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Abstract

Background The diagnosis of atypical inflammatory demyelinating lesions can be difficult. Brain biopsy is often required
to exclude neoplasms. Moreover, the relationship between these lesions and multiple sclerosis and NMOSD is not clear.
Objectives Our objectives were to describe radiological and pathological characteristics of patients with acute inflammatory
demyelinating lesions.

Methods We retrospectively identified patients with brain biopsy performed for diagnostic uncertainty revealing a demyeli-
nating lesion. A complete clinical, biological, radiological and pathological analysis was performed.

Results Twenty patients (15 with a single lesion) were included. MRI disclosed a wide range of lesions including infiltra-
tive lesions (40%), ring-like lesion (15%) Balé-like lesion (15%) and acute haemorrhagic leukoencephalitis (20%). In spite
of a marked heterogeneity, some findings were common: a peripheral B1000 hyperintense rim (70%), a slight oedema with
mild mass effect (75%) and an open-rim peripheral enhancement (75%). Histopathology revealed that all cases featured
macrophages distributed throughout, extensive demyelination, axonal preservation and absence of haemorrhagic changes.
In the majority of cases, macrophages were the predominant inflammatory infiltrate and astrocytes were reactive and dys-
trophic. Aquaporin-4 staining was systematically preserved. After a mean follow-up of 5 years (1-12), 16/20 patients had a
diagnosis of monophasic acute atypical inflammatory demyelinating lesion. One patient was diagnosed with MS and 3 with
AQP4 negative NMOSD.

Discussion Although imaging findings in patients with atypical inflammatory demyelinating lesions are heterogeneous,
some common features such as peripheral DWI hyperintense rim with open-rim enhancement and absence of oedema argue
in favour of a demyelinating lesion and should preclude a brain biopsy. In this context, AQP4 staining is systematically pre-
served and argues against an AQP4-positive NMOSD. Moreover, long-term follow-up is characterized by low recurrence rate.
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Introduction

Atypical inflammatory demyelinating lesions of the cen-
tral nervous system (CNS) are a heterogeneous group of
demyelinating lesions with distinct clinical and magnetic
resonance imaging (MRI) findings [1]. Even if some
“characteristic” atypical brain lesions, such as Balé’s dis-
ease or tumefactive demyelination, have been extensively
reported, their relationship with multiple sclerosis (MS),
notably in the absence of otherwise typical MS lesions, is
still unclear [1]. Moreover, in some patients, for example
with infiltrative lesions involving the corpus callosum,
there are important differential diagnoses, including brain
tumor. In these cases, brain biopsy is frequently needed
[2, 3].

Additionally, similar atypical inflammatory demyeli-
nating lesions, including pseudotumoral lesions, have
been reported in patients with aquaporin-4 (AQP4-) and
Myelin Oligodendrocyte Glycoprotein (MOG-) related
neuromyelitis optica spectrum disorder (NMOSD) [4,
5]. This is of particular importance since evolution and
treatment of MS and NMOSD are different. In this con-
text, it has been suggested that a significant proportion
of patients with atypical demyelinating lesions could
be related to APQ4-NMOSD [6]. Indeed, in a previous
series of 20 patients with CNS atypical demyelination
and pathological evidence of an astrocytopathy, immu-
nohistochemistry found a decrease of AQP4 staining in
90% of them, with presence of antibody directed against
AQP4 in the serum in 78%.

The aim of our study is to describe the clinical, radiologi-
cal and pathological characteristics of a series of patients
with pathologically proven atypical idiopathic inflamma-
tory demyelinating lesion (AIIDL) who underwent biopsy
for diagnostic uncertainty.

Materials and methods
Cohort

This retrospective multicenter study included 20 patients
from 9 French neurological departments. Inclusion criteria
were: (1) acute or subacute onset of neurological deficit, (2)
brain biopsy performed for diagnostic uncertainty revealing
a demyelinating lesion as defined by the presence of large
areas of demyelination assessed by loss of myelin content
identified by Luxol fast blue (LFB) staining, (3) sufficient
material for all the stainings, and (4) no alternative diagno-
sis (infection, systemic disease, neoplasm) identified during
a mean follow-up of 5 years (min—-max: 1.5-12 years) [7,
8]. All medical records of the patients were reviewed by
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a neurologist (XA) and the following data were recorded:
previous medical history, including previous neurologic
relapses, gender, age and clinical symptoms at onset. Finally,
diagnosis at last follow-up was made according to current
diagnosis criteria for MS and NMOSD [7, 8]. Four patients
(patients 3—6) have been previously published [9].

Imaging

Brain MRI was obtained on either 1.5 or 3.0-T scanners.
A neurologist (XA) and a neuroradiologist (SK) retro-
spectively analysed all the MRI. The analysis focused on
T1- (pre- and post-gadolinium product injection), T2-,
T2 gradient echo-, fluid attenuated inversion recovery
(FLAIR) and diffusion-weighted imaging (DWI). The fol-
lowing data were recorded: number of lesions, location
(cortical, juxtacortical, periventricular, corpus callosum
involvement, posterior fossa involvement), presence of a
peripheral hypointense (on T2-WI) or hyperintense (on
DWI) rim, and type of gadolinium enhancement (periph-
eral open or closed enhancement, central enhancement)
[10, 11]. The presence of oedema was recorded, and mass
effect was classified as mild (mild sulcal effacement),
moderate (ventricular impingement) or severe (subfalcial
herniation) depending on location and degree of mass
effect. According to the classification of atypical inflam-
matory demyelinating lesions, patients were classified as
having either infiltrative lesions (large, ill-defined areas
of T2 abnormalities), ring-like lesions (round lesions with
ring-like enhancement), or Bald-like lesions (lesions with
multiple concentric/alternating bands of signal intensity)
[12]. Moreover, patients with radiological evidence of
acute haemorrhagic lesions on susceptibility-weighted
imaging were considered to have acute haemorrhagic leu-
koencephalitis (AHLE) [1]. Spinal cord MRI was available
in 19 patients (95%).

Pathological analysis

Two experienced neuropathologists (VR and BL) blinded
to the MRI and clinical data performed all the pathologic
evaluations. Paraffin-embedded sections were stained using
haematoxylin and eosin and Luxol-Fast-Blue (LFB: for
the identification of myelin). Primary antibodies specific
for GFAP (astrocytes), CD3 (T cells), CD8 (CDS8 T cells),
CD20 (B cells) and CD68 (microglia and macrophages)
were used in routine practice in all the referring pathological
departments. Additional immunohistochemical studies were
systematically done using primary antibodies specific for
immunoglobulin-G (IgG: mouse monoclonal, clone A57H,
1:100, Dako) and AQP4 (astrocytes: rabbit polyclonal
1:2000; Sigma-Aldrich).
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Lesions were classified according to recent histological
classification: they were considered to be active when mac-
rophages/microglia were seen throughout lesions, or mixed
active/inactive when they were mainly located at lesion bor-
der [11]. Demyelinating or post-demyelinating lesions were
distinguished according to the presence (demyelinating) or
absence (post-demyelinating) of LFB + degradation prod-
ucts within macrophages/microglia according to a recent
pathological classification [13]. Astrocyte morphology was
described according to previous characterization as fol-
lows: reactive astrocytes (with prominent processes), dys-
trophic astrocytes (small astrocytes with short and blunted
processes) or Creutzfeldt—Peters cells (large astrocytes with
abundant cytoplasm and fragmented nuclear inclusion) [6,
14-16]. Finally, we analysed the AQP4 immunohistochemi-
cal staining [6].

The study was approved by Montpellier University Hos-
pital Ethical Committee (Q-2017-03-02) and was registered
on ClinicalTrial.gov (NCT03121105).

Results
Clinical characteristics (Table 1)

Twenty patients were included (13 women/7 men). Mean
age at onset was 42.4 years (20-67). Two patients had had
previous neurological attacks (patient 1: visual symptoms
and patient 20: recurrent bilateral optic neuritis) with a
mean delay between the first attack and the recent episode of
2.5 years (2-3). The most common symptoms at onset were
hemiparesis (50%) followed by aphasia (30%); 2 patients
had seizures. Mean delay between onset of the symptoms
and biopsy was 49 days (median: 24 days; 4-271). Three
patients (15%) were admitted to intensive care unit, 2 of
them rapidly died. Only patient 1 had, in addition to visual
symptoms, evidence of a spinal cord involvement. His neu-
rological status progressively worsened over few months and
he died in a palliative care unit.

Nineteen out of 20 patients received intravenous methyl-
prednisolone and/or oral steroids with tapering, followed by
immunomodulatory/immunosuppressive treatments in 35%
of them. During a mean follow-up of 5 years (1.5-12 years),
2 patients presented new symptoms; in both cases it was a
severe unilateral optic neuritis (recurrent in 1). Of the 17
survivors, 13 (76%) were fully autonomous with no or few
symptoms, whereas 4 (24%) had various degrees of disabil-
ity. At the end of the follow-up, final diagnosis was mono-
phasic AIIDL in 16 (80%), AQP4-negative NMOSD in 3,
and an MS diagnosis was retrospectively done according to
initial MRI findings in 1 patient.

Laboratory findings (Table 1)

All the patients had an extensive laboratory work-up to
exclude systemic disease, infection, or neoplasm; it was
systematically negative/normal. CSF abnormalities were
found in 10/20 patients: elevated protein levels in 7 (mean
48 mg/dl; 20-118), pleocytosis in 2 (respectively, 6 and
38 cells/ml) and oligoclonal bands in 4. AQP4-I1gG and
MOG-IgG antibodies were systematically negative in the
13 and 11 tested cases (at the time of the initial screening
or later).

Neuroimaging data (Table 2, Figs. 1, 2)

On MR, lesions were heterogeneous. Eight patients (40%)
had an infiltrative lesion, 3 had a ring-like lesion (15%) and
3 had Balé6-like lesion (15%). Moreover, 4 patients (20%)
had T2-Gradient Echo hypointensities: they were considered
to have an acute haemorrhagic leukoencephalitis (AHLE).
Finally, two patients had an unclassified lesion.

A single lesion was observed in 75% of the patients. The
mean number of lesions in the 5 remaining patients was 7
(2—14 lesions per patient). Only patient 12 had lesions sug-
gestive of MS (both enhancing and non-enhancing perive-
ntricular and cortical/juxtacortical lesions). Five patients
(25%) had posterior fossa lesions including one patient
with a single pontomesencephalic lesion in the absence of
supratentorial lesions.

Lesions mainly involved white matter. They were fre-
quently juxtacortical (90%) and periventricular (80%) with
less frequent extension to cortex (35%) and deep grey mat-
ter (20%). Corpus callosum involvement was observed in
12 patients (60%), with a butterfly like pattern in 8 (40%).
Flufty lesions were not seen.

Oedema was present in 80% of the patients; mass effect
was usually mild or moderate (87.5% of them), and rarely
severe (12.5%). A T2 hypointense rim was seen in 15%. On
DWI, a peripheral hyperintense rim was observed in 70%
whereas central core was hyperintense and iso/hypointense
in, respectively, 50% and 45% of cases. ADC images were
available for 15 patients; 3 patients (20%) had central core
hypointensities and 7 patients (47%) had peripheral hypoin-
tense rim. Four patients had T2* hypointensities suggestive
of haemorrhage.

Gadolinium enhancement was systematically found.
Enhancement was peripheral in 18/20 patients (90%) with
open enhancement in 15 patients (75%) and a central, het-
erogeneous enhancement in 63%.

All but patient n° 17 had spinal cord MRI. It was normal
in 17 patients and a single short partial myelitis was found
in cases 1 and 19.
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Pathological analysis (Table 3, Fig. 3)
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Table 2 MRI characteristics of patients with acute idiopathic inflammatory demyelinating lesion

Characteristics Whole cohort (n=20) Infiltrative AHLE (n=4,20%) Ring-like Balo-like Unknown
(n=38, 40%) n=3,15%) (n=3,15%) (n=2,10%)
Lesion number
Unique 15 (75%) 88% 50% 100% 67% 50%
Multiple 5 (25%) 12% 50% None 33% 50%
MS typical lesions 1 (5%) None None None 33% None
Lesion topography
Cortical 7 (35%) 25% 50% 33% 33% 50%
Juxtacortical 18 (90%) 88% 100% 100% 100% 50%
Periventricular 16 (80%) 100% 100% 33% 100% None
Corpus callosum 12 (60%) 88% 75% None 33% None
Posterior fossa 5(25%) 12% 75% None None 50%
Deep grey matter 4 (20%) 12% 75% None None None
Butterfly aspect 8 (40%) 75% 50% None None None
Oedema 16 (80%) 88% 100% 67% 67% 50%
Mass effect
Mild 12 (75%) 75% 25% 67% 50% 50%
Moderate 2 (12.5%) None 50% None None None
Severe 2 (12.5%) 12% 25% None None None
T2 hypointense rim 3 (15%) 38% None None None None
T2-GE hypointensity 3/19 (16%) None 100% None None None
DWI
Core: hyperintense 50% 50% 50% 67% None 100%
Core: iso/hypointense 45% 50% 50% 33% 67% None
Peripheral rim 14 (70%) 75% 50% 67% 100% 50%
ADC (n=15 patients)
Core hypo 3/15 1 patient 1 patient 1 patient None None
Peripheral hypo 7/15 3 patients 1 patient 2 patients None 1 patient
Contrast enhancement 20 (100%) 100% 100% 100% 100% 100%
Core 13 (65%) 50% 75% 67% 33% 100%
Peripheral 18 (90%) 88% 100% 100% 100% 50%
Open-rim enhancement 15 (75%) 88% 75% 67% 67% 50%

AHLE acute haemorrhagic leukoencephalitis, DWI diffusion-weighted imaging, ADC apparent diffusion coefficient

rim was seen in 70% of the patients. [10, 17] This is in line
with a previous series studying specifically DWI in atypical
demyelinating lesions [18]. Finally, contrast enhancement
was always seen with a nearly systematic peripheral rim (in
90%) that was open in 75% of the patients and frequent cen-
tral enhancement (65%) [19]. Taken together, all these fea-
tures argue for a demyelinating lesion and against a tumoral
process. They should be considered in the management of
patients presenting with acute/subacute neurological symp-
toms since, when present, brain biopsy brain biopsy should
be avoided.

Many patients in our cohort had infiltrative lesions
(n=9/45%). This is in line with recent series on AIIDL that
have reported a proportion of infiltrative lesions between
16% and 49% of the whole group. [12, 20] Indeed, these
infiltrative lesions of the corpus callosum, notably those
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with butterfly like aspect, have a wide range of differen-
tial diagnoses, including lymphoma and glioblastoma. As
a consequence, they more frequently require a biopsy than,
for example, patients with suspected Bal6 lesion [21, 22]. In
this context, 75% of our patients disclose an open-rim gad-
olinium enhancement whereas immunocompetent patients
with primary CNS lymphoma and glioblastoma usually have
a predominantly homogeneous or heterogeneous central
enhancing pattern [23-25].

At the frontier between NMOSD and MS, non-MS non-
NMOSD atypical demyelinating lesions share some patho-
logical features common to both diseases [1, 2, 26]. Whereas
in AQP4-positive NMOSD (an autoimmune astrocytopa-
thy with secondary demyelination), main changes include
granulocyte infiltrates, vascular hyalinization and myelin
vacuolation associated with astrocyte loss and dystrophic
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Fig. 1 Typical MRI. FLAIR (a, b, d, f, g), T2 (c, ) and T2-GRE (h)
are disclosed. On MRI, the lesions disclosed a significant heterogene-
ity. We identified infiltrative (a, b), ring-like (¢, d), and Balé-like (e,

astrocytes, and in MS (a primary myelin disorder) most
of these features are normally absent [27-29]. In patients
with AIIDL, pathologic changes are usually similar to those
seen in prototypic MS but marked astrocytic changes such as
Creutzfeldt—Peters astrocytes or dystrophic changes are com-
monly seen [26]. Importantly, patients with all these atypi-
cal conditions have also been described in the context of
AQP4-positive NMOSD [4, 5, 29-31]. In our series, patho-
logical changes were highly heterogeneous from one patient
to another, irrespective of MRI findings. Indeed, as it was
previously described in patients with atypical inflammatory
demyelinating lesion, most of the patients had evidence of a
primary myelin disorder but a significant number (45%) had
pathologic features suggestive of mild or sometimes marked
astrocytic damage.

All our patients had preserved or increased AQP4 immu-
nostaining. Previous autopsy studies have demonstrated
conflicting results on AQP4 immunoreactivity in active MS
lesions and AQP4-positive NMOSD; indeed, MS was ini-
tially supposed to be associated with preserved or increased
AQP4 immunostaining whereas NMOSD lesions lack aqua-
porin-4 [16]. Nevertheless, these results were not confirmed
in another autopsy study where AQP4 loss was observed in
only 54% of NMOSD and conversely in 40% of MS patients
[32]. Moreover, AQP4 immunostaining has been evaluated

f) lesions. Some patients with evidence of haemorrhages were consid-
ered to have an acute haemorrhagic leukoencephalitis (g, h)

in a series of four autopsies of patients with Bald’s lesions;
it was systematically reduced [31]. In this context, it has
been recently suggested that, in patients with AIIDL, AQP4
loss could be an important diagnostic aid since 18/20 (90%)
patients had a decrease of AQP4 immunostaining sugges-
tive of AQP4-positive NMOSD and 14 had AQP4-IgG in
the serum [6]. Nevertheless, in that study, all the patients
had pathologic findings supportive of a primary astrocytic
disorder and most of them had spinal cord lesions. All the
patients from our series had either monophasic AIIDL, MS
or AQP4-negative NMOSD so that our results are difficult
to compare with the study from Popescu et al. [6]. We rather
suggest that, in unselected patients with active demyelinat-
ing lesion of the brain, AQP4 immunostaining is essentially
preserved and thus argues against AQP4-positive NMOSD.

NMOSD criteria have been recently modified and now
include symptomatic cerebral syndromes with NMOSD
typical lesions [8]. Differential diagnosis between MS and
NMOSD in patients presenting with a cerebral AIIDL can be
difficult since almost all of these lesions have been described
in NMOSD patients with and without AQP4 autoantibodies
[4, 33]. Nevertheless, previous studies suggest that tume-
factive, ring-like demyelinating lesions are more commonly
found in MS, whereas NMOSD (either AQP44 or AQP4-)
has been mainly associated with infiltrative lesions [20, 34,
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Fig.2 Main MRI characteristics of the lesions. Main lesions were
usually located in the juxtacortical white matter with few oedema/
mass effect and rare cortical involvement (a). T2-weighted sequences
only rarely identified a hypointense rim (b, ¢) as compared to a fre-
quent hyperintense rim on diffusion-weighted images and a corre-
sponding ADC decrease reflecting decrease diffusivity (d, e). This
hyperintense rim could be associated with a hypointense core of
the lesion with corresponding ADC increase (f, g). Susceptibility

35]. Our results seem to be in agreement with these find-
ings since two of the three patients diagnosed with AQP4-
negative NMOSD had an infiltrative lesion. Finally, we can-
not rule out a disease associated with MOG autoantibodies
since, due to the retrospective analysis, only 11 of the 20
patients were tested for MOG IgG. Nevertheless, none of our
patients had the recently described fluffy lesions that have
been found in patients with MOG IgG [36].

Overall, 16 patients (80%) had a monophasic atypi-
cal demyelinating lesion without recurrence and only four
patients had a diagnosis of MS (one patient) or AQP4-neg-
ative NMOSD (three patients). This is not surprising since
75% of the patients from this series only had a single lesion
confirming that, in patients with a cerebral demyelinating
lesion, the absence of multiple lesions seems to predict
the absence of recurrence [3, 9-11]. With respect to MS

@ Springer

weighted imaging and T2* sequences identified a haemorrhagic com-
ponent (h, i, j) even in some patients with a single lesion (i, j). Gado-
linium enhancement was systematically seen (k—0) with common
peripheral, open-rim enhancement (k, 1, m) and more rarely concen-
tric alternating rims (m) or central heterogeneous enhancement (o).
MRI sequences are the following: T2 (a—c), B1000 (d, f), ADC (e, g),
SWI (h), FLAIR (i), T2* (j) and post-gadolinium T1 (k—o)

risk, only 1 patient had an MS diagnosis based on multiple
lesions retrospectively considered to be typical of MS and
fulfilling MS diagnostic criteria on initial MRI. Whether this
low risk is related to the presence of immunomodulatory/
suppressive treatment is not clear. Moreover, the relative
short duration of follow-up in some patients does not rule
out future development of MS. The identification of CSF-
specific oligoclonal bands, albeit seen in the MS patient, was
also identified in 1 AQP4-negative NMOSD patient and in
2 patients with monophasic disease.

The main limitations of our study include the retrospec-
tive design of the study (limiting us to perform additional
pathological and MRI studies), the small number of patients,
the absence of specific analysis of microglia/activated micro-
glia and the absence of a blinded analysis of MRI. Moreover,
it is important to underline that delay between clinical onset
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Fig.3 Histological Characteristics. Histopathological analysis of
patients’ biopsies disclosed active demyelinating lesions. a Demyeli-
nation is seen (Luxol fast blue, scale bar =100 pm) with macrophages
containing myelin debris (arrow). b—d Inflammatory infiltrate is seen
(scale bar=100 pm) with (b) predominance of macrophages/micro-
glia (CD68). ¢ T cells infiltrate is less pronounced (CD3) and d B
cells are rarely seen (CD20). e IgG deposits are frequent (IgG, scale
bar=50 pm). Vascular hyalinization (f scale bar =33 um), myelin and
vacuolation (g scale bar=50 um) are found in a variable proportion

and MRI and pathological evaluation as well as an ongoing
steroid treatment at the time of the biopsy in six patients
could have largely influenced MRI and/or pathological

@ Springer

of patients. Neurons are relatively preserved (h Neurofilaments, scale
bar=50 um). Astrocytes pathology disclosed preserved/increased
GFAP (i-k) and AQP4 staining (I). Reactive astrocytes are found in
all the lesions (i arrow, scale bar=50 pum). Small GFAP (j arrow,
scale bar=33 pum) and AQP4 positive (I arrow, scale bar=100 pum)
dystrophic astrocytes are frequently identified whereas Creutzfeldt—
Peters cells with abundant cytoplasm and fragmented nuclear inclu-
sions are more rarely seen (k arrow, scale bar=33 um)

results. This is probably one of the most important limita-
tions of the study.
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To conclude, in spite of the marked heterogeneity of
brain AIIDL, our study confirms that some common features
such as peripheral DWI hyperintense rim with open-rim
enhancement and absence of oedema are clearly suggestive
of a demyelinating lesion and thus should preclude brain
biopsy. We also confirm that, whatever the radiologic char-
acteristics of the atypical demyelinating lesions are, patho-
logic changes are heterogeneous. Despite the identification
of sometimes marked astrocytic changes, AQP4 staining on
immunohistochemistry is systematically retained in brain
AIIDL and argues against AQP4-positive NMOSD. Finally,
we confirm that, in spite of a potentially dramatic initial
evolution, patients with a first episode of AIIDL have a low
risk of recurrence.
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