
Contents lists available at ScienceDirect

Journal of the Neurological Sciences

journal homepage: www.elsevier.com/locate/jns

Clinical short communication

Diffuse white matter alteration in CLIPPERS: Advanced MRI findings from
two cases
Mauro Morassia,⁎, Milena Cobellia, Elena Ghisellia, Paolo Costab, Daniele Bagattoc,
Michela Pievanid, Claudio Bnàa
a Department of Radiology, Neuroradiology and Angiology Unit, Fondazione Poliambulanza Istituto Ospedaliero, Via L. Bissolati 57, 25124 Brescia, Italy
bDepartment of Neurology, Fondazione Poliambulanza Istituto Ospedaliero, Via L.Bissolati 57, 25124 Brescia, Italy
c Department of Neuroradiology, Azienda Sanitaria Universitaria Integrata di Udine, Presidio Ospedaliero "Santa Maria della Misericordia", Piazzale Santa Maria della
Misericordia 15, 33100 Udine, Italy
d Lab Alzheimer's Neuroimaging & Epidemiology, IRCCS Istituto Centro San Giovanni di Dio Fatebenefratelli, via Pilastroni 4, 25125 Brescia, Italy

A R T I C L E I N F O

Keywords:
CLIPPERS
Diffusion tensor imaging
White matter alterations
Susceptibility weighted imaging
Hypointense lesions
Spectroscopy

A B S T R A C T

Advanced MRI findings in two patients with probable chronic lymphocytic inflammation with pontine peri-
vascular enhancement responsive to steroids (CLIPPERS) are presented. Diffusion tensor imaging indices
(fractional anisotropy and mean diffusivity), evaluated in both patients at baseline MRI examination before
treatment and during follow-up, indicated white matter structural changes not only affecting the brainstem,
which represents the primary site of inflammatory damage, but also projection (corona radiata) and associative
tracts in both patients, while alterations within the corpus callosum were detected in patient 1# at follow-up.
Susceptibility weighted imaging (SWI) revealed hypointense lesions in both patients, MRI spectroscopy (MRS)
indicated a mildly increased Cho/NAA ratio with no evidence of lipids/lactate peaks, indicating that it may be
used as a non-invasive marker to identify CLIPPERS cases suspected for progression to lymphoma.

1. Introduction

Chronic lymphocytic inflammation with pontine perivascular en-
hancement responsive to steroids (CLIPPERS) is a brainstem-pre-
dominant inflammatory disease described in 2010 [1]. Magnetic re-
sonance imaging (MRI) demonstrates a characteristic pattern of
perivascular punctate and/or curvilinear foci of gadolinium enhance-
ment typically located in the pons and cerebellum. However, a recent
study using ultra-high-field 7T MRI suggests the involvement also of
supratentorial structures, indicating a more global cerebral damage
than commonly detected by structural 1.5–3 T MRI [2]. Here, we pre-
sent two cases of probable CLIPPERS according to Tobin et al. criteria
[3], evaluated for the first time using diffusion MRI tensor imaging
(DTI) with tract-based spatial statistics (TBSS), a technique providing a
quantitative evaluation of microstructural tissue damage in in-
flammatory conditions [4,5]. Specifically, we considered two indices,
fractional anisotropy (FA) and mean diffusivity (MD), as measures of
microstructural integrity. A decrease in FA is generally considered to
reflect axonal loss, while MD is a measure of water molecule random
motion that is recognised as a marker of general tissue damage - its
increase indicates tissue disruption due to inflammation with increase

in extracellular space [6]. DTI indices were evaluated within the
brainstem, which represents the primary site of damage in CLIPPERS,
and within the major associative/projective tracts, as literature data
indicate a neuro-degenerative course with cerebral atrophy and cog-
nitive impairment in some cases [7]. In order to better characterize
CLIPPERS abnormalities and to possibly identify features that may
distinguish it from others inflammatory diseases, we also investigated
FA and MD values within the commissural tracts, particularly the
corpus callosum, which is typically involved in multiple sclerosis pa-
tients [5,8,9]. Additionally, findings of susceptibility weighted imaging
(SWI) and MR spectroscopy (MRS) are described.

1.1. Cases presentation

1.1.1. Case 1#
A 74 years old woman presenting with a one-month history of

subacute vertigo, postural instability, bilateral tremor, horizontal di-
plopia and bilateral tinnitus. Medical history included colon cancer
treated with surgery alone (no post-operative chemotherapy or radio-
therapy) two years before. An initial out-patient brain MRI without
contrast material injection (performed in another institution) showed
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diffuse pontine white matter hyperintensity on T2-weighted images,
which was interpreted as osmotic pontine myelinolysis. The neurolo-
gical examination revealed mild ataxia, horizontal diplopia, increased
bilateral deep tendon reflexes (slightly more accentuated on the right
side) and hypo-dysesthesia (particularly at the antero-lateral aspect of
the leg and foot on the right side). No cranial nerve deficit was ob-
served. Structural MRI of the brain revealed multiple, small T2 hyper-
intense lesions within the pons, midbrain (cerebral peduncles), inferior
cerebellar peduncles, and base of middle cerebellar peduncles with
prominent punctate or curvilinear enhancement (Fig. 1A-C). None of
the lesions had mass effect. Spinal cord MRI revealed no medullary
lesions. Body fludeoxyglucose F18 positron emission tomography and
chest-abdomen CT imaging showed normal findings. Blood count (in-
cluding total leucocyte count), renal and liver function tests, sedi-
mentation rate, electrolytes, c-reactive protein (CRP) and thyroid hor-
mone levels were normal. Tumor markers α-fetoprotein (AFP), Cancer
Antigen (CA)-125, Carcinoembryonic antigen (CEA) and carbohydrate
antigen (CA) 19-9 were negative. Serological evaluation, including anti-
nuclear antibodies (ANA), extractable nuclear antigen (ENA), Anti-
neutrophil cytoplasmic antibodies (ANCA), anti-thyroid peroxidase
(TPO), anti-thyreoglobulin, anti GQ1B, anti-aquaporin channel 4
(AQP4), anti-myelin oligodendrocyte glycoprotein (MOG) and onco-
neuronal antibodies (anti-amphiphysin, anti-Ri, anti-Yo, anti-Hu, anti-
CV2, anti-Ma2/Ta), were all negative. Serological testing excluded
Epstein-Barr virus, HIV 1-2 and Borrelia. CSF examination revealed
elevated total proteins (72mg/dL vs normal range 20–45mg/dL), al-
bumin (49mg/dL vs normal <35mg/dL) and IgG (5.2mg/dL vs
normal range 0.6–3.8 mg/dL) levels while cytology demonstrated a
mild lymphocytic pleocytosis (CD3+ lymphocytes 6/mm3 vs normal
<4/mm3). Oligoclonal bands were absent. The patient was treated for
five consecutive days with 1000mg intravenous methylprednisolone,
with symptoms improvement and was discharged with indication to
oral steroid therapy (50mg/die of prednisone) followed by further re-
markable improvement of diplopia and gait. The therapy was dis-
continued seven months later when the inflammatory lesions detected
on MRI regressed. An MRI evaluation three months later showed few
punctiform enhancements within the brainstem. In consideration of the
clinical stability, however, the steroid therapy was not resumed. A
subsequent neurological and radiological examination two months later
(i.e., 1 year after presentation) demonstrated clinical stability with
minimal residual MRI signal alterations (Fig. 1E–G).

1.1.2. Case 2#
A 78-year-old man with one-month history of dysphagia, dysarthria,

peri-oral and tongue paraesthesia, trigeminal hypo-paraesthesia af-
fecting the V2 and V3 divisions of the trigeminal nerve on both sides
(predominant on the left) and gait impairment within the previous two
months. Medical history included bilateral glaucoma, myocardial in-
farction treated by PTCA, atrial fibrillation, macrocytic anaemia (defi-
ciency of vitamin B12), mild renal insufficiency, vertebral osteoporotic
fractures (L1−L2). Structural MRI revealed symmetrical T2 hyper-
intense lesions of the bilateral middle cerebellar peduncle, at level of
intra-pontine fibers of the trigeminal nerve (Fig. 2A), also involving
bilateral inferior cerebellar peduncle. Following contrast material in-
jection, the cerebellar peduncles lesions appeared as ovoid-like areas of
enhancement, formed by coalescence of smaller punctate, curvilinear or
nodular enhancements with few isolated punctate enhancing lesions
within the pons (Fig. 2B-C). Body fludeoxyglucose F18 positron emis-
sion tomography and chest-abdomen CT imaging showed normal
findings. Brain PET-CT showed moderate hypermetabolism corre-
sponding to the bilateral enhancing areas (SUVmax 7.5). Work-up at
admission included complete and differential blood count, renal and
liver function tests, sedimentation rate, electrolytes, c-reactive protein
(CRP), thyroid hormone levels. The following parameters were found
increased: mean corpuscular volume (MCV) (99.1 vs normal range
82–97.00 fL/cell), mean corpuscular haemoglobin (33.5 vs 27–33 pg/
cell), creatinine (1.22 vs normal range 0.70–1.20mg/dL), urea (58 vs
normal range 17–49mg/dL), total bilirubin (1.8 vs normal value
<1.2mg/dL) and direct bilirubin (0.7 vs normal value <0.3mg/dL),
beta2-microglobulin (2.5mg/L vs 0.8–2.2mg/L), ferritin (949 ng/mL
vs 30–400 ng/mL). A further finding in patient 2# was represented by
lymphocytopenia (0.3×103/μL vs normal range 0.90–5.00×103/μL).
Tumor markers (α-AFP, CA-125, CEA and CA 19-9) were negative.
Work up for infectious pathogens (EBV, HIV 1–2 and Borrelia), auto-
immune antibodies (ANA, ENA, ANCA, anti-TPO, anti-thyreoglobulin,
anti-AQP4, anti-MOG) were all negative. CSF examination demon-
strated no abnormal finding. Oligoclonal bands were absent.The patient
was treated for five consecutive days with 1000mg intra-venous me-
thylprednisolone followed by oral steroid therapy (50mg/die of pre-
dnisone). The patient's symptoms improved and at follow-up (3 and
6months from presentation) only mild facial hypoesthesia (particularly
on the left side) and mild gait imbalance persisted. MRI examination
demonstrated mild residual bilateral T2 hyperintensity with resolution
of the enhancing lesions (Fig. 2D-F).

Fig. 1. CLIPPERS Patient 1#. Baseline MRI: multiple small T2 hyperintense lesions in the pons (A) showing prominent punctate, curvilinear enhancements (B–C);
few pontine punctate hypointense lesions occurred at SWI. Follow-up MRI at 1 year from presentation: nearly complete resolution of the lesions (E) with only few
minimal residual punctate enhancements (F–G) and volumetric reduction of the pons; SWI revealed an hypointense area in the pons (H).
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2. Methods

2.1. Structural and advanced MRI data acquisition

MR examinations were obtained from a 1.5 T scanner (Signa Hdxt,
GE Medical Systems Milwaukee USA). Structural MR imaging was
performed in CLIPPERS patients with multiplanar T2 FSE, 3D FLAIR,
DWI SE/EPI, 3D SWI, axial T1 SE pre and post-contrast (Gadolinium)
injection (Dotarem, 15mL), T1 3D SPGR post-contrast. Single-voxel
(voxel size: 20×20×20mm3) proton MRS was performed in the
areas of abnormality (pons in patient 1# and base of middle cerebellar
peduncle in patient 2#, see Fig. 3A-B) using a PRESS protocol with TR/
TE=1500/144. Intracranial vascular imaging was available for both
patients (3D Time-of-Flight MR angiography). Two different diffusion

tensor imaging (DTI) protocols were used: patient 1# and 17 healthy
controls (HC) underwent an axial single-shot SE/EPI sequence with 24
gradient directions (b values: 0 and 1000 s/mm), 5mm slice thickness,
TR/TE=6000/96.6, FOV 280×280mm, matrix 128×128 mm,
NEX=2. Patient 2# and 5 healthy controls (HC) underwent an axial
single-shot SE/EPI sequence with 64 gradient directions (b values: 0
and 1000 s/mm), 3mm slice thickness, TR/TE=11,625/95.5, FOV
280×280 mm, matrix 128×128 mm, NEX=2. Spinal cord MRI was
performed with sagittal FSE T2, STIR and post-contrast T1 FSE. Struc-
tural MR examinations were obtained at baseline in both patients and
during a 1 year follow-up in patient 1# and six months follow-up in
patient 2# DTI was acquired at baseline (before treatment) for both
patients, at 1 year after presentation (five months after treatment) in
patient 1# and six months after commencement of the treatment in

Fig. 2. CLIPPERS Patient 2#. Baseline
MRI: symmetrical T2 hyperintense lesions
of the bilateral middle cerebellar peduncle
(A); following gadolinium injection nu-
merous punctate, curvilinear and nodular
coalescent enhancements were noted at
level of the hyperintense lesions (B–C).
Follow up MRI at six months from pre-
sentation demonstrated mild residual sym-
metrical hyperintense lesions (D) with no
enhancement (E–F).

Fig. 3. CLIPPERS Spectroscopy: Patient 1# (A). Patient 2# (B).
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patient 2#. Healthy controls were age-matched (73.9± 3.6 years)
subjects free of neurological, cognitive or psychiatric diseases. The
study followed the ethical rules and a written informed consent was
obtained from each participant in accordance with the Declaration of
Helsinki.

2.2. DTI analysis

Diffusion tensor imaging (DTI) images were corrected for motion
and eddy currents with FSL's eddy tool (https://fsl.fmrib.ox.ac.uk/fsl/
fslwiki/eddy). The corrected data were then processed with FSL DTIfit
tool for the estimation of diffusion indices, fractional anisotropy (FA)
and mean diffusivity (MD). Tract-based spatial statistics (TBSS, part of
FSL; [10]); http://www.fmrib.ox.ac.uk/fsl/tbss/index.html) was used
to non-linearly align all the DTI images to a common reference space.
The procedure non-linearly transform each subject's FA to the
FMRIB58_FA standard-space FA template using the FMRIB's Non-linear
Image Registration Tool (FNIRT, part of FSL). This registration was
subsequently applied to the MD maps to project all the diffusivity
images onto the standard space.

Regions of interest (ROIs) were defined using the Johns Hopkins
University (JHU) white-matter labels atlas (ICBM-DTI-81 white-matter
labels atlas; http://fsl.fmrib.ox.ac.uk/fsl/data/atlas-descriptions.html;
[11]). The atlas includes 48 ROIs covering the major WM tracts of the
brain (Fig. 4). ROIs were classified into brainstem, projection, asso-
ciative and commissural tracts, as follows. Brainstem tracts were the
bilateral cerebellar peduncles (including the inferior - ICP, middle -
MCP, superior - SCP, and pontine part - PCP), the bilateral medial
lemniscus (ML), the bilateral corticospinal tracts (CST). Projection
tracts were the bilateral cerebral peduncles (CP), the bilateral internal
capsule (IC - including the anterior, posterior and retro-lenticular part,
and the superior fronto-occipital tract), the bilateral corona radiata (CR
– including anterior, posterior, and superior portions), the bilateral
thalamic radiation (TR). Cortical association tracts included the bi-
lateral cingulum (cingulate and hippocampal parts), the uncinate fas-
ciculus (UF), the external capsule, the superior longitudinal fasciculus
(SLF), the sagittal stratum (inferior longitudinal fasciculus and inferior
fronto-occipital fasciculus – ILF/IFO). The corpus callosum (including
the genu, body, and splenium) was included as commissural tract. All
ROIs were back projected to each subject's FA and MD map using the
inverse of the nonlinear registration computed with TBSS. The average

diffusivity values (FA, MD) within each ROI were then computed in the
native space. FA and MD values were computed for each patient and
HC. Controls were then used as a reference group to classify patient's
diffusivity values as pathological/normal. Specifically, FA and MD
scores of each patient were converted into Z scores based on the data
distribution of the corresponding HC group. Z scores<−1.96 for FA
and Z scores >1.96 for MD were considered as pathological.

3. Results

3.1. DTI indices

Diffusion values (FA and MD) within brainstem, projection, asso-
ciative and commissural tracts of patient 1# and patient 2# are re-
ported in Table 1 and Table 2 respectively.

Most brainstem tracts showed pathologically altered indices (FA
and/or MD) at baseline (bilateral CST, bilateral ML, MCP, PCP and left
inferior ICP in patient 1#; bilateral ML, bilateral ICP and MCP in pa-
tient 2#). At follow-up some brainstem tracts with base-line patholo-
gical indices reverted to normal (−1.96<Z<1.96) or showed re-
duction of the alteration while in other tracts the diffusion indices
become pathological (right ICP, left SCP in patient 1#) or showed
worsening (MCP and PCP in patient 1#; left ICP in patient 2#).

Projection tracts with pathological indices at baseline (bilateral CP,
right CR and right IC in patient 1#; bilateral CR and bilateral TR in
patient 2#) did not revert to normal at follow-up (with the exception of
left CP in patient 1#). Furthermore, worsening of pathological indices
within the right CR and right IC was noted in patient 1#.

In patient 1# DTI indices at base-line were normal within the as-
sociative tracts with the exception of the left cingulum and right SLF. At
follow-up numerous tracts became pathological (left SLF, right ILF/IFO,
right cingulum, right UF), and worsening of the pathological alterations
was noted within the left cingulum and right SLF. In patient 2# asso-
ciative tracts were normal both at base-line and follow-up, except for
pathological values noted within the right ILF/IFO which showed
worsening at follow-up. No alteration of DTI indices was reported
within corpus callosum in patient 2#, while FA became pathological in
patient 1# at follow-up.

Fig. 4. The JHU atlas with the regions of interest investigated.
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3.2. SWI and MRS findings

In patient 1# SWI showed few punctate hypointensities within the
pons at baseline MRI (Fig. 1D), remarkably increasing in number and
largely confluent in a distinct hypointense area with ill-defined margins
at follow-up. This area corresponded to previous contrast-enhancing
lesions and was probably related to extra-vascular iron deposition
(Fig. 1H). In patient 2#, SWI demonstrated an intra-lesional lineariform
hypointensity within the left middle cerebellar peduncle at base-line,
probably related to the increased concentration of deoxygenated blood
within a small vein. Conversely, a faint hypointensity with ill-defined
margin detected at the same level six months after presentation was
more probably related to iron deposition due to the chronic course of
local inflammation.

MR spectroscopy findings were very similar in both patients with a
slightly elevated Cho/NAA ratio (1–1.12) but no evidence of lipids/
lactates peaks (Fig. 3A–B).

4. Discussion

Since 2010, numerous CLIPPERS cases have been reported and the
typical clinical scenario, neuroradiological features and steroid re-
sponse have been quite well defined. CLIPPERS pathogenesis and no-
sological position are only partially known, but current data suggest a
central role of complement activation with endothelial damage, peri-
vascular deposition of IgG in vessels and inflammatory infiltrates pre-
dominantly composed of CD4+ T cells [12].

Tobin et al., 2017 recently proposed diagnostic criteria for

CLIPPERS, but numerous cases challenging their proposed criteria have
been described, including cases of a pontine sparing CLIPPERS “var-
iant”, for which the term “Supratentorial Lymphocytic Inflammation
with Parenchymal Perivascular Enhancement Responsive to Steroids
(SLIPPERS)” has been proposed [13–16].

According to the recently proposed diagnostic criteria, a “definite”
diagnosis of CLIPPERS can be proposed only when histopathological
data are available [3]. However, it has been suggested that, given the
location of CLIPPERS lesions within the brainstem, brain biopsy should
be performed in cases when alternative diagnoses remain likely despite
complete clinical, laboratory and imaging assessment [1,17]. The two
patients discussed here met the clinical-radiological features of CLIPP-
ERS and other alternative diagnoses have been ruled out; for these
reasons, they are here presented as “probable” CLIPPERS cases. Patient
1# had an history of colon cancer and the possibility of a para-neo-
plastic brainstem encephalitis, in particular associated with anti-Hu
antibodies [18] has been considered. However, the patient was negative
for onco-neural antibodies (including anti-Hu) and the clinical-radi-
ological improvement with therapy do not support a paraneoplastic
syndrome. Patient 2# showed small coalescent lesions forming bilateral
ovoid enhancing areas at level of intra-pontine fibers of the trigeminal
nerves. According to Tobin et al. criteria the enhancing area should not
exceed 3mm in diameter. However, in numerous CLIPPERS cases en-
hancing lesions may show, at least focally, a tendency to confluence
(see, for example, case 2 figured by Simon et al. [7]). Even in the ori-
ginal case series discussed by Pittock et al., 2010 the diameter of the
enhancing lesions was stated to vary between 1 and 3mm up to 9mm.

A bilateral involvement of the intra-pontine fascicular part of the

Table 1
Fractional anisotropy (FA) and mean diffusivity (MD) values of patient 1#.

WM tract FA MD

Baseline Follow-up ∆ Baseline Follow-up ∆

Brainstem tracts
Corticospinal tract L −6.47 −2.57 +35% 2.33 1.33 −11%
Corticospinal tract R −4.09 −1.65 +35% 0.79 0.40 −7%
Medial lemniscus L −4.22 −3.25 +8% 7.27 0.27 −19%
Medial lemniscus R −3.52 −4.93 −9% 5.43 1.57 −9%
Cerebellar peduncle – inferior L −1.70 −1.49 3% 2.69 0.62 −29%
Cerebellar peduncle – inferior R −1.54 −3.03 −13% 1.50 1.16 −6%
Cerebellar peduncle – middle −3.00 −3.10 −1% 0.87 2.01 +8%
Cerebellar peduncle – pontine tract −1.54 −2.28 −8% 2.60 2.29 −2%
Cerebellar peduncle – superior L −1.77 −2.20 −3% 0.62 1.89 +16%
Cerebellar peduncle – superior R −1.47 −1.31 +1% 0.05 1.08 +13%

Projection tracts
Cerebral peduncle L −4.57 −0.33 +18% 3.03 0.76 −8%
Cerebral peduncle R −2.88 −2.48 +2% 1.77 1.55 −1%
Corona radiata L −1.36 −1.36 0% 1.34 1.77 +3%
Corona radiata R −2.00 −2.48 −4% 1.33 2.12 +6%
Internal capsule L −1.21 −1.79 −3% 0.26 1.42 +5%
Internal capsule R −2.26 −3.16 −4% 0.43 2.10 +6%
Thalamic radiation L −1.02 −1.60 −6% 0.59 1.47 +8%
Thalamic radiation R −0.66 −1.09 −4% 0.68 1.44 +5%

Associative tracts
Cingulum L −0.84 −1.88 −7% 2.54 3.75 +3%
Cingulum R −0.03 −2.58 −23% 0.77 3.40 +11%
External capsule L −0.68 −1.00 −2% −0.16 0.11 +2%
External capsule R −0.48 −1.26 −5% 0.17 0.54 +3%
SLF L −1.10 −2.29 −9% 1.22 2.09 +6%
SLF R −1.65 −3.62 −14% 2.91 3.89 +5%
ILF/IFO L −0.82 −1.73 −10% −0.21 −0.15 +1%
ILF/IFO R −1.18 −2.08 −8% 0.48 0.55 +1%
Uncinate fasciculus L −1.61 −1.69 −1% 0.53 −0.60 −8%
Uncinate fasciculus R −1.82 −1.22 +10% 1.00 2.50 +7%

Commissural tracts
Corpus callosum −1.93 −2.39 −2% 0.40 1.76 +9%

Values denote Z scores or changes from baseline (%). Bold values denote abnormal Z scores in patient 1# compared with the control group. IFO: inferior fronto-
occipital fasciculus, ILF: inferior longitudinal fasciculus, L: left, R: right, SLF: superior longitudinal fasciculus.
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trigeminal nerve has been reported in a CLIPPERS autopsy case [19].
However, trigeminal REZ involvement has been also reported in dif-
ferent demyelinating diseases such MS, NMO and MOG-IgG associated
brainstem encephalitis [20], but patient 2# did not met the diagnostic
criteria of these conditions. A remarkable laboratory feature of patient
2# is lymphocytopenia which, as far as we known, has previously been
reported in a single CLIPPERS case [21]. We follow previous authors
[22] in considering the significance of this finding unclear.

Brain 18F-FDG PET/CT was performed in patient 2# and showed
increased metabolism at level of the symmetrical areas of enhancement.
Data regarding 18F-FDG PET/CT in CLIPPERS patients are restricted to
few cases where findings vary from no significant change from normal
tissue to hypermetabolism [3,7]. The role of brain PET/CT in CLIPPERS
has been considered limited [22,23] but, given the few studied cases, its
potential role as a diagnostic tool in the differential diagnosis between
CLIPPERS and its mimicks is, in our opinion, still undefined.

Neuropathological data from previous CLIPPERS studies indicate
that axonal injury and myelin loss prevail in those brainstem areas
where inflammation is more severe, while preservation of axons and
myelin occur in areas with more limited inflammation [19].

As expected from structural MRI, brainstem tracts showed patho-
logical DTI indices in both our patients in agreement with clinical
findings. In patient 1# the markedly altered DTI indices within bilateral
CST may account for the hyperactive bilateral deep tendon reflexes,
while the reported sensory alterations (hypo-dysestesia) may be related
to the severe pathological alterations of the medial lemniscus. The
markedly reduced FA within these tracts suggest the presence of axonal
damage as indicated by histopathological evidence [19].

In patient 2#, who was characterized by more circumscribed al-
terations, DTI indices were pathological within the medial lemniscus in
agreement with sensory alterations. Normal DTI values occurred within
the bilateral CST and no hyperreflexia was reported in this patient.
Pyramidal tracts involvement may therefore not be necessarily present
in CLIPPERS patients, as also suggested by a recent CLIPPERS case
presenting with trigeminal neuropathy in the absence of any symptoms
or signs of brainstem involvement [24]. In both patients reduction of
the degree of pathological alteration or reversal to normal values of DTI
indices was associated with clinical improvement.

Cerebellar peduncles are another primary site of inflammatory in-
volvement in CLIPPERS and diffusion indices were found altered in
both patients, particularly at the level of the middle cerebellar ped-
uncle. CLIPPERS syndrome is characterized by a relapsing-remitting
course and histopathological findings indicate variable degree of gliosis
and inflammation with or without axonal damage [19]. The variability
of DTI indices noted within the cerebellar peduncles in our two patients
probably reflects the presence of lesions in different stages of evolution.
In patient 1#, diffusion indices within the cerebellar peduncles (parti-
cularly MCP and PCP) showed worsening from baseline to follow-up
examination due probably to a degenerative course of the disease, in
agreement with the clear signs of ponto-cerebellar atrophy noted at
conventional MRI examination 1 year after the presentation (compare
Fig. 1A-B with Fig. 1E-F).

Blaabjerg et al. (2016) [2], using a 7T MRI scanner, have recently
demonstrated in two CLIPPERS patients signs of perivascular in-
flammation in supratentorial areas with normal appearance on lower
field strengths, suggesting a broad brain white matter involvement. In

Table 2
Fractional anisotropy (FA) and mean diffusivity (MD) values of patient 2#.

WM tracts FA MD

Baseline Follow-up ∆ Baseline Follow-up ∆

Brainstem tracts
Corticospinal tract L −1.54 −0.43 +10% −0.21 0.41 +7%
Corticospinal tract R −0.20 0.72 +9% −0.65 −0.35 +4%
Medial lemniscus L −2.50 −0.84 +12% 2.47 0.76 −9%
Medial lemniscus R −4.41 −1.46 +26% 4.31 0.53 −23%
Cerebellar peduncle – inferior L −2.63 −3.89 −5% −0.73 −0.72 <1%
Cerebellar peduncle – inferior R −2.11 −1.47 +15% −0.06 −0.45 −9%
Cerebellar peduncle – middle −2.28 −1.03 +11% 1.29 0.46 −8%
Cerebellar peduncle – pontine tract −0.42 1.12 +15% −0.82 0.44 +7%
Cerebellar peduncle – superior L 0.51 0.70 +2% −0.41 −0.47 −1%
Cerebellar peduncle – superior R −0.19 −0.11 +1% −0.34 0.33 +11%

Projection tracts
Cerebral peduncle L −0.44 −0.40 <1% 1.35 0.83 −3%
Cerebral peduncle R −0.68 −0.84 −1% 0.77 0.98 +1%
Corona radiata L −2.09 −2.18 −1% 0.17 0.28 +1%
Corona radiata R −1.96 −1.96 0% 0.20 0.36 +1%
Internal capsule L −0.63 −0.63 0% 0.09 0.09 0%
Internal capsule R −0.97 −0.77 +1% 0.57 0.29 −2%
Thalamic radiation L −2.81 −2.79 0% 2.51 2.39 −1%
Thalamic radiation R −2.77 −3.16 −4% 1.31 1.72 +4%

Associative tracts
Cingulum L −0.65 −1.04 −4% 0.05 1.09 +6%
Cingulum R −0.94 −0.66 +2% 0.78 0.17 −4%
External capsule L 0.70 0.61 <1% 0.34 0.11 −1%
External capsule R 0.31 −0.38 −3% −0.07 0.22 +2%
SLF L −1.25 −1.14 +1% 0.13 0.29 +1%
SLF R −1.06 −1.42 −3% −0.41 −0.24 +1%
ILF/IFO L −1.37 −0.81 +3% 0.43 0.20 −3%
ILF/IFO R −2.67 −2.96 −2% 1.88 2.04 +1%
Uncinate fasciculus L 1.39 0.96 −5% −0.04 1.04 +4%
Uncinate fasciculus R 0.43 0.11 −3% 0.07 −0.10 −2%

Commissural tracts
Corpus callosum −0.08 −0.15 <1% −0.27 −0.26 <1%

Values denote Z scores or changes from baseline (%). Bold values denote abnormal Z scores in patient 2# compared with the control group. IFO: inferior fronto-
occipital fasciculus, ILF: inferior longitudinal fasciculus, L: left, R: right, SLF: superior longitudinal fasciculus.

M. Morassi, et al. Journal of the Neurological Sciences 402 (2019) 40–47

45



agreement with this consideration, diffusion imaging findings in our
patients demonstrated involvement of numerous white matter tracts
during the course of the disease, affecting both the projective and the
associative tracts.

The decreased FA values noted within the bilateral posterior tha-
lamic radiation in patient 2# may be the result of the inflammatory
process, as reported in multiple sclerosis [5], but the possibility that this
alteration is, at least partially, related to the bilateral glaucoma cannot
be excluded [25]. Interestingly, diffusion indices within some projec-
tive tracts (in patient 1#) and associative tracts (in both patients) be-
came pathological from baseline to follow-up examinations. These al-
terations probably reflect a neuro-degenerative course of the disease, as
suggested by previous reports of cerebral atrophy and/or cognitive
impairment in CLIPPERS cases [7–14].

CLIPPERS-like findings in patients with multiple sclerosis have been
reported [26,27]. Numerous studies indicate that in multiple sclerosis
the white matter is widely altered from the early stage of the disease
and the corpus callosum is a typical site of involvement [5,8,9]. In the
two patients here discussed, DTI indices were normal within the corpus
callosum at baseline examination, while FA values become pathological
at follow-up in patient 1# (though, the baseline values were borderline
and the overall amount of change <5%). These findings suggest that
the corpus callosum is not a primary site of involvement in our CLIP-
PERS cases and the borderline values noted in patient 1# are more
probably the result of the neuro-degenerative course of the disease
rather than a direct inflammatory damage.

Altogether, our DTI findings strengthen the concept that CLIPPERS
syndrome is characterized by a widespread damage of brain white
matter even in areas with no signal alterations at 1.5–3 Tesla MRI, in
analogy to multiple sclerosis where structural imaging findings de-
monstrate only a part of the actual tissue damage.

For a better definition of CLIPPERS syndrome imaging features and
their potential pathophysiologic meaning, we have also considered
imaging findings from SWI, which allows visualization of venous
structures and iron in the brain [28]. SWI has previously been used in a
single CLIPPERS case showing multiple hypointense lesions and pro-
minent veins within the brainstem and cerebellum [29]. SWI hy-
pointensities have also been reported in other inflammatory diseases
such as multiple sclerosis and neuro-Behçet disease [30,31]. These
signal alterations have been related to iron accumulation due to mi-
crobleeds (hemorragic transformation of venous micro-infarctions) or
chronic inflammation (myelin and/or oligodendrocyte debris) [31,32].
It has also been speculated that in multiple sclerosis patients the iron in
microglia cells might propagate chronic, low-grade inflammation,
promote neurodegeneration and disease progression [33]. Similar
considerations may probably be pertinent for the brainstem damage in
CLIPPERS, but the absence of hypointense lesions in the supra-tentorial
structures in patients studied with SWI suggest a different mechanism
for the white matter damage in these areas.

A major concern in CLIPPERS patients is the reported possibility of
progression to lymphoma, which induced some authors to strongly re-
commend brain biopsy in all CLIPPERS patients [34]. To date, pro-
gression to B-cell lymphoma has been reported in four cases on over
more one hundred reported [34–37]. Limousin et al., 2012 have re-
ported the presence of MRS peaks in the region of lipids and lactate in a
CLIPPERS-like case with subsequent progression to lymphoma, but re-
marked that the spectroscopic profile in CLIPPERS has not been in-
vestigated. MRS findings in both our patients indicate an increased
Cho/NAA ratio (1–1.12), which is remarkably lower that reported in
neoplastic processes (>1.72 according to Ikeguchi et al., 2018) but
somewhat comparable to the values reported in tumefactive demyeli-
nating lesions [38]. No lipids/lactate peaks was detected, thus sug-
gesting that this feature, when present, may lead to suspect the possi-
bility of neoplastic progression. However, some authors have pointed
out the limitation of MR spectroscopy in differentiation between neo-
plastic lesions from inflammatory diseases [39,40]. MRS should

therefore be considered a useful tool but only part of the overall jud-
gement on the clinico-radiological data of the patient.

The obvious limitations of the present evaluation derive from the
fact that CLIPPERS diagnosis in both patients was not confirmed by
histopathological examination. DTI data were collected in only two
patients with different acquisition and using a 1.5 T scanner, which is
less sensitive than 3 T. Furthermore, no cognitive assessment was con-
ducted with regard to diffusion indices alterations. However, a point of
strength is that DTI analysis was performed before patients started the
treatment.
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