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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….) 



An Update of the Mayo Clinic Cohort of Patients With Adult
Primary Central Nervous System Vasculitis

Description of 163 Patients

Carlo Salvarani, MD, Robert D. Brown Jr, MD, Teresa Christianson, BS, Dylan V. Miller, MD,
Caterina Giannini, MD, John Huston III, and Gene G. Hunder, MD

Abstract: Primary central nervous system vasculitis (PCNSV) is an
uncommon condition in which lesions are limited to vessels of the brain
and spinal cord. Because the clinical manifestations are not specific, the
diagnosis is often difficult, and permanent disability and death are
frequent outcomes. This study is based on a cohort of 163 consecutive
patients with PCNSV who were examined at the Mayo Clinic over a 29-
year period from 1983 to 2011. The aim of the study was to define the
characteristics of these patients, which represents the largest series in
adults reported to date. A total of 105 patients were diagnosed by
angiographic findings and 58 by biopsy results. The patients diagnosed
by biopsy more frequently had at presentation cognitive dysfunction,
greater cerebrospinal fluid total protein concentrations, less frequent
cerebral infarcts, and more frequent leptomeningeal gadolinium-
enhanced lesions on magnetic resonance imaging (MRI), along with
less mortality and disability at last follow-up. The patients diagnosed by
angiograms more frequently had at presentation hemiparesis or a
persistent neurologic deficit or stroke, more frequent infarcts on MRI
and an increased mortality. These differences were mainly related to the
different size of the vessels involved in the 2 groups. Although most
patients responded to therapy with glucocorticoids alone or in conjunc-
tion with cyclophosphamide and tended to improve during the follow-up
period, an overall increased mortality rate was observed. Relapses
occurred in one-quarter of the patients and were less frequent in patients
treated with prednisone and cyclophosphamide compared with those
treated with prednisone alone. The mortality rate and degree of dis-
ability at last follow-up were greater in those with increasing age,
cerebral infarctions on MRI, angiographic large vessel involvement, and
diagnosis made by angiography alone, but were lower in those with
gadolinium-enhanced lesions on MRI and in those with cerebral amy-
loid angiopathy. The annual incidence rate of PCNSV was estimated at
2.4 cases per 1,000,000 person-years. PCNSV appears to consist of
several subsets defined by the size of the vessels involved, the clinical

characteristics at presentation, MRI findings, and histopathological
patterns on biopsy. Early recognition and treatment may reduce poor
outcomes.

(Medicine 94(21):e738)

Abbreviations: ABRA = Ab-related angiitis, BACNS = benign

angiopathy of the CNS, CAA = cerebral amyloid angiopathy,
CAA-RI = cerebral amyloid angiopathy-related inflammation, CNS

= central nervous system, CSF = cerebrospinal fluid, ESR =

erythrocyte sedimentation rate, PCNSV = primary central nervous

system vasculitis, RCVS = reversible cerebral vasoconstriction
syndrome.

INTRODUCTION

P rimary central nervous system vasculitis (PCNSV) is an
uncommon and poorly understood disease that affects the

brain and spinal cord. The earliest report of a case consistent
with PCNSV was by Harbitz in 1922.1 Later reports were
published under a variety of names including ‘‘noninfectious
granulomatous angiitis of the nervous system’’,2 ‘‘giant cell
arteritis of the central nervous system’’,3 ‘‘isolated angiitis of
the central nervous system’’,4 and ‘‘primary angiitis of the
central nervous system’’.5 The outcome in early reports was
usually fatal as the diagnosis was made at autopsy.1–3,6–8 Later,
biopsies and angiograms were also used to make the diagno-
sis.4,5,9–11

In 1988, Calabrese and Mallek suggested diagnostic
criteria for PCNSV. These included the development of a
neurologic deficit unexplained by other processes, plus the
presence of either an angiogram with characteristic features
of vasculitis, or a central nervous system (CNS) biopsy showing
vasculitis.5 Because of the more invasive nature of CNS biopsy,
the majority of reported cases have been diagnosed by angio-
graphy. However, the accuracy of angiography remains uncer-
tain because changes typical of vasculitis can also be seen in
nonvasculitic disorders.10–15 For example, patients with the
reversible cerebral vasoconstriction syndrome, the most com-
mon mimicker of PCNSV, may have angiographic lesions
similar to those observed in PCNSV.11,16–18 Recent published
series have improved the knowledge on this vasculitis19–21;
however, there are still uncertainties regarding its clinical
spectrum, the response to treatment, and its long-term outcome.

Several years ago we reported the results of a retrospective
analysis of 101 patients with PCNSV examined at the Mayo
Clinic over a 21-year period (1983–2003).21 In the present
study, we extended the previous cohort of PCNSV patients to
include the period from 2004 to 2011. The aim of this study was
to describe the characteristics of this enlarged cohort of patients
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All P values were 2-sided; significance was defined at
P< 0.05. The statistical analysis was performed using SAS,
version 8 (SAS Institute INC., Cary, NC).

Rankin scores were dichotomized into 0 to 3 and 4 to 6
because it was medically relevant. Patients with Rankin score
between 0 and 3 maintain some degree of independence in the
activities of daily living, while patients with score >3 need
complete assistance.

RESULTS

Patients and Diagnosis
From 1983 to 2011, a total of 163 patients examined at

Mayo Clinic Rochester fulfilled the diagnostic criteria for
PCNSV (Table 1). The first column of Table 1 includes the
results for the entire cohort and the next 2 columns the results
according to the diagnosis by tissue examination or angiogram.
Several subsequent tables are arranged in the same manner.

There were 89 women and 74 men in the study. The mean
overall age at the diagnosis was 48 years, with a wide range
extending between 17 and 85 years. The median duration of
time from onset of symptoms to diagnosis was 0.1 year (median:
0.08–5.2). At the time of diagnosis, 1 patient also was found to
have chronic lymphocytic leukemia in addition to the PCNSV.
The leukemia did not appear to influence the manifestations or
course of the vasculitis.

In 105 patients, the diagnosis was established by cerebral
arteriograms, including 82 who did not have biopsies taken and
23 whose biopsies were negative. In 58 others, the diagnosis
was made by histologic examination of CNS tissue which
showed vasculitis. In 24 of the 58 patients with a tissue
diagnosis of vasculitis an angiogram was also done, but was
positive only in 8 (Table 2).

Clinical Findings
Table 1 lists the clinical manifestations at diagnosis. A

broad variety of neurologic symptoms and findings were pre-
sent. Most patients had multiple manifestations. Headache and
cognitive dysfunction were the most common symptoms at
presentation, followed by hemiparesis, persistent neurologic
deficit or stroke, and visual symptoms. Each of the above-
mentioned symptoms was present in more than one-third of the
163 patients. Prominent constitutional symptoms which might
reflect the localized intracranial inflammatory process, and
fever, were present in <10%. Eight patients had neurological
deficits with imaging related to spinal cord lesions.

Most manifestations listed in Table 1 occurred with similar
frequency in both diagnostic groups. However, some were
significantly more common in those diagnosed by biopsy or
by angiogram (Table 1). Patients with positive CNS biopsy had
higher frequencies of a cognitive dysfunction (P¼ 0.014),
whereas those diagnosed by angiogram had higher frequencies
of hemiparesis (P¼ 0.0001), a persistent neurologic deficit or
stroke (P¼ 0.0005), transient ischemic attacks (P¼ 0.039), and
visual field defect (P¼ 0.02). Other differences between the
groups were not significant.

The main initial symptom of each patient was also eval-
uated (data not shown). Persistent neurologic deficit or stroke,
headache, and altered cognition were the most common initial
symptoms. These 3 symptoms together were the initial mani-
festations in 71% of patients. In the patients diagnosed by
biopsy, altered cognition was more frequent than in those
diagnosed by angiogram (21% vs 10.5%, P¼ 0.09), while
persistent neurologic deficit or stroke was more common in
the patients diagnosed by angiography (36% vs 14%,
P¼ 0.002). The frequency of patients having headache as the
main initial manifestation was similar in both groups (29% vs

TABLE 1. Clinical Manifestations at Presentation in 163 Consecutive Patients With PCNSV

Findings
All Patients
(n¼ 163), n (%)

Biopsy Confirmed
(n¼ 58), n (%)

Angiogram Confirmed
(n¼ 105), n (%)

Headache 97 (59.5) 31 (53.4) 66 (62.9)
Cognitive dysfunction 88 (54) 39 (67.2) 49 (46.7)"

Hemiparesis 66 (40.5) 10 (17.2) 56 (53.3)"

Persistent neurologic deficit or stroke 66 (40.5) 13 (22.4) 53 (50.5)"

Aphasia 40 (24.5) 15 (25.9) 25 (23.8)
Transient ischemic attack 42 (25.8) 9 (15.5) 33 (31.4)"

Ataxia 31 (19) 6 (10.3) 25 (23.8)
Seizures 33 (20.2) 16 (27.6) 17 (16.2)
Visual symptoms (any kind) 61 (37.4) 14 (24.1) 47 (44.8)
Visual field defect 30 (18.4) 5 (8.6) 25 (23.8)"

Diplopia (persistent or transient) 23 (14) 7 (12.1) 16 (15.2)
Blurred vision or decreased visual acuity 18 (11) 3 (5.2) 15 (14.3)
Monocular visual symptoms or amaurosis fugax 2 (1.2) 1 (1.7) 1 (1)
Papilledema 7 (4.3) 4 (6.9) 3 (2.9)
Intracranial hemorrhage 16 (9.8) 5 (8.6) 11 (10.5)
Amnestic syndrome 10 (6.1) 5 (8.6) 5 (4.8)
Paraparesis or quadriparesis 8 (4.9) 5 (8.6) 3 (2.9)
Parkinsonism or extrapyramidal signs 1 (0.6) 0 1 (1)
Constitutional symptomsy 15 (9.2) 6 (10.3) 9 (8.6)
Fever 16 (9.8) 8 (13.8) 8 (7.6)

Excepted where indicated otherwise, values are the number (%) of patients. PCNSV¼ primary central nervous system vasculitis."
Significant differences between biopsy-diagnosed patients and angiography-diagnosed patients.
yDefined as the presence of at least 1 of the following: fatigue, arthralgia, anorexia, and weight loss.
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• Persistent neurologic deficit or stroke, headache, and altered cognition were the most common initial symptoms  
• These 3 symptoms together were the initial manifestations in 71% of patients 
• The combination of 2 or more types of symptoms is very suggestive 
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A B S T R A C T

Objective: To describe the clinical, laboratory, and imaging features and course of patients with primary central
nervous system vasculitis (PCNSV) presenting with an intracranial tumor-like mass (TLM).
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
in 7. Compared to the 178 patients 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 vas-
culitic lesions on angiography (p= 0.045). They were more likely to have seizures (p= 0.022), gadolinium-
enhanced 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
last follow-up were associated with increasing age (odds ratio, OR, 1.49) and cerebral infarction (OR, 3.47), but
were less likely in patients with gadolinium-enhanced lesions (OR, 0.36) and amyloid angiopathy (OR, 0.21).
Conclusion: In PCNSV a TLM at presentation represents a definable subgroup of patients with a favourable
treatment response.

1. Introduction

Primary central nervous system vasculitis (PCNSV) is an infrequent
and poorly understood form of vasculitis which is limited to the brain
and spinal cord [1–5]. Primary CNS vasculitis is a heterogeneous con-
dition and different subsets have been identified. A small proportion of
patients may present with a tumor-like mass lesion (TLM) mimicking a
cerebral tumor [6–23]. Many of the previously reported cases were
derived from small series or individual case reports and follow-up in-
formation was limited.

We reviewed all cases of PCNSV evaluated at the Mayo Clinic from
1983 to 2017 to identify patients presenting with TLM. We evaluated

the clinical findings, imaging, response to therapy, and clinical course
of this subgroup. We also compared PCNSV patients with and without
ML.

2. Patients and methods

2.1. Identification of the patients

In this study we extended our earlier PCNSV cohort of 168 con-
secutive patients seen at Mayo Clinic, Rochester, MN over a 29-year
period to 35 years, from 1983 to 2017. We use the same predefined
inclusion and exclusion criteria that were previously used to diagnose
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death was unknown. Fig. 2 shows the survival curves of patients with
PCNSV with and without ML. No significant difference in survival be-
tween the 2 groups of patients was observed (p=0.57) (Fig. 2).

In the entire cohort of 191 patients, univariate Cox proportional
analysis showed four findings to be associated with an increased mor-
tality rate: increasing age at diagnosis (calculated per 10-year incre-
ments) (HR, 1.37; 95%CI: 1.06–1.76; p=0.02), cerebral infarction
seen on MRI at presentation compared to those without an infarction
(HR, 2.95; 95%CI: 1.28–6.80; p=0.01), and the presence of large
vessel involvement on angiogram (HR, 3.23; 95%CI: 1.21–8.63;
p=0.02). Patients with gadolinium enhancing lesions or meninges on
MRI at presentation had a lesser risk of death during follow up than
patients who had no such lesions (HR, 0.29; 95%CI: 0.11–0.76;
p=0.01).

Univariate logistic analysis showed that high disability scores
(Rankin scores 4–6) at last follow-up were associated with increasing
age (OR, 1.49; 95%CI: 1.18–1.87; p=0.0008), and cerebral infarction
on MRI at presentation (OR, 3.47; 95%CI: 1.59–7.57; p=0.002).
Patients with gadolinium enhancing meninges or lesions on MRI at
presentation (OR, 0.36; 95%CI: 0.16–0.80; p=0.01) and those with
amyloid angiopathy at biopsy (OR, 0.21; 95%CI: 0.06–0.82; p= 0.02)
had lower disability at follow-up.

4. Discussion

These findings suggest that TLM presentation occurs in patients with
PCNSV with a frequency of about 7%. Our 13 patients with TLM pre-
sentations represent the largest series derived by a single institution
cohort. Many of previously reported cases were from small series or
individual case reports [6–23]. These data from a large group of un-
selected consecutive cases from a single centre, diagnosed with uniform
criteria and frequent pathologic verification of vasculitis with extensive
clinical data and follow-up provides a unique view of this condition.
Therefore, our cohort may provide a more accurate estimate of the
frequency of this manifestation, spectrum of clinical findings, and
outcomes.

These patients differ from the cases without TLM. They were more
likely to be male, and present with seizures, and were less likely to
present with headache or TIA. Gadolinium-enhancing lesions at MRI
were more frequently observed in patients with TLM, while multiple
bilateral infarcts and vascular lesions at angiogram were less frequent.
Cerebral amyloid angiopathy at biopsy was more frequently observed in
patients with TLM. All patients with TLM had a favourable response to
treatment with control of disease activity and improvement of Rankin
scores over time. 61.5% of the patients had a Rankin disability score of
0 at last visit.

Recently, de Boysson et al. reported 10 cases presenting with TLM
lesions enrolled in the French PCNSV cohort and compared them with
other 75 patients without TLM within the same cohort [7]. Similar to
our results, their patients were more like to have seizures and gadoli-
nium-enhancing lesions at diagnosis. Most patients with TLM had ne-
gative vascular imaging but positive biopsy in both series, suggesting
that the vessels involved were small and beyond the resolution of ar-
teriography or MRA.

Our histologic findings were similar to those reported by Molloy
et al. [6] who reported 38 cases of PCNSV with TLM, including 30
identified from the medical literature. Most of our patients had a
granulomatous vasculitis (61.5% compared to 53% in the Molloy et al.
study). Vascular deposits of β-amyloid peptide were observed in 53.8%
of our cases compared to 34% of the cases described by Molloy et al.
and in 24.1% of our patients with positive biopsies but without TLM
[6]. A granulomatous vasculitis was observed in only 13% of the cases
with TLM in the French study and lymphocytic vasculitis was the most
frequent histopathological pattern, observed in 89% of cases with TLM
and 82% of patients without. We observed a lymphocytic vasculitis in
15.3% of patients with TLM and in 22% of the total cohort of PCNSV

Fig. 1. Magnetic resonance imaging (MRI) and pathologic findings of case 10
with ABRA and tumor-like presentation: A) MRI showing infiltrative white
matter process mimicking low grade glioma. Fluid attenuation inversion re-
covery (FLAIR)-weighted MRI images show infiltrative white matter T2 hy-
perintensity in left temporal/parietal lobes with associated mass effect; mild
contralateral infiltrative T2 hyperintensity is also present. The images are ne-
gative 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
elastic fibers highlights the destruction of the internal elastic lamina (c).
Subacute organizing infarct with dense macrophage infiltration contributes to
the mass-like appearance of the lesion (d). Magnification a x100, b,c,d x140,
inset a x200, inset b x400.

Fig. 2. Survival curves of patients with PCNSV with and without tumor-like
mass lesion: survival of the patients with tumor-like mass lesion was not dif-
ferent compared to patients without (p=0.57).
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A B S T R A C T

Objective: To describe the clinical, laboratory, and imaging features and course of patients with primary central
nervous system vasculitis (PCNSV) presenting with an intracranial tumor-like mass (TLM).
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
in 7. Compared to the 178 patients 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 vas-
culitic lesions on angiography (p= 0.045). They were more likely to have seizures (p= 0.022), gadolinium-
enhanced 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
last follow-up were associated with increasing age (odds ratio, OR, 1.49) and cerebral infarction (OR, 3.47), but
were less likely in patients with gadolinium-enhanced lesions (OR, 0.36) and amyloid angiopathy (OR, 0.21).
Conclusion: In PCNSV a TLM at presentation represents a definable subgroup of patients with a favourable
treatment response.

1. Introduction

Primary central nervous system vasculitis (PCNSV) is an infrequent
and poorly understood form of vasculitis which is limited to the brain
and spinal cord [1–5]. Primary CNS vasculitis is a heterogeneous con-
dition and different subsets have been identified. A small proportion of
patients may present with a tumor-like mass lesion (TLM) mimicking a
cerebral tumor [6–23]. Many of the previously reported cases were
derived from small series or individual case reports and follow-up in-
formation was limited.

We reviewed all cases of PCNSV evaluated at the Mayo Clinic from
1983 to 2017 to identify patients presenting with TLM. We evaluated

the clinical findings, imaging, response to therapy, and clinical course
of this subgroup. We also compared PCNSV patients with and without
ML.

2. Patients and methods

2.1. Identification of the patients

In this study we extended our earlier PCNSV cohort of 168 con-
secutive patients seen at Mayo Clinic, Rochester, MN over a 29-year
period to 35 years, from 1983 to 2017. We use the same predefined
inclusion and exclusion criteria that were previously used to diagnose
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• Tumor-like aspect in 13 of 191 (6,8%) patients with the 

diagnosis of PCNSV (biopsy proven) 

• 11/13 granulomatous vasculitis  

• More seizures and less vascular events, less angiographic 

findings and more favorable outcome (Rankin at 0 in 62%)

CNS vaculitis: Other clinicopathological aspects 
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Dear Sirs,

We report the rare case of a primary angiitis of the CNS
(PACNS) with isolated spinal cord manifestation. This 44-

year-old female presented diffuse dysesthesia with mod-

erate 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 pro-

gressive weakness of both legs and burning sensory

symptoms of all limbs and the trunk. In addition to mod-
erate paraparesis, the physical examination revealed a

moderate pallhypesthesia of the legs with reduced vibra-

tory 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 gadolinium-
enhancing 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 methylpredniso-
lone therapy (1 g for 5 days), but symptoms relapsed after

3 months of disease freedom.

Before introduction of another immunosuppressive ther-
apy, 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 demon-

strated 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].

However, usually these symptoms occur in the course of

the disease and not at disease onset as in our case. A review
of the literature showed only eight cases with initially pure

spinal cord involvement [3]; half of these cases developed

brain lesions later on [1, 4].
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Alfried Krupp Hospital, Essen, Germany
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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 overdiag-
nosing PACNS in clinical routine. As illustrated by our

case, histological verification is crucial for the diagnosis.

The standard therapy for PACNS consists of cortico-
steroids (1 mg/kg prednisolone) and pulsed cyclophos-

phamide (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 metho-

trexate 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. 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 infiltra-
tion 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, immunohisto-
chemistry 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, immunohisto-
chemistry for glial fibrillic acidic protein)

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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CNS vaculitis: Other clinicopathological aspects 

• 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: 

       >>>>> 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)



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



• 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

CNS vasculitis: parenchymal imaging 

Fig. 2. PACNS. (A) Noncontrast CT (top) demonstrates multifocal regions of low attenuation.
Those in the right frontal subcortical white matter and left basal ganglia (black arrows) are
sharply defined, without mass effect and likely reflect old infarctions. Both the cortex and
underlying white matter of the right occipital lobe are involved, as is the right splenium
of the corpus callosum (white arrows). In these locations, the margins are more ill-
defined and there is subtle mass effect characterized by sulcal and ventricular effacement,
suggesting acute ischemia in the right PCA territory. MRI FLAIR imaging (middle) demon-
strates central low and peripheral high signal intensity within the frontal and periventricu-
lar white matter lesions (black arrows) consistent with chronic encephalomalacia from old
infarctions. The FLAIR hyperintense signal within the right occipital lobe is more confluent
and extends to the posterior temporal lobe and splenium, involving both cortex and white
matter (white arrows) and better delineates the extent of the acute infarct. DWI (bottom)
demonstrates restricted diffusion consistent with acute ischemia. (B) T1-weighted imaging
before and after gadolinium demonstrates extensive leptomeningeal enhancement along
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CNS vasculitis: vessel lumen imaging 
•  Angio (TOF) MRI, Angio CT-Scan, conventional angiography 

•  Spatial and temporal resolution of conventional angiography 
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 
enhancement. 

•  Long segment stenoses, microaneurysms and complete 
occlusions: less frequents  

•  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

C Beuker, A Schmidt et al.
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An additional aim of future studies could be the 
implementation of nuclear medicine molecular 
diagnostic tools. Positron emission tomography 
with [11C]-PK11195 has been demonstrated to 
detect vascular inflammatory activity in patients 
with large vessel vasculitis.42 In PACNS patients 
with inconclusive imaging results, this could be a 
useful future diagnostic approach.

Biopsy
In patients with suspicion of primary angiitis of 
the CNS but inconclusive imaging findings, brain 
biopsy for definite diagnosis is mandatory. Due to 
the focal and segmental distribution of the dis-
ease, the sensitivity of brain biopsy is as a result of 
sampling errors between 53–74%,43,44 but the 
diagnostic yield can be increased to over 80% by 
targeting areas of imaging abnormality.44 If 
affected lesions are not accessible for surgery, a 
biopsy from the right (nondominant) frontal lobe 

with its overlying leptomeninges tissue is 
recommended.29,35,45

As described above, a negative biopsy cannot rule 
out the diagnosis of cerebral vasculitis, but histo-
pathological examination often results in alterna-
tive diagnoses.46 Thus, special attention is paid to 
PACNS mimics like infections, neoplasms (espe-
cially lymphoma) and degenerative disease.47 
Brain biopsies are associated with rather low mor-
bidity and mortality rates.5,48 Therefore, a biopsy 
should be obtained, if the diagnosis is uncertain. 
The characteristic biopsy finding, which confirms 
the diagnosis of PACNS, is a transmural inflam-
mation with subsequent injury of the vessel wall.49 
The main histopathological patterns include 
granulomatous inflammation, lymphocytic cellu-
lar infiltrates, and acute necrotizing vasculitis.34,49 
In a review of surgical biopsies from patients with 
PACNS the granulomatous pattern was seen in 
56% (associated with deposition of β-A4 amyloid 

Figure 1. Imaging of patients with PACNS. (A) A 44-year-old patient presenting with multifocal segmental 
narrowing of intracranial arteries on cerebral angiogram, (B) multiple DWI-lesions in different vascular territories, 
and (C) concentric enhancement of the M1-segment of the left middle cerebral artery on black blood MRI. (D) 
A 48-year-old patient with vessel beading on MRI-TOF-angiography, (E) bilateral infarctions of variable size 
(affecting different vascular territories and in various stages of healing), and (F) intracerebral haemorrhage.
DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging; PACNS, primary angiitis of the central nervous system; 
TOF, time of flight.

perfusion-weighted MRI, followed by the delineation of underlying vascular pathology
by 1.5-T MRA to study the entire course of the carotid and vertebral arteries, as well as
the circle of Willis. Time-of-flight (TOF) MRA sequences permit detection of more sub-
tle stenoses and improve spatial resolution, as well as mural thickness in basal brain
arteries with MRA source images; moreover, MRI may discern mural enhancement.
Conventional angiography with digital subtraction (DSA) is used to evaluate
medium-sized and small brain vessels and the status of cerebral hemodynamics
and assessment of brain perfusion.
Gomes32 divided available neuroimaging studies into 3 groups, including the brain

parenchyma, vessel lumen, and vessel wall. Parenchymal findings, although least spe-
cific, were necessary to detect the presence of disease as well as to follow progres-
sion and remission status. Vessel lumen and wall abnormalities, although highly
suggestive for systemic vasculitis when present, were considered nonspecific and
insensitive in the diagnosis of intracranial SVV.

Parenchymal Imaging

TheMRI findings of CNS vasculitis have been previously described,33–36 the common-
est of which are T2/fluid-attenuated inversion recovery (FLAIR) hyperintense lesions
secondary to ischemia distributed throughout subcortical and deep white matter,
the deep gray nuclei, and the cortices. The MCA territory is the commonest involved

Fig. 1. RCVS. (A) MRI FLAIR imaging on presentation demonstrates multifocal abnormal
hyperintense signal within the bilateral hemispheric white matter, more prominent in the
parietal and occipital lobes where it extends to the cortex. (B) T2-diffusion imaging demon-
strates restricted diffusion consistent with acute ischemia. The white matter distribution
within the left hemisphere straddles the anterior, middle, and posterior cerebral vascular
territories, a “watershed” distribution. (C) MRA at admission demonstrates short-segment
multifocal narrowing within the distal bilateral vertebral arteries, the basilar artery, and
bilateral middle and posterior cerebral vasculature (white arrows). (D) CTA demonstrates
moderate narrowing within the right PCA P2 segment and a more severe narrowing distally
within the P3 parieto-occipital segment (left, black arrows). Mild narrowing is present
within the ACA A1 segment (right, black arrow). (E) CA confirms multifocal narrowing
within the bilateral posterior cerebral arteries (black arrows). (F) Follow-up CTA (at presen-
tation on the left, 5 months’ follow-up on the right) reveals complete resolution of the orig-
inal findings (white arrows). (Courtesy of Adam Davis, MD New York, NY.)
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An additional aim of future studies could be the 
implementation of nuclear medicine molecular 
diagnostic tools. Positron emission tomography 
with [11C]-PK11195 has been demonstrated to 
detect vascular inflammatory activity in patients 
with large vessel vasculitis.42 In PACNS patients 
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ment in 23/27 patients.  Conclusion:  Wall thickening and in-
tramural contrast uptake are frequent findings in patients 
with active cerebral vasculitis affecting large brain arteries. 
Further prospective studies are required to determine the 
specificity of this finding.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Ischemic brain symptoms are rare in young individu-
als and are usually not caused by atherosclerosis as in the 
elderly  [1, 2] . Apart from arterial dissections and cardio-
genic emboli, progressive arterial stenoses due to inflam-
matory disease are an important cause of cerebral isch-
emia in this age group  [3] .

  Inflammatory stenoses of arteries occur in autoim-
munological diseases and due to vessel wall infection. Di-
agnostic problems arise if cerebral ischemia occurs be-
fore the underlying disease has been diagnosed  [4]  or if 
the findings are confined to intracranial arteries  [5] . 

  Cerebral angiography has long been the standard im-
aging procedure for patients with presumed intracranial 
stenoses. Cerebral or meningeal biopsy is regarded as the 
gold standard but rarely performed due to its risk and 
limited sensitivity. 

  The diagnosis of cerebral vasculitis is often based on 
fairly nonspecific inflammatory changes in the cerebro-

 Key Words 
 Cerebral vasculitis  !  Vessel wall contrast enhancement   !  
Stenosis 

 Abstract 
  Purpose:  Inflammatory stenoses of cerebral arteries cause 
stroke in patients with florid vasculitis. However, diagnosis is 
often difficult even with digital subtraction angiography 
(DSA) and biopsy. The purpose of this study was to establish 
the value of contrast-enhanced MRI, proven to be sensitive 
to extradural arteritis, for the identification of intracranial 
vessel wall inflammation.  Patients and Methods:  Twenty-
seven patients with a diagnosis of cerebral vasculitis affect-
ing large brain vessels were retrieved from the files: 8 chil-
dren (2–10 years, 7 female, 1 male) and 19 adults (16–76 years, 
10 female, 9 male). Diagnosis was based on histological or 
serological proof of vasculitis or on clinical and imaging cri-
teria. All MRI examinations included diffusion-weighted
imaging, time-of-flight magnetic resonance angiography 
(TOF-MRA) and contrast-enhanced scans. MRI scans were as-
sessed for the presence of ischemic brain lesions, arterial ste-
noses, vessel wall thickening and contrast uptake.  Results:  
Ischemic changes of the brain tissue were seen in 24/27 pa-
tients and restricted diffusion suggestive of recent ischemia 
in 17/27; 25/27 patients had uni- or multifocal stenoses of in-
tracranial arteries on TOF-MRA and 5/6 had stenoses on DSA. 
Vessel wall thickening was identified in 25/27, wall enhance-
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spinal fluid (CSF) or serum. Hence, clinical criteria for 
the diagnosis have been proposed by Calabrese et al.  [6]  
and Aviv et al.  [7] .

  Because the medical treatment of cerebral vasculitis 
can have considerable side effects, a reliable noninvasive 
diagnostic test is needed.

  On the background of its demonstrated diagnostic 
value in the temporal artery  [8] , the purpose of this study 
was to investigate the value of contrast-enhanced MRI for 
the diagnosis of intracranial vessel wall inflammation.

  Patients and Methods 

 Patients with a clinical diagnosis of cerebral vasculitis affect-
ing large brain arteries were retrieved retrospectively from the 
files of the Departments of Neurology and Neuropediatrics of the 
University of Tübingen, Germany, and from the Department of 
Clinical Neurology of the University of Oxford, UK. The diagno-
sis of cerebral vasculitis was based on histological or serological 
proof of vasculitis or clinically according to the criteria estab-
lished by Calabrese  [4]  and Aviv et al.  [7]  for primary CNS vascu-
litis. These include new onset of acquired neurologic deficits with 
abnormalities of the brain vessels on imaging studies not ex-
plained by other causes. All patients had a clinical and imaging 
follow-up for at least 1 year or until their death. 

  Laboratory parameters investigated included inflammatory 
markers (red blood cell sedimentation rate, C-reactive protein, 
IgG, C3 complement), hematologic tests (platelets, hemoglobin, 
white blood cell count), lupus anticoagulant tissue thromboplas-
tin inhibition index, platelet neutralization procedure and auto-
antibody profile (antinuclear antibody, antineutrophil cytoplas-
mic antibodies), anticardiolipin antibodies, and CSF abnormali-
ties (CSF protein or CSF cell count, pressure, oligoclonal bands). 
Infections were investigated with viral and bacterial cultures, 
blood and CSF serology as well as CSF viral polymerase chain re-
action. 

  Patients were further evaluated with EEG and cardiac ultra-
sound, partially with intravenous bubble contrast to assess a pat-
ent foramen ovale or transesophageal ultrasound to enhance res-
olution.

  Brain biopsies were performed in 8 patients.

  Imaging 
 All patients had MRI scans on 1.5-tesla systems (Siemens 

Magnetom Sonata, Siemens Medical Systems, Erlangen, Germa-
ny and General Electric Signa Edge, GE Medical Systems, Mil-
waukee, Wisc., USA) using circular polarized head coils. 

  Repetitive examinations (2–6) were performed in all patients. 
In total, 89 MRI scans of patients with vasculitis were included in 
the study. Acquisition parameters varied slightly between the 
scanners used.

  All patients had MRI scans which included T 2 -weighted turbo 
spin echo and T 2  * -weighted gradient echo sequences, fluid-atten-
uated inversion recovery images and a time-of-flight magnetic 
resonance angiography (TOF-MRA) of the circle of Willis. More-
over, all patients had intravenous contrast injections of 0.1 mmol/

kg body weight. High-resolution T 1 -weighted images with a slice 
thickness of 3 mm or less and the application of flow compensa-
tion were acquired using a spin echo sequence in 16 patients with 
vasculitis and in all controls. A fat saturation pulse was added in 
9 vasculitis patients and in 21 controls. All patients and controls 
had examinations in at least two perpendicular planes of imag-
ing. 

  Diffusion-weighted imaging (DWI) was performed in all pa-
tients and maps of the apparent diffusion coefficient were calcu-
lated and available at the time of evaluation.

  Perfusion-weighted imaging was performed in 5 patients us-
ing a dynamic contrast bolus technique. The T 2  * -weighted echo 
planar imaging sequence had a temporal resolution of 1 s and con-
tained 16 slices of 5 mm thickness. The basis of the evaluation 
were parameter maps of the time-to-peak measurements. The 
semiquantitative study was regarded as pathologic if an area of 
delayed signal change could be identified matching the clinical 
symptoms. 

  Intra-arterial digital subtraction angiography (DSA) was per-
formed in 6 patients on a biplane angiographic system (Siemens 
Neurostar or Axiom Artis, Siemens Medical Solutions, Erlangen, 
Germany) with selective contrast injections into both internal ca-
rotid arteries and into at least one vertebral artery.

  Image analysis was performed by two experienced neuroradi-
ologists (T.N., W.K.) using a standardized review protocol based 
on review of the vasculitis literature  [7] . All assessments were con-
ducted by consensus in one sitting. Evaluation criteria were the 
presence, age and location of ischemic brain lesions, as well as the 
presence or absence of intracerebral hemorrhage. 

  The presence, location and degree of vascular stenoses on 
MRA and DSA were evaluated. Areas of abnormality in vascular 
imaging studies were then scrutinized on T 1 -weighted images be-
fore and after contrast injection and rated according to the pres-
ence of wall thickening, rendering a blinded review impossible. 
The degree of contrast uptake in altered vessel walls was rated as 
either absent, moderate or strong. Subsequently, other brain ves-
sels were examined for signs of wall thickening and contrast up-
take. Finally, the follow-up examinations were evaluated for signs 
of disease progression or remission.  

  Results 

 Twenty-seven patients seen between 1998 and 2006 
met the inclusion criteria. Eight patients were children 
aged between 2 and 10 years (7 female, 1 male) and 19 
were adults between 16 and 76 years of age (10 female, 9 
male). The mean age of the patients was 27 years.

  Clinical presentations were headache, seizures, focal 
neurologic deficits such as hemiparesis, hemifacial weak-
ness, hemisensory and fine motor deficits. Further symp-
toms were diffuse neurologic deficits such as altered con-
centration, cognition, mood, or personality.

  The most frequent clinical diagnosis in our patient 
group was primary angiitis of the CNS (PACNS) or child-
hood primary angiitis of the CNS (cPACNS). This diag-
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sion imaging was helpful to identify areas of reduced 
brain perfusion without structural damage in the early 
stages of the disease.

  TOF-MRA is well suited to identify stenoses in pa-
tients with intracranial vasculitis  [9, 10] . Using this tech-
nique, 25/27 patients were found to have abnormalities 
affecting cerebral vessels proximal to the A2, M2 and P2 
segments. 

  A cerebral angiogram was performed in some patients 
with low flow symptoms to assess a possible intracranial 

angioplasty, a now established treatment option in intra-
cranial stenoses  [11, 12] . However, in our patients the 
findings were regarded as unsuitable for endovascular 
treatment. 

  Thickening of artery walls in areas of flow abnormal-
ity was demonstrated in 25/27 patients in our group. Fur-
ther signs of abnormality were luminal narrowing, asym-
metric vessel diameter and eccentric vascular lumen. 

  MRI showed mural enhancement in the enlarged ves-
sel wall in 23/27 our patients, however not to the same 
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  Fig. 1.  cPACNS; mild right hemispheric stroke with hemiparesis 
10 days earlier; 4-year-old girl.  a  DWI. There is restricted diffu-
sion of protons in the right basal ganglia.  b  The T 2 -weighted MRI 
shows only minor hyperintense signal change in the basal ganglia 
on the right sparing the internal capsule.  c  The contrast-enhanced 
coronal T 1 -weighted image (slice thickness 3 mm, flow compensa-
tion) after contrast injection (0.1 mmol/kg Gd-DTPA) through 
the distal internal carotid artery shows contrast enhancement in 

the right caudate and lentiforme nuclei. There is clearly enhance-
ment in the wall of the right distal internal carotid artery (arrow). 
 d  The axial T 1 -weighted image shows wall enhancement in the 
right distal internal carotid artery and the right P1 segment (ar-
row).  e  The TOF-MRA shows an abnormality of the right internal 
carotid artery around the carotid T, but also some narrowing in 
the right P1 (arrow). 

• 27 patients with a diagnosis of cerebral vasculitis  

• Diagnosis was based on histological or serological proof of vasculitis or on 
clinical and imaging criteria.  

• MRI scans were assessed for vessel wall thickening and contrast uptake  

• Vessel wall thickening was identified in 25/27 patients 

• Wall enhancement in 23/27 patients  

        >>>> Wall thickening and intramural contrast uptake are frequent findings in 
patients with active cerebral vasculitis affecting large brain arteries 
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Abstract

Purpose

Vessel wall imaging (VWI) using T1 dark blood MRI can depict inflammation of intracranial

arteries in patients with cerebral vasculitis. Recently, 3D VWI sequences were introduced at

3 Tesla. We aimed to compare 2D and 3D VWI for detection of intracranial vessel wall

enhancement (VWE) in patients suspected of cerebral vasculitis.

Methods

44 MRI scans of 39 patients were assessed that included bi-planar 2D T1 and whole-brain

3D T1 SPACE dark blood VWI pre and post contrast. Visibility and VWE were analyzed in

31 pre-specified intracranial artery segments. Additionally, leptomeningeal and parenchy-

mal contrast enhancement was assessed.

Results

Overall, more arterial segments were visualized with 3D VWI (p<0.0001). Detection of VWE

showed fair agreement between 2D and 3D VWI (κ = 0.583). On segmental level, more

VWE was detected in intradural ICA by 2D VWI (p<0.001) and in VA V4 segment by 3D VWI

(p<0.05). 3D VWI showed more leptomeningeal (p<0.05) and parenchymal (p<0.01) con-

trast enhancement. In patients with positive diagnosis of cerebral vasculitis, sensitivity was

of 67% (2D and 3D VWI) and specificity was 44% (2D VWI) and 48% (3D VWI); more VWE

was seen in arteries distal to VA and ICA compared to non-vasculitic patients.
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higher spatial resolution and signal-to-noise ratio of the 2D sequence. The latter may improve
the visualization of faint VWE and the differentiation of VWE from closely enhancing venous
structures such as the cavernous sinus (Fig 1). However, the higher in-plane resolution of 2D
VWI sequences was at cost of a limited spatial coverage of the brain arteries compared to the
3D VWI sequence that covers the whole brain and upper cervical area. The latter was responsi-
ble for the better detection rate of VWE in the VA segments. A future direction to improve
spatial resolution of 3D black blood imaging with whole brain coverage [22, 24–26] at ade-
quate scan times may be the application of the recently introduced compressed sensing tech-
nology (CS-SPACE) [27].

Furthermore, the higher inter-rater agreement on 3D VWI was likely related to a superior
analysis of the whole vessel wall circumference with 3D isotropic data (Fig 3). Such 3D visuali-
zation allows for a better discrimination between VWE of an artery and an enhancing vein
being located adjacent to an artery [18]. Detailed characterization of VWE into concentric and
eccentric/short and long segmental showed only a fair agreement between both sequences.
This may again relate to differences in in-plane resolutions and 3D capabilities between both

Fig 3. 39-year-old male patient with possible migraine and high-grade MCA stenosis: 2D axial (A) and coronal (B)
VWI reveals short segmental distal MCA VWE (arrows) that resembles a concentric appearance. 3D VWI with axial
(C) and sagittal oblique (D) reformatted images: The latter image which is orientated perpendicular to MCA vessel
course shows that there is obvious eccentric VWE (arrow) which is not obvious on standard 2D views.

https://doi.org/10.1371/journal.pone.0213514.g003

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

PLOS ONE | https://doi.org/10.1371/journal.pone.0213514 March 8, 2019 9 / 14

CNS vasculitis: vessel wall imaging 

•  HR-MRI such as ‘black blood MRI’ may be helpful in pathologic 
findings in and around the wall of intracranial vessels  

•  Differentiating between inflammation, intracranial atherosclerotic 
plaques, and other wall abnormalities based on the typical 
enhancement patterns was reported.  

•  Improvement of this emerging noninvasive technique should be a 
possible future perspective.  

•   An additional aim of future studies could be the implementation of 
nuclear medicine molecular diagnostic tools (Pet-scan)



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

 Differential diagnosis 
+++ 

** 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, ….. 

Patients presenting with multi-focal symptoms accompa-
nied by headache, psychiatric symptoms and signs of a sys-
temic inflammatory disorder need a diagnostic work-up in
order to exclude or detect cerebral angiitis [9–12]. In par-
ticular, younger stroke patients without classical vascular
risk factors, patients with clinical signs of a rheumatic
disease, i.e. arthritis, Raynaud phenomenon, red eye, lung
or kidney affection, and those with inflammatory labora-
tory findings [high erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), anaemia or cerebrospinal fluid
(CSF) pleocytosis] may suffer from an angiitis [13]. The
combination of neurological symptoms and signs of a
systemic disease need an extensive diagnostic work-up
[9,11,14].

First diagnostic steps in suspected cerebral vasculitis

All patients need a laboratory work-up focusing on inflam-
mation and antibody-mediated diseases [9,15]. Raised acute
phase proteins (high ESR, CRP), hypochromic anaemia and
low complement are typical findings in the systemic
vasculitides. Depending on the underlying condition, anti-
neutrophil cytospasmic antibodies (ANCA) or anti-nuclear
antibodies (ANA) are detected with high titres [15]. The
typical picture in the CSF is a mild lymphocytic pleocytosis
combined with an elevated protein level. Oligoclonal
banding may occur temporarily [16].

In order to detect a cerebral vasculitis, MRI studies,
including diffusion, gradient echo and contrast enhanced
T1 sequences, are necessary [9,17,18]. Frequently, both new
and older ischaemic lesions are detected; the combination

of ischaemic and haemorrhagic lesions is not uncommon.
Diffuse white matter lesions suggestive for microangio-
pathies are frequently observed. Prominent gadolinium-
enhancement of the leptomeninges is rare [19,20].
Gadolinium-enhanced intracerebral lesions are observed in
about one-third of patients [16].

Special techniques such as ‘Black Blood MRI’ [21],
contrast-enhanced vessel MRI or positron emission tomog-
raphy (PET) imaging may be helpful in order to visualize
the inflammation of the vessel wall directly [18,22]. While
these techniques have been studied extensively in the vari-
ants of giant cell arteritis (GCA) [23,24], data for the other
vasculitides are sparse. In the cranial variant of GCA, ultra-
sound studies with duplex sonography demonstrating the
halo sign are highly sensitive and specific [25].

Suggestive clinical history and clinical examination

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.

(a) (b) (c)

Fig. 2. Clinical signs of vasculitis mimics: (a)
livedo racemosa in Sneddon’s syndrome; (b)
juvenile stroke with pulmonary AV-shunts:
Morbus Osler; (c) angioceratoma in Fabry’s
disease.

(a) (b) (c)

Fig. 3. Angiographic findings in vasculitis
mimics: (a) Divry–van Bogaert syndrome; (b)
bacterial endocarditis (see Berlit [1]); (c)
reversible cerebral vasoconstriction syndrome
(see Kraemer and Berlit [16]).

TRANSLATIONAL NEUROIMMUNOLOGY REVIEW SERIES
P. Berlit & M. Kraemer

420 © 2013 British Society for Immunology, Clinical and Experimental Immunology, 175: 419–424



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…… 



•  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  

Main causes of CNS vasculitis



PACNS 
Classification according to Giannini and colleagues, 2012

C Beuker, A Schmidt et al.

journals.sagepub.com/home/tan 3

to immunosuppressive treatments and necrotiz-
ing vasculitis is a predominant histopathological 
pattern.23 Women are more frequently affected: 
in a retrospective cohort of patients all 16 
patients with intracranial haemorrhage were 
women.23 (6) Rapidly progressive PACNS, 
characterized by bilateral, multiple, large cere-
bral vessel lesions and multiple CNS infarc-
tions, appears to be a more aggressive and 
serious disease course, less responsive to ther-
apy, and often with a fatal outcome.24 Angiogram 
findings are frequently positive in ABRA, intrac-
ranial haemorrhage and rapidly progressive sub-
types.4 Given the fact that any combination of 
clinical and diagnostic features may be found at 
presentation, overlapping symptoms among the 
aforementioned six disease types exist.

Diagnostics
Diagnostic work-up is based on detailed anam-
nesis, clinical examination, and laboratory and 
imaging findings (Table 2). CSF examinations 
show inflammatory findings, typically mild 

lymphocytic pleocytosis combined with an ele-
vated protein level. CSF examination is abnor-
mal in 80–90% of patients.3 MRI of the brain is 
abnormal in more than 90% of patients, but the 
pattern of abnormal findings is not specific.3,25 
The diagnosis of PACNS can be established by 
angiography showing characteristic features of 
vasculitis. In patients with noncontributive 
angiography the definite diagnosis can be con-
firmed by biopsy.15

Imaging
Conventional cerebral angiography is a corner-
stone for establishing the diagnosis of PACNS. 
Multiple areas of narrowing and dilatation or 
multilocular occlusions of intracranial vessels are 
typical imaging features highly indicative of pri-
mary CNS vasculitis.26 Additional findings are 
fusiform arterial dilatations, the development of a 
collateral circulation, and a delayed contrast 
enhancement.27 In contrast, long segment sten-
oses, microaneurysms and complete occlusions 
are rather unlikely in PACNS.28

Table 1. Disease subtypes of PACNS.

Subtype Clinical features MRI Angiogram Biopsy

Angiogram
-negative biopsy-
positive

cognitive impairment, 
greater CSF 
abnormalities, favourable 
response to treatment

meningeal
and parenchymal 
enhancing lesions on 
MRI

negative granulomatous
pattern

Amyloid-β-
related cerebral angiitis 
(ABRA)

older age, predominantly 
males, cognitive 
impairment

contrast-enhanced
meningeal lesions

positive granulomatous pattern with β-
amyloid 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



• 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 considerations



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

CNS vasculitis: treatment of PACNS



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 evidence-
based strategies for the management of PACNS are needed
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