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Abstract

Objectives Bing—Neel syndrome (BNS) is a rare neurological complication of Waldenstrom’s macroglobulinemia. The aim of
this study is to describe the spectrum of radiological manifestations of this syndrome and their prevalence in order to facilitate its
early diagnosis.

Methods Twenty-four patients with BNS were diagnosed between 1994 and 2016 in eight centres in France. We retrospectively
examined the medical records of these patients as well as the corresponding literature, focusing on imaging studies. Recorded
data were statistically analysed and radiological findings described.

Results The mean age of our patients was 62.4 years (3580 years). The vast majority of patients were men, with a male to female
ratio of 9:1. Findings included parenchymal or meningeal involvement or both. The most common finding was leptomeningeal
infiltration, either intracranial or spinal, with a prevalence reaching 70.8%. Dural involvement was present in 37.5% of patients.
In 41.7% (10/24) of patients, there was parenchymal involvement with a higher prevalence of brain comparing to medullar
involvement (33.3% and 23.1% respectively). High T2 signal of the parenchyma was identified in 41.7% of patients and high
signal in diffusion was evident in 25% of them. Intraorbital or periorbital involvement was also detected in four cases. A
proposition regarding the appropriate imaging protocol completed our study.

Conclusion BNS’s diagnosis remains challenging. Central nervous system MRI findings in the setting of known or suspected
Waldenstrom’s macroglobulinemia appear to be highly suggestive of BNS and appropriate imaging protocols should be imple-
mented for their depiction.

Key Points

* Diagnosis of Bing—Neel syndrome (BNS) remains challenging and recent expert recommendations include MRI in the diag-
nostic criteria for the syndrome.
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* The most common radiological manifestations of BNS are leptomeningeal/dural infiltration or parenchymal involvement of
brain or spinal cord, but many atypical forms may exist with various presentations.
* Appropriate imaging protocol for BNS should include enhanced MRI studies of both brain and spine.

Keywords Magnetic resonance imaging - Central nervous system - Meninges - Lymphocytes

Abbreviations

BNS Bing—Neel syndrome
CNS Central nervous system
CSF Cerebrospinal fluid

CT Computed tomography

FLAIR  Fluid-attenuated inversion recovery

GRE Gradient echo

MRI Magnetic resonance imaging

PET-CT Positron emission tomography—
computed tomography

SD Standard deviation

SE Spin echo

SWI Susceptibility-weighted imaging

WM Waldenstrom’s macroglobulinemia

Introduction

Waldenstrom’s macroglobulinemia (WM) is a rare lympho-
proliferative disorder classified in the 2008 World Health
Organization classification [1] as a lymphoplasmacytic lym-
phoma and characterised by bone marrow and lymphoid tis-
sue B cell infiltration as well as the presence of IgM mono-
clonal gammopathy in the serum. It represents approximately
2% of monoclonal gammopathies, with neurological compli-
cations in about 25% of cases [2]. The commonest manifesta-
tions include anaemia and lymphoplasmacytic infiltration of
the bone marrow, lymph nodes, spleen and rarely other or-
gans. Neurological impairment in the setting of WM is most
commonly related to IgM gammopathy (hyperviscosity syn-
drome or demyelinating peripheral neuropathy due to immu-
noglobulin M antibodies to neural antigens) [3]. Central ner-
vous system (CNS) involvement by direct malignant cell in-
filtration in WM is a rare and probably underdiagnosed com-
plication of WM referred to as Bing—Neel syndrome (BNS). It
was named after two physicians, Jens Bing and Axel
Valdemar Neel, who were the first to describe, as early as in
1936, two cases of women presenting with rapid neurodegen-
eration in the setting of hyperglobulinemia [4].

Lately, there is increasing interest among researchers in this
extremely rare entity and an active effort to describe the clin-
ical, biological and radiological criteria in order to improve the
diagnosis of BNS as well as to define guidelines for its treat-
ment options. In the literature there are several case reports
and some small cohort studies available, as well as studies
based on the review of several case reports cited in the

literature [5—10], describing typical or atypical presentations
of BNS. Two multi-institutional studies including 34 [11] and
44 [3] patients respectively, summarizing data on these pa-
tients’ clinical and haematological findings but with limited
reference to their radiological findings, have also been pub-
lished recently. An article proposing guidelines for the diag-
nosis and management of BNS has been the outcome of a task
force on BNS, established during the 8th international work-
shop on WM held in London in 2014 [12]. Finally, there is a
recent study by Guenette et al describing CNS magnetic res-
onance imaging (MRI) findings in patients with leukaemia
and positive findings in CSF [13].

To our knowledge, there is to date no cohort study focusing
on the radiological findings of BNS. In this article, we sum-
marise the radiological manifestations of BNS and their prev-
alence, based on the findings of our cohort as well as on the
available literature, in order to familiarise radiologists, neurol-
ogists and haematologists with this infrequent presentation of
WM and thus facilitate its early detection and appropriate
management.

Materials and methods
Patient selection

Between 1994 and 2016, 24 patients were identified for diag-
nosis and treatment of BNS at eight referral hospitals in
France. Following approval from the ethics committee of
our hospital, we retrospectively examined the medical records
of the patients to collect any useful demographic, clinical or
radiological information available. Informed written consent
was waived by the institutional review board. Twelve of those
patients were previously included in a study conducted by
Simon et al [3], focusing on clinical, haematological criteria
and appropriate treatment of BNS with only little reference to
radiological manifestations.

The diagnosis of BNS was based on the criteria defined by
the 2nd international workshop on WM [12]. On the basis of
these criteria, the patients included in the study were adults
who had a non-ambiguous cytological or histopathological
documentation of CNS involvement by a lymphoplasmacytic
proliferation, concomitant with a systemic WM disease.
Exclusion criteria included (a) patients with a diagnosis of
aggressive B cell lymphoma resulting from the transformation
of WM, (b) patients whose neurological symptoms were not
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related to a direct infiltration of CNS by lymphoplasmacytic
cells, but most commonly related to hyperviscosity syndrome
or IgM-related peripheral neuropathy and (c) patients with no
MRI available to study (two female patients of 73 and 48 years
respectively whose diagnostic work-up was conducted in pri-
vate institutions, as well as one patient for whom only CT and
PET-CT scans were available as a result of MRI safety issues
with the patient).

Laboratory analysis

Biochemical and cytological analyses of the CSF, in search of
abnormally high protein levels, lymphoplasmacytic cells and
monoclonality, were performed in all patients to confirm di-
agnosis of BNS. Molecular biology findings—and in particu-
lar positive L265P mutation in the MYDS&8 gene of
lymphoplasmacytic cells—were also in favour of BNS diag-
nosis in some cases. If the result of these investigations was
inconclusive, a histopathological study of the brain or the
spine was performed.

Imaging analysis

Radiological findings were based on the revision of MRI stud-
ies available at the moment of diagnosis and during follow-up.

The imaging protocol varied according to the technical
availability of each institution, as well as the routine clinical
practice of each centre or the neuroradiologist performing the
study. Despite the lack of uniformity of the protocol applied,
all MRI studies were performed in 1.5- or 3-Tesla devices and
included standard sequences (T1, T2, fluid-attenuated inver-
sion recovery (FLAIR) sequences for the brain and T1, T2 for
the spine, as well as T1 sequences after gadolinium

o

Fig. 1 60-year-old male patient suffering from Waldenstrom’s
macroglobulinemia, presenting with rapidly progressive dementia and
peripheral neuropathy. a Axial FLAIR brain MR image acquired in a
late phase (10-20 min) after contrast media administration at the level
of frontal and parietal lobes, demonstrating leptomeningeal (arrows) and
dural (asterisks) enhancement, consistent with lymphoplasmacytic cell
leptomeningeal and dural infiltration. b Axial FLAIR brain MR image
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administration for both brain and spinal studies). For some
of the brain studies, diffusion sequences were also available
and their findings were also evaluated.

All images were independently analysed by two neurora-
diologists, one from the referral institution and one from our
department (each with at least 5 years of experience) in search
of abnormal signal in T1, T2, FLAIR, diffusion (if available)
and enhanced T1 images (looking for abnormal parenchymal
or meningeal enhancement). Results were classified as fol-
lows: hypoattenuation in T1 sequence, hyperattenuation in
T2/FLAIR sequences, abnormal signal in diffusion, localisa-
tion in the meninges (dural or leptomeningeal), intracranial,
spinal or orbital involvement, as well as the specific localisa-
tion in the brain (subcortical, subependymal/periventricular or
infiltration of the brainstem). In case of disagreement on the
findings, a third neuroradiologist (with 15 years of experience)
blinded to both results was used as a referral.

Statistical analysis

Demographic, clinical and radiological data were analysed
statistically and continuous variables (quantitative data) were
summarised by medians and ranges or standard deviation
(SD), while qualitative data were analysed by frequency and
percentage. The Open Source Epidemiologic Statistics for
Public Health (OpenEpi, Version. www.OpenEpi.com,
updated 2013/04/06) was used for this purpose.

Results

Following the application of the exclusion criteria, 24 patients
presenting with biologically or histopathologically confirmed

I D,

A

acquired in a late phase (10-20 min) after contrast media administration at
the level of the brainstem, demonstrating enhancement of the basal
cisterns (asterisk) and the tentoria (arrows), consistent with
lymphoplasmacytic cell leptomeningeal and dural infiltration,
confirmed in histopathologic studies of the brain (¢, haematoxylin and
eosin stain, x100 magnification)
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BNS were identified for our study. There were only two wom-
en (2/24 or 8.3%) among our study’s patients. The mean age
was 62.4 years (range 35-80 years, SD = 11.1). Clinical man-
ifestations at presentation were very heterogeneous but we
managed to obtain this information for only 17 of the 24
patients. In 6 of 17 patients (35.3%) there was predominantly
a sensitive or motor deficit of the limbs, most commonly the
lower limbs. Four of the patients (23.5%) presented with an
altered mental status (disorientation/confusion, memory loss
or cognitive decline) as the main symptom, while in five pa-
tients there was gait ataxia among other symptoms (29.4%). In
five patients (29.4%) a visual impairment or an optic ataxia
was present as a result of leptomeningeal involvement of
optic/oculomotor nerves or orbital involvement in the course
of the disease, while in three cases seizures were present
(17.6%).

Fig. 2 63-year-old male patient
with unremarkable medical
history presenting with sciatic
nerve pain and gait ataxia.
Bilateral thickening and
enhancement of the Vth cranial
nerve (arrows) in axial T1 image
after gadolinium administration at
the level of the brainstem is
shown in a, while in b, a
thickening of the cauda equina
(arrow) in sagittal T2 unenhanced
image is clearly demonstrated. ¢,
d Cauda equina thickening and
enhancement (arrows) in sagittal
T1 image before and after
gadolinium administration
respectively at the level of lumbar
spine on the same patient

All 24 patients in our cohort had radiological findings of
BNS, either cerebral or spinal. The most common radiological
finding was subarachnoid enhancement in T1 images of the
brain or spine (or FLAIR images of the brain) after gadolinium
enhancement (Figs. 1 and 2), compatible with leptomeningeal
infiltration, either cerebral or spinal, with a prevalence
reaching 70.8% (17 in 24 patients). Enhancement of spinal
nerves, most commonly of the cauda equina (Fig. 2d), was
present in 11 of 13 patients (84.6%) for whom there was a
spinal MRI study available. Dural involvement was present in
37.5% (9/24) of the patients, demonstrated as a thickening and
enhancement of brain or spinal dura, best evaluated in
contrast-enhanced T1 or FLAIR images (Fig. 1a, b). In
41.7% (10/24) of the patients, there was parenchymal involve-
ment with a higher prevalence of brain comparing to medullar
involvement (33.3% or 8/24 patients with brain parenchymal
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involvement and 23.1% or 3/13 patients with medullar paren-
chymal involvement, while in one patient there was simulta-
neous brain and medullar parenchymal involvement). High
T2 signal (Fig. 3a) of the parenchyma was identified in
41.7% of the patients (10/24 patients, among them 3 with
medullar lesions). Among the 10 patients with high T2 signal
lesions, there were 7 with associated low T1 signal (7/24 or
29.2%) (Fig. 3b), while in the three studies left (3/24 or
12.5%), there was no abnormality in T1 sequence. Nodular
or ring-shaped enhancement, with or without surrounding oe-
dema, was present in all cases with brain parenchymal in-
volvement (Fig. 3c—e). Abnormal signal in diffusion (high
signal compatible with vasogenic oedema in all cases; Fig.
3f, g) was evident in 25% (4 of 16 MRI studies including a
diffusion sequence).

Localisation of brain parenchymal involvement was pre-
dominantly periventricular/subependymal (Fig. 3c) with a
prevalence of 37.5% (3/8 patients). In 25% (or 2/8 of the
patients), lesions were identified in subcortical regions (Fig.
3a—e); in another 25% (2/8) of the patients, lesions were local-
ised in the brainstem, while in one patient (12.5%) there was
diffuse infiltration involving all of the above regions. Intra- or
periorbital involvement was also demonstrated in four cases
(16%) (Fig. 4a—c). Radiological findings of our study are
summarised in Table 1.

A detailed review of the medical literature via the PubMed
database provided a total of 48 articles, describing 59 case
reports, 2 reviews of case reports of 36 and 43 patients and 2
large series of 34 and 44 patients, respectively. In Table 2,
there is a detailed comparison of our findings with the findings
of all cases and series found in the literature. During this
review we observed some unusual presentations of BNS, pre-
sented as case reports; these presentations were frequently
mimicking other more common conditions, making diagnosis
challenging. Rigamonti et al described the case of a patient
presenting with symptoms of cervical spinal cord compression
by a pseudotumoural epidural infiltration, necessitating urgent
surgical decompression [14]; other researchers have described
isolated pseudotumoural forms of the cerebrum [15-19] or
cerebellum [20-22]. Some cases of hydrocephalus [23, 24]
or spinal cord hydromelia [25] have also been reported.
Franzini et al described the case of a patient whose clinical
and CT findings mimicked a bilateral subdural haematoma
[26] and Ritzenthaler et al a case of ventriculitis [27].
Moreover, Morabito et al [28] and Pham et al [29] reported
an intracranial venous thrombosis as a complication of BNS
and Bhatti et al a bilateral sixth nerve transient palsy [30].
During this review we also observed a lack of standardisation
in the radiological diagnostic approach of BNS and this mo-
tivated us to propose an imaging protocol in cases of

Fig. 3 54-year-old male patient with known history of Waldenstrom’s
macroglobulinemia presenting with confusion, aphasia and behavioural
changes. MR axial T2 image of the brain at the level of frontal and parietal
lobes (a) demonstrates confluent subcortical and deep white matter
lesions with high T2 signal in both prefrontal regions (asterisks). In
sagittal unenhanced T1 image (b) at the level of the sylvian fissure,
corresponding lesions present as low T1 attenuation areas (asterisk).
Some of the lesions demonstrate punctuate enhancement (black arrows
in subcortical localisation and white arrow in subependymal localisation)
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in coronal reconstruction of 3D T1 image after gadolinium administration
in ¢. Axial MR images at the level of basal ganglia showing a small ring-
shaped enhancing subcortical right occipital lesion (arrow), surrounded
by vasogenic oedema, presenting as a low attenuation area in T1 image
after gadolinium administration (d) and high attenuation area in FLAIR
image (e), with no restriction of diffusion (as shown in diffusion image
and corresponding map of average diffusion coefficient in f and g,
respectively)
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Fig. 4 57-year-old male patient
with ocular ataxia and visual
impairment. Coronal T2 MR
image showing low attenuation
expansive intraorbital lesions
surrounding both optic nerves
(white arrows in a) and enhancing
after contrast media
administration in coronal (white
arrows in b) and axial (white
arrows in ¢) T1 images after
gadolinium administration and fat
suppression at the level of the
orbits

suspected BNS. The protocol proposed by our team is
summarised in Table 3.

Discussion

Our study demonstrated that clinical and imaging characteris-
tics of the patients suffering from BNS can be very heteroge-
neous and mimic other more frequent conditions. The most
common clinical manifestations were gait ataxia, motor or
sensitive limb deficits and altered mental status. All MRI stud-
ies of our cohort had abnormal findings, including intra- or
extra-axial lesions of the brain or the spine. These radiological
findings were not specific, and clinical and laboratory corre-
lation was necessary to establish the BNS diagnosis. The most
frequent radiological manifestation was leptomeningeal

infiltration (70.8%) depicted as an enhancement of subarach-
noid spaces or cranial/spinal nerves, most frequently of the
cauda equina, explaining the frequent presentation of limb
deficit as the main symptom. This is consistent with previous
histopathologic studies, which have revealed lymphoid cell
infiltration of the meninges and along vessels with plasma cell
accumulation in Virchow—Robin spaces [5, 31]. As a result,
other common localisations of BNS infiltration of the brain
were subependymal/periventricular regions, whereas subcor-
tical regions or the brainstem were less commonly affected.
Those lesions were visualised as high T2 signal in 41.7% of
the patients, with or without gadolinium enhancement, which
in some cases could coalesce and take the form of tumour-like
lesions. Gadolinium uptake could be either nodular or ring-
shaped. Another interesting finding was that parenchymal in-
volvement was more commonly intracranial compared to

Table 1 Summary of radiological

findings of our cohort study Radiological findings

Prevalence of radiological findings (N and %)

Leptomeningeal involvement

Dural involvement

Parenchymal involvement
Subcortical
Subependymal/periventricular
Brainstem
Mixed
Spinal cord

Orbital involvement

High T2 signal

Low T1 signal

Abnormal signal in diffusion

17/24 patients or 70.8%
9/24 patients or 37.5%
10/24 patients or 41.7%
2/8 patients or 25%

3/8 patients or 37.5%
2/8 patients or 25%

1/8 patients or 12.5%
3/13 patients or 23.1%
4/24 patients or 16%
10/24 patients or 41.7%
7/24 patients or 29.2%
4/16 patients or 25%
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_ o spinal and that the preferential site for spinal involvement was
;%’ % Z 2 leptomeningeal, affecting the spinal roots. We also noticed
& 3 5 5 é’ 23 that parenchymal involvement could not be depicted in T1
3 S E 2E5 . . . .
= 52 o g 2 &% unenhanced images in alrpost. one.-thlrd of the cases and in
=~ 2SEEE 57 three quarters of the cases in diffusion sequences. These find-
§ g % § E % 8 g ings are explained by the fact that malignant cell infiltration in
g E == E % ol E e the perivascular spaces or IgM toxicity [ 10] can cause damage
to the blood-brain barrier, resulting in extravasation of plas-
é g § g £ £ ¢ ma, which may present as hyperintensities on T2 and FLAIR
g 2B § 2 é 2 images and as vasogenic oedema in diffusion, whereas at a
<3z = = 5 5 later stage, demyelination, petechial haemorrhage and cellular
= degeneration [31] can appear as high T2/FLAIR signal, low
% T2 gradient echo (GRE) signal and contrast enhancement,
TE _ respectively. Dural infiltration was another common manifes-
= i tation, present at about one-third of our study population
~§§ 5 o o (37.5%). B .
= Z 2 Z  Z Demographical characteristics of our study population were
similar to the findings of the two large series reported by Castillo
etal. [11] and Simon et al. [3]: there was clearly a male predom-
£ ” - inance (although more prominent in our study) and the mean age
g g 3 § o of patients at the time of diagnosis was similar. Radiological
TE E E % g characteristics of our cohort were also consistent with other re-
'Tf A Eﬂ é E searchers’ findings [3, 10, 11, 32—42]. Orbital/periorbital involve-
g8 RPN E ment was found in four of our cohort patients and has been
§ k] ;:;’ 2.8 § £ reported by several other researchers [3, 11, 43-50] as an infil-
E g 2 E 2= E 8 e trative mass or optic neuritis, in addition to more frequent vaso-
22 To occlusive conditions related to hyperviscosity syndrome causing
-~ ES ZEZ visual problems. On the other hand, Arias et al. [51] and Vargas
é 8 § _ % f; _ § %“é fg et al. [52] have described multiple brain or medullar infarcts, for
= %’ % gé Eﬂ E 3% ;:E i; 22 which a neoplastic vascular obstruction mechanism similar to
g B 37 2 $78°7 - E that involved in malignant angioendotheliomatosis was pro-
_= posed; these lesions were characterised by restricted diffusion
§D S T g § contrary to the vasogenic oedema usually found in BNS [40,
£ g E 5_ = g 52] and demonstrated in our cohort. In our study we have not
g § < g s 7 % ° found any atypical presentation similar to those cited in the liter-
fg; S % % g2 o g "E o ature as case reports [14-30]. Finally, some researchers [3, 5, 38,
alal ~ “ -z 42] distinguish two forms of BNS: the diffuse form presenting as
p= :% meningeal and perivascular involvement and the tumoural form
5 % S presenting as expansive lesions. In our study we chose not to
(a;i "é Lg S| s > s s follow this classification, because the available literature was
confusing on this topic and from our experience some lesions
- were difficult to classify in either of these forms, with coexistence
é gg in many cases of both forms.
‘::: 5§ - Following the recommendations for imaging of CNS pri-
22 'a;: gﬂ mary lymphoma, we believe that appropriate imaging of BNS
<mSE |8 7 Ao should include contrast-enhanced brain and spine MRI stud-
ies, because of the contrast-enhanced MRI’s increased sensi-
g = R - ® tivity to detect leptomeningeal disease [53]. Contrast-
é % :§ 5 g enhanced CT for the CNS evaluation is nowadays reserved
§ = :a :g z only if an MRI study is contraindicated. The role of PET-CT
: s = Z .g has not yet been established, although some cases have been
= g 5 5 3 reported [54-56]. MRI should be performed prior to lumbar
& 2 g s 5 puncture in order to exclude focal mass effects and/or
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Table 3 Proposed protocol for MR imaging in case of suspected BNS

Brain MRI imaging

Spine MRI imaging

3D TI GRE

Axial T2

Axial diffusion

Axial T2 SWI (or T2 GRE)

Sagittal T1 of the entire spine (if first MRI study)

Sagittal T2 of the entire spine

Sagittal T1 SE of the entire spine with gadolinium = fat suppression

Axial T2 at the level of suspected lesion(s) on sagittal images or at several levels

if no suspected lesion (SE or GRE depending on the level of the spine)

3D FLAIR
3D T1 SE with gadolinium
3D FLAIR with gadolinium

Axial T1 SE with gadolinium if suspected lesions on other sequences + fat suppression

GRE gradient echo, SWI susceptibility-weighted imaging, FLAIR fluid-attenuated inversion recovery, SE spin echo

obstructive hydrocephalus as well as to avoid nonspecific
meningeal enhancement that occurs after CSF sampling [53,
57]. In addition to standard MRI sequences (T2 and T1 before
and after gadolinium injection for both brain and spine), we
also recommend FLAIR for brain imaging following gadolin-
fum injection in a late phase (10-20 min after injection), be-
cause of the superiority of enhanced FLAIR images regarding
leptomeningeal enhancement compared to T1-enhanced im-
ages [58]. Diffusion sequences could be useful to characterise
different forms of BNS complications such as vasogenic (most
commonly) or cytotoxic (exceptionally) oedema, as well as to
help differentiate between them and other conditions such as
more aggressive CNS lymphomas or ischemia related to hy-
perviscosity syndrome; however, this differential diagnosis
can be challenging, and correlation with other radiological
signs as well as with clinical and biological data is always
necessary. In order to detect haemorrhage as a complication
of BNS, we also recommend to include T2 susceptibility-
weighted imaging (SWI) or GRE sequences in the protocol.
Specific sequences focused on the orbits can also be added in
case of suspected orbital involvement. Total estimated scan
time for both brain and spine is about 60—70 min, depending
on the findings and patients’ compliance.

Our study carried certain limitations. A weakness of our co-
hort was a certain degree of missing data, which is common in
this type of multi-institutional retrospective study; however, this
was rare and mostly included clinical data of our patients.
Neuroimaging for BNS in our cohort was not uniform, which
is a reflection of the lack of standardisation in the diagnostic
approach for BNS and represents another limitation of our study.
All available studies, though, included basic sequences (T1, T2)
and post-contrast T1 sequences for both brain and spine, as well
as FLAIR images for brain. Finally, an additional limitation was
the absence of spinal imaging for the entire cohort.

In conclusion, BNS is an extremely rare syndrome presenting
with a wide range of symptoms and imaging findings, including
intra-axial and extra-axial brain or spinal lesions, and therefore its
diagnosis remains challenging. MRI was abnormal—though
nonspecific—in our series. Therefore, it could be considered

@ Springer

diagnostic of BNS with a great degree of confidence in the set-
ting of known or suspected WM. Even though more prospective
studies with larger cohorts are indicated in order to confirm our
findings, we believe that familiarisation of radiologists with the
imaging spectrum of this rare presentation of WM’s CNS in-
volvement as well as implementation of appropriate imaging
protocols is of great importance for an optimal evaluation of this
group of patients, whose prognosis remains poor, although recent
advances in the treatment at early stages of the disease seem to
improve outcomes.
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