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Learning objectives
•

Suggestive situations for CNS vasculitis
- Clinical manifestations
- Information given by imaging / CSF

•

Stepwise approach for diagnosis:
- Differential diagnosis

(CNS non vascular and CNS non inflammatory vascular pathologies)

- Diagnostic confirmation (Biopsy if needed)
- Most frequent causes

•

(with suggestive patterns)

Therapeutic considerations

Key-points
• CNS vasculitis is an heterogenous group of rare diseases characterized by
inflammatory lesions of CNS blood vessels

• Etiologies are complexes. CNS Vasculitis can occur in the setting of systemic

(infectious or non infectious) vasculitis or can be restricted to the CNS (Primary
Angiitis of the Central Nervous System ; PACNS)

• CNS vasculitis is suspected on clinical context, parenchymal and vascular imaging
and CSF findings

• Confirmation is obtain by histology (parenchymal and leptomeningeal biopsy). In
practice, the majority of situations requiring biopsy concern PACNS

• Exclusion of more frequent differential diagnoses is a key element of diagnostic
work-up.

• CNS Vasculitis is still a diagnostic and therapeutic challenge. Multidisciplinary team
offer a better opportunities for best management

CNS vasculitis: Pathophysiology
• Vascular inflammation affecting vessels of different sizes
• Large/medium/small arteries to capillaries (or tiny venules)
• Diminished blood flow ; procoagulant effet of inflammation
>>> ischemia, necrosis >>> CNS tissue damage
- stroke (large/medium vessels)
- diffuse ischemia (small vessels)

• Vessel wall lesions

>>> permanent occlusion (ischemia) / aneurysmal change (rupture/hemorrhage)

• Also, other mechanisms: iatrogenic, infection….

Vasculitis: Classification
• Large vessel vasculitis
Giant cell arteritis
Takayasu arteritis

• Medium vessel vasculitis
Polyarteritis nodosa
Kawasaki disease

• Small vessel vasculitis

Antineutrophil cytoplasmic antibody-associated vasculitis
- Microscopic polyangiitis
- Granulomatosis with polyangiitis (Wegener)
- Eosinophilic granulomatosis with polyangiitis (Churg-Strauss)

Immune-complex vasculitis
- Cryoglobulinemia
- IgA vasculitis (Henoch-Schönlein)
- Hypocomplementemic urticarial vasculitis (anti-C1q)

• Variable vessel vasculitis
Behçet disease
Cogan syndrome

• Single organ vasculitis

Primary angiitis of the central nervous system
Nonsystemic peripheral nerve vasculitis
Idiopathic aortitis (IgG4)

• Vasculitis associated with systemic collagen vascular disease
Systemic lupus erythematosus
Rheumatoid arthritis vasculitis

• Vasculitis associated with infection

Acute bacterial meningitis
Mycobacterial tuberculous
Neurosyphilis
Lyme neuroborreliosis
Varicella zoster virus
Human immunodeficiency virus type-1/AIDS

CNS vasculitis: clinical manifestations
• Presentation is variable, range from acute to insidious
• No clinical manifestation being specific for CNS vasculitis
>>>> many differential diagnosis

• Unusual recent headache
• Focal features related to stroke
>>>> TIA, Ischemic or hemorrhagic stroke, seizures…

• Symptoms of diffuse neurologic dysfunction
>>>> lethargy, confusion, rapidly dementia, psychiatric features…..

• Systemic features such as weight loss, night sweats, fevers…
• Symptoms of (known or unknown) systemic disease (articular, skin, ophthalmic, respiratory….)
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Primary central nervous system vasculitis mimicking brain tumor:
Comprehensive analysis of 13 cases from a single institutional cohort of 191
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• Tumor-like aspect in 13 of 191 (6,8%) patients with the
diagnosis
A R T I C L E I N of
F O PCNSV (biopsy proven)
A B S T R A C T
Keywords:
Objective: To describe the clinical, laboratory, and imaging features and course of patients with primary central
11/13
granulomatous
vasculitis
• Tumor-like mass
nervous system vasculitis (PCNSV) presenting with an intracranial tumor-like mass (TLM).
Cerebral amyloid angiopathy
Disability
Prognostic factors
PCNSVSearch terms:
Cerebral vasculitis
Tumor
Prognosis

Methods: We retrospectively studied a cohort of 191 consecutive patients with PCNSV seen at the Mayo Clinic,
Rochester, MN over a 35-year period (1982–2017). 13/191 patients presented with a TLM. We compared the
ﬁndings in these 13 patients with those from the 178 without this presentation.
Results: In 13 of 191 (6.8%) patients with TLM the diagnosis of PCNSV was established by cerebral biopsy.
Granulomatous vasculitis was found in 11/13 patients, accompanied by vascular deposits of β-amyloid peptide
(Rankin
0 in 62%)
in 7. Compared to the 178
patientsat
without
TLM, the patients with TLM were more likely to be male (p = 0.04),
and less likely to have a transient ischemic attack (p = 0.023), bilateral cerebral infarcts (p = 0.018), or vasculitic lesions on angiography (p = 0.045). They were more likely to have seizures (p = 0.022), gadoliniumenhanced lesions (p = 0.007), and amyloid angiopathy (p = 0.046). All 13 patients responded to therapy and 8/
13 (61.5%) had a Rankin disability score of 0 at last visit. Overall, high disability scores (Rankin scores 4–6) at
Fig. 1. Magnetic
resonance
last follow-up were associated with increasing age (odds ratio, OR, 1.49) and cerebral
infarction
(OR,imaging
3.47),(MRI)
but and pathologic ﬁndings of case 10
with ABRA and tumor-like presentation: A) MRI showing inﬁltrative white
were less likely in patients with gadolinium-enhanced lesions (OR, 0.36) and amyloid
angiopathy (OR, 0.21).
matter process mimicking low grade glioma. Fluid attenuation inversion re(FLAIR)-weighted
images show inﬁltrative white matter T2 hyConclusion: In PCNSV a TLM at presentation represents a deﬁnable subgroup covery
of patients
with aMRI
favourable
perintensity in left temporal/parietal lobes with associated mass eﬀect; mild
treatment response.

• More seizures and less vascular events, less angiographic
findings and more favorable outcome

contralateral inﬁltrative T2 hyperintensity is also present. The images are negative for enhancement. B) It illustrate extensive vasculitic involvement of
leptomeningeal arteries (a) with granulomatous inﬂammation with giant cells
(inset). Severe beta-amyloid deposition is present in the vascular wall (b) and
amyloid is present inside the giant cells. The Verhoeﬀ-Van Gieson stain for
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LETTER TO THE EDITORS

Primary angiitis of the CNS with pure spinal cord involvement:
a case report
J Neurol (2010) 257:1762–1764

Chantima Goertz • Christiane Wegner
Wolfgang Brück • Peter Berlit

•

• 44-year-old female, progressive weakness of both legs
• Cervical MRI: Gd-enhancing extensive lesion (normal brain MRI)
• LCS: 12 lymphocytes, no OCB
• Good outcome after CTC pulse but relapse
• Biopsy: granulomatous vasculitis
• Literature:
Received: 18 October 2009 / Accepted: 23 May 2010 / Published online: 18 June 2010
! Springer-Verlag 2010

Dear Sirs,

We report the rare case of a primary angiitis of the CNS
(PACNS) with isolated spinal cord manifestation. This 44year-old female presented diffuse dysesthesia with moderate progressive weakness of the lower limbs. There were
no cerebral symptoms; cMRI was normal. The diagnosis of
PACNS was made by a spinal cord biopsy demonstrating
granulomatous vasculitis. The patient was successfully
treated with steroids and methotrexate. During a 2 year
follow-up our patient did not show any brain or other organ
involvement.
The 44-year-old female presented with moderate progressive weakness of both legs and burning sensory
symptoms of all limbs and the trunk. In addition to moderate paraparesis, the physical examination revealed a
moderate pallhypesthesia of the legs with reduced vibratory sense and a diffuse hyp- and dysesthesia below the
level of CD5. The family history was unremarkable for
neurological diseases.
The MRI of the cervical spine showed a gadoliniumenhancing lesion in the posterior part of the myelon with
intramedullary edema. This lesion extended from cervical
vertebral bodies 2–7 (Fig. 1a).
The cerebral MRI and visual evoked potentials were
entirely normal, the examination of the CSF revealed a
slight pleocytosis (12 cells/mm3), cytological examination

showed regular cells. Oligoclonal bands were absent which
makes multiple sclerosis highly improbable.
Laboratory examinations did not reveal any evidence for
either metabolic (vitamin-B12, folate), autoimmune or
infectious disorder. We found no aquaporin-4-antibodies.
With normal VEP, we had no evidence for neuromyelitis
optica.
We started with intravenous high dose methylprednisolone therapy (1 g for 5 days), but symptoms relapsed after
3 months of disease freedom.
Before introduction of another immunosuppressive therapy, and to exclude a spinal lymphoma, a biopsy of the spinal
lesion was taken. The neuropathological examination
revealed a granulomatous vasculitis with transmural
inflammation consisting of lymphocytes, epitheloid cells and
giant cells (Fig. 2a–h). There was no evidence for systemic
organ involvement assessed by thoracic and abdominal
computer tomography.
Treatment was started with methotrexate (20 mg/week)
combined with prednisolone (tapered from 80 to 10 mg/d
within 6 weeks).
Neurological examination at 3 month intervals revealed
normal findings except a slight dysesthesia in the legs.
A follow-up MRI after 24 months of treatment demonstrated an obvious regression of the signal intensities within the
cervical cord (Fig. 1b), whereas the cMRI remained normal.
Spinal symptoms are a rare presentation of primary CNS
vasculitis [1]. The previously reported cases with spinal
cord involvement also showed progressive paraparesis and
dysesthesia as the most common clinical symptoms [2].

Fig. 1 a MR study of the untreated patient. Sagittal FSE T1-weighted
image shows a big, homogeneously enhancing lesion located in the cervical
cord. b Follow-up MR study 24 months later. Sagittal FSE T1-weighted
image shows no evidence of contrast enhancement of the cervical cord
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The stereotactic biopsy remains the gold standard
to assure the diagnosis of a CNS vasculitis [5], but the
diagnosis in daily clinical routine is often only based on
clinical and imaging findings as well as the response to
treatment. This might be a potential reason for overdiagnosing PACNS in clinical routine. As illustrated by our
case, histological verification is crucial for the diagnosis.
The standard therapy for PACNS consists of corticosteroids (1 mg/kg prednisolone) and pulsed cyclophosphamide (0.5 mg/kg). The treatment with cyclophospha
mide can have severe side effects [6]. Monotherapy with
steroids leads to higher recurrence rates [7]. Since methotrexate has been successfully used in systemic vasculitis
[8], we started treatment with a combination of steroids
and methotrexate. Our patient reached remission within
3 months and remains stable now more than 2 years later.
In biopsy-proven PACNS of the spinal cord, methotrexate
seems to be an effective and less toxic alternative to
cyclophosphamide.

Fig. 1 a MR study of the untreated patient. Sagittal FSE T1-weighted
image shows a big, homogeneously enhancing lesion located in the cervical
cord. b Follow-up MR study 24 months later. Sagittal FSE T1-weighted
image shows no evidence of contrast enhancement of the cervical cord

>>>>> Spinal symptoms are a rare presentation of primary CNS vasculitis
>>>> Usually, symptoms (progressive paraparesis and dysesthesia) occur in
the course of the disease (very rare at disease onset or as the only manifestation)

Fig. 2 The histological features of primary spinal vasculitis. The
neuropathological examination revealed vascular thrombosis (a 1009
magnification, H&E staining) and vessel walls with transmural infiltration mainly consisting of several lymphocytes (b 2009 magnification,
H&E staining). In addition, there were epitheloid cells and giant cells
(c 4009 magnification, H&E staining) which are characteristic for
a granulomatous vasculitis. There was no evidence for demyelination
(d 2009 magnification, LFB-PAS staining). Immunostainings indicated

that the vessel walls were mainly infiltrated by CD3-positive T cells
(e 2009 magnification, immunohistochemistry for CD3) that were partly
CD8-positive cytotoxic T cells (f 2009 magnification, immunohistochemistry for CD8). Furthermore, several CD68-positive macrophages
and activated microglial cells were detectable (g 2009 magnification,
immunohistochemistry for CD68). Within the CNS tissue, many reactive
astrocytes could be observed (h 2009 magnification, immunohistochemistry for glial fibrillic acidic protein)
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CNS vaculitis: Neuroimaging
•

Neuroimaging plays a vital role in the diagnosis (and follow) of primary and
secondary vasculitic disorders

•

There are multiplicity of neuroimaging options available (CT-scan, MRI, digital
angiography, nuclear medicine) to image:
- brain parenchyma,
- vessel lumen,
- vessel wall.

•

Noninvasive neuroimaging modalities provide less risk for a more conclusive
understanding of the disease process

•

« Invasive » cerebral angiography may be needed to image the intricate and at
times, small involved vessels

•

Neuroradiologists should be included in the multidisciplinary team of physicians
caring for patients with vasculitis

CNS vasculitis: parenchymal imaging
Younger, neurol clin, 2019

• MRI (>>> CT-scan)
• Micro or macro ischemia: subcortical and deep white
matter, deep gray nuclei, and the cortices (T1, T2, Flair)

• Diffusion-weighted imaging (DWI) helps to distinguish
acute, subacute, and chronic ischemia

• Lesions are frequently bilateral and of differing ages
>>>> clue of diagnosis suspicion

• Nonspecific white matter diffuse changes
• Micro or macro intra-parenchymal bleeding (T2*)
• Focal subarachnoid hemorrhage
• Leptomeningeal enhancement
>>>> small vessel vasculitis

• Other MRI modalities: less contributive

Fig. 2. PACNS. (A) Noncontrast CT (top) demons
Those in the right frontal subcortical white ma
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underlying white matter of the right occipital
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CNS vasculitis: vessel lumen imaging
• Angio (TOF) MRI, Angio CT-Scan, conventional angiography
• Spatial and temporal resolution of conventional angiography

4

Younger

is currently the best of all imaging techniques in use

• Areas of narrowing and dilatation or multilocular occlusions
of intracranial vessels

• Fusiform (post-stenotic) arterial dilatations
• Development of a collateral circulation, delayed contrast

Figure 1. Imaging of patients with PACNS. (A) A 44-year-ol
narrowing of intracranial arteries on cerebral angiogram, (B
and (C) concentric enhancement of the M1-segment of the
A 48-year-old patient with vessel beading on MRI-TOF-ang
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• Angiography can be false-negative (vessels<500um)
• Etiologic orientation according to the size of the vessels
affected and the distribution of lesions

• Even in the presence of classic angiographic findings, an
alternative diagnosis is possible

DWI, diffusion-weighted imaging; MRI, magnetic resonance imag
TOF, time of flight.

Biopsy
perfusion-weighted MRI, followed by the delineation of underly
by 1.5-T MRA
to study
the entire
of the angiitis
carotid and
In patients
with
suspicion
ofcourse
primary
ofverte
the
circle
of
Willis.
Time-of-flight
(TOF)
MRA
sequences
permit
the CNS but inconclusive imaging findings, brain
tle stenoses and improve spatial resolution, as well as mural t
biopsy
for with
definite
diagnosis
is mandatory.
arteries
MRA source
images;
moreover, MRIDue
may to
discer
Beuker
et
al.,
Ther
Adv
Neurol
Disord
,
2018
the Conventional
focal and segmental
of the disangiography distribution
with digital subtraction
(DSA)
medium-sized
and clin,
small
brainbiopsy
vesselsisand
statusofof c
ease,
the sensitivity
of brain
as atheresult
Younger,
Neurol
2019
and assessment of brain perfusion.
sampling
errors between 53–74%,43,44 but the
Gomes32 divided available neuroimaging studies into 3 grou
diagnostic
yield
canlumen,
be increased
80% byfindin
parenchyma,
vessel
and vessel to
wall.over
Parenchymal
44 If
cific, wereareas
necessary
detect the presence
of disease
as we
targeting
of toimaging
abnormality.

gnetom Sonata, Siemens Medical Systems, Erlangen, Germa- were adults between 16 and 76 years of age (10 female,
9 under the terms of the 31 pre-specified intracrania
access article distributed
mal contrast enhancement
Creative Commons Attribution License, which
and General Electric Signa Edge, GE Medical Systems, Mil- male). The mean age of the patients was 27 years.
Original Paper
permits unrestricted use, distribution, and
kee, Wisc., USA) using circular polarized head coils.
reproduction
in any medium, provided the original
Clinical presentations were headache, seizures,
focal
Repetitive examinations (2–6) were performed
in
all
patients.
author
and
source
are credited.
Received: September 24, 2007
Results
Cerebrovasc Dis 2008;26:23–29
Accepted:
January 4,such
2008
neurologic
deficits
as
hemiparesis,
hemifacial
weakotal, 89 MRI scans of patients with vasculitis
were
included
in
DOI: 10.1159/000135649
Data Availability Statement: Anonymized raw data
Published online: May 30, 2008
Overall, more arterial segm
sets that
include the readers’ rating findings from
study. Acquisition parameters varied slightly between the ness, hemisensory and fine motor deficits. Further
sympshowed fair agreement betw
both 2D and 3D vessel wall imaging sequences of
nners used.
VWE was detected in intrad
toms were diffuse neurologic deficits such
as altered
conall patients’
MRI have been uploaded to the
ARTICLE
following public repository: DANS - Data Archiving
All patients had MRI scans which included T2-weighted turbo centration, cognition, mood, orRESEARCH
(p<0.05). 3D VWI showed m
personality.
and Networked Services, on behalf of KNAW
High-resolution (Royal
contrast-enhanced
vessel
trastwall
enhancement. In patie
n echo and
T2*-weighted
gradient
echo sequences,
fluid-attenNetherlands Academy of Arts and
Vessel
Wall
Contrast
Enhancement:
The
most
frequent
clinical
diagnosis
in
our
patient
of 67% (2D and 3D VWI) an
ed inversion recovery images and a time-of-flight magnetic
Sciences).
The link suspected
to our data in this depository
is:
imaging in patients
with
cerebral
https://doi.org/10.17026/dans-25b-q829.
was seen in arteries distal to
group was primary angiitis of the
CNS (PACNS)
or
childA Diagnostic
Sign
Cerebral
Vasculitis
onance angiography
(TOF-MRA)
of theof
circle
of Willis. Morevasculitis:
Prospective
comparison of wholer, all patients had intravenous contrast injections of 0.1 mmol/ hood primary angiitis of the CNS
(cPACNS).
This versus
diag- 2D T1 black blood
brain
3D T1 SPACE

CNS vasculitis: vessel wall imaging

Wilhelm Küker a, b Susanne Gaertner c Thomas Nägele d Christian Dopfer e
Martin Schöning e Jens Fiehler a Peter M. Rothwell b Ulrich Herrlinger f

b
Departments of a Neuroradiology
andDis
Clinical
Neurology, University of Oxford, John Radcliffe Hospital, Oxford, UK;
Cerebrovasc
2008;26:23–29
c
d
a1111111111
Departments of Neurology, Neuroradiology and e Neuropaediatrics, University Hospital, Tübingen, and
f
a1111111111
Department of Neurology, University of Bonn, Bonn, Germany
a1111111111
a1111111111
a1111111111

MRI at 3 Tesla

PLOS ONE | https://doi.org/10.1371/journal.pone.0213514 March 8, 2019

Sebastian Eiden1, Christopher Beck1,2, Nils Venhoff3, Samer Elsheikh1, Gabriele Ihorst ID4,

Küker /Gaertner
/Dopfer
Horst/Nägele
Urbach , Stephan
Meckel/
ID *
1 Department
of Neuroradiology,
Faculty of Medicine, Medical Center–University of Freiburg, University of
Schöning /Fiehler
/Rothwell
/Herrlinger
1

3D vs 2D contrast-enhanced
MRI vessel wall imaging at 3 Tesla in suspected cerebral vasculitis
1

Freiburg, Freiburg, Germany, 2 Department of Nuclear Medicine, Faculty of Medicine, Medical Center–
University of Freiburg, University of Freiburg, Freiburg, Germany, 3 Department of Rheumatology and
Clinical Immunology, Faculty of Medicine, Medical Center—University of Freiburg, Freiburg, Germany,
4 Clinical Trials Unit, Faculty of Medicine and Medical Center—University of Freiburg, Freiburg, Germany
* stephanmeckel@gmail.com

Key Words
Cerebral vasculitis ! Vessel wall contrast enhancement !
Stenosis

•
•
•
•
•

ment in 23/27 patients. Conclusion: Wall thickening and intramural contrast uptake are frequent findings
in patients
OPEN ACCESS
with active cerebral vasculitis affectingCitation:
largeEiden
brain
arteries.
S, Beck
C, Venhoff N, Elsheikh S,
Ihorstto
G, Urbach
H, et al. (2019)
Further prospective studies are required
determine
theHigh-resolution
contrast-enhanced
vessel
imaging in patients
specificity of this finding.
Copyright
© 2008 S. Karger
AG,wall
Basel

Abstract

with suspected cerebral vasculitis: Prospective
b
c
a
Purpose
Abstract
comparison of whole-brain 3D T1 SPACE versus
Purpose: Inflammatory stenoses of cerebral arteries cause
2D T1 black blood MRI at 3 Tesla. PLoS ONE 14
Vessel wall imaging (VWI) using T1 dark blood MRI can depict inflammation of intracranial
(3): e0213514. https://doi.org/10.1371/journal.
stroke in patients with florid vasculitis. However, diagnosis is
arteries in patients with cerebral vasculitis. Recently, 3D VWI sequences were introduced at
pone.0213514
3 Tesla. We aimed to compare 2D and 3D VWI for detection of intracranial vessel wall
often difficult even with digital subtraction angiography
Introduction
Editor: James West, Vanderbilt University Medical
enhancement (VWE) in patients suspected of cerebral vasculitis.
(DSA) and biopsy. The purpose of this study was to establish
Center, UNITED STATES
the value of contrast-enhanced MRI, proven to be sensitive
Ischemic brain symptoms are rare in young individuReceived: July 20, 2018
to extradural arteritis, for the identification of intracranial als and are usually not caused by atherosclerosis
as in the
Methods
Accepted: February
2019
vessel wall inflammation. Patients and Methods: Twenty- elderly [1, 2]. Apart from arterial dissections
and24,cardio44 MRI scans of 39 patients were assessed that included bi-planar 2D T1 and whole-brain
seven patients with a diagnosis
of cerebral vasculitis affectgenic emboli, progressive arterial stenoses
due
to8, inflamPublished:
March
2019
d
e
Fig 3. 39-year-old male patient with possible migraine and high-grade MCA stenosis: 2D axial (A) and coronal (B)
3D T1 SPACE dark
blood
VWI pre
andVWE
post
contrast.
Visibility
and VWE
were
analyzed in
VWI reveals
short segmental
distal MCA
(arrows)
that resembles
a concentric appearance.
3D VWI
with axial
ingFig.large
brain vessels were retrieved from the files: 8 chil- matory disease are an important cause
of cerebral
ischCopyright:
© 2019 Eiden et
al. This is an open
1. cPACNS; mild right hemispheric stroke with hemiparesis the right caudate and lentiforme nuclei. There is clearly enhance(C) and sagittal oblique (D) reformatted images: The latter image which is orientated perpendicular to MCA vessel
31
pre-specified
intracranial
artery
segments.
Additionally,
leptomeningeal
and
parenchya DWI. There is restricted diffu- ment in the wall of the right distal internal carotid artery (arrow).
10
days
earlier;
4-year-old
girl.
course shows that there is obvious eccentric VWE (arrow) which is not obvious on standard 2D views.
dren
(2–10 years, 7 female, 1 male) and 19 adults (16–76 years, emia in this age group [3].
access article distributed under the terms of the
sion of protons in the right basal ganglia. b The T2-weighted MRI d The axial T1-weighted image shows wall enhancement in the
https://doi.org/10.1371/journal.pone.0213514.g003
mal
contrast
enhancement
was
assessed.
Creative
Commons
License, which
only minor
signal change in the
basalbased
ganglia right
distal
internal carotid or
artery and theInflammatory
right P1 segment (ar10shows
female,
9 hyperintense
male).
Diagnosis
was
on
histological
stenoses of arteries
occur
in Attribution
autoimHR-MRI such as ‘black blood MRI’ may be helpful in pathologic
on patients
the right sparing the internal
capsule.
row).
c The contrast-enhancedof
e The TOF-MRA shows
an abnormality of the right internal
27
with
a diagnosis
cerebral
vasculitis
permits unrestricted use, distribution, and
higher spatial resolution and signal-to-noise ratio of the 2D sequence. The latter may improve
coronal
T
carotid
artery
around
the
carotid
T,
but
also
some
narrowing
in
-weighted
image
(slice
thickness
3
mm,
flow
compensa1
serological
proof
of
vasculitis
or
on
clinical
and
imaging
crimunological
diseases
and
due
to
vessel
wall
infection.
Direproduction
in
any
medium,
provided
the
original
the visualization
of faintthe
VWE and
the differentiation
of VWE from closely enhancing
venous
findings in and
around
wall
of intracranial
vessels
tion) after contrast injection (0.1 mmol/kg Gd-DTPA) through the right P1 (arrow).
the distal
artery shows contrast included
enhancement in diffusion-weighted
structures such as the cavernous sinus (Fig 1). However, the higher in-plane resolution of 2D
teria.
Allinternal
MRIcarotid
examinations
agnostic problems arise if cerebral ischemia
occurs
beauthor and source
are credited.
Results
Diagnosis
was based on histological or serological proof of vasculitis or ondiagnosed [4] or if
VWI sequences was at cost of a limited spatial coverage of the brain arteries compared to the
imaging, time-of-flight magnetic resonance angiography fore the underlying disease has beenData
3D VWI sequence that covers the whole brain and upper cervical area. The latter was responsiAvailability Statement: Anonymized raw data
Overall, more arterial
segments were
visualized with 3D VWI
(p<0.0001). Detection of VWE
clinical
and
imaging
criteria.
ble for
the better detection inflammation,
rate of VWE in the VA segments.intracranial
A future direction to improve
between
atherosclerotic
(TOF-MRA) and contrast-enhanced scans. MRI scans were as- the findings are confined to intracranial
[5]. rating findings fromDifferentiating
sets thatarteries
include the readers’
spatial resolution
of 3D black
blood
imaging
with(κ
whole
brain coverage
[22, 24–26] at adeshowed
fair
agreement
between
2D
and
3D
VWI
=
0.583).
On
segmental
level, more
sion imaging was helpful to identify areas of reduced angioplasty, a now established treatment option in intraboth 2D
andstandard
3D vessel wall imaging
sequences of
sessed
for
the
presence
of
ischemic
brain
lesions,
arterial
steCerebral
angiography
has
long
been
the
implaques,
andquate
other
wall
abnormalities
based
on
thetech-typical
scan times
may be the
application of the recently introduced
compressed
sensing
brain perfusion without structural damage in the early cranial stenoses [11, 12]. However, in our patients the
VWE was detected
in
intradural
ICA
by
2D
VWI
(p<0.001)
and
in
VA
V4
segment
by 3D VWI
all patients’ MRI have been uploaded to the
nology (CS-SPACE) [27].
were regarded
unsuitable
endovascular
stagesscans
of
the disease.
MRI
were
assessed
for findings
vessel
wall asthickening
and contrast
noses,
vessel
wall
thickening
and contrast
uptake.
Results:
agingforprocedure
for patientsuptake
with presumed
intracranial
enhancement
patterns
was
reported.
following public repository: DANS - Data Archiving
the higher
inter-rater
agreement
on 3D VWIand
was likely
related to a superior
(p<0.05). 3D VWIFurthermore,
showed more
leptomeningeal
(p<0.05)
parenchymal
(p<0.01) conTOF-MRA is well suited to identify stenoses in pa- treatment.
Ischemic
of the [9,
brain
tissue
were seen
in 24/27
Cerebral or meningeal biopsy
is regarded
analysis of the whole vessel wall circumference with 3D isotropic data (Fig 3). Such 3D visualiand Networked
Services,as
on the
behalf of KNAW
10]. Using
this techThickening
of arterypawalls in stenoses.
areas of flow abnormaltients withchanges
intracranial vasculitis
trast enhancement.
In patients with positive diagnosis of cerebral vasculitis, sensitivity was
zation allows for a better discrimination between VWE of an artery and an enhancing vein
nique,and
25/27restricted
patients were found
to have suggestive
abnormalities of
ity was
demonstrated
in 25/27 patients
instandard
our group. Fur-but rarely performed(Royal
Netherlands
Academy
of Arts and
tients
diffusion
recent
ischemia
gold
due
to
its
risk
and
Vessel
wall
thickening
was
identified
in
25/27
patients
being
located adjacent
to an artery [18].
Detailed
of VWE
into(3D
concentric
andmore VWE
affecting cerebral vessels proximal to the A2, M2 and P2 ther signs of abnormality were luminal narrowing, asymof
67%
(2D
and
3D
VWI)
and specificity
was
44%characterization
(2D VWI) and
48%
VWI);
Sciences). The link to our data in this depository is:
Improvement
ofdistal
thisand
emerging
technique
should be a
eccentric/short
long segmental showednoninvasive
only a fair agreement between
both sequences.
metricstenoses
vessel diameter
vascularsensitivity.
lumen.
in segments.
17/27; 25/27 patients had uni- or multifocal
of and
in-eccentric
limited
https://doi.org/10.17026/dans-25b-q829.
was
seen
in
arteries
to
VA
and
ICA
compared
to
non-vasculitic
patients.
This may again relate to differences in in-plane resolutions and 3D capabilities between both
A cerebral angiogram was performed in some patients
MRI showed mural enhancement in the enlarged vestracranial
arteries
on
TOF-MRA
and
5/6
had
stenoses
on
DSA.
The
diagnosis
of
cerebral
vasculitis
is
often
based
on
possible future perspective.
with low
flow symptoms to assess a possible
intracranialpatients
sel wall in 23/27 our patients, however not to the same
Wall
enhancement
in 23/27
Vessel wall thickening was identified in 25/27, wall enhance- fairly nonspecific inflammatory changes in the cerebro-

•
•
•

>>>> Wall thickening and intramural contrast uptake27are frequent findings
in| https://doi.org/10.1371/journal.pone.0213514
PLOS ONE
March 8,aim
2019 of future studies could be the implementation
1 / 14
of
• An additional
patients with active
cerebral
vasculitis affectingDr.large
arteries
Wilhelm brain
Küker
© 2008
S. Karger AG, Basel
nuclear medicine molecular diagnostic tools (Pet-scan)
Vessel Wall Enhancement in Cerebral
Vasculitis

Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

Cerebrovasc Dis 2008;26:23–29

1015–9770/08/0261–0023$24.50/0

Accessible online at:
www.karger.com/ced

PLOS ONE | https://doi.org/10.1371/journal.pone.0213514 March 8, 2019

Department of Neuroradiology, West Wing
The John Radcliffe Hospital, Headley Way
Oxford OX3 9DU (UK)
Tel. +44 1865 231 439, Fax +44 1865 234 686, E-Mail Wilhelm.Kuker@ndm.ox.ac.uk

9 / 14

CNS vasculitis: CSF and biology
• CSF analysis reveals abnormal (inflammatory findings) in around half of patients with cerebral
vasculitis (80–90% in PACNS)

• Mild lymphocytic pleocytosis / elevated protein level
• If normal CSF findings:

>>>> direct diagnostic work-up towards possible differential diagnoses

• Normal CSF and normal brain MRI:

>>>> CNS vasculitis can be ruled-out

• Some results are indicative for infectious origin of vasculitis (more than 250 cells/µl ; frank increase of
proteins or decrease of glucose)

>>>> further analyses should include appropriate cultures, PCR and Ab indices

• Serum screening can show increased acute phase reactants (ESR/ serum CRP)
• Detection of antinuclear, antineutrophil cytoplasmic, antiphospholipid antibodies, rheumatoid
factor, cryoglobulins or bacterial or viral antibodies is highly suggestive of an underlying
systemic vasculitis or autoimmune disease.

CNS vasculitis: Stepwise approach
to diagnostic in routine practice

• Suggestive situations for diagnosis of CNS vasculitis
- Clinical symptoms and signs
- MRI (or CT scan) pattern of vascular mechanism
- Inflammatory findings in CSF study

• Symptoms of (known or unknown) systemic disease (articular, skin, ophthalmic….)
• Digital arteriography
• Parenchymal and leptomeningeal biopsy
• Suggestive pattern to specific cause

CNS vasculitis: Suggestive situations
• Cerebral ischemic episodes in different vascular beds, usually separated
by time, with the presence of inflammatory changes in the CSF

• Cerebral ischemia in young patient with lack of traditional
cerebrovascular risk factors for strokes

• Chronic meningitis without a demonstrated infectious or malignant
etiology

• Subacute or chronic headache associated with cognitive dysfunction,
usually with a history of aseptic meningitis

• Combination of unexplained focal and diffuse neurologic dysfunction

CNS vasculitis: Steps to diagnostic approach
in routine practice

RIES
P. Berlit & M. Kraemer
Suggestive clinical history and clinical examination

Differential diagnosis
+++

Positive MRI suggestive for CNS vasculitis
Positive CSF suggestive for CNS vasculitis
Exclusion of sytemic vasculitis or other diseases
Involvement of large
and middle vessels

Involvement of
small vessels

Angiography

Biopsy

Suspected diagnosis

Definitive diagnosis

Fig. 1. Flowchart on the diagnostic work-up for cerebral vasculitis.

** Non vascular CNS diseases
(ADEM, infectious and dysimmune
encephalitis….)

** Vascular non inflammatory
CNS lesions
- More frequents
- Atherosclerosis, cardioembolism events,
Antiphospholipid Ab…
- Vasculitis « mimics »:
Reversible Cerebral Vasoconstriction
Syndrome (RCVS) ; Small Infarcts of
Chochlear, Retinal and Encephalic Tissues
(SICRET) ; Sneddon syndroms, …..

CNS vasculitis: Histology
• In patients with suspicion of CNS vasculitis but inconclusive imaging findings,
brain biopsy for definite diagnosis is mandatory

>>>> In practice, the majority of situations concern PACNS

• Due to the focal and segmental distribution of the disease, the sensitivity of brain
biopsy is between 53–74%:

>>>> Diagnostic yield can be increased by targeting areas of imaging abnormality
(parenchymal and leptomeningeal tissue)

•

A negative biopsy cannot rule out the diagnosis of cerebral vasculitis:
>>>>> but histopathological examination often results in alternative diagnoses

• Histopathological findings include:
- Transmural inflammation, mononuclear infiltrate
- granulomatous inflammation, lymphocytic cellular infiltrates, necrotizing vasculitis
- Infectious agent?
- Others: β-amyloid deposits……

Main causes of CNS vasculitis
•

Polyarteritis nodosa and ANCA associated vasculitis (Microscopic polyangiitis, Wegener, Churg-

Strauss):

- Peripheral Nerve System (Mononeuritis multiplex) most prevalent than CNS
- CNS vasculitis: 3% to 40%!!
- Diagnostic made by: other organs disturbances (kidney, respiratory tract, skin…) + ANCA

• Vasculitis associated with systemic collagen vascular disease: rare condition
- Systemic lupus erythematosus
- Rheumatoid arthritis vasculitis

•

Vasculitis associated with infection (acute bacterial meningitis, mycobacterial tuberculous, syphilis,
borreliosis, varicella zoster virus…):

- Stroke due to large/medium size vessel (asymmetrical) involvement (internal carotid, Willis circle…)
- Diagnostic made by clinical context, CSF results, appropriate cultures, PCR and Ab indices

• Primary Angiitis of the Central Nervous System

- Rare disease, challenge for neurologists
- Affects mainly patients around 50 years
- Heterogeneous group, frequently requiring biopsy for confirmation
- The RCVS is the most important noninflammatory differential diagnosis
- Often, treatment give good improvement, relapses in 25% of cases

PACNS
Classification according to Giannini and colleagues, 2012

C Beuker, A Schmidt et al.

Table 1. Disease subtypes of PACNS.
Subtype

Clinical features

MRI

Angiogram

Biopsy

Angiogram
-negative biopsypositive

cognitive impairment,
greater CSF
abnormalities, favourable
response to treatment

meningeal
and parenchymal
enhancing lesions on
MRI

negative

granulomatous
pattern

Amyloid-βrelated cerebral angiitis
(ABRA)

older age, predominantly
males, cognitive
impairment

contrast-enhanced
meningeal lesions

positive

granulomatous pattern with βamyloid deposition in vessel
walls

Meningeal
enhancement in MRI

predominantly males,
cognitive impairment,
rapid response to
treatment

prominent
leptomeningeal
enhancement

negative

granulomatous
pattern

Spinal cord
involvement

spinal cord symptoms,
cerebral manifestations
usually present

enhanced spinal
(especially thoracic)
lesions

negative

necrotizing
pattern

Intracranial
or subarachnoid
haemorrhage

predominantly women,
favourable response to
treatment

intracranial
or subarachnoid
haemorrhage

positive

necrotizing
pattern

Rapidly progressive

aggressive disease
course, less responsive
to treatment, often fatal
outcome

bilateral, multiple,
vessel lesions and
infarctions

positive

granulomatous or
necrotizing pattern

Classification according to Giannini and colleagues, 2012.4 Clinical and diagnostic features can overlap among disease subtypes.
CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; PACNS, primary angiitis of the central nervous system

to immunosuppressive treatments and necrotizing vasculitis is a predominant histopathological

lymphocytic pleocytosis combined with an elevated protein level. CSF examination is abnor-

CNS vasculitis: treatment considerations

• Treatment must be rapidly actif on inflammation (and etiology particularly
infection if suspected)

• CNS Vasculitis in the course of antineutrophil cytoplasmic antibody-associated
vasculitis or associated with systemic collagen vascular disease: treatment
according to consensus (CNS vasculitis is considered as poor prognosis factor)

• Treatment recommendations for PACNS are mainly based on retrospective
studies and expert opinions

•

Current therapeutic regimens are adapted from those validated in systemic
vasculitis on ground of pathologic concordance

CNS vasculitis: treatment of PACNS
Induction therapy (to achieve remission and avoid worse outcomes)

• Corticosteroids:
•

- Oral prednisone
- Methyprednisolone pulse IV (1000 mg daily for 3 to 5 days)
Cyclophosphamide
- Daily orale dose (2 mg/kg/day) or monthly Iv pulse dose (e.g starting at 750 mg/m2)

Maintenance therapy (to limit the risk of relapses and prevent long-term disabilities)

• Azathioprine
• Methotrexate
• Mycophenolate mofetil
Biological agents (in some « rare » cases resistant to corticosteroids/cyclophosphamide)

• Rituximab
• Tumor necrosis factor-alpha blockers
• Infliximab
• Etanarcept

Conclusion and perspectives
• Clinical and neuroimaging features of CNS vasculitis are
nonspecific.

Diagnosing CNS vasculitis remains challenging (dilemma of angiography•negative
vasculitis and false-negative brain biopsy)
Vascular imaging advances (improvement of noninvasive technique of wall
•visualisation).

• Prospective and randomized treatment trials to define evidencebased strategies for the management of PACNS are needed
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