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Clinical Case - Test Yourself Neuro/Head and Neck Radiology

Patient with changes in mental status and 
motor dysfunction
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part a

A 29-years old male was evaluated for difficulty in initi-
ation and control movement and changes in mental sta-
tus. Medical history was unremarkable. Physical exami-

nation was indicative of basal ganglia dysfunction. Blood 
test results were within normal limits. A routine brain 
MRI imaging examination was performed (Figs. 1-4). 
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Fig. 4. Perfusion Weighted Image (PWI), Cerebral Blood Vol-
ume (CBV) map.

Fig. 1. Axial brain MRI image at the level of the lateral ventri-
cles, FLAIR sequence.

Fig. 2. Axial post-contrast MRI images, at the level of the lat-
eral ventricles and pons. 

Fig. 3. Diffusion Weighted Image (DWI) of b-value 1000 with 
corresponding Apparent Diffusion Coefficient (ADC) map.
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Diagnosis: Tumefactive Multiple Sclerosis 
Imaging workup of the patient shows that on FLAIR 
MRI (Fig. 1) the intermediate signal intensity lesion 
demonstrates restricted peritumoural oedema and 
exerting minimal mass effect, same imaging features 
with the second lesion at the level of the pons. Both 
lesions illustrate intense homogeneous contrast en-
hancement (Fig. 2). The differential diagnosis in-
cludes a wide spectrum of neoplastic and non-neo-
plastic lesions. The restricted peritumoral oedema 
and the intense homogeneous contrast enhancement 
make the diagnosis of multicentric glioblastoma and 
cerebral metastases less possible. Sharp lesion mar-
gins exclude the rare case of brain gliomatosis, that 
usually develops in a diffuse pattern. The location 
and pattern of distribution of the lesions makes the 
diagnosis of secondary Brain Lymphoma (BL) pos-
sible [1]. However, there was no evidence of prima-
ry lymphoma elsewhere in the body in our patient. 
Whilst Primary Cerebral Brain Lymphoma (PCNSL) is 
presented as a solitary, well defined, round or oval 
lesion, it may also be multifocal, especially in immu-
nosuppressed patients [2]. AIDS or any other cause 
of immunosuppression was excluded in our patient.

Non-neoplastic conditions such as vascular disease 
(brain infarct and vasculitis), infectious (tuberculo-
sis, fungus, bacterial abscess) and inflammatory dis-
ease were excluded due to lesion distribution and en-
hancement pattern as well as the laboratory profile 
of the patient. Medical history was free (no trauma or 
medical intervention was mentioned). Demyelinat-
ing disease, namely Tumefactive Multiple Sclerosis 
(TMS), was also included in the differential diagnosis. 
Further imaging workup was performed in order to 
discriminate between PCNSL and TMS [3, 4]. 

Further imaging workup included Diffusion Weighted 
Image (DWI) and Perfusion Weighted Image (PWI). On 
DWI the lesions demonstrated increased signal intensity 
and mildly increased Apparent Diffusion Coefficient (ADC) 
(Fig. 3), T2- shine through phaenomenon, without restric-
tion in diffusion. The mean minimum ADC value measured 
at the core of the larger lesion was 1.09 X 10-6 mm/sec2, 
a borderline value between malignant and non-malignant 
brain lesions [5, 6].

Relative Cerebral Blood Volume (rCBV) ratio within 
the larger lesion (Fig. 4) as well as within the small-
er lesion were significantly low. In TMS lower rCBV 
values have been recorded in comparison to CNSL. 
The rCBV values difference between tumefactive de-
myelinating lesions (TDL) and brain lymphomas are 
less pronounced but are statistically significant [7, 
8]. However this finding may be inconclusive in some 
cases due to variability of different brain lymphomas 
subtypes [7, 8]. 

The considerable low rCBV and the mild increase 
in ADC values raised the possibility of TMS. A short 
echo time (TE=30 ms) in Magnetic Resonance Spec-
troscopy (MRS) and a TE of 135 ms (Fig. 5) were per-
formed in the larger tumour-like lesion. The size of 
the second lesion was very small for accurate meas-
urements. MRS showed elevation of myoinositol at 
3.56 ppm, glutamate/glutamine (Glx) peaks at 2.1-2.5 
ppm, marked elevation of lactate/lipid peaks at 0.8-
1.3 ppm and mild choline elevation values compatible 
with demyelination [4]. There was also mild decrease 
of N-acetylaspartate, indicative of axonal pathology 
and reduced creatine, favouring an acute stage of the 
lesions [9]. Echo time of TE 135 ms showed increased 
lipid peaks. 

No biopsy [3] was performed, since advanced imag-
ing and laboratory tests were considered diagnostic 
of TMS with multiple lesions. Laboratory results were 
positive for the same monoclonal bands at both cere-
brospinal fluid and blood serum, indicating the pres-
ence of multiple sclerosis. The patient was treated 
with corticosteroids and on follow up MRI examina-
tions the lesions progressively resolved. Three years 
later the imaging findings were unremarkable (Fig. 6).

TMS is an unusual presentation of multiple sclerosis, 
seen in 0.1- 2.8% of MS patients [3]. It is a locally aggres-
sive form of demyelination. The imaging appearance [4, 
5] of TMS (well circumscribed lesion greater than 2 cm or 
sometimes a couple of lesions with minimal mass effect 
and oedema) may mimic neoplasm, abscess or stroke on 
imaging. Most of these lesions may not progress to mul-
tiple sclerosis plaques [6]. Peculiar imaging appearanc-
es on MRI, such as "open" or "broken" ring gadolinium 
enhancement, dilatation of cerebral veins either in or 
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Fig.1. Axial brain MRI image at the level of the lateral ventri-
cles, FLAIR sequence. The intermediate density lesion (arrow) 
demonstrates minimal to moderate peritumoural oedema and 
exerts minimal to moderate mass effect.

Fig. 2. Axial post-contrast MRI images, at the level of the 
lateral ventricles (white arrow) and pons (black arrow). Both 
lesions show intense contrast medium enhancement.

Fig. 3. DWI of b-value 1000 with corresponding ADC map. DWI 
shows intermediate signal intensity (arrow on left image) 
with ADC values in corresponding ADC map, variable (arrow 
on right image). No restriction in diffusion is noted. 

Fig.4. PWI, CBV map. Regional perfusion measurements 
depict low rCBV values, even lower than the normal corre-
sponding contralateral white matter (ellipse).

Fig. 5. Spectroscopy (MRS) at TE 30 ms and TE 135 ms. MRS of 
the larger lesion at short echo time (TE=30 ms) reveals elevation 
of myoinositol at 3.56 ppm (thin white arrow), glutamate/glu-
tamine (Glx) peaks at 2.1-2.5 ppm (solid white arrow), marked 
elevation of lactate /lipid peaks at 0.8-1.3 ppm (solid grey arrow) 
and at echo time TE 135 ms shows increased lipid peaks (open ar-
row). Note mild choline elevation and moderate NAA elevation. 
Cr, creatine; Cho, choline NAA indicates N-acetylaspartate.

Fig. 6. Follow up MRI examination after 3 years. At the level of the lateral ventricles a) Postgadolinium and b) FLAIR 
image. At the level of the pons at c) Postgadolinium and d) FLAIR image. Complete resolution of imaging findings is noted.
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around these tumefactive lesions may suggest the diag-
nosis of TMS [8-10], but were not present in our patient. 
Since diagnosis of TMS is difficult even on histology [10], 
a close follow up imaging strategy has been proposed as a 
tool to confirm diagnosis and avoid biopsy, with interval 
improvement of these lesions on MRI following steroid 
therapy [3]. Many unnecessary surgical operations and 
unnecessary complementary chemotherapy therapies 
due to false diagnosis in case of TMS have been reported. 

TMS raises a diagnostic dilemma to neurosurgeons, 

radiologists and pathologists, since intracranial tu-
mours and other pathologies share similar features. 
Minimal peritumoural oedema and mass effect, open- 
ring of enhancement, increased ADC values, centrally 
dilated veins within the lesion with decreased rCBV 
values and MR spectroscopy constitute a great aid in 
the diagnosis of TMS. R
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