. The hypo-metab-
olism was widespread, including the cerebral cortex, sub-cortical
nuclei, supratentorial white matter and infratentorial structures.
Schiepers et al.8 reported glucose metabolism by PET in 13 pa-
tients with MS. In most cases of stable MS, large lesions have a
relatively increased glucose utilization. Active lesions in acute
MS are also hyper metabolic. The quantitative cerebral abnormal-
ities detected by FDG PET may serve as a marker of disease activ-
ity aiding in understanding the pathophysiological expression and
therapeutic response of MS. The degree of glucose uptake may
simply indicate the temporal stage of the demyelinating plaque.
A very minimally increased glucose uptake was noted in our case,
which was consistent with an inflammatory lesion.
Methionine is used to evaluate amino acid uptake and protein

synthesis providing an indicator of tumor viability. There is little
uptake of methionine into normal brain tissue. Accumulation of
methionine into malignant cells is thought to be due to amino acid
metabolism and incorporation of amino acid into protein fractions.
Recent studies have suggested that the accumulation of methionine
may also reflect amino acid active transport. Methionine uptake has
also been seen at certain stages of non-tumor CNS diseases. This
would imply uptake of the tracer as a result of the disruption of
the blood–brain barrier as well as metabolic incorporation. There
are reports in the literature of frontal hypertrophic cranial pachy-
meningitis revealed with methionine PET imaging. The thickened
dura mater where the tracer accumulated was composed of inflam-
matory cells. Methionine uptake has also been seen in cases of brain
abscess, hematoma, radiation necrosis and infarct.10–12 The mech-
anisms of increased methionine uptake in inflammatory lesions are
still unclear. There are no reports of methionine uptake in lesions of
MS to date. The increased methionine uptake in the lesion implies
once again the presence of inflammation.
Choline is a precursor for cellular membranes and acetylcho-

line synthesis. Various neuropathologies including degenerative
diseases and tumors impact choline metabolism.13 Studies using
choline PET consistently gave high uptake images of the tum-
ors surrounded by background of very low activity. Since in-
creased choline turn over is expected in demyelinating
disorders, it is logical to expect an increased choline uptake
on PET study. Unlike the high uptake seen in tumors, we found
a very faint uptake of choline in our patient. Once again, this
may represent a stable plaque with relatively decreased rate
of on-going demyelination. Since this is the first ever report
of choline PET in a demyelinating lesion, we have not com-
pared with different stages or types of MS lesions. It would
certainly be interesting to study various demyelinating patholo-
gies with choline PET.
The above report therefore sums up the metabolic characteriza-

tion of a demyelinating lesion. The demyelinating plaque in our case
exhibited a low glucose uptake, prominent methionine uptake and a
minimal choline uptake on the PET studies. MRS data showed an
increased cho/cr ratio and a decreased NAA/cr ratio, which demon-
strated a return to near normal ratios on follow-up study.
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Aqueduct stenosis—?Benign
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Summary ‘Benign’ aqueduct stenosis is a common cause of

hydrocephalus in the paediatric population and is frequently treated

by endoscopic third ventriculostomy. Occasionally, aqueduct steno-

sis can be a prelude to the development of other pathology, as is

seen in these two cases of pineal tumours developing in patients

whose hydrocephalus was successfully treated with endoscopic third

ventriculostomy. The case histories are presented, along with the

recommendation for increased radiological screening of patients with

this usually ‘benign’ presentation.
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