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Keys Practice Point
•	 Advanced magnetic resonance imaging techniques 

might help in the differential diagnosis of challenging 
solitary brain masses.

•	 ADC values might be low in an inflammatory setting.

•	 During the very acute phase of an inflammatory pro-
cess an increase of rCBV and rCBF ratios could be 
observed probably because of the vasodilatation.

•	 Cell breakdown of both glial and neural elements oc-
curring in a demyelinating plaque leads to high con-
centration of glutamate and glutamine.

Introduction
Tumefactive Demyelinating Lesions (TDL), also 

named ‘demyelinating pseudo tumors’, are a rare subset 
of demyelinating manifestations. The exact pathogenesis 
of TDL is not clearly understood [1-4]. They can occur in 

isolation, as part of Multiple Sclerosis (MS), Acute Dis-
seminated Encephalomyelitis (ADEM) or Neuromyelitis 
Optica Spectrum Disorder (NMOSD) [5]. Multiple Scle-
rosis (MS) accounts for most cases of TDL [3,6]. TDL 
might be single or multiple and may appear simultane-
ously at onset or sequentially. When they present as sin-
gle mass lesion they might be mistaken as brain tumors 

Abstract
Tumefactive Demyelinating Lesions (TDL) is atypical presentation of various demyelinating diseases like 
Multiple Sclerosis (MS). They can mimic brain tumors in their clinical and radiological features and usually 
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[1-3]. Clinical presentations vary from asymptomatic 
lesions to headache, cognitive abnormalities, mental 
confusion, impaired consciousness, aphasia, apraxia, 
cerebellar symptoms, visual field defects and/or seizures 
[1,2,4]. Usually there is not any history of similar epi-
sodes in the past and they may present as the first de-
myelinating event in the course of MS [4,7,8]. Magnetic 
Resonance Imaging (MRI) is a critical tool in the diagno-
sis of this entity, although the overlap in the imaging ap-
pearance of TDL with the imaging appearances of brain 
neoplasms, such as primary CNS lymphoma and high-
grade glioma often leads to surgical biopsy [1,2,9,10]. In 
general, TDL responds well to steroids that have been 
shown to reduce the lesions size on follow-up imaging 
[6,11,12]. However, in many cases the diagnosis remains 
uncertain and therefore biopsy is indicated [9-12].

Case Report
A 17-years-old Caucasian girl came to Emergency 

room of our Hospital for vertigo, aphasia and right leg 

weakness, referred from 5 days. The neurological ex-
amination revealed right brachio-crural hemiparesis 
(MRC2/5) reduction of right tendon reflexes and hy-
poanesthesia of right lower limb. She had no past medi-
cal history; she referred tetanus vaccine 3 months before. 
Brain Computed Tomography (CT) showed a large hy-
podense lesion, without mass effect, in left periventric-
ular and paratrigonal zone. Immediately a brain MR 
was performed showing a left large periventricular and 
paratrigonal area of signal abnormality, hypointense on 
T1-weighted images, hyperintense on T2-weighted and 
Fluid-Attenuated Inversion Recovery (FLAIR) images, 
measuring 40 × 50 × 30 mm, with minimal perifocal 
edema and no mass effect. Diffusion Weighted Imaging 
(DWI) showed two areas of restricted diffusion within 
the lesion. Post-contrast administration no enhance-
ment was seen; only on a much delayed scan (after 15 
minutes of contrast administration) a faint enhancement 
was appreciated. Dynamic Susceptibility Contrast (DSC) 
Perfusion Weight Imaging (PWI) showed increased Rel-

         

Figure 1: a) ADC map showing a periventricular zone with restricted diffusion; b,c) CBV and CBF parametric maps showing 
increased Relative Cerebral Blood Volume (rCBV) and Relative Cerebral Blood Flow ( rCBF); d,e) Multivoxel spectroscopy 
study showed increase GLN/Cr, GSH/Cr, a peak of Lactate , reduction of mI/Cr; f) Post contrast administration no enhancement 
was seen.
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ative Cerebral Blood Volume (rCBV) and Relative Cere-
bral Blood Flow (rCBF) and reduction of Mean Transit 
Time (MTT). Proton Multivoxel Magnetic Spectrosco-
py (PMRS) showed increase GLN/Cr, GSH/Cr, a peak 
of Lactate, reduction of mI/Cr (Figure 1). Following the 
suspect of a demyelinating lesion the study was extended 
to the spine revealing a small, peripheral non-enhanc-
ing, medullary lesion at D5 level. Based on these imaging 
features, a diagnosis of TDL was done. Low grade gli-
oma was given as a less probable differential diagnosis. 
Screen for AQP4-IG, GAD-SSA-SSB, NMDA MOG-IG, 
anti‐nuclear antibodies, anti‐neutrophil cytoplasmic an-
tibodies, anti‐cardiolipin antibodies, angiotensin con-
verting enzyme, lysozyme and C‐reactive protein yielded 
negative results or normal values. An infection screen, 
including human immunodeficiency virus, treponemal 
and borrelia serology tests yielded negative results or 
results within the normal ranges. Cerebrospinal Fluid 
(CSF) was clear and showed normal biochemistry and 
cell counts. Fluorescence‐activated cell sorting analysis 
revealed no atypical cells. Oligoclonal bands were posi-
tive restricted to CSF. Somatosensory and visual evoked 
potentials were normal. Under the presumptive diag-
nosis of TDL treatment with methylprednisolone (1000 

mg/day, intravenously) was started obtaining a prompt 
clinical response. After one week of therapy a follow-up 
MRI revealed a stable lesion dimension but a wide spread 
increased Apparent Diffusion Coefficient (ADC) values 
and the complete absence of enhancement (even after 
1 hour from injection). PWI continued to show an in-
crease of rCBV and rCBF but less high of previous ex-
amination. PMRS confirmed the increasing of Gln/Cr, 
GSH/Cr, Cho/Cr with the reduction of mI/Cr and NAA/
Cr (Figure 2). The neurological examination improved 
(Brachio-crural hemiparesis MRC 4/5) and oral Predni-
sone therapy was continued (50 mg/day for two weeks, 
after 25 mg/day), but the MRI performed 3 weeks later 
showed an unexpected lesion’s progression. In fact it in-
creased in size, extending in the parietal and in the tem-
poral lobe, with mass effect and midline shift. Also the 
perilesional edema was extended. Furthermore the lesion 
structure was changed with the appearance of necrotic 
components and intense and inhomogeneous enhance-
ment. ADC values were high and PWI showed reduction 
of perfusion parameters (Figure 3). PMRS confirmed the 
spectral profile of previous examination. (All the results 
are reported in the Table 1). At this point the biopsy was 
necessary to made with certainly the diagnosis, because 

         

Figure 2: a,b) DWI-ADC images showing no restricted diffusion; c) FLAIR image with the area of multivoxel spectroscopic 
study; d,e) CBV and CBF parametric map showing a slight increase of rCBV and rCBF (less compared to Figure 1); f) PMRS 
confirmed the increasing of Gln/Cr, GSH/Cr, Cho/Cr with the reduction of mI/Cr and NAA/Cr.
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Figure 3: a-c) DWI, T1c.e., FLAIR images showing lesion progression, increased edema with mass effect and diffuse 
enhancement; d,e) CBV and CBF parametric map showing areas of decreased rCBV and rCBF ratios; f) PMRS showing the 
increasing of Gln/Cr, GSH/Cr, Cho/Cr with the reduction of mI/Cr and NAA/Cr.

Table 1: The rows contain the main results of each MR examination performed. The first row is for contrast behavior (faint 
enhancement; absent; inhomogeneous), the second shows ADC values, the third PWI values and the fourth PMRS data (P = 
pathologic side, N = normal side, H = High, A = absent).
The columns report the time of follow up studies (T0 first control; 1 W = after a week of therapy; 3 W after 3 week of therapy).

Gd enhancement ADC values (mm2/s) PWI PMRS
Ratio P N

T0 Faint 0.57071 × 10-3 rCBV   4.7
rCBF    5
rMTT    0.3

Naa/Cr 3.28 2.8
Cho/Cr 1.86 1.18
mI/Cr 0.33 1.33
Gln/Cr 6.27 2.04
GSH/Cr 2.28 1.43
Lac H A

1 W Absent 0.69793 × 10-3 rCBV   2.5
rCBF    4
rMTT   0.9

Naa/Cr 1.77 2.8
Cho/Cr 2.92 1.16
mI/Cr 1.01 1.16
Gln/Cr 3.71 2.11
GSH/Cr 4.0 1.23
Lac H A

3 W Inhomogeneous 0.150025 × 10-3 rCBV   1.02
rCBF    1.3
rMTT    0.0

Naa/Cr 3.04 2.33
Cho/cr 8.38 1.22
mI/Cr 2.38 1.36
Gln/cr 6.15 1.06
GSH/cr 4.16 0.9
Lac H A
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cause the latter usually displays lower rCBV values. This 
didn’t happen in our case as we observed high rCBV and 
rCBF values on the first examination (probably because 
of the high inflammatory activity). These parameters 
gradually decreased, raising the normality, during the 
following weeks and this trend is not expected in a glio-
ma just under steroid therapy, while can be explained in 
an inflammatory setting [13,19].

An acute giant demyelinating plaque could mimic a 
glioma on PMRS too. In fact acute demyelinating plaque 
may show elevated Cho and decreased NAA signal [20-
22]. However the cell breakdown of both glial and neural 
elements occurring in a demyelinating plaque, leads to 
high concentration of glutamate and glutamine, which 
are not seen in gliomas [20,22]. In our case we observed 
this feature. Recently few works [23,24] have underlined 
the role of Glutathione (GSH) as an important indicator 
of oxidative status in human brain and oxidative stress 
has been strongly suggested to play an important role in 
the early, active phase of MS. The trend of GSH values 
in TDL has not been yet studied however in our case 
we found an increase of GSH/Cr ratio compared to the 
normal appearing white matter and this ratio further in-
creased in the follow up studies.

In our case the restriction of oligoclonal bands to 
CSF and the presence of a small, peripheralspinal lesion 
addressed more for MS-like demyelinating process. In 
Neuromyelitis Optica (NMO) spinal lesions are more 
often extensive than those of MS, they often have central 
cord involvement and optic nerve lesions have a tenden-
cy to be more extensive in length. In our case optic nerve 
sheaths did not show any impairment [5]. Although the 
lack of prompt response to the corticosteroid therapy 
could not exclude atypical demyelinating syndromes as 
NMOSD, these entities are usually positive for a serum 
marker against aquoporina 4 (AQP4-IgG) and are less 
likely to have CSF-restricted oligoclonal bands [5,25]. 
Important autoantigen are also antibodies against My-
elin Oligodendrocyte Glycoprotein (MOG-IgG) that 
are produced by the oligodendrocytes and are recog-
nized in atypical demyelanitaning lesions as in NMSOD 
and ADEM and a in a selective subgroup of adult type 
II MS (antibody-mediated demyelination) [5,25]. Oth-
er autoantigens are anti-N-methyl-d-aspartate  Recep-
tor  (anti-NMDA-R) autoantibodies, that are seen in 
autoimmune anti-NMDA-R encephalitis [5,26] Very 
few patients with anti-NMDA-R encephalitis can have 
concurrent, or later develop of TDL [5]. All of these au-
toantibodies were absent in our patient. Not all patient 
with TDL require stereotactic brain biopsy [27]. Despite 
the positive analysis of CSF for oligococlonal band (pos-
itive in up to 30% of cases of TDL in MS), the absence 
of multiple lesions on MRI at the time of the biopsy 

the neoplastic nature of the lesion could not be excluded. 
Histology showed demyelination, extensive macrophage 
invasion (CD68+), gliosis and necrosis. The patient is 
currently under interferon β1a (44 μg 3 times for week). 
The last follow up MRI showed no new lesions and the 
neurological examination is stable.

Discussion
A TDL is defined on MRI by the presence of large 

sized brain mass (≥ 2.0 cm in diameter) with edema and 
mass effect. The lesions more commonly involve the su-
pratentorial compartment, mainly white matter tracts, 
in a periventricular distribution [1,2,4]. When there are 
multiple periventricular white matter lesions involving 
the major white matter tracts, such as corpus callosum 
and/or brachium pontis, associated to the presence of 
spinal cord lesions, the diagnosis of MS is straightfor-
ward [13]. However a solitary, inhomogeneous lesion 
can pose a considerable diagnostic challenge. Moreover 
the use of a contrast agent is of limited benefit because 
any pathologic process associated with disruption of 
the blood-brain barrier can result in enhancement on 
MRI [14,15]. Thus, advanced MRI techniques, such as 
DWI, PWI, PMRS may improve the characterization of 
solitary brain lesions [11,12]. In this study, we have ob-
served and analyzed the evolution of a TDL, under corti-
costeroid therapy, with conventional and advanced MRI 
techniques. In our case the initial MRI showed two areas 
of restricted diffusion, with decreased ADC in the left 
paratrigonal and periventricular areas, without the clas-
sical peripheral distribution. Several recent case studies 
have reported reduced ADC values in acute demyelinat-
ing lesions and have emphasized their stroke-like ADC 
appearance [15-18]. Thus, in the early phase, those find-
ings may reflect pathophysiological mechanisms, such as 
cytotoxic edema or localized hypercellularity and this is 
in keeping with the DWI lesion behavior during the fol-
low up. In fact, afterwards, we saw a progressive increas-
ing in ADC values, probably as a consequence of steroid 
therapy, inducing inflammation decrease and the tran-
sition from the acute to the sub acute phase. The ADC 
evolution reflected pathologic substrates like inflamma-
tory vasogenic edema, assonal loss, and demyelination. 
The steroid induced pathophysiological changes may 
be the key to understand the perfusion parameters be-
havior too. In fact in the first study we found increased 
rCBV and rCBF ratios probably because of the vasodila-
tation of the inflammatory very acute phase [12,15]. At 
this stage the lesion was non-enhancing, since no blood 
brain barrier damage had occurred, while the faint en-
hancement found in a very delayed phase is most likely a 
venous engorgement [18].

Previous studies [11,13,19] reported that PWI might 
help in differential diagnosis of brain tumor and TDL be-
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sis of conventional and advanced MRI studies together 
with the careful evaluation of follow up variations should 
be considered in order to suggest the most likely diag-
nosis. A systematic study of TDL, with advanced MRI 
techniques, is necessary, to standardize their behavior in 
order to reduce the necessity of brain biopsy.
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