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ABSTRACT
Meningeal involvement is a rare occur-
rence in Wegener’s Granulomatosis
(WG). A Medline search uncovered
only 48 previously reported cases.
Here we describe the clinical features
of meningeal involvement in WG and to
evaluate the association with systemic
disease extension.
Through a systematic literature review
of papers concerning meningeal
involvement in WG, we collected and
analysed data about sex, age, disease
extension, symptoms, cerebrospinal
fluid examination, imaging, ANCA and
histology about previously reported
patients.
Headache is almost always the first
symptom of meningeal involvement in
WG. Later in the course of the disease
other abnormalities may develop.
Among them cranial nerve palsy,
seizures and encephalopathy are the
most frequent. Diagnosis is obtained by
neuroimaging, which may disclose two
distinct patterns of meningeal thicken-
ing: diffuse or focal. 62.9% of patients
tests positive for ANCA. Histology typi-
cally shows necrotizing granulomato-
sis. Meningeal involvement is by far
more frequent in the setting of localized
WG.
Meningitis is a rare complication of
WG. It usually develops in patients
with localized disease who are more
likely to have destructive lesions of the
upper airways. It may be recognized by
a constellation of clinical and radio-
logical findings and by histological
signs of necrotizing granulomatosis,
with little or no vasculitis. 

Introduction
Wegener’s granulomatosis (WG) al-
most always begins with a granuloma-
tous reaction over the upper and lower
airways toward an undefined agent (1).
In some patients, after a period ranging
from a few months to many years, sys-

temic vasculitis develops affecting po-
tentially any other organ system. In this
setting, the kidney is the most com-
monly involved organ (2).
In the mid-1960s Carrington and
Liebow observed that, in certain pa-
tients, disease remains confined to the
airways and that only direct extension
to contiguous structures, such as the
orbit, develops. They addressed this
condition as limited WG (3). Since
then, the definitions of different subsets
of WG have varied in the medical liter-
ature (4-8) and a general consensus has
not been achieved yet. Recently, two
main classification systems have been
adopted, respectively by the European
Vasculitis Study Group (EUVAS),
which identified different subgroups of
patients according to the stage of dis-
ease, and by the Wegener’s Granulo-
matosis Etanercept Trial Research
Group (WRG), which made a distinc-
tion according to disease activity. In the
former system, ‘localized’ WG was
defined as disease restricted to the res-
piratory tract. ‘Early systemic’ WG in-
cluded other organ involvement with-
out renal involvement or threat to vital
organ function. Finally, ‘generalized’
WG included glomerulonephritis or
imminent vital organ failure (8). The
WRG differentiated two subgroups of
patients, according to the absence or
presence of an immediate threat to vital
organ function, respectively referred to
as ‘limited’ and ‘severe’ WG (2).
According to these classifications,
patients with neurological involvement
are classified as having generalized or
severe disease. 
In the cohort of patients from the
WRG, more than 90% of patients with
severe WG had anti-neutrophil cyto-
plasmic antibodies (ANCA), more like-
ly with a diffuse cytoplasmic (cANCA)
staining at indirect immunofluores-
cence. On the other hand, 78% of pat-
ients in the limited disease subgroup
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tested positive for ANCA and the peri-
pheral staining (pANCA) was common
(2).
In 2003 Fam et al. reported 1 patient
with WG and biopsy-proven cranial
pachymeningitis (9). They found other
14 previously reported biopsy-proven
cases. Interestingly, they noted that
95% of patients developed meningeal
disease in the setting of active localized
disease. 
During the past 20 years we have been
following 60 patients with WG. Two of
them developed meningeal involve-
ment, both in the setting of WG res-
tricted to the respiratory tract. One of
them tested negative for ANCA and the
other 1 had pANCA (10). 
Our own experience with this rare con-
dition and the observations reported by
Fam et al., rouse questions about the
clinical features of patients with men-
ingeal involvement and the pathogenet-
ic implications of the association bet-
ween meningitis and disease extension to
other organs. With this aim, we performed
a systematic review of the literature.

Methods
We searched 3 electronic bibliographic
databases (EMBASE, MEDLINE,
CINAHL) from inception to date, to
find articles concerning neurological
involvement in WG and case reports of
meningeal localization. We found addi-
tional papers by searching the refer-
ences of retrieved articles and of previ-
ous systematic reviews concerning
WG. We also reviewed papers describ-
ing large cohorts of patients with WG.
Search was restricted to English lan-
guage papers only.
In all patients, diagnosis of WG was
established according to the 1990
American College of Rheumatology
(11) or to the 1976 ELK criteria (4).
Patients were considered to have men-
ingeal involvement if they had docu-
mentation on Magnetic Resonance
Imaging (MRI) of new onset enhancing
diffuse or focal meningeal hypertrophy.
Histological confirmation was not con-
sidered necessary for diagnosis.
We extracted data about sex, age at
diagnosis, systemic disease extension,
neurological symptoms, cerebrospinal
fluid (CSF) examination, ANCA,

imaging and histology about patients
with meningeal involvement.
In order to evaluate the correlation of
meningeal disease with systemic vas-
culitis, we classified patients into sub-
groups according to the EUVAS classi-
fication system (8). Thus, disease is
referred to as ‘localized’ when it is
restricted to the upper and/or lower air-
ways; ‘early systemic’ when any other
organ is involved, without renal invol-
vement or threat to vital organ func-
tion; ‘generalized’ in the presence of
glomerulonephritis or imminent vital
organ failure.

Results
Chronic meningitis is a rare complica-
tion in WG. It was detected in 2 of 324
WG patients from the Mayo Clinic in
Rochester (12, 13) and in none of the pa-
tients described in other large series in
the English medical literature (2, 14-16). 
A search for single reports disclosed
46 more patients with meningeal in-
volvement in WG. 
Epidemiology: the male/female ratio
was 9/8, or 1.13. The mean (± SD) age
at diagnosis of meningitis was 48.2 ±
15.1, range 16-75 (Table I).
We know that in 32/48 patients the
mean time between the onset of WG
first symptoms and the onset of menin-
gitis was 34.87 ± 59.35 months (range
0-240). Among patients with localized,
early systemic and generalized WG the
mean time was respectively 30.9 ± 59.8
(range 0-240), 32.2 ± 49.9 (range 8-
155) and 49.5 ± 73.8 (range 0-180). 
In 13 patients the onset of the menin-
geal manifestations was not preceded
by other signs of WG. 
Disease extension: detailed clinical
data were available for 37 of the 48
patients (regarding the other 11 pat-
ients, only a description of the radio-
logical features was provided) (17).
Twenty-six patients were classified as
having localized WG (70.3%) before
the onset of meningitis, 4 as having
early systemic disease (10.8%) and the
remaining 7 as having generalized WG
(18.9%).
Among the 26 patients with localized
WG, sinusitis and/or nasal mucosa
inflammation was present in 22 cases
(84.6%). In 2 patients mastoiditis was

observed and in 2 patients saddle-nose
developed. Two patients (7.7%) had
sub-glottic stenosis. In 9 cases (34.6%)
the disease was restricted to the ENT
(Ear/Nose/Throat) system, while 8 pa-
tients (30.8%) had also lung involve-
ment. Four patients (15.4%) presented
proptosis due to extension of sinus
granulomas to the orbital space. In 3
patients (11.5%) WG was restricted to
meninges only. All of them had a typi-
cal histological picture.
Four patients were classified as having
early systemic disease. All of them had
sinusitis and/or nasal involvement and
cutaneous vasculitis. One of them de-
veloped monolateral scleritis and an-
ther one had sub-glottic stenosis. Two
patients presented concomitant lung
involvement.
Among the 7 patients with generalized
WG, renal and ENT-system involve-
ment were always present. In all but 1
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Table I. Clinical features of 37 patients
with meningeal involvement in WG.

Characteristic

Age (years) at meningitis onset 48.2 ± 15.1
(SD years)

Months between first WG 34.9 ± 59.4
symptoms and meningitis onset

% of pts

Sex
Male 52.9
Female 47.1

ENT 89.1
Limited WG 84.6
Early Systemic WG 100
Generalized WG 100

Lung 37.8
Limited WG 30.8
Early Systemic WG 50
Generalized WG 85.7

Kidney 18.9

Eye 13.5 
Limited WG 15.4
Early systemic WG 25
Generalized WG -

Skin 16.2 
Early systemic WG 15.4
Generalized WG 28.6

Joints (arthritis) 5.4

Peripheral nervous system 2.7

ANCA 62.9 
cANCA 37.1
pANCA 14.3
Unidentified pattern 11.4



patient, the lungs were also affected.
Two patients developed arthritis and 2
developed cutaneous vasculitis. In 1
case, peripheral nervous system in-
volvement coexisted. The overall rate
of the different organs involvement
among these 37 patients is shown in
Table I.
Neurological symptoms: a detailed
clinical description is available for 37
patients (Table II). Chronic headache
was the most common (72.3%) and
almost always the first symptom of
meningeal localization of WG. Addi-
tional abnormalities developed later in
the course of the disease. Cranial nerve
palsy has been reported in 32.4% of
cases, with III, VI, VII and X nerves
most commonly involved. Any other
cranial nerve might be affected and
multiple palsies were common. Seiz-
ures have been described in 13.5% of
patients and encephalopathy in 10.8%.
Monolateral proptosis, due to an orbital
mass, was observed in 10.8% of pa-
tients; ataxia, due to cerebellar menin-
ges involvement, and blurred vision in
5.4%. We found single reports (2.7%)
of transient ischaemic attacks, person-
ality changes/hallucinations and pares-
thesia. Patients with spinal cord in-
volvement (18.9%) presented with
neck pain or backache. Spastic para-

paresis might also be present.
Imaging: data are shown in Table III.
MRI with gadolinium contrast or Com-
puted Tomography (CT) typically
showed dural thickening on the con-
trast-enhanced phase (81.2%). Lep-
tomeninges involvement was found
less commonly (27.1%). In 10.8% of
cases dural and leptomeningeal thick-
ening coexisted. 
Brain meninges were affected in 87.5%
of cases (42/48 patients) and spinal
cord meninges in 14.6% (7/48). Two
distinct MRI patterns were described in
1999 by Murphy et al.: a) diffusely ab-
normal meninges unrelated to sinus or
orbital disease; b) focal enhancing
thickening adjacent to sinus or orbital
disease (17). 72.9% of patients present-
ed the former pattern of distribution
and 27.1% the latter one. In 4 patients
white matter lesions, adjacent to men-
ingeal thickening, have been described.
Tentorium was affected in 31.3% of
cases. Spinal cord involvement always
consisted of dural thickening. 
CSF examination: lumbar puncture
was performed in 17 patients (Table II).
In 41.2% of cases a mild pleocytosis,
mainly consisting of lymphocytes and
monocytes, and a high protein concen-
tration were found. 17.6% of patients
had elevated pressure. CSF was normal
in 29.4% of cases. In 1 patient with pul-
monary and renal disease, ANCA were
found in the CSF and were used as a
marker for disease activity. ANCA dis-
appeared when remission was achieved
(18).
Histology: meningeal biopsy was per-
formed in 26 patients (Table II). The
most common finding was necrotizing
granulomatous inflammation, with lit-
tle or no signs of vasculitis (61.5%). In

7.7% of cases small vessel vasculitis
was the main feature and in 15.4%
granulomatosis and vasculitis coexist-
ed. 11.5% of patients presented an as-
pecific lymphocytic inflammatory pat-
tern. Autopsy of 1 patient with general-
ized disease disclosed dural fibrous
thickening.
ANCA: ANCA were tested in 35 pat-
ients and were found positive in 22
(62.9%). Six out of 7 patients (85.7%)
with generalized WG had ANCA, with
a cytoplasmic staining at indirect imm-
unofluorescence in 4, a peripheral pat-
tern in 1 and an undefined pattern in the
remaining case. Thirteen out of 25 pat-
ients (52%) with localized WG tested
positive for ANCA: 8 had cANCA, 4
pANCA and in 1 patient the staining
was not specified. Three out of 4 pat-
ients with early systemic disease were
tested for ANCA: one stained positive
for cANCA and the remaining two
patients were negative (Table I).
Treatment: Few details about treatment
and follow-up have been reported. We
know that 24 patients were treated with
corticosteroids, in association with oral
or intravenous pulse cyclophospha-
mide (1.5-2 mg/Kg) in 17 cases. One
patient was treated with monthly infu-
sions of 10 mg intrathecal methotrexate
and 2 with weekly 15-20 mg oral meth-
otrexate. Treatment achieved a com-
plete clinical response in all patients
but 1, who died 1 month after starting
oral cyclophosphamide, because of
interstitial pneumonia. In 14 patients
follow-up MRI was performed and
showed a complete resolution of the
radiological abnormalities in 11 pat-
ients. In 3 cases residual persistent
enhancing thickening was observed,
despite apparent remission of disease.
It is not clear whether this represents
active disease or residual fibrosis (19).

Discussion
WG is characterized by granulomas of
the respiratory tract and systemic nec-
rotizing vasculitis, commonly in asso-
ciation with ANCA directed to a de-
fined target antigen, proteinase 3, a pro-
tein present within granules of neu-
trophils and translocated to the surface
upon priming of the cell (20). The inter-
action between ANCA and neutrophils
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Table II. Clinical features of chronic
meningitis in 37 patients with WG.

Characteristics Pts (%)

Symptoms  
Headache 72.3
Cranial nerve palsy 32.4
Seizures 13.5
Encephalopathy 10.8
Proptosis 8.1
Ataxia 5.4
Blurred vision 5.4
Ischaemic attacks 2.7
Personality changes 2.7
Paresthesia 2.7

CSF examination 
Pleocytosis 41.2
High protein count 41.2
High pressure 17.6
Normal 29.4

Pathology  
Necrotizing granulomatosis 61.5
Small vessel vasculitis 7.7
Granulomatosis + vasculitis 15.4
Lymphocytic inflammation 11.5
Fibrous thickening 3.8

Table III. Radiological features of chronic
meningitis in 48 patients with WG.

Characteristics Pts (%)

Localization
Brain 87.5
Spinal cord 14.6

Involved meninges
Dura 81.2
Leptomeninges 27.1

MRI thickening pattern 
Diffuse 72.9
Focal 27.1



induces the respiratory burst and release
of proteolytic enzymes, which sustain a
state of chronic inflammation (21). The
etiology of WG appears multifactorial
and bacterial infections of the respirato-
ry tract have been proposed as initiators
of the disease. Whereas granulomatous
lesions express predominantly T helper
type 1 cytokines in localized WG, a
shift towards stronger T helper type 2
cytokine expression is found in granu-
lomatous lesions of the respiratory tract
in generalized WG. Thus, the shift in the
cytokine profile in granulomatous les-
ions of the respiratory tract might be of
importance for the direction and the ex-
tension of disease progression (21, 22).
Neurological involvement is not un-
common in WG, with central nervous
system (CNS) affected in 3-23% of
cases (2, 15, 23). Three alternative
mechanisms have been proposed for
the pathogenesis of the different CNS
manifestations in WG: a) vasculitis of
the nervous system; b) direct granulo-
mas extension from contiguous affect-
ed structures (sinus or orbit); c) granu-
lomas remote from involved nasal or
paranasal structures (23, 24). 
Meningeal involvement has been rarely
observed in patients with WG. We
found only 2 cases among large cohorts
of patients and 46 single case reports.
Review of those reports reveals inter-
esting features.
Headache is the most common symp-
tom associated with chronic meningi-
tis. Headache is a common symptom in
WG, due to chronic sinusitis or orbital
disease, therefore meningeal involve-
ment may remain unrecognized for a
long time. Most patients develop, later
in the course of the disease, additional
neurological abnormalities. Multiple
cranial nerve palsy is frequent, most
commonly with III, VI, VII and X
nerves affected. Less frequently seizur-
es, encephalopathy, monolateral prop-
tosis, ataxia or blurred vision develop.
We found single reports of transient
ischaemic attacks, psychiatric syn-
dromes or paresthesia. Spinal cord
involvement usually presents with neck
pain or backache and with unsteady
gait, typically due to spastic parapare-
sis. MRI with gadolinium contrast is
the most useful diagnostic technique to

detect meningeal disease, as computed
tomography (CT) sensitivity is lower
(17, 24). The most commonly observed
finding on MRI is diffuse dural enhanc-
ing thickening, followed by focal dural
thickening. Tentorium involvement is
quite common. Only in a minority of
cases the leptomeninges are affected.
62.9% of patients test positive for
ANCA, with a cytoplasmic staining in
only 37.1% of cases.
Histological examination most com-
monly shows necrotizing granulomato-
sis. The finding of prominent small
vessel vasculitis in the specimen from
2 patients and the presence of sub-dural
haematoma in another patient, suggest
that, in a minority of cases, vasculitis is
the pathogenetic factor of meningitis. 
Patients with meningeal involvement
in WG were treated with high-dose cor-
ticosteroids, in association with imm-
unosuppressants in the majority of cas-
es. Cyclophosphamide was the most
commonly adopted drug and both
cyclophosphamide and methotrexate
provided successful results. There is a
general consensus concerning the fact
that vital organ involvement in WG
should be treated promptly and aggres-
sively. Thus, accordingly with the data
from the literature, we suggest the
administration of high-dose corticos-
teroids in association with cyclophos-
phamide or methotrexate for the treat-
ment of meningitis in WG.
The most striking data resulting from
our analysis is the strong association of
meningeal disease with active localized
disease, which was observed in 70.3%
of patients, compared with 10.8 and
18.9% of patients with early systemic
and generalized disease respectively. 
The WRG reported in 2003 that pat-
ients with localized WG are more like-
ly to have a higher rate of sinus in-
volvement and of upper airway des-
tructive lesions (2). We wonder wheth-
er this might be the reason why menin-
gitis in WG is strongly associated with
localized disease.
It could be argued that, in patients with
localized WG, diagnosis is often de-
layed, compared with patients with ear-
ly systemic and generalized disease,
due to the paucity of symptoms, and
that this, in the absence of an adequate

treatment, may favour spreading to
meninges. We noted, however, that the
mean time between the onset of the
first symptoms of WG and the develop-
ment of meningitis was not different
between patients in the localized-dis-
ease group and patients in the other two
groups. Furthermore, in 13 patients
with localized disease, meningitis was
not preceded by other signs of WG and
in 3 of them meninges seemed to be the
only organ affected.
In 2001, Reinhold-Keller et al. obser-
ved that the English language literature
had previously described only 12
patients with generalized ANCA-nega-
tive WG and that 10 of them had cere-
bral and/or meningeal involvement
(25). We wonder whether those patients
could have developed CNS disease in
the setting of localized WG, through
direct extension of granulomas from
the upper airways structures, since
ANCA are much less common among
patients with localized disease com-
pared with patients with generalized
WG. Accordingly, in the cohort of pa-
tients we considered, 52% of patients
with localized disease and 86% of pa-
tients with generalized disease respec-
tively stained positive for ANCA.
All the above-mentioned considera-
tions and the observation that granulo-
matous inflammation is more promi-
nent in the respiratory tract lesions,
whereas the kidneys are principally
affected by widespread vasculitis (26,
27), seem to suggest that the spreading
of granulomas from contiguous or
remote paranasal or orbital affected
structures could be the major mecha-
nism of meningeal disease develop-
ment (23, 24). 
Definitions of different WG subgroups
is still hampered by an imprecise
understanding of the factors that influ-
ence the type of response in a given
individual. Recently some authors sug-
gested that the severity of WG might
have to be considered in terms of ‘gran-
ulomatous-vasculitic activity’, rather
than in terms of ‘limited-generalized’
or ‘renal-nonrenal’ (26, 27). 
Further advances in this direction will
help to clarify the factors underlying
the development of CNS involvement
in WG.
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