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Abstract

causes can be challenging.

Hypertrophic pachymeningitis (HP) is a rare disorder marked by thickening of the dura mater due to diverse
etiologies. MPO-ANCA-positive HP represents a variant of AAV confined to the central nervous system,
distinguished by the presence of serum MPO antibodies. Distinguishing HP triggered by MPO-ANCA from other

In this study, we present two cases of MPO-ANCA-positive HP initially misdiagnosed as intracranial infections.
Case 1 underwent surgery for chronic suppurative otitis media, with histopathological findings revealing
inflammatory changes without definitive suppuration. He was presumed to have a secondary intracranial infection
resulting from the surgery. However, his condition deteriorated despite two weeks of antibiotic and antiviral
treatment. Case 2 presented with headache and was initially suspected of having intracranial Brucellosis given his
serum Brucella positivity. Despite treatment for brucellosis, his symptoms persisted, and he developed visual and
hearing impairments. Both patients were ultimately diagnosed with MPO-ANCA-positive HP, exhibiting serum MPO
antibody positivity. Their symptoms showed improvement with glucocorticoid and immunosuppressive therapy.

Based on these observations, we propose that MPO-ANCA-positive HP may initially present as intracranial
infection. For HP patients presenting with headache, mastoiditis, otitis media, and visual loss, it is imperative to
conduct ANCA antibody-related tests to enhance diagnostic precision.
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Background

Hypertrophic pachymeningitis (HP) is a rare condi-
tion identified by a fibrosing inflammatory process that
leads to the thickening of the dura mater, causing a
range of neurological symptoms such as headache, cra-
nial neuropathies, seizures, hydrocephalus, and sen-
sorimotor disorders [1, 2]. It can have multiple causes,
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including inflammation, tumors, autoimmune diseases,
or it can be idiopathic [3]. Among these, HP patients
with myeloperoxidase-antineutrophil cytoplasmic anti-
body-positive (MPO-ANCA-positive) are relatively rare
and there is difficulty in distinguishing it from infection
[1, 4]. In this study, we present two cases initially diag-
nosed with intracranial infection — one following otitis
media surgery and another due to Brucella infection.
Despite relevant anti-infection treatment, both patients
experienced escalating headaches, decreasing mental
states, and visual loss. Further examination confirmed
the diagnosis of MPO-ANCA-positive HP. This serves as
a valuable reminder to not only neurologists but also for
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otolaryngologists and rheumatologists that early iden-
tification of MPO-ANCA-positive HP is imperative for
effective management and avoiding misdiagnosis.

Case presentation

Case 1

A 61-year-old man presented with progressive hear-
ing impairment in his left ear. Over 30 years ago, he was
diagnosed with “acute mastoiditis” in a local hospital due
to sudden hearing loss in his left ear, but there was no
improvement despite anti-inflammatory treatment. One
month ago, he experienced a throbbing headache in the
left front-parietal region, intermittent purulent discharge
from both ears, tinnitus, and left peripheral facial paraly-
sis without fever, respiratory symptoms or rash. His feces
and urine were normal recently, without hematoche-
zia, melena, or hematuria. He doesn’t have unexplained
weight loss in the past few months or any relevant family
history of previous diseases.

Routine laboratory tests, including complete blood
count (measuring white and red blood cells and plate-
lets), liver and kidney function, ions, tumor markers such
as carcinoembryonic antigen (CEA), alpha-fetoprotein
(AFP), prostate-specific antigen (PSA), neuron-specific
enolase (NSE), carbohydrate antigen 125 (CA125), car-
bohydrate antigen 153 (CA153), and carbohydrate anti-
gen 199 (CA199), as well as screening for hepatitis, HIV,
and syphilis, were normal. Neurological examination
indicated severe peripheral facial paralysis on the left
side. An audiologic test revealed that the left ear exhibits
mixed hearing loss, characterized primarily by sensori-
neural hearing loss (Fig. 1a). The otoscopy examination
revealed that the left external auditory canal was patent,
with a small amount of purulent discharge visible. Middle
ear CT showed chronic mastoiditis in both ears (Fig. 1b).
He was diagnosed with left chronic suppurative otitis
media, left severe sensorineural hearing loss, and then
underwent left tympanoplasty type I, left mastoidectomy,
left ossicular resection, and left external auditory meato-
plasty under general anesthesia at the same time. The
Pathology results showed inflammation without definite
suppurative changes (Fig. 1c).

After the operation, his hearing, tinnitus, and left
peripheral facial paralysis improved, but the headache
still persisted without fever.

Lumbar puncture revealed colorless and transparent
cerebrospinal fluid (CSF) with an opening pressure of 100
mmH,0O, an elevated protein level of 1594 mg/L (normal
range, 120 to 600 mg/L), elevated cells at 28*10°/L (nor-
mal range, 0 to 8 *10°/L, monocytes=96%), normal glu-
cose and chloride levels without tumor cells.

Brain MRI revealed thickening of the dura mater in the
left middle cranial fossa (Fig. 2) and enhancement in the
left middle cranial fossa and tentorium cerebelli (Fig. 3d),
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consistent with hypertrophic pachymeningitis. MRV
with contrast and diffusion-weighted imaging were nor-
mal. Chest computed tomography showed no evidence of
silicosis, sarcoidosis or recent tuberculosis.

Suspecting an intracranial infection secondary to the
operation and considering his lumbar puncture results,
the patient was administered empirical treatment con-
sisting of intravenous Ceftriaxone 2.0 g daily due to its
excellent blood-brain barrier permeability, as well as
Ganciclovir (5 mg/kg) twice daily. However, after two
weeks, the patient’s headache intensified, accompanied
by the development of a fever with a peak body tempera-
ture of 38.2 C. Consequently, his mental state deterio-
rated, resulting in a loss of appetite and confining him to
bed.

A repeat lumbar puncture revealed an elevated protein
level of 2067 mg/L, cells at 36*10°/L (monocytes=96%),
normal glucose and chloride levels without any tumor
cells, indicating ineffective anti-inflammatory and
antiviral treatments. Further immunological investi-
gation showed positive pANCA, an elevated serum
MPO-ANCA of 233.7CU (normal range, 0 to 20CU),
an erythrocyte sedimentation rate (ESR) of 49 mm/
hour (normal range, 0 to 15 mm/hour), a C-reactive pro-
tein (CRP) level up to 109.80 mg/L (normal range, O to
6 mg/L), and a urinary protein of 1.42 g/24 h (normal
range, 0.028-0.141 g/24 h). Anticardiolipin antibody was
negative, and both serum IgG4 and rheumatoid factor
were within the normal range.

A diagnosis of hypertrophic pachymeningitis asso-
ciated with a high serum level of MPO-ANCA
(MPO-ANCA-positive HP) was made. Empirical treat-
ment was started with intravenous methylprednisolone
at 80 mg daily for 5 days, followed by oral prednisone
(50 mg/d), with a gradual tapering of the dose by 5 mg
every 15 days, until reaching a maintenance therapy of
20 mg/d. During the administration of steroids, his head-
ache gradually subsided and fever released.

Over a 4-month treatment period with steroids, his
headache was relieved, but he was unable to communi-
cate with others due to his hearing loss. A follow-up MRI
showed reduced thickness of the dura mater and diffuse
regression of dural enhancement (Fig. 3e). A repeat CRP
level test showed 45.1 mg/L, while the pANCA was nega-
tive, and CSF appeared normal. Given the persistence of
symptoms and elevated CRP levels, the patient was pre-
scribed Mycophenolate Mofetil 0.75 g orally twice a day,
along with prednisone 50 mg/d. Throughout the 1-year
follow-up period, there was a gradual improvement in
his hearing, enabling him to answer phone calls without
difficulty.
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Fig. 1 The audiologic test in case 1 revealed left ear hearing loss with a bone conduction of 61 dB and air conduction of 98 dB on the pure tone audio-
gram (a). Middle ear CT (b) in case 1 showed increased density in the bilateral tympanic and mastoid compartments (arrow). Histopathological image by
hematoxylin-eosin staining showed the left upper tympanic granulation tissue at 100xmagnification (c)

Case 2

A 49-year-old farmer was admitted to the hospital with
a 5-month history of intermittent throbbing pain in
both temporal regions of his brain, which had intensi-
fied in the previous 20 days. He hasn’t had a fever in the
past 5 months, nor respiratory symptoms, rash, hemato-
chezia, melena, or hematuria. He had no relevant fam-
ily history or unexplained weight loss recently. A Brain
MRI conducted after his admission revealed significant
thickening and enhancement of the dura mater fol-
lowing contrast administration (Fig. 4a). However, no

notable abnormalities were detected within the brain
parenchyma.

Routine laboratory tests, including complete blood
count (measuring white and red blood cells and plate-
lets), liver and kidney function, ions, tumor markers such
as carcinoembryonic antigen (CEA), alpha-fetoprotein
(AFP), prostate-specific antigen (PSA), neuron-specific
enolase (NSE), carbohydrate antigen 125 (CA125), car-
bohydrate antigen 153 (CA153), and carbohydrate anti-
gen 199 (CA199), as well as screening for hepatitis, HIV,
and syphilis, were normal. The CSF was colorless and
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Fig. 2 Brain MRl in Case 1. Axial T1-weighted sequence (a) showed hy-
podense thickening of meninges (arrow) in the left middle cranial fossa

transparent, with an opening pressure of 130 mmH,0,
an elevated protein level of 835 mg/L, cells at 48*10%/L
(monocytes=100%), normal glucose and chloride levels,
and no tumor cells were found. The CSF Next Generation
Sequencing (NGS, carried out by Vision Medicals Co.
Ltd, Guangzhou, Guangdong, China) revealed a nega-
tive result, indicating the absence of bacteria, fungi, DNA
or RNA viruses, or parasites. Enhanced CT scans of the
lungs and entire abdomen were normal.

Given the patient’s occupation in cattle breeding, a
specific test for Serum Brucella was conducted, reveal-
ing the presence of Brucella antibodies in both the Bru-
cellosis Tiger Red Plate Agglutination Test (positive) and
the Brucella Tube agglutination test (1:50). Suspecting an
intracranial infection caused by Brucellosis, the patient
was prescribed a regimen of oral doxycycline 100 mg
twice daily and rifampicin 600 mg once daily for 4-6
months, and intravenous Ceftriaxone 2.0 g twice daily for
a duration of four weeks. He was also given intravenous
methylprednisolone at 80 mg daily for 7 days as experi-
mental treatment, followed by oral methylprednisolone
(24 mg/d), with a rapid tapering of the dose by 4 mg
every 2 days, until complete reduction. Following 7 days
of this treatment, his headache showed improvement,
and he was subsequently discharged.

Six months after his initial discharge, the patient was
readmitted due to a recurrent headache. He reported
that his headache had returned two months after his ini-
tial discharge, gradually worsening over time, although
it could be temporarily alleviated with oral NSAIDs.
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However, one month prior to his readmission, the
headache became unbearable, and he also experienced
decreased hearing in both ears and decreased vision
in his right eye. His family noticed that only when they
raised their voice could he perceive their words. He also
found that when he covered his left eye, his right eye
could only perceive light and was unable to discern the
number of fingers in front of him. The patient underwent
a lumbar puncture at a specialized infectious disease hos-
pital, and the CSF was colorless and transparent, with
an opening pressure of 100 mmH,0O. The CSF analysis
revealed an elevated protein level of 1400 mg/L and a
cell count of 120*10°/L (monocytes=82.7%). Addition-
ally, the Brucellosis Tiger Red Plate Agglutination Test
remained positive, while the Brucella Tube agglutination
test yielded a titer of 1:50. Despite reinitiating antibacte-
rial treatment for Brucellosis, the patient’s symptoms did
not show any improvement.

Upon reexamination, the brain MRI displayed signifi-
cant thickening and contrast enhancement of the dura
mater (Fig. 4b), while the brain parenchyma appeared
normal. Additional immunological tests yielded posi-
tive results for pANCA, an elevated serum MPO-ANCA
level of 246.3CU (normal range, 0 to 20CU), an ESR of
26 mm/hour, and a high CRP level of 72.10 mg/L. How-
ever, the serum IgG4 and rheumatoid factor were within
the normal range, and the anticardiolipin antibody test
was negative.

Based on these findings, a diagnosis of MPO-ANCA-
positive HP was established. The patient’s treatment plan
consisted of an initial 3-day course of intravenous meth-
ylprednisolone at 500 mg daily, followed by oral meth-
ylprednisolone 40 mg daily and cyclophosphamide 0.4 g
administered intravenously once every two weeks. Over
the course of steroid and cyclophosphamide treatment,
the patient’s headache gradually subsided, and both his
hearing and vision showed improvement, making bru-
cellosis infection unlikely. A follow-up MRI conducted
after a 2-month treatment period revealed a reduction in
dural thickness and a diffuse regression of dural enhance-
ment (Fig. 4c). Repeat CRP and ESR tests showed levels
of 12.0 mg/L and 26 mm/hour, respectively.

Discussion

We present two cases initially diagnosed with intracra-
nial infections secondary to ear surgery and Brucella,
respectively. The first patient underwent surgery for
chronic suppurative otitis media, however, no suppura-
tive changes were identified upon pathology. The sec-
ond patient underwent treatment for brucellosis for six
months, however, his headache intensified and symp-
toms developed in the eyes and ears, indicating that the
anti-Brucella treatment was ineffective and the diagnosis
of intracranial infection was incorrect. Ultimately, they
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Fig. 3 The gadolinium enhanced T1-weighted axial images in Case 1 showed markedly enhanced meninges in the left middle cranial fossa and tento-
rium cerebelli (d, arrow). After 4-month steroid treatment, a control MRI showed a significant reduction in enhancement (e)

were diagnosed with MPO-ANCA-positive HP, and their
symptoms showed improvement following steroids and
immunosuppressant treatment.

HP was initially characterized by Charcot et al. [5] in
1869 as a progressive disease that leads to widespread
thickening of the dura mater. It can either be idiopathic
or secondary to a range of underlying conditions, includ-
ing infections (such as neurosyphilis or fungal men-
ingitis), inflammatory disorders (such as rheumatoid
arthritis or neuro sarcoidosis), and neoplasms (such as
dural carcinomatosis and meningioma) [6]. ANCAs are
classified as either cytoplasmic (c-ANCA) or perinuclear
(p-ANCA), based on their distinct immunofluorescence
patterns. The antigens responsible for these patterns are
proteinase 3 (PR3) for c-ANCA and MPO for p-ANCA
[7]. Some patients with idiopathic meningitis have been
found to have positive serum MPO-ANCA antibodies in
recent years, hinting at a possible link between idiopathic
HP and ANCA-related diseases.

Among the neurological symptoms associated with
MPO-ANCA-related HP, headache is the most prevalent,
affecting over 90% of patients with HP [8]. The cranial

nerves II, VI, and VII are most commonly affected, lead-
ing to eye involvement, such as sudden visual loss in
these patients [9, 10], as seen in case 1. Other typical clin-
ical manifestations of MPO-ANCA-positive HP include
otitis media, sinusitis, and mastoiditis, which often result
in conductive hearing loss [10, 11]. The close proximity of
the mastoid and sinus to the dura mater may account for
the coexistence of HP and ear/nose complications [12].
Our case 1 presented with headache, hearing loss, fes-
tering, tinnitus, and left peripheral facial paralysis, while
case 2 exhibited headache, hearing, and visual impair-
ment, aligning with the typical manifestations mentioned
above. Choi HA et al. [13] have proposed that the pres-
ence of an unexplained headache, particularly with para-
nasal inflammation, should be considered as a criterion
for the early recognition and accurate diagnosis of MPO-
ANCA -related HP, alongside neuroimaging findings.
Elevated ESR (87.5%) and CRP (79.0%) are the most
prevalent abnormalities in laboratory tests for ANCA-
related HP, with WBC elevation (57.1%) and neutrophil
elevation (85.7%) also commonly observed [14], as dem-
onstrated in our cases. Initially, both of our patients were



Wang et al. BMC Neurology

(2024) 24:283

Page 6 of 8

Fig. 4 The gadolinium enhanced T1-weighted axial, coronal and sagittal images in Case 2. Initial images demonstrate diffusely enhanced thick dura
mater (a). 6 months after discharge marked enhancement (b). After 2-month steroid and cyclophosphamide treatment (c). Note that diseased dura mater
became more thickened (b) compared to initial MR image (a), and less thickened as treatment was maintained (c)

diagnosed with intracranial infection due to increased
CSF protein and cell counts. A retrospective study has
indicated that CSF pressure may increase with protein
elevation in HP patients, similar to intracranial infec-
tion [14]. Further ANCA-related tests, such as MPO-
ANCA antibodies in CSF, have exhibited specificity, and
research suggests that 58% of ANCA-related HP patients
have ANCA in the CSF [8]. In terms of histology, the
typical finding is thickened dura mater tissues that show
extensive fibrotic changes and infiltration of various
immunocompetent cells, which is consistent with the
observations in case 1.

In our results, the patients showed a “diffuse” enhance-
ment pattern on MRI. Contrast-enhanced MRI stands
out as the most sensitive diagnostic imaging technique
for HP, hallmarked by dura mater enhancement that is
most prominently observed in the frontal parietal and

occipital lobes [15]. On MRI T1-weighted images, low-
to-iso intensity is also visible. The T1-weighted con-
trast-enhanced coronal images typically exhibit brilliant
enhancement of the falx cerebri and tentorium cerebelli,
resembling the appearance of the Benz sign or the illu-
minated Eiffel Tower at night, and are described as the
“Benz sign” [14, 16] or “Eiffel Tower sign” [17, 18].

A case series of fifteen ANCA-associated HP patients
pointed out that HP can result from a wide range of
inflammatory and infectious diseases, making it chal-
lenging to differentiate solely based on imaging [12]. In
case 1, the thickened dura mater was initially thought
to be caused by intracranial infection following surgery
due to the definite surgical history. However, the under-
lying cause remained elusive until the infection treat-
ment proved ineffective, highlighting the limitations of
relying solely on imaging for diagnosing the true cause
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of HP. While in case 2, the Brucella antibody titer was
only 1:50, which was lower than the diagnostic criterion
for brucellosis (1:160 or greater) [19]. Considering his
occupation involving long-term contact with cattle and
sheep, and his having a 5-month history of headache at
the first visit, we suspected that he had chronic intracra-
nial infection caused by Brucella, and he was also given
an experimental small-dose methylprednisolone therapy.
The steroids treatment improved his symptoms, but we
mistakenly believed that the anti-Brucella treatment was
effective, and we did not retest the antibody within 2 to 4
weeks. This may have delayed re-examining the diagnosis
sooner and further investigations that could have led to
the ANCA diagnosis. It was until the patient’s headache
became unbearable, along with decreased hearing and
vision, that we rechecked the Brucella antibody titer and
further confirmed the diagnosis of MPO-ANCA-posi-
tive HP. This not only reminds clinicians to be cautious
in diagnosing brucellosis when the antibody titer is less
than 1:160 and to recheck it in time, but also indicates
that when the infectious diagnosis cannot be confirmed,
we should have a high index of suspicion for an inflam-
matory disorder, especially if the patient is not improving
on antibiotics.

Both of our patients achieved successful treatment
outcomes with the administration of corticosteroids and
immunosuppressive agents. Research has demonstrated
that adequate steroid therapy, in combination with other
immunosuppressive agents such as cyclophosphamide,
azathioprine, methotrexate, mycophenolate mofetil, and
rituximab, constitutes the standard treatment approach
for MPO-ANCA-positive HP [1, 9, 14, 20]. Corticoste-
roids are considered the first-line therapy, and the addi-
tion of immunosuppressive agents represents an effective
strategy for achieving remission [1]. The consensus on
the course and dose of glucocorticoid treatment has
not yet been achieved. The majority of recommended
corticosteroid dosages in relevant studies involve pred-
nisolone at 0.5-1 mg/kg/day or dexamethasone, along
with intravenous infusion of methylprednisolone at
0.5-1.0 g/day for 3 days [14]. The dosage is then gradu-
ally tapered down, with maintenance therapy involving
a smaller dose of 20-30 mg prednisolone. However, in
Case 1 of our article, his hearing impairment developed
over a four-month period of treatment with steroids
alone. The symptoms were alleviated again after increas-
ing the dosage of prednisone and introducing Mycophe-
nolate Mofetil. The patient in Case 2, on the other hand,
received short small-dose steroids from the onset, and his
symptoms recurred again after a brief relief. Six months
later, he received cyclophosphamide in combination with
methylprednisolone, and then the symptoms and imag-
ing findings improved gradually. Therefore, we propose
that the application of low-dose steroids alone may not
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effectively control the patient’s symptoms. Instead, we
recommend the use of high-dose steroids (methylpred-
nisolone at 0.5-1.0 g/day for 3 days) or the simultane-
ous application of small-dose steroids maintenance and
immunosuppressants.

In conclusion, when patients present with atypical sen-
sorineural hearing or visual loss accompanied by head-
ache, and MRI reveals dural enhancement, particularly
in cases where anti-infection treatment has been proven
ineffective, MPO-ANCA-positive HP should be consid-
ered as a potential diagnosis. The presence of ANCA in
the CSF can aid in diagnosing ANCA-related HP. Treat-
ment for ANCA-related HP typically begins with the
administration of corticosteroids, and the addition of
immunosuppressive agents is often necessary to achieve
remission.

Acknowledgements
We would like to thank the participants and their families for their
contributions to this work.

Author contributions

JW wrote the main manuscript text, SW and ML completed the collection of
clinical data, XS guided the completion of this paper. All authors have read
and approved the final version of this manuscript for submission.

Funding
The authors have no relevant financial or non-financial interests to disclose.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethical approval and consent to participate

Ethical review and approval was not required for the study on human
participants in accordance with the local legislation and institutional
requirements. The patients provided their written informed consent to
participate in this study.

Consent for publication
Written informed consent for publication was obtained from all participants.

Competing interests
The authors declare no competing interests.

Received: 6 April 2024 / Accepted: 30 July 2024
Published online: 13 August 2024

References

1. ShimojimaY, Sekijima Y. Hypertrophic pachymeningitis in ANCA-associated
vasculitis: clinical and immunopathological features and insights. Autoim-
mun Rev. Published online 2023:103338.

2. Matias TB, Cordeiro RA, Duarte JA, et al. Immune-mediated hypertrophic
pachymeningitis and its mimickers: magnetic resonance imaging findings.
Acad Radiol. 2023;30(11):2696-706.

3. Kupersmith M, Martin V, Heller G, Shah A, Mitnick H. Idiopathic hypertrophic
pachymeningitis. Neurology. 2004,62(5):686-94.

4. Jennette JC, Falk RJ. Small-vessel vasculitis. N Engl J Med.
1997,337(21):1512-23.

5. Charcot J. Deux cas d'atrophie musculaire progressive avec lesions de la
substance grice et des faisceaux anterolateraux de la moelle epiniere. Arch
Physiol Norm Pathol. 1869;2:354-629.



Wang et al. BMC Neurology

(2024) 24:283

Peng A, Yang X, Wu W, Xiao Z, Xie D, Ge S. Anti-neutrophil cytoplasmic
antibody-associated hypertrophic cranial pachymeningitis and otitis media: a
review of literature. Eur Arch Otorhinolaryngol. 2018,275:2915-23.

Falk RJ, Jennette JC. Anti-neutrophil cytoplasmic autoantibodies with
specificity for myeloperoxidase in patients with systemic vasculitis and
idiopathic necrotizing and crescentic glomerulonephritis. N Engl J Med.
1988;318(25):1651-7.

lkeda J, Shimojima'Y, Usami Y, Ueno K; ichi, Kishida D, Sekijima Y. Cerebro-
spinal fluid biomarkers implicated in the pathogenesis of anti-neutrophil
cytoplasmic antibody-related hypertrophic pachymeningitis. Clin Rheumatol.
2020;39:1803-11.

Horino T, Takao T, Taniguchi Y, Terada Y. Hypertrophic pachymeningitis with
MPO-ANCA-positive vasculitis. Clin Rheumatol. 2010;29:111-3.

ShimojimaY, Kishida D, Ichikawa T, et al. Hypertrophic pachymeningitis in
ANCA-associated vasculitis: a cross-sectional and multi-institutional study in
Japan (J-CANVAS). Arthritis Res Ther. 2022;24(1):204.

Takagi T, Okada M, Nakamura M, et al. Imaging characteristics of hypertrophic
pachymeningitis due to ANCA-associated vasculitis. Auris Nasus Larynx.
2022;49(5):875-9.

Sakairi T, Sakurai N, Nakasatomi M, et al. Hypertrophic pachymeningitis asso-
ciated with antineutrophil cytoplasmic antibody-associated vasculitis: a case
series of 15 patients. Scand J Rheumatol. 2019;48(3):218-24.

Choi HA, Lee MJ, Chung CS. Characteristics of hypertrophic pachymeningitis
in patients with granulomatosis with polyangiitis. J Neurol. 2017,264:724-32.

Page 8 of 8

Xiao X, Fu D, Feng L. Hypertrophic pachymeningitis in a southern Chinese
population: a retrospective study. Front Neurol. 2020;11:565088.

Cagéo G, Calejo M, Alves JE. Clinical features of hypertrophic pachymeningitis
in a center survey. Neurol Sci. 2019;40(3):543-51.

Yu XL, Song XW, Guan TR, Dai QD, Zhang Y, Jiang Y. Hypertrophic pachy-
meningitis with co-occurrence of anti-neutrophil cytoplasmic antibodies
and immunoglobulin G4 seropositivity: case report and literature review. J
Neuroimmunol. 2022;368:577896.

Chittem L, Ganti S, Rajesh A. Revisiting Eiffel-at night, in brain. Neurol India.
2013,61(6):667-8.

Thomas B, Thamburaj K, Kesavadas C. Eiffel-by-night’: a new MR sign demon-
strating reactivation in idiopathic hypertrophic pachymeningitis. Neuroradiol
1.2007;20(2):194-5.

Park SH, Lee YH, Chu H, et al. Application of the microagglutination test for
serologic diagnosis of human brucellosis. Osong Public Health Res Perspect.
2012;3(1):19-23.

Bi Z, Shang K, Cao J et al. Hypertrophic pachymeningitis in Chinese patients:
presentation, radiological findings, and clinical course. BioMed Res Int.
2020;2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Two cases of MPO-ANCA-positive hypertrophic pachymeningitis mimicking as intracranial infection
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Case 1
	﻿Case 2

	﻿Discussion
	﻿References


