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VIEW AND REVIEW

A clinical approach to hypertrophic pachymeningitis

Abordagem diagnoéstica para paquimeningite hipertréfica

Fabiano Ferreira ABRANTES', Marianna Pinheiro Moraes de MORAES', Flavio Moura REZENDE FILHO!,
José Luiz PEDROSO’, Orlando Graziani Povoas BARSOTTIN/

ABSTRACT

Importance: Hypertrophic pachymeningitis (HP) is a non-usual manifestation of rheumatologic, infectious, and neoplastic diseases.
Etiological diagnosis is a challenge, but when made promptly it creates a window of opportunity for treatment, with the possibility of a total
reversal of symptoms. Observations: HP is an inflammatory process of the dura mater that can occur as a manifestation of sarcoidosis,
granulomatosis with polyangiitis,and IgG4-related disease.The HP case evaluation isextensive and includes central nervous systemimaging,
cerebrospinal fluid analysis, serology, rheumatologic tests, and systemic survey for other manifestations sites. After systemic investigation,
meningeal biopsy might be necessary. Etiology guides HP treatment, and autoimmune disorders are treated with corticosteroids alone or
associated with an immunosuppressor. Conclusion: HP is a manifestation of several diseases, and a precise etiological diagnosis is crucial
because of the difference among treatments. An extensive investigation of patients with HP helps early diagnosis and correct treatment.
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RESUMO

Importancia: Paquimeningite hipertréfica (PH) é uma manifestacdo nao usual de doencas reumatolégicas, infecciosas e neoplasicas.
O diagnéstico etiologico por vezes é um desafio, entretanto quando realizado em tempo cria uma janela de tratamento com a possibilidade
de reversao total dos sintomas. Observacdes: A PH & um processo inflamatério da dura-méter que pode ocorrer como manifestacao da
sarcoidose, granulomatose com poliangeite e doenca relacionada a IgG4. A avaliacéo dos casos de PH é extensa e inclui imagem do sistema
nervoso central, analise de liquor, sorologias, provas reumatolégicas e rastreio sistémico para doenca em outros sitios. Por vezes, ap6s toda
a investigacao sistémica, a bidpsia de meninge é necessaria. A etiologia orienta o tratamento da HP, sendo que em doencas autoimunes
adota-se o uso de corticosteroides isolados ou associados a um imunossupressor. Conclusao e Relevancia: A PH & uma manifestacao de
varias doencas, e seu diagnéstico etioldgico preciso é fundamental, visto a diferenca entre os possiveis tratamentos. Uma investigacao
ampla nos casos de PH ajuda no diagnéstico precoce e tratamento adequado.

Palavras-chave: Paguimeningite; Granulomatose com Poliangiite; Doenca Relacionada a Imunoglobulina G4; Sarcoidose.

Hypertrophic pachymeningitis (HP) is an inflamma-
tory process which causes thickening of the cranial or spi-
nal dura mater and is associated with variable neurological
syndromes such as cranial nerve palsy, stroke, venous throm-
bosis and intracranial hypertension. The diagnosis of HP is
suggested by magnetic resonance imaging (MRI), which dis-
closes dural thickening and contrast enhancement'. Several
disorders such as infectious and autoimmune diseases may
cause HP'*** The gold standard for HP etiological diagnosis
is dural biopsy, but cerebrospinal fluid (CSF) and blood tests,
as well as other tissues analyses, lead to a correct diagnosis.
Quick diagnosis and treatment are crucial to avoid perma-
nent symptoms. However, the diagnostic workup is usually

a complex process, which may delay the specific treatment.
This review aims to discuss the causes of HP and propose
a practical approach to the diagnosis and treatment of its
inflammatory and autoimmune origins.

CONCEPT AND ANATOMY

The meninges comprise three layers of protective tissue
enveloping the brain and spinal cord. Dura mater is the out-
ermost and thickest of the meninges and is formed by dense
connective tissue closely related to the inner table of the
skull. The other layers, pia mater and arachnoid, are much
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thinner and thus referred to as the leptomeninges. The pia
mater is a transparent layer directly adherent to the surface
of the brain and spinal cord. A complex network of reticu-
lar fibers located between the dura and the pia mater consti-
tutes the arachnoid®.

Numerous pathological processes target the menin-
ges, including neoplasms, infections, and autoimmunity’.
The term leptomeningitis indicates that the pia mater
and/or the arachnoid are affected, while pachymeningitis
describes a disease of the dura®. Because the dura encases
the proximal portion of cranial nerves, the cavernous sinus,
and the optic nerve sheath, pachymeningitis may damage
these structures’.

In 1893, Gowers provided the first detailed description
of pachymeningitis and identified two subtypes of the dis-
order. External pachymeningitis was related to a local phe-
nomenon provoked by trauma or infection. The internal sub-
type reflected a more diffuse process, either hemorrhagic
(likely corresponding to subdural hematoma) or purulent
(likely resulting from the spread of leptomeningeal tuber-
culosis or syphilis)®. Charcot’s 1873 description of a case of
cervical pachymeningitis, in which “the neighboring lepto-
meninx (...) was firmly united to the dura” is closer to the def-
inition currently used in medical literature’.

HP is defined macroscopically by the local or diffuse thick-
ening of the cranial or spinal dura mater, which often becomes
adherent to the underlying leptomeninges. Two types of cra-
nial pachymeningitis may occur, depending on the location
of the dural thickening: one affects the parasellar and cav-
ernous regions, involving the cavernous and supraclinoidal
segments of the internal carotid artery and optic nerves; the
other compromises the posterior third of the falx, tentorial,
and clival dura mater'. Histological findings vary signifi-
cantly according to the underlying disease'’.

CLINICAL FEATURES

HP has a variable clinical presentation depending on
the etiology. Early symptoms often include headache (in
up to 92% of patients) and cranial nerve involvement’.
Cranial nerves II and VII are predominantly affected due to
nerve compression or orbital pseudotumor (the optic nerve
is often affected, sometimes bilaterally). The involvement
of cranial nerves III, IV, and VI can also lead to diplopia
and ophthalmoplegia. Other common neurological symp-
toms include intracranial hypertension, seizures, cerebral
venous thrombosis, hearing loss and gait ataxia. The clini-
cal manifestation of HP may vary depending on lesion loca-
tion and dura mater thickness in brain imaging. The paren-
chymal manifestations of HP include seizures, hemiparesis,
tremors, cognitive impairment, and localized brain edema
with “pseudotumor” presentation™*'%. HP is a rare cause of
spinal cord compression™.
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The pathophysiological mechanism underlying paren-
chymal involvement includes venous congestion, ischemia
resulting from compression of cortical vessels and inflamma-
tory infiltration into the brain parenchyma.

Extra-neurological or systemic manifestations of HP
may help to define the etiology. For example, the involve-
ment of salivary glands, lymph nodes, the pancreas,
and the retroperitoneum suggest IgG4-related disease
(IgG4-RD); pulmonary, renal and paranasal sinus involve-
ment may suggest granulomatosis with polyangiitis (GPA),
formerly known as Wegener’s granulomatosis; hypotha-
lamic involvement suggests 1gG4-RD, sarcoidosis or his-
tiocytosis; and coexistence with neoplasia may suggest

meningeal carcinomatosis”.

NEUROIMAGING

MRI in patients with HP demonstrates thickening of
the dura mater, which may be diffuse or focal. The sinus
cavernous and orbital apex are commonly affected®".
Most of the patients present diffuse and asymmetric
thickening of the dura mater. The inflammatory process
and increased vessel permeability cause a marked con-
trast enhancement in HP. Contrast enhancement usually
decreases with immunotherapy, and MRI is relevant for
the follow-up. Sinus occlusion may occur due to the thick-
ening of the dura, and thrombosis may occur because of
hemodynamic changes*'®. Figure 1 shows typical thicken-
ing of the dura mater in HP and similar findings in auto-
immune causes and infections. In addition, a hyperintense
signal of the dura mater may occur as a result of intracra-
nial hypotension, as a compensatory edema of the menin-
ges caused by a decreased volume of cerebrospinal fluid®.
Additionally, other non-inflammatory conditions such as
en plaque meningioma, post-surgical change, and chronic
subdural hematoma may lead to a similar appearance of
thickened dura mimicking HP.

MRI features are relevant in differentiating idiopathic
hypertrophic pachymeningitis (IHP) from secondary HP.
The characterization of MRI features in HP should include: 1)
location — supratentorial, infratentorial, diffuse, and spinal
canal; 2) configuration — linear and nodular; 3) signal inten-
sity — hyperintense, iso-intense or hypointense'®.

The essential MRI sequencing to evaluate and identify
HP is the post-contrast T1-weighted sequence, which dem-
onstrates a marked hyperintense signal caused by contrast
enhancement'®', The secondary HP group significantly has
dural mater thickening at the anterior and middle cranial
fossae when compared with IHP patients. Most of the lat-
ter have homogeneous contrast enhancement. Finally, imag-
ing features presenting as hypointense in T2 sequences, and
central T2 hyperintense signal with hypointense rim (T2-rim
pattern) suggest HP.



Figure 1. (A) patient with granulomatosis and polyangiitis presenting focal hypertrophic pachymeningitis (arrow); (B) patient with
sarcoidosis presenting asymmetric thickening of the dura mater in the cerebellar tentorium (arrow); (C) patient with 1gG4-related
hypertrophic pachymeningitis presenting a focal thickening of the dura mater in the right cavernous sinus (arrow); (D) patient with
neurosyphilis presenting asymmetric thickening of the dura mater mimicking hypertrophic pachymeningitis (arrow); (E) patient
with neurotuberculosis presenting anterior thickening of the dura mater mimicking hypertrophic pachymeningitis (arrows); (F)
patient with intracranial hypotension after lumbar puncture mimicking hypertrophic pachymeningitis, with hyperintense signal of

the dura mater (arrows).

CAUSES

Table 1 shows the many causes of HP. The most common
are discussed separately below:

Granulomatosis with polyangiitis

GPA is an anti-neutrophil cytoplasmic antibody
(ANCA)-associated vasculitis, a group of diseases asso-
ciated with antibodies against neutrophil cytoplasmic
structures’. It is characterized by the involvement of the
respiratory tract and kidney™'. Its serologic marker is
the PR3-ANCA (c-ANCA), but some cases could exhibit
MPO-ANCA (p-ANCA)®. The nervous system impairment
is composed of peripheral nerve symptoms (especially
mononeuritis multiplex), HP, central nervous system vascu-
litis, cranial neuropathy, myelopathy, and pituitary involve-
ment**. HP is mostly associated with the localized pheno-
type of GPA and MPO-ANCA positivity. When PR3-ANCA

Table 1. Main causes of hypertrophic pachymeningitis.

Inflammatory

Infectious

lgG4-related disease

Granulomatosis with

Tuberculosis

polyangiitis SIS
Sarcoidosis Fungal infections
|diopathic Sinusitis complication
Rheumatoid arthritis Neoplastic
Sjogren syndrome Lymphoma

Systemic lupus

erythematosus En plague meningioma

Giant-cell arteritis Carcinomatous meningitis

Behcet’s syndrome Histiocytosis
Relapsing polychondritis Other
Previous surgical procedure

Cerebrospinal fluid
hypotension
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antibodies are present, HP is associated with systemic fea-

tures and parenchymal brain lesions®*.

Sarcoidosis

Sarcoidosis is a systemic granulomatous disease char-
acterized by the presence of noncaseating granulomas®.
It can appear in practically any organ, in acute or chronic
form. The most frequent site of disease activity is the lung,
affected in 80-90%*** of cases, with symptoms like cough,
wheezing, and stridor®.

The nervous system is affected in 3-10% of the cases,
with variable manifestations®**”. The most remarkable fea-
tures are facial nerve neuropathy, optic neuritis, menin-
gitis (including HP), parenchymal lesions, hypophysitis,
peripheral neuropathy, and myelopathy®. Other disease-
associated symptoms are fatigue, depression, and cog-
nitive impairment?!. Sarcoidosis can also affect the skin
(lupus pernio, papules, infiltrated scars, and nodular
skin thickening at tattoos), muscles, eyes (uveitis and con-
junctival granulomas), and the exocrine glands (salivary
and lacrimal glands)*.

IgG4-related disease

IgG4-RD is a systemic fibroinflammatory disease that
can affect any organ, the most frequent of which are the
lacrimal and salivary glands, the pancreas and biliary tree,
the retroperitoneal space'?***. Neurological impairment
is rare and frequently occurs without systemic disease'.
The meningeal involvement is restricted to the dura and
causes headaches as a result of its traction, as well as irri-
tation of trigeminal nerves and higher cervical roots'.
The extension of the inflammation to the cavernous sinus,
superior orbital fissure or orbit produces ophthalmopa-
resis, proptosis, and ocular pain'% IgG4-RD can extend to
the pituitary gland and stalk, causing hypophysitis; the
endocrinological abnormalities cause diabetes insipidus,
hypogonadism, and hypothyroidism™®.

Idiopathic hypertrophic pachymeningitis

IHP is diagnosed after the exclusion of other possible
causes of pachymeningitis and a negative biopsy’. This disor-
der is restricted to the pachymeninges, and its most typical
symptoms are headaches, visual symptoms (due to the optic
and oculomotor nerve impairment), and ataxia.

Other inflammatory causes

Otherinflammatory diseases can trigger HP. Rheumatoid
arthritis is an autoimmune arthropathy that presents with
pachymeningitis, generally combined with leptomeningitis.
The clinical presentation is acute, with stroke-like events
and seizures®***. There are reported cases of systemic
lupus erythematosus, giant-cell arteritis, relapsing poly-
chondritis, Behget syndrome, and Sjogren syndrome pre-
senting with HP3+35363738,
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DIAGNOSIS

The etiological diagnosis of HP through clinical, laboratory
and imaging workup remains a challenge, and final diagnosis
is usually performed with tissue biopsy. It is essential to rule
out infectious diseases (tuberculosis, syphilis, fungal infec-
tions), autoimmune, or inflammatory diseases (GPA, sarcoid-
osis and IgG4-RD) and malignancies, especially lymphoma®.
Table 2 shows a diagnostic workup for patients with HP.

The first step of the diagnostic approach is clinical charac-
terization. An investigation of respiratory and systemic symp-
toms is essential. The respiratory system is affected frequently
by granulomatosis with polyangiitis, neurosarcoidosis, and
tuberculosis; complaints like shortness of breath, nasal dis-
charge, and cough can occur under these circumstances®**!.
The next step of the investigation is MRI (see Neuroimaging)
and CSF analysis. The latter is a valuable tool to exclude infec-
tions; the execution of molecular assays (e.g., polymerase chain
reaction), serologies, and cultures are essential to rule out
tuberculosis, syphilis, and fungal infections**%. Another pos-
sible technique to exclude infections is CSF metagenomics®.
Cytological and biochemical analyses in HP cases are unspe-
cific, varying from normal parameters to mild pleocytosis and
elevated protein levels®”. Angiotensin-converting enzyme
(ACE) levels in CSF have limited value for the diagnosis of NS,
as they are raised in other inflammatory diseases™.

The blood workup should include markers for autoimmune
disorders (especially antinuclear antibody — ANA, rheumatoid
factor, ANCA, and IgG4 levels), HIV serology, venereal disease
research laboratory — VDRL, galactomannan (in patients at risk
of fungal infections), and pituitary hormones. To confirm the
diagnosis of certain diseases, e.g. GPA, the typical clinical picture

Table 2. Diagnostic workup of patients with hypertrophic
pachymeningitis.

Initial Etiology Search for
evaluation investigation biopsy site
Serum lgG4
ANCA
Sinus CT
MRI with contrast Thorax CT
CSF analysis — Abdominal MRI
cytology, flow Cervical US Check systemic
cytometry, ANA survey tests, if
biochemistry, Serum VDRL there are no sites
opening pressure, Rheumatoid factor  for biopsy other
cultures for HIV serology than CNS, consider

bacteria,
mycobacteria and
fungus, PCR for
mycobacterium
tuberculosis, VDRL

Galactomannan
(patients with risk
for Aspergillus
infection)

Long bones
radiography
Hypophysis survey
(hormones)

F18-FDG-PET-
CT before final
decision.

MRI:magnetic resonance imaging; CSF: cerebrospinal fluid; PCR: polymerase
chainreaction;VDRL:venereal disease research laboratory; CT:computerized
tomography; US: ultrasound; ANA: antinuclear antibody; 18FDG-PET:
positron emission tomography with 18-fluorodeoxyglucose.



in the presence of the serological marker might be sufficient, but
IHP, NS, and IgG4-RD diagnoses depend on biopsy findings™'**%.
The systemic survey for other organs affected by the dis-
ease is crucial, since it helps to characterize it and might dis-
close other possible biopsy sites. This survey should include
neck, sinus, thorax, abdomen, and pelvis images. Imaging
modality varies, and a possible approach includes cervical ultra-
sound (US), sinus computerized tomography (CT), thoracic
CT, abdominal MRI, and pelvic MRI***%, A possible alterna-
tive after a negative systemic survey is to perform a whole-body
Positron Emission Tomography (PET) with 18-fluorodeoxyglu-
cose (FDG) CT; this might reveal a hypermetabolic lesion that
was not observed with the conventional imaging techniques®*.
The biopsy of these lesions is safer than a central nervous
system (CNS) procedure and might disclose the diseases pri-
mary process. If it is restricted to the CNS, meningeal biopsy is
necessary for a final diagnosis'”**. It is imperative to perform
the conventional pathological analysis and immunohistochem-
istry with markers for lymphocytes, macrophages, and IgG4.

DIFFERENTIAL DIAGNOSIS

Infectious diseases

Syphilis may present with HP as a meningovascular form.
Serologic evaluation is essential to rule out this type of syph-
ilis®. Tuberculosis is also associated with leptomeningitis
and HP, generally with cognitive behavioral disorders, and
systemic symptoms*’. Typical CSF may guide the diagnosis,
although advanced techniques (molecular analysis — poly-
merase chain reaction — PCR, and biopsy) are paramount™.
Moreover, complicated bacterial sinusitis or otitis may pres-
ent with meningeal involvement and cause HP of the dura
adjacent to the infectious process®. Fungal meningitis causes
dural thickening with similar features of other etiologies of
HP; the main related specimen is Aspergillus flavus™.

Neoplastic diseases

Different neoplastic disorders may cause meningeal
involvement mimicking HP. Secondary dural metastasis may
be similar to HP, and the most frequent associated tumors
are lung cancer (small-cell carcinoma and adenocarcinoma),
breast cancer, prostate and gastrointestinal tract tumors™.
En plaque meningiomas have a similar appearance to HP on
MRI and the differential is based on biopsy characteristics™.
Hematological malignancies can present with dural masses
and effusion, mainly lymphomas (Hodgkin and non-Hodg-
kin). Another group of neoplasm related to HP is histiocyto-
sis. There are two main types, Langerhans and non-Langer-
hans, and both can present with pachymeningeal infiltration®.
The clues for the diagnosis are systemic impairment (bones,
skin, pituitary, spleen, and lungs); biopsy provides the diagno-
sis with markers for macrophages (CD1a, S100, and CD68)*.

Other causes

CSF hypotension is another cause of hyperintense signal
of the dura mater masquerading as HP, occurring secondary
to idiopathic hypotension, lumbar puncture or excessive CSF
drainage by derivation devices. The headache pattern helps raise
suspicion of this etiology (worse when the patient is in vertical
position), and the opening pressure of the CSF is diagnostic™.

TREATMENT

Specific treatment depends on the etiology, although
some patients have a presumptive diagnosis. A rigorous
exclusion of infectious causes is mandatory to introduce
immunotherapy for inflammatory causes. Figure 2 summa-
rizes the first-line treatments of the most common causes;
each of them is discussed in detail below.

Idiopathic hypertrophic pachymeningitis

The first line of treatment of idiopathic HP is corticoste-
roids (prednisone with an initial dose of 1 mg/kg/day). If the
patient does not improve or recurs during corticosteroids
use, adding immunosuppressive agents such as azathioprine
(AZA) (2-3 mg/kg/day), cyclophosphamide (CYC) (initial dose
of 500-750 mg/m? each four weeks, with dose adjustment
according to lymphocytes nadir — 10 to 14 days) methotrexate
(MTX) (20-25 mg/week), and rituximab, is a viable option®”**.

Granulomatosis with polyangiitis

In GPA, CNS involvement is considered an organ-threat-
ening manifestation, so the corticosteroid (pulse therapy with
methylprednisolone 1,000 mg/day for three to five days followed
by prednisone 1 mg/kg) is combined with CYC (initial dose of
500-750 mg/m? each four weeks, with dose adjustment accord-
ing to lymphocytes nadir — 10 to 14 days) as first-line induc-
tion therapy. The switching to maintenance remission phase
can be done with oral MTX (20-25 mg/week), AZA (2-3 mg/kg),
or mycophenolate mofetil (MMEF) (500-2,000 mg/day)*. Some
literature evidence shows that in refractory GPA with severe sys-
temic manifestations rituximab is an effective alternative™.

Neurosarcoidosis

NS treatment is initiated with 1 mg/kg/day prednisone-
equivalent®. If the patient does not respond or has a rapidly
progressive disease, pulse therapy of methylprednisolone
at 1,000 mg/d for three to five days should be considered.
After disease control, a gradual tapering can be done within
four to eight weeks®. Neurosarcoidosis usually requires at
least six to 12 months of corticoid therapy®. For patients who
do not tolerate the adverse effects of corticosteroids and have
relapses during the tapering, immunosuppressive agents are
required as second-line therapy®®>. MTX has the most exten-
sive efficacy data for NS, with doses ranging from 10 to 25 mg
per week, and less adverse effects by the concomitant use of

Abrantes FF et al. Approach to hypertrophic pachymeningitis.
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ANCA: anti-neutrophil cytoplasmic antibody; CYC: cyclophosphamide; GPA: granulomatosis with polyangiitis; [gG4-RD: IgG4-related disease; IHP: idiopathic

hypertrophic pachymeningitis.

Figure 2. A guide showing clinical and pathological features of main disease presenting with HP and its first-line therapy.

folic acid®. Other options are CYC, MMF, AZA, and thalido-
mide”, Infliximab is effective in glucocorticoid and immu-
nosuppressive refractory NS.

IgG4-Related Disease

Corticosteroids are the cornerstone of treatment for
IgG4-RD%. 'The corticosteroid (prednisone 0.6 mg/kg) is
almost always used alone or in combination with conven-
tional disease-modifying antirheumatic drugs (DMARDs)
(AZA, MMF, MTX, leflunomide, and CYC)*. The treatment
is divided into two phases: induction, in which glucocor-
ticoids are discontinued within three to six months, and
maintenance therapy, since the disease is prone to recur-
rence. The maintenance strategy is individualized accord-
ing to the patient’s disease features, such as the extent of dis-
ease-related damage, comorbidities, and previous treatment
responses®. Biological agents that promote B-cell depletion,
such as rituximab (two intravenous doses of 1 g, separated
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by two weeks, repeated at six-month intervals) in combina-
tion with prednisone (40-60 mg/d for a month and tapering
to discontinuation over two to three months), are used in the
initial treatment in patients with severe neurological disease
and multiorgan IgG4-RD. CNS imaging should be repeated
three months later to check response'

CONCLUSION

HP is a highly complex disorder with variable etiologies
and heterogeneous clinical presentation. Etiology of HP is a
challenge, despite a thorough clinical, laboratory and imag-
ing investigation. Tissue biopsy remains the gold standard for
final diagnosis. Early clinical and etiological diagnosis is rel-
evant in order to decide about therapy. This review may serve
as a guide to general neurologists by helping the diagnostic
workup and management of the several different forms of HP.

1. Yonekawa T, Murai H, Utsuki S, Matsushita T, Masaki K, Isobe N,
et al. A nationwide survey of hypertrophic pachymeningitis in Japan.
J Neurol Neurosurg Psychiatry. 2014 Jul;85(7):732-9. https:/doi.
org/10.1136/jnnp-2013-306410

2. Cacao G, Calejo M, Alves JE, Medeiros PB, Vila-Cha N, Mendoncga T,
et al. Clinical features of hypertrophic pachymeningitis in a center
survey. Neurol Sci. 2019 Mar;40(3):543-51. https:/doi.org/10.1007/
s10072-018-3689-3

Arqg Neuropsiquiatr 2020;78(12):797-804

3. Hahn LD, Fulbright R, Baehring JM. Hypertrophic pachymeningitis.
J Neurol Sci. 2016 Aug;367:278-83. https:/doi.org/10.1016/j.
jns.2016.06.024

4, Amoura Z, Haroche J, Boukari L, Melenotte C, Terrier B, Ayrignac
X, et al. Characteristics, outcome and treatments with cranial
pachymeningitis. A multicenter French retrospective study of 60
patients. Medicine (Baltimore). 2018 Jul;97(30):e11413. https://doi.
org/10.1097/MD.0000000000011413


https://doi.org/10.1136/jnnp-2013-306410
https://doi.org/10.1136/jnnp-2013-306410
https://doi.org/10.1007/s10072-018-3689-3
https://doi.org/10.1007/s10072-018-3689-3
https://doi.org/10.1016/j.jns.2016.06.024
https://doi.org/10.1016/j.jns.2016.06.024
https://doi.org/10.1097/MD.0000000000011413
https://doi.org/10.1097/MD.0000000000011413

20.

21.

22.

23.

Greenberg RW, Lane EL, Cinnamon J, Farmer P, Hyman RA. The cranial
meninges: Anatomic considerations. Semin Ultrasound CT MR. 1994
Dec;15(6):454-65. https:/doi.org/10.1016/s0887-2171(05)80017-4

Fain O, Mekinian A. Les pachyméningites. Rev Med Interne.
2017;38(9):585-91. https://doi.org/10.1016/j.revmed.2017.03.011

Kupersmith MJ, Martin V, Heller G, Shah A, Mitnick HJ. Idiopathic
hypertrophic pachymeningitis. Neurology. 2004 Mar;62(5):686-94.
https://doi.org/10.1212/01.wnl.0000113748.53023.b7

Gowers W. A Manual of Diseases of the Nervous System. 2. ed.
Philadelphia: Son & Co; 1893.

Charcot J. Séance du 13 mai. Comptes Rendus des Séances la
Société de Biologie. 1873;5¢e iii:32-8. Available from: https:/gallica.
bnf.fr/ark:/12148/bpt6k6580639j?rk=21459;2#

Botella C, Orozco M, Navarro J, Riesgo P. Idiopathic chronic
hypertrophic craniocervical pachymeningitis: case

report. Neurosurgery. 1994 Dec;35(6):1144-9. https://doi.
org/10.1227/00006123-199412000-00020

Dumont AS, Clark AW, Sevick RJ, Myles ST. Idiopathic hypertrophic
pachymeningitis: A report of two patients and review of the
literature. Can J Neurol Sci. 2000 Nov;27(4):333-40. https:/doi.
org/10.1017/s0317167100001116

AbdelRazek MA, Venna N, Stone JH. IgG4-related disease of the
central and peripheral nervous systems. Lancet Neurol. 2018
Feb;17(2):183-92. https://doi.org/10.1016/S1474-4422(17)30471-4

Kazem IA, Robinette NL, Roosen N, Schaldenbrand MF, Kim JK.
Idiopathic tumefactive hypertrophic pachymeningitis. Radiographics.
2005;25(4):1075-80. https://doi.org/10.1148/rg.254045207

Kutty RK, Sreemathyamma SB, Sivanandapanicker JL,
Peethambaran A, others. Idiopathic hypertrophic spinal
pachymeningitis: a rare cause of spinal cord compression. Neurol
India. 2019;67(5):1380-5. https://doi.org/10.4103/0028-3886.271262

Zhao M, GengT, Qiao L, ShiJ, Xie J,Huang F, et al. Idiopathic
hypertrophic pachymeningitis: Clinical, laboratory and
neuroradiologic features in China.J Clin Neurosci. 2014
Jul;21(7):1127-32. https:/doi.org/10.1016/j.jocn.2013.09.025

Warittikoon S, Jakchairoongruang K. Distinguishing magnetic
resonance imaging features between idiopathic hypertrophic
pachymeningitis and secondary hypertrophic pachymeningitis. Asian
Biomed. 2019;13(3):113-9. https://doi.org/10.1515/abm-2019-0049

Jennette JC, Falk RJ, Bacon PA, Basu N, Cid MC, Ferrario F, et al.
2012 Revised International Chapel Hill Consensus Conference
Nomenclature of Vasculitides. Arthritis Rhneum. 2013 Jan;65(1):1-11.
https://doi.org/10.1002/art.37715

Nakazawa D, Masuda S, Tomaru U, Ishizu A. Pathogenesis and
therapeutic interventions for ANCA-associated vasculitis. Nat Rev
Rheumatol. 2019 Feb;15(2):91-101. https:/doi.org/10.1038/s41584-
018-0145-y

Stone JH. Limited versus severe Wegener’s granulomatosis: baseline data
on patients in the Wegener’s granulomatosis etanercept trial. Arthritis
Rheum. 2003 Aug;48(8):2299-309. https:/doi.org/10.1002/art.11075

Yokoseki A, Saji E, Arakawa M, Kosaka T, Hokari M, Toyoshima Y, et al.
Hypertrophic pachymeningitis: Significance of myeloperoxidase
anti-neutrophil cytoplasmic antibody. Brain. 2014 Feb;137(Pt 2):520-
36. https://doi.org/10.1093/brain/awt314

GrafJ. Central nervous system disease in antineutrophil cytoplasmic
antibodies—-associated vasculitis. Rheum Dis Clin North Ama. 2017
Nov;43(4):673-8. https://doi.org/10.1016/j.rdc.2017.06.006

ZhengY, ZhangY, Cai M, Lai N, Chen Z, Ding M. Central nervous
system involvement in ANCA-associated vasculitis: What
neurologists need to know. Front Neurol. 2019 Jan;9:1166. https:/
doi.org/10.3389/fneur.2018.01166

Smolenska Z, Masiak A, Zdrojewski Z. Hypertrophic pachymeningitis
as an important neurological complication of granulomatosis

with polyangiitis. Reumatologia. 2018;56(6):399-405. https:/doi.
org/10.5114/reum.2018.80719

24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

35.

36.

37.

38.

39.

40.

41,

Grunewald J, Grutters JC, Arkema EV, Saketkoo LA, Moller DR,
Muller-Quernheim J. Sarcoidosis. Nat Rev Dis Primers. 2019
Jul;5(1):45. https://doi.org/10.1038/s41572-019-0096-x

Judson MA. The clinical features of sarcoidosis: a comprehensive
review. Clin Rev Allergy Immunol. 2015 Aug;49(1):63-78. https://doi.
0rg/10.1007/s12016-014-8450-y

Ungprasert P, Matteson EL. Neurosarcoidosis. Rheum Dis Clin
North Am. 2017 Nov;43(4):593-606. https:/doi.org/10.1016/j.
rdc.2017.06.008

Ibitoye RT, Wilkins A, Scolding NJ. Neurosarcoidosis: a clinical
approach to diagnosis and management.J Neurol. 2017;264(5):1023-
8. https://doi.org/10.1007/s00415-016-8336-4

Khosroshahi A, Carruthers MN, Stone JH, Shinagare S, Sainani

N, Hasserjian RP, et al. Rethinking Ormond’s disease: “Idiopathic”
retroperitoneal fibrosis in the era of [gG4-related disease. Medicine
(Baltimore). 2013 Mar;92(2):82-91. https://doi.org/10.1097/
MD.0b013e318289610f

Yamamoto M, Takahashi H, Ohara M, Suzuki C, Naishiro Y, Yamamoto
H, et al. A new conceptualization for Mikulicz’s disease as an 1gG4-
related plasmacytic disease. Mod Rheumatol. 2006 Dec;16(6):335-
40. https://doi.org/10.1007/s10165-006-0518-Y

Shimatsu A, Oki Y, Fujisawa I, Sano T. Pituitary and stalk lesions
(Infundibulo-hypophysitis) associated with immunoglobulin G4-
related systemic disease: An emerging clinical entity. Endocr J.
2009;566(9):1033-41. https://doi.org/10.1607/endocrj.k09e-277

Servioli MJ, Chugh C, Lee JM, Biller J. Rheumatoid Meningitis. Front
Neurol. 2011;2:84. https://doi.org/10.3389/fneur.2011.00084

Nihat A, Chinthapalli K, Bridges L, Johns P, Sofat N, Moynihan B.
Rheumatoid meningitis. Pract Neurol. 2016 Aug;16(4):312-4. https:/
doi.org/10.1136/practneurol-2015-001306

Qin Z, Kim J, Valencia D, Hamoodi L, Neltner J, Sizemore T, et al.
Rheumatoid meningitis: a case report and review of the literature.
Neurol Clin Pract. 2020 Feb;10(1):73-83. https://doi.org/10.1212/
CPJ.0000000000000678

JohnTJ,John K, du Plessis L, Manie M. SLE pachymeningitis
and multiple cranial nerve palsies: a case report and review
of the literature. Lupus. 2019 Aug;28(9):1154-7. https://doi.
org/10.1177/0961203319862867

Uribe JA, Aggarwal I, Witthayaweerasak J, Liao YJ, Berry GJ, Sab U,
et al. Refractory giant cell arteritis complicated by vision loss from
optic atrophy and maculopathy associated with pachymeningitis.
J Neuroophthalmol. 2018 Mar;38(1):17-23. https://doi.org/10.1097/
WNO0.0000000000000566

Nakamura K, Shimojima'Y, Ushiyama S, Ohashi N, Kishida D,
Miyazaki D, et al. Hypertrophic pachymeningitis as an early
manifestation of relapsing polychondritis: case report and review of
the literature. Case Rep Neurol. 2016 Sep-Dec;8(3):211-7. https:/doi.
org/10.1159/000450850

Yoon B-N, Kim S-J, Lim M-J,Han J-Y, Lee K-W, Sung J-J, et al. Neuro-
Behcet's disease presenting as hypertrophic pachymeningitis. Exp
Neurobiol. 2015 Sep;24(3):252-5. https:/doi.org/10.5607/en.2015.24.3.252

Yamamoto M, Yagita M, Nakano Y, Komatsu K, Fujita M. Hypertrophic
Pachymeningitis in Sjogren’s Syndrome. Intern Med. 2018
Feb;57(3):413-5. https:/doi.org/10.2169/internalmedicine.9406-17

Fain O, Seror O, Wirth JF, Heron C, Mathieu E, Chamouard JM, et al.
Cranial pachymeningitis. Rev Med Interne. 1999 Mar;20(3):234-46.
https://doi.org/10.1016/s0248-8663(99)83051-3

Bossuyt X, Cohen Tervaert JW, Arimura Y, Blockmans D, Flores-Suéarez
LF, Guillevin L, et al. Revised 2017 international consensus on testing
of ANCAs in granulomatosis with polyangiitis and microscopic
polyangiitis. Nat Rev Rheumatol. 2017;13:683-92. https://doi.
org/10.1038/nrrheum.2017.140

Zunt JR. Tuberculosis of the Central Nervous System. Continuum
(Minneap Minn). 2018 Oct;24(5, Neuroinfectious Disease):1422-38.
https://doi.org/10.1212/CON.0000000000000648

Abrantes FF et al. Approach to hypertrophic pachymeningitis.

803


https://doi.org/10.1016/s0887-2171(05)80017-4
https://doi.org/10.1016/j.revmed.2017.03.011
https://doi.org/10.1212/01.wnl.0000113748.53023.b7
https://gallica.bnf.fr/ark
https://gallica.bnf.fr/ark
https://doi.org/10.1227/00006123-199412000-00020
https://doi.org/10.1227/00006123-199412000-00020
https://doi.org/10.1017/s0317167100001116
https://doi.org/10.1017/s0317167100001116
https://doi.org/10.1016/S1474-4422(17)30471-4
https://doi.org/10.1148/rg.254045207
https://doi.org/10.4103/0028-3886.271262
https://doi.org/10.1016/j.jocn.2013.09.025
https://doi.org/10.1515/abm-2019-0049
https://doi.org/10.1002/art.37715
https://doi.org/10.1038/s41584-018-0145-y
https://doi.org/10.1038/s41584-018-0145-y
https://doi.org/10.1002/art.11075
https://doi.org/10.1093/brain/awt314
https://doi.org/10.1016/j.rdc.2017.06.006
https://doi.org/10.3389/fneur.2018.01166
https://doi.org/10.3389/fneur.2018.01166
https://doi.org/10.5114/reum.2018.80719
https://doi.org/10.5114/reum.2018.80719
https://doi.org/10.1038/s41572-019-0096-x
https://doi.org/10.1007/s12016-014-8450-y
https://doi.org/10.1007/s12016-014-8450-y
https://doi.org/10.1016/j.rdc.2017.06.008
https://doi.org/10.1016/j.rdc.2017.06.008
https://doi.org/10.1007/s00415-016-8336-4
https://doi.org/10.1097/MD.0b013e318289610f
https://doi.org/10.1097/MD.0b013e318289610f
https://doi.org/10.1007/s10165-006-0518-Y
https://doi.org/10.1507/endocrj.k09e-277
https://doi.org/10.3389/fneur.2011.00084
https://doi.org/10.1136/practneurol-2015-001306
https://doi.org/10.1136/practneurol-2015-001306
https://doi.org/10.1212/CPJ.0000000000000678
https://doi.org/10.1212/CPJ.0000000000000678
https://doi.org/10.1177/0961203319862867
https://doi.org/10.1177/0961203319862867
https://doi.org/10.1097/WNO.0000000000000566
https://doi.org/10.1097/WNO.0000000000000566
https://doi.org/10.1159/000450850
https://doi.org/10.1159/000450850
https://doi.org/10.5607/en.2015.24.3.252
https://doi.org/10.2169/internalmedicine.9406-17
https://doi.org/10.1016/s0248-8663(99)83051-3
https://doi.org/10.1038/nrrheum.2017.140
https://doi.org/10.1038/nrrheum.2017.140
https://doi.org/10.1212/CON.0000000000000648

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

804

Halperin JJ. Neuroborreliosis and Neurosyphilis. Continuum
(Minneap Minn). 2018 Oct;24(5, Neuroinfectious Disease):1439-58.
https://doi.org/10.1212/CON.0000000000000645.

Wilson MR, O’'Donovan BD, Gelfand JM, Sample HA, Chow

FC, Betjemann JP, et al. Chronic Meningitis Investigated via
Metagenomic Next-Generation Sequencing. JAMA Neurol. 2018 Aug
1;75(8):947-55. https://doi.org/10.1001/jamaneurol.2018.0463

Nozaki K, Judson MA. Neurosarcoidosis: Clinical manifestations,
diagnosis and treatment. Presse Med. 2012 Jun;41(6 Pt 2):e331-48.
https://doi.org/10.1016/j.lpm.2011.12.017

Kallenberg CG. Key advances in the clinical approach to ANCA-
associated vasculitis. Nat Rev Rheumatol. 2014 Aug;10(8):484-93.
https://doi.org/10.1038/nrrheum.2014.104

Zhang W, Stone JH. Management of IgG4-related disease. Lancet
Rheumatol. 2019 Sep;1(1):€55-e65. https:/doi.org/10.1016/S2665-
9913(19)30017-7

Zhao Q, Dong A, Bai Y, Wang Y, Zuo C. FDG PET/CT in immunoglobulin
Gé4-related spinal hypertrophic pachymeningitis. Clin Nucl Med. 2017
Dec;42(12):958-61. https://doi.org/10.1097/RLU.0000000000001872

Akaike G, Itani M, Shah H, Ahuja J, Yilmaz B, Assaker R, et al. PET/
CT in the diagnosis and workup of sarcoidosis: Focus on atypical
manifestations. Radiographics. 2018;38(5):1536-49. https:/doi.
org/10.1148/rg.2018180053

Stern BJ, Royal W, Gelfand JM, Clifford DB, Tavee J, Pawate S, et al.
Definition and consensus diagnostic criteria for neurosarcoidosis:
from the Neurosarcoidosis Consortium Consensus Group. JAMA
Neurol. 2018 Dec;75(12):1546-53. https://doi.org/10.1001/
jamaneurol.2018.2295

Wallace ZS, Naden RP, Chari S, Choi HK, Della-Torre E, Dicaire J-F,
etal.The 2019 American College of Rheumatology/European League
against Rheumatism classification criteria for IgG4-related disease.
Ann Rheum Dis. 2020 Jan;79(1):77-87. https://doi.org/10.1136/
annrheumdis-2019-216561

Laurens MB, Becker RM, Johnson JK, Wolf JS, Kotloff KL. MRSA

with progression from otitis media and sphenoid sinusitis to clival
osteomyelitis, pachymeningitis and abducens nerve palsy in an
immunocompetent 10-year-old patient. Int J Pediatr Otorhinolaryngol.
2008 Jul;72(7):945-51. https://doi.org/10.1016/].ijporl.2008.02.025

Antinori S, Corbellino M, Meroni L, Resta F, Sollima S, Tonolini M, et al.
Aspergillus meningitis: A rare clinical manifestation of central nervous
system aspergillosis. Case report and review of 92 cases.J Infect. 2013
Mar;66(3):218-38. https:/doi.org/10.1016/].jinf.2012.11.003

Laigle-Donadey F, Taillibert S, Mokhtari K, Hildebrand J, Delattre
JY. Dural metastases.J Neurooncol. 2005;75:57-61. https://doi.
0rg/10.1007/s11060-004-8098-1

Arqg Neuropsiquiatr 2020;78(12):797-804

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Mirone G, Chibbaro S, Schiabello L, Tola S, George B. En plaque
sphenoid wing meningiomas: Recurrence factors and surgical
strategy in a series of 71 patients. Neurosurgery. 2009 Dec;65(6
Suppl):100-8; discussion 108-9. https:/doi.org/10.1227/01.
NEU.0000345652.19200.D5

Haroche J, Cohen-Aubart F, Rollins BJ, Donadieu J, Charlotte F, Idbaih
A, et al. Histiocytoses: emerging neoplasia behind inflammation.
Lancet Oncol. 2017 Feb;18(2):e113-e125. https:/doi.org/10.1016/
S$1470-2045(17)30031-1

Michali-Stolarska M, Bladowska J, Stolarski M, Sasiadek MJ.
Diagnostic imaging and clinical features of intracranial hypotension
- review of literature. Pol J Radiol. 2017;82:842-9. https://doi.
org/10.12659/PJR.904433

Bosman T, Simonin C, Launay D, Caron S, Destée A, Defebvre L.
Idiopathic hypertrophic cranial pachymeningitis treated by oral
methotrexate: A case report and review of literature. Rheumatol Int.
2008 May;28(7):713-8. https://doi.org/10.1007/s00296-007-0504-5

Choi IS, Park SC,Jung YK, Lee SS. Combined therapy of corticosteroid
and azathioprine in hypertrophic cranial pachymeningitis. Eur
Neurol. 2000;44(4):193-8. https://doi.org/10.1159/000008235

Jang, Lee ST,Jung KH, Chu K, Lee SK. Rituximab treatment for
idiopathic hypertrophic pachymeningitis.J Clin Neurol. 2017
Apr;13(2):155-61. https://doi.org/10.3988/jcn.2017.13.2.155

TerushkinV, Stern BJ, Judson MA, Hagiwara M, Pramanik B, Sanchez
M, et al. Neurosarcoidosis: presentations and management.
Neurologist. 2010 Jan;16(1):2-15. https:/doi.org/10.1097/
NRL.0b013e3181c92a72

Stern BJ, Aksamit A, Clifford D, Scott TF, Neurosarcoidosis Study
Group. Neurologic presentations of sarcoidosis. Neurol Clin. 2010
Feb;28(1):185-98. https://doi.org/10.1016/j.ncl.2009.09.012

Marangoni S, Argentiero V, Tavolato B. Neurosarcoidosis: clinical
description of 7 cases with a proposal for a new diagnostic strategy.
J Neurol. 2006 Apr;253(4):488-95. https://doi.org/10.1007/s00415-
005-0043-5

Doty JD, Mazur JE, Judson MA. Treatment of Corticosteroid-
Resistant Neurosarcoidosis with a short-course cyclophosphamide
regimen. Chest Chest. 2003 Nov;124(5):2023-6. https://doi.
org/10.1378/chest.124.5.2023

Stone JH, Zen Y, Deshpande V. IgG4-related disease. N EnglJ Med.
2012 Feb;366(6):539-51. https:/doi.org/10.1056/NEJMra1104650

Khosroshahi A, Wallace ZS, Crowe JL, Akamizu T, Azumi A, Carruthers
MN, et al. International consensus guidance statement on the
management and treatment of IgG4-related disease. Arthritis
Rheumatol. 2015 Jul;67(7):1688-99. https://doi.org/10.1002/
art.39132


https://doi.org/10.1212/CON.0000000000000645
https://doi.org/10.1001/jamaneurol.2018.0463
https://doi.org/10.1016/j.lpm.2011.12.017
https://doi.org/10.1038/nrrheum.2014.104
https://doi.org/10.1016/S2665-9913(19)30017-7
https://doi.org/10.1016/S2665-9913(19)30017-7
https://doi.org/10.1097/RLU.0000000000001872
https://doi.org/10.1148/rg.2018180053
https://doi.org/10.1148/rg.2018180053
https://doi.org/10.1001/jamaneurol.2018.2295
https://doi.org/10.1001/jamaneurol.2018.2295
https://doi.org/10.1136/annrheumdis-2019-216561
https://doi.org/10.1136/annrheumdis-2019-216561
https://doi.org/10.1016/j.ijporl.2008.02.025
https://doi.org/10.1016/j.jinf.2012.11.003
https://doi.org/10.1007/s11060-004-8098-1
https://doi.org/10.1007/s11060-004-8098-1
https://doi.org/10.1227/01.NEU.0000345652.19200.D5
https://doi.org/10.1227/01.NEU.0000345652.19200.D5
https://doi.org/10.1016/S1470-2045(17)30031-1
https://doi.org/10.1016/S1470-2045(17)30031-1
https://doi.org/10.12659/PJR.904433
https://doi.org/10.12659/PJR.904433
https://doi.org/10.1007/s00296-007-0504-5
https://doi.org/10.1159/000008235
https://doi.org/10.3988/jcn.2017.13.2.155
https://doi.org/10.1097/NRL.0b013e3181c92a72
https://doi.org/10.1097/NRL.0b013e3181c92a72
https://doi.org/10.1016/j.ncl.2009.09.012
https://doi.org/10.1007/s00415-005-0043-5
https://doi.org/10.1007/s00415-005-0043-5
https://doi.org/10.1378/chest.124.5.2023
https://doi.org/10.1378/chest.124.5.2023
https://doi.org/10.1056/NEJMra1104650
https://doi.org/10.1002/art.39132
https://doi.org/10.1002/art.39132

