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Abstract 

Background:  This study investigated the characteristics of hypertrophic pachymeningitis (HP) in antineutrophil cyto‑
plasmic antibody (ANCA)-associated vasculitis (AAV), using information from a multicenter study in Japan.

Methods:  We analyzed the clinical information of 663 Asian patients with AAV (total AAV), including 558 patients 
with newly diagnosed AAV and 105 with relapsed AAV. Clinical findings were compared between patients with and 
without HP. To elucidate the relevant manifestations for HP development, multivariable logistic regression analyses 
were additionally performed.

Results:  Of the patients with AAV (mean age, 70.2 ± 13.5 years), HP was noted in 30 (4.52%), including 20 (3.58%) 
with newly diagnosed AAV and 10 (9.52%) with relapsed AAV. Granulomatosis with polyangiitis (GPA) was classified 
in 50% of patients with HP. A higher prevalence of GPA was significantly observed in patients with HP than in those 
without HP in total AAV and newly diagnosed AAV (p < 0.001). In newly diagnosed AAV, serum proteinase 3 (PR3)-
ANCA positivity was significantly higher in patients with HP than in those without HP (p = 0.030). Patients with HP 
significantly had ear, nose, and throat (ENT) (odds ratio [OR] 1.48, 95% confidence interval [CI] 1.03–2.14, p = 0.033) 
and mucous membrane/eye manifestations (OR 5.99, 95% CI 2.59–13.86, p < 0.0001) in total AAV. Moreover, they 
significantly had conductive hearing loss (OR 11.6, 95% CI 4.51–29.57, p < 0.0001) and sudden visual loss (OR 20.9, 95% 
CI 5.24–85.03, p < 0.0001).

Conclusion:  GPA was predominantly observed in patients with HP. Furthermore, in newly diagnosed AAV, patients 
with HP showed significantly higher PR3-ANCA positivity than those without HP. The ear and eye manifestations may 
be implicated in HP development.
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Introduction
Antineutrophil cytoplasmic antibody (ANCA)-associ-
ated vasculitis (AAV), which systemically affects small- 
and medium-sized vessels, involves visceral impairments 
that can lead to life-threatening complications. AAV 
can be categorized into two different types based on 
the target antigen for ANCA, which is implicated in the 
pathogenesis of AAV, including myeloperoxidase (MPO) 
and proteinase 3 (PR3) [1]. Furthermore, microscopic 
polyangiitis (MPA), granulomatosis with polyangiitis 
(GPA), and eosinophilic granulomatosis with polyangii-
tis (EGPA) are common classifications of AAV [1–3]. All 
categories of AAV generally involve neurological mani-
festations, although those in the peripheral nervous sys-
tem are more common than those in the central nervous 
system (CNS) [4, 5]. However, CNS manifestations, such 
as intracranial ischemia or hemorrhage attributed to vas-
culitis, parenchymal lesions, and encephalopathy [6, 7], 
are broadly involved in < 15 to > 50% of patients with 
AAV [4–6]. Notably, hypertrophic pachymeningitis (HP) 
can also develop as a CNS manifestation in AAV [6–8]. 
HP is characterized as an inflammatory disorder indicat-
ing intracranial or spinal thickening of the dura mater, 
and its pathology includes inflammatory cell infiltration 
and interstitial tissue fibrosis [9, 10]. HP development is 
secondarily ascribable to CNS infections, neoplasms, or 
autoinflammatory disorders; meanwhile, ANCA is more 
frequently implicated in the pathogenesis of immune-
mediated HP [9–12]. HP could develop as the first clinical 
episode of AAV, whereas approximately 15% of patients 
with HP, even with serum positivity for ANCA, cannot be 
classified as having definite AAV [10, 12], suggesting that 
HP could be a CNS-limited type of AAV [8, 10]. Moreo-
ver, patients with immune-mediated HP showing serum 
positivity for ANCA without a definite classification of 
AAV have been comprehensively categorized as ANCA-
associated HP [10–16]. Given these unclassifiable catego-
ries of immune-mediated HP with ANCA positivity, it is 
necessary to specifically understand the clinical charac-
teristics of HP developing in AAV. Several studies focus-
ing on HP in AAV have been reported to date [8, 17–20]. 
To the best of our knowledge, these previous studies were 
single-institution studies. Furthermore, their analyses 
were performed in a small number of patients, in whom 
newly diagnosed AAV and relapsed AAV were simultane-
ously included, because HP is a rare neurological disor-
der. Of them, some studies described that the ear, nose, 

and throat (ENT) or eye manifestations were frequently 
shown in patients with HP [8, 10, 17–19]; however, it is 
necessary to validate the relationship between these sug-
gestive manifestations and the development of HP by 
analyzing a large number of patients with AAV.

In this study, we clarified the epidemiological and clini-
cal characteristics of AAV by comparing patients with 
HP to those without HP. The analyses were performed 
using the information from a multicenter study in Japan 
(Japan Collaborative Registry of ANCA-Associated Vas-
culitis (J-CANVAS)), ultimately allowing for demonstrat-
ing the results acquired from a larger number of patients 
than those in the previous studies.

Methods
Patients and database
This study was performed using the clinical information 
of 663 Asian patients with AAV who were enrolled in 
the J-CANVAS from 26 divisions in 24 Japanese institu-
tions. The enrolled patients had newly diagnosed AAV 
or relapsed AAV between January 2017 and June 2020. 
All patients were aged > 20 years and classified as hav-
ing MPA, GPA, or EGPA based on the 2012 International 
Chapel Hill Consensus Conference on the Nomenclature 
of Vasculitides [2] and the European Medicines Agency 
algorithm [3]. The information regarding the diagnosis 
or relapse of AAV, including epidemiological, labora-
tory, and radiological findings and clinical manifestations 
related to AAV based on the Birmingham Vasculitis 
Activity Score version 3 (BVAS) [21], was retrospectively 
extracted from the medical records of each institution. 
All extracted data were collected using an electric data 
capture system, Viedoc (PCG Solutions, Uppsala, Swe-
den). HP was defined as radiological findings showing 
thickening of the cranial or spinal dura mater on mag-
netic resonance imaging (MRI).

Study design
In this cross-sectional study, epidemiological, clini-
cal, and laboratory findings, including MPO- and PR3-
ANCA, were compared between patients with and 
without HP. These parameters were evaluated separately 
in all the enrolled patients, patients with newly diagnosed 
AAV, and those with relapsed AAV. The overall disease 
activity, whose scale is determined to be between 0 and 
63, and the incidence of manifestations related to AAV 
were evaluated according to the BVAS [21]. In addition, 
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the scores of each manifestation were also evaluated 
based on the BVAS: (1) general (scale range, 0–3), (2) 
cutaneous (0–6), (3) mucous membranes/eyes (0–6), (4) 
ENT (0–6), (5) chest (0–6), (6) cardiovascular (0–6), (7) 
abdominal (0–9), (8) renal (0–12), and (9) nervous sys-
tem (0–9). To elucidate the relevant manifestations for 
HP development, multivariable analyses were performed 
on all the enrolled total patients.

This study was conducted based on the ethical stand-
ards of the Helsinki Declaration and the ethical guide-
line for epidemiologic research of the Ministry of Health, 
Labour and Welfare of Japan. This study was approved by 
the local institutional review boards (IRBs) of all partici-
pating institutions including the local ethics committee 
of Shinshu University (the approval number: 5126/5390). 
The IRBs waived written informed consent in this non-
invasive and observational study based on the above-
mentioned ethical guidelines. Accordingly, all patients 
received information on this study through an opt-out 
method and thus had the opportunity to decline their 
participation.

Statistical analyses
All data are presented as the mean ± standard devia-
tion (SD), and two-sided p-values < 0.05 were consid-
ered statistically significant. The Mann-Whitney U test 
and Fisher’s exact probability test were used to compare 
the patients with and without HP. Multivariable logistic 
regression analyses were used to evaluate the relation-
ships between relevant manifestations, including mucous 
membrane/eye and ENT manifestations which were 
determined based on previous studies [8, 10, 17–19], and 
HP development by estimating a regression coefficient 
with a two-sided 95% confidence interval (CI). They were 
adjusted for age, sex, and lung and renal manifestations 
as potential confounding variables based on previous 
studies and clinical perspectives. Statistical analyses were 
performed using the JMP 14.3.0 software (SAS Institute 
Inc., Cary, NC).

Results
Epidemiologic and laboratory findings in patients with HP
The mean age and male-to-female ratio were 70.2 ± 13.5 
years and 1:1.22, respectively, in 663 patients (total AAV), 
including 558 with newly diagnosed AAV (mean age, 70.8 
± 13.2 years; male-to-female ratio, 1:1.20) and 105 with 
relapsed AAV (66.8 ± 14.5 years; 1:1.39). The mean dis-
ease duration of patients with relapsed AAV was 5.7 ± 
5.6 years. Of total AAV, HP was observed in 30 (4.52%) 
patients (Table  1). They were equally classified as hav-
ing GPA or MPA (n = 15 [50%] each). A significantly 
higher classification of GPA was shown in patients with 
HP than in those without HP (p = 0.0003), although that 

of MPA was not significantly different (p = 0.341). EGPA 
was not classified in patients with HP, whereas 126 (20%) 
patients without HP were classified as having EGPA (p = 
0.003). Patients with HP had higher serum positivity for 
MPO-ANCA (n = 23 [77%]) than for PR3-ANCA (n = 6 
[20%]), while their frequencies were not significantly dif-
ferent between patients with and without HP. Negative 
ANCA results were observed in one (3%) patient with 
HP and 82 (13%) without HP (p = 0.159). Laboratory 
data demonstrated significantly lower number of white 
blood cells and lymphocytes (Lym) (p = 0.009, p = 0.020, 
respectively) in patients with HP, whereas higher serum 
creatinine (Cre) levels and lower estimated glomerular 
filtration rate (eGFR) were significantly more frequent in 
those without HP (p = 0.005, p = 0.0005, respectively).

In newly diagnosed AAV, 20 (3.58%) patients had 
HP (Table  1). GPA and MPA were classified equally in 
10 (50%) patients with HP. The GPA classification was 
significantly higher in patients with HP than in those 
without HP (p = 0.0007). The serum positivity for 
MPO-ANCA was higher (n = 14 [70%]) than that for 
PR3-ANCA (n = 5 [25%]) in patients with HP. Never-
theless, a higher serum positivity for PR3-ANCA was 
significantly observed in patients with HP than in those 
without HP (p = 0.030). Patients without HP had sig-
nificantly higher Cre levels and lower eGFR than those 
with HP (p = 0.019, p = 0.004, respectively).

In relapsed AAV, HP was demonstrated in 10 (9.52%) 
patients (Table  1), which was a significantly higher fre-
quency than that in newly diagnosed AAV (p = 0.017) 
(Additional file  1: Table  S1). Of the ten patients with 
HP, five (50%) were equally classified as having GPA 
and MPA. There were no significant differences in the 
AAV classification between patients with and without 
HP. Meanwhile, patients without HP showed a signifi-
cantly higher prevalence of GPA and lower prevalence of 
MPA in relapsed AAV than in newly diagnosed AAV (p 
< 0.0001, p < 0.0001, respectively). Patients with HP had 
higher serum positivity for MPO-ANCA (n = 9 [90%]) 
than for PR3-ANCA (n = 1 [10%]), and MPO-ANCA 
serum positivity was significantly higher in patients 
with HP than in those without HP (p = 0.042). Labora-
tory findings revealed significantly lower Lym counts in 
patients with HP than in those without HP (p = 0.002).

Clinical characteristics based on BVAS in patients with HP
The incidence and scores of mucous membrane/eye and 
ENT manifestations were significantly higher in patients 
with HP than in those without HP in total AAV (inci-
dence: p < 0.0001, p = 0.001, respectively) (scores: p < 
0.0001, p < 0.0001, respectively) (Table 2). In the analy-
ses of newly diagnosed AAV, these manifestations also 
had a significantly higher incidence and scores in patients 
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with HP than in those without HP (incidence: p = 0.007, 
p = 0.0002, respectively) (scores: p = 0.013, p < 0.0001, 
respectively). In relapsed AAV, the incidence and scores 
of mucous membrane/eye manifestation were signifi-
cantly higher in patients with HP than in those without 
HP (p = 0.002, p = 0.0001, respectively), whereas those 
of ENT manifestations were not significantly different. 
Meanwhile, significantly higher rates of complications 
of “sudden visual loss” and “conductive hearing loss,” 
which are classified as mucous membrane/eye and ENT 
manifestations, respectively [21], were demonstrated 
in patients with HP than in those without HP in each 
analysis of total AAV (p < 0.0001, p < 0.0001, respec-
tively), newly diagnosed AAV (p = 0.012, p < 0.0001, 
respectively), and relapsed AAV (p = 0.001, p = 0.044, 
respectively) (Table 3). Conversely, the incidence of cuta-
neous and renal manifestations was significantly lower in 
patients with HP than in those without HP in total AAV 
(p = 0.042, p = 0.003, respectively). The scores of renal 
manifestations were also significantly lower in patients 
with HP than in those without HP in the analyses of 

total AAV and newly diagnosed AAV (p = 0.0008, p = 
0.002, respectively). In relapsed AAV, the incidence and 
scores of renal manifestations were not significantly dif-
ferent between patients with and without HP; however, 
those in patients without HP were significantly lower in 
relapsed AAV than in newly diagnosed AAV (p < 0.0001, 
p < 0.0001, respectively). Moreover, incidence and scores 
of renal manifestations were not significantly different 
between patients with HP in newly diagnosed AAV and 
those in relapsed AAV (Additional file 1: Table S1).

These results suggest that mucous membrane/eye and 
ENT manifestations may be implicated in the development 
of HP. Moreover, previous studies indicated the frequent 
existence of these two manifestations in patients with HP 
in AAV [8, 10, 17–19]. Next, the relationships between 
these two manifestations and HP development were evalu-
ated in total AAV. In multivariable logistic regression anal-
yses after adjustment for potential confounding variables 
including age, sex, and lung and renal manifestations, HP 
was significantly associated with an incidence of mucous 
membrane/eye (odds ratio [OR] 5.99, 95% CI 2.59 to 13.86, 

Table 1  Demographic and laboratory findings between AAV patients with and without HP

Values are expressed as the mean ± SD. Statistical significance was set at p-value < 0.05

ANCA antineutrophil cytoplasmic antibody, AAV ANCA-associated vasculitis, GPA eosinophilic granulomatosis with polyangiitis, eGFR estimated glomerular filtration 
rate, GPA granulomatosis with polyangiitis, HP hypertrophic pachymeningitis, MPA microscopic polyangiitis

Total AAV Newly diagnosed AAV Relapsed AAV

HP (n = 30) Non-HP (n = 
633)

p-values HP (n = 20) Non-HP (n = 
538)

p-values HP (n = 10) Non-HP (n = 
95)

p-values

Characteristics

  Age, years 71.1 ± 8.0 70.2 ± 13.7 0.509 70.8 ± 8.5 70.9 ± 13.4 0.349 71.9 ± 7.5 66.3 ± 15.0 0.425

  Sex, male/
female, n (%)

18/12 280/353 0.095 12/8 280/353 0.177 6/4 38/57 0.315

AAV classification, n (%)

  GPA 15 (50) 126 (20) 0.0003 10 (50) 89 (17) 0.0007 5 (50) 37 (39) 0.516

  MPA 15 (50) 309 (60) 0.341 10 (50) 345 (64) 0.238 5 (50) 36 (38) 0.507

  EGPA 0 126 (20) 0.003 0 104 (19) 0.345 0 22 (23) 0.116

Type of ANCA, n (%)

  PR3 6 (20) 78 (12) 0.254 5 (25) 47 (9) 0.030 1 (10) 31 (32) 0.277

  MPO 23 (77) 473 (75) 0.999 14 (70) 421 (78) 0.409 9 (90) 52 (55) 0.042

  Seronegative 1 (3) 82 (13) 0.159 1 (5) 70 (13) 0.494 0 12 (13) 0.599

Laboratory data

  White blood 
cells, /μL

9618 ± 4124 12398 ± 6425 0.009 10510 ± 4628 12729 ± 6533 0.129 7834 ± 2069 10528 ± 5435 0.084

  Neutrophils, 
/μL

8017 ± 4189 8456 ± 4487 0.586 8635 ± 4889 8569 ± 4588 0.936 6842 ± 2102 7830 ± 3848 0.523

  Lymphocytes, 
/μL

1045 ± 630 1326 ± 748 0.020 1269 ± 632 1357 ± 756 0.826 587 ± 310 1153 ± 679 0.002

  C-reactive 
protein, mg/dL

5.22 ± 5.59 7.12 ± 6.27 0.505 7.35 ± 5.70 7.73 ± 6.33 0.892 3.97 ± 4.86 3.68 ± 4.70 0.674

  Serum creati‑
nine, mg/dL

0.79 ± 0.36 1.44 ± 1.55 0.005 0.78 ± 0.33 1.45 ± 1.57 0.019 0.82 ± 0.44 1.39 ± 1.43 0.111

  eGFR 75.7 ± 24.8 57.2 ± 31.9 0.0005 75.8 ± 23.0 57.1 ± 32.1 0.004 76.5 ± 29.5 57.8 ± 31.3 0.077
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p < 0.0001) and ENT (OR 1.48, CI 1.03 to 2.14, p = 0.033) 
manifestations (Fig. 1a). Patients with HP also significantly 
demonstrated the association with scores for membrane/
eye (OR 1.36, 95% CI 1.13–1.62, p = 0.0008) and ENT (OR 
1.26, 95% CI 1.07–1.47, p = 0.004) manifestations (Fig. 1b). 
In addition, sudden visual loss and conductive hearing loss 
were significantly identified in patients with HP (OR 20.9, 
95% CI 5.24–85.03, p < 0.0001; OR 11.6, 95% CI 4.51–
29.57, p < 0.0001, respectively) (Fig. 1c).

Neurological findings
The incidence and scores of nervous system manifesta-
tions were significantly higher in patients with HP than 

in those without HP in total AAV (p < 0.0001, p = 0.0008, 
respectively) and newly diagnosed AAV (p < 0.0001, p = 
0.002, respectively), whereas they were not significantly 
different in relapsed AAV (p = 0.090, p = 0.114, respec-
tively) (Table 2). Patients with HP had significantly higher 
frequencies of headache and cranial nerve palsy than 
those without HP in total AAV (p < 0.0001, p < 0.0001, 
respectively), newly diagnosed AAV (p < 0.0001, p = 
0.0003, respectively), and relapsed AAV (p = 0.005, p = 
0.003, respectively) (Table  4). The frequency of menin-
gitis and spinal cord lesions was also significantly higher 
in patients with HP than in those without HP, although 
meningitis was not significantly different in newly diag-
nosed AAV. Conversely, mononeuritis multiplex was less 

Table 2  Incidence and scores of manifestations related to AAV between AAV patients with and without HP

Statistical significance was set at a p-value < 0.05. Values are expressed as mean ± SD

ANCA antineutrophil cytoplasmic antibody, AAV ANCA-associated vasculitis, BVAS Birmingham Vasculitis Activity Score version 3, ENT eye, nose, and throat, HP 
hypertrophic pachymeningitis
a Scored for each manifestation item based on the BVAS [21]

Total AAV Newly diagnosed AAV Relapsed AAV

HP (n = 30) Non-HP (n = 
633)

p-values HP (n = 20) Non-HP (n = 
538)

p-values HP (n = 10) Non-HP (n = 
95)

p-values

BVAS, total
  Total score 13.4 ± 5.56 14.9 ± 7.11 0.364 14.0 ± 5.40 15.7 ± 7.01 0.362 12.3 ± 5.98 10.6 ± 6.02 0.390

Manifestation
  Incidence, number (%)

    General 13 (43) 367 (58) 0.132 11 (55) 335 (62) 0.640 2 (20) 32 (34) 0.494

    Cutaneous 2 (7) 149 (24) 0.042 2 (10) 136 (25) 0.184 0 13 (14) 0.357

    Mucous 
membranes/eyes

11 (37) 55 (8) < 0.0001 6 (30) 47 (9) 0.007 5 (50) 8 (8) 0.002

    ENT 16 (53) 157 (25) 0.001 13 (65) 135 (25) 0.0002 3 (30) 22 (23) 0.698

    Chest 10 (33) 272 (46) 0.194 7 (35) 255 (47) 0.363 3 (30) 35 (37) 0.745

    Cardiovas‑
cular

0 46 (7) 0.257 0 42 (8) 0.388 0 4 (4) 0.999

    Abdominal 0 24 (4) 0.619 0 21 (4) 0.999 0 3 (3) 0.999

    Renal 12 (40) 427 (67) 0.003 10 (50) 381 (71) 0.077 2 (20) 46 (48) 0.106

    Nervous 
system

25 (83) 232 (37) < 0.0001 18 (90) 195 (36) < 0.0001 7 (70) 37 (39) 0.090

  Scorea

    General 1.00 ± 1.25 1.34 ± 1.28 0.153 1.35 ± 1.31 1.47 ± 1.28 0.612 0.40 ± 0.84 0.63 ± 0.99 0.421

    Cutaneous 0.13 ± 0.51 0.58 ± 1.17 0.029 0.20 ± 0.62 0.63 ± 1.21 0.111 0 0.29 ± 0.89 0.215

    Mucous 
membranes/eyes

1.62 ± 2.40 0.30 ± 1.13 < 0.0001 1.05 ± 1.93 0.29 ± 1.07 0.013 2.60 ± 2.99 0.40 ± 1.42 0.0001

    ENT 2.52 ± 2.62 0.95 ± 1.88 < 0.0001 3.05 ± 2.56 0.95 ± 1.87 < 0.0001 1.50 ± 2.55 0.94 ± 1.96 0.529

    Chest 1.50 ± 2.29 2.07 ± 2.41 0.184 1.45 ± 2.16 2.13 ± 2.41 0.191 1.60 ± 2.63 1.69 ± 2.38 0.834

    Cardiovas‑
cular

0 0.40 ± 1.46 0.126 0 0.43 ± 1.52 0.194 0 0.22 ± 1.09 0.510

    Abdominal 0 0.30 ± 1.58 0.278 0 0.32 ± 1.63 0.368 0 0.22 ± 1.25 0.571

    Renal 3.13 ± 4.45 6.37 ± 5.10 0.0008 3.60 ± 4.38 6.85 ± 5.07 0.005 2.20 ± 4.66 3.66 ± 4.46 0.191

    Nervous 
system

3.53 ± 3.22 2.61 ± 3.73 0.0008 3.30 ± 3.16 2.64 ± 3.76 0.002 4.00 ± 3.46 2.48 ± 3.54 0.114
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frequently observed in patients with HP than in those 
without HP in total AAV (p = 0.009) and newly diag-
nosed AAV (p = 0.034).

Discussion
This study used the clinical information from a nation-
wide survey of AAV in Japan. We ultimately indicated 
the key findings that patients with HP had a higher 
prevalence of GPA and higher PR3-ANCA serum posi-
tivity than those without HP, and moreover, ENT and 

mucous membrane/eye manifestations were associated 
with HP development in AAV. Several single-center 
studies on ANCA-associated HP have been presented 
to date; however, it might be difficult to accurately 
determine the clinical characteristics contributing to 
HP development in AAV because of the limited num-
ber of patients analyzed at each institution. Consider-
ing the ethnic viewpoint of ANCA-associated HP, the 
majority of published studies have been reported from 
East Asian counties including Japan [8, 10, 15–20]. 

Table 3  Comparison of clinical items in mucous membrane/eye and ENT manifestation between patients with and without HP

Statistical significance was set at p-value < 0.05

ANCA antineutrophil cytoplasmic antibody, AAV ANCA-associated vasculitis, ENT ear, nose, and throat, HP hypertrophic pachymeningitis

Total AAV Newly diagnosed AAV Relapsed AAV

HP (n = 30) Non-HP (n = 
633)

p-values HP (n = 20) Non-HP (n = 
538)

p-values HP (n = 10) Non-HP (n = 
95)

p-values

Manifestation
  Mucous membranes/eyes, number (%)

    Mouth 
ulcers

0 9 (1.4) 0.999 0 9 (1.7) – – 0 –

    Genital 
ulcers

0 0 – 0 0 – – 0 –

    Adnexal 
inflammation

0 0 – 0 0 – – 0 –

    Significant 
proptosis

0 5 (0.8) 1 0 2 (0.4) 1 0 3 (3.2) 0.999

    Scleritis/
episcleritis

5 (17) 29 (4.6) 0.015 3 (15) 26 (4.8) 0.079 2 (20) 3 (3.2) 0.070

    Conjuncti‑
vitis/blepharitis/
keratitis

0 7 (1.1) 0.999 0 7 (1.3) 0.999 0 0 –

    Blurred 
vision

2 (6.7) 10 (1.6) 0.099 1 (5) 8 (1.5) 0.282 1 (10) 2 (2.1) 0.262

    Sudden 
visual loss

6 (20) 6 (0.9) < 0.0001 2 (10) 3 (0.5) 0.012 4 (40) 3 (3.2) 0.001

    Uveitis 0 4 (0.6) 1 0 5 (0.9) 0.999 0 0 –

    Retinal 
changes (vascu‑
litis, thrombosis/
exudate/hemor‑
rhage)

0 5 (0.8) 0.999 0 3 (0.5) 0.999 0 1 (1.1) 1

  ENT, number (%)

    Bloody 
nasal discharge/
crusts/ulcers/
granulomata

2 (6.7) 46 (7.2) 0.999 1 (5) 38 (7.1) 0.999 1 (10) 8 (8) 0.999

    Paranasal 
sinus involve‑
ment

7 (23) 108 (17) 0.334 5 (17) 76 (17) 0.371 2 (20) 15 (16) 0.663

    Subglottic 
stenosis

0 1 (0.2) 1 0 0 – 0 1 (1.1) 1

    Conductive 
hearing loss

11 (37) 42 (6.6) < 0.0001 9 (45) 40 (7.4) < 0.0001 2 (20) 2 (2.1) 0.044

    Sensorineu‑
ral hearing loss

7 (23) 25 (3.9) 0.0003 5 (25) 20 (3.7) 0.001 2 (20) 5 (5.3) 0.133
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Consequently, this was the first study to assess the clini-
cal characteristics of HP using the enrolled information 
from many Japanese patients with AAV, demonstrating 
the epidemiological findings, especially the frequency 
of HP and classification in AAV, as more reliable results 

than those in single-institutional studies. In addition, 
we also performed the analyses separately for newly 
diagnosed and relapsed AAV, elucidating consistent 
or different characteristics depending on the clinical 
stage of AAV in patients with HP. Our results showed 

Fig. 1  Multivariable logistic analyses of significant manifestations related to antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis 
in patients with hypertrophic pachymeningitis after adjustment for potential confounding variables. Incidence (a) and scores (b) of the mucous 
membrane/eye and ear, nose, and throat (ENT) manifestations and incidence of sudden visual loss and conductive hearing loss (c) were analyzed. 
OR, odds ratio; CI, confidence interval
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an equal prevalence of GPA and MPA in patients with 
HP. Moreover, a higher classification of GPA was sig-
nificant in patients with HP than in those without HP 
in the analyses of total and newly diagnosed AAV. It 
has also been suggested that patients with HP could be 
predominantly classified as having GPA in AAV [8, 10, 
17–19], although the predominant prevalence of MPA 
has been found as an epidemiologic feature of AAV 
in Japan despite the dominance of GPA in European 
countries and the USA [22, 23]. The GPA classifica-
tion could be dominantly found overall in patients with 
AAV who develop HP, even in Japan. Moreover, PR3-
ANCA serum positivity in newly diagnosed AAV was 
significantly higher in patients with HP than in those 
without HP. Taken together, our results suggest that 
GPA with PR3-ANCA positivity may be predominantly 
observed in patients with HP in newly diagnosed AAV. 
PR3-ANCA serum positivity was found to be a risk fac-
tor for AAV relapse [24], but it might not be applicable 
to HP development in relapse. In contrast, HP related 
to MPO-ANCA could broadly develop in patients with 
both MPA and GPA throughout the course of AAV. In 
fact, the prevalence of HP was significantly lower in 
newly diagnosed AAV than in relapsed AAV, support-
ing the theory that CNS involvement could develop in 
the chronic phase of AAV [6, 7]. However, some cases 
of HP in AAV, whose initial diagnosis of MPA was 
changed to GPA, have been reported [8, 19, 25], sug-
gesting that HP could be the initial episode of GPA.

Mucous membrane/eye manifestations were signifi-
cantly more common in patients with HP than in those 
without HP; notably, sudden visual loss in this category 
[21] was a pivotal involvement in patients with HP. ENT 
manifestations were also significantly observed in patients 
with HP in total AAV and newly diagnosed AAV. In con-
trast, ENT dominance could not be significantly proved 
in relapsed AAV, suggesting that there was no significant 
difference in GPA classification between patients with and 
without HP because of increased GPA in patients without 
HP. However, conductive hearing loss in the ENT cat-
egory, which is ascribable to middle ear impairment [21], 
was significantly involved in patients with HP even in 
relapsed AAV. Accordingly, mucous membrane/eye and 
ENT manifestations have been suggested as relevant clini-
cal factors for HP development in AAV. Furthermore, sud-
den visual loss and conductive hearing loss were identified 
as principal involvements. Previous studies have suggested 
a relationship between otitis media and HP in AAV [8, 10, 
17, 19, 26]. Only one study has revealed that visual impair-
ment was more frequently observed in patients with HP 
than in those without HP in GPA [18]. In our study, both 
involvements were simultaneously demonstrated as signif-
icantly related manifestations in patients developing HP in 
AAV. Conversely, renal manifestations were relatively less 
involved in patients with HP, suggesting that the pathogen-
esis of renal damage may be less implicated in the develop-
ment of HP. Considering the pathological aspects of AAV, 
granulomatosis with inflammatory cell infiltration has 

Table 4  Comparison of neurological symptoms between patients with and without HP

Statistical significance was set at a p-value < 0.05

ANCA antineutrophil cytoplasmic antibody, AAV ANCA-associated vasculitis, HP hypertrophic pachymeningitis

Total AAV Newly diagnosed AAV Relapsed AAV

HP (n = 30) Non-HP (n = 
633)

p-values HP (n = 20) Non-HP (n = 
538)

p-values HP (n = 10) Non-HP (n = 
95)

p-values

Nervous system, number (%)

  Headache 21 (70) 34 (5.7) < 0.0001 16 (80) 29 (5.4) < 0.0001 5 (50) 10 (11) 0.005

  Meningitis 3 (10) 2 (0.3) 0.0007 1 (5) 1 (0.2) 0.071 2 (20) 1 (1.1) 0.023

  Organic confu‑
sion

1 (3.3) 6 (0.9) 0.278 1 (5) 6 (1.1) 0.227 0 0 –

  Seizures 0 4 (0.6) 1 0 2 (0.3) 1 0 2 (2.1) 0.999

  Stroke 0 9 (1.4) 0.999 0 8 (1.5) 0.999 0 1 (1.1) 0.999

  Spinal cord 
lesion

3 (10) 2 (0.3) 0.0008 1 (5) 1 (0.2) 0.007 2 (20) 1 (1.1) 0.023

  Cranial nerve 
palsy

10 (33) 19 (3) < 0.0001 5 (25) 15 (2.8) 0.0003 5 (50) 4 (4.2) 0.003

  Sensory 
peripheral neu‑
ropathy

3 (10) 166 (26) 0.052 3 (15) 145 (27) 0.307 0 21 (22) 0.206

  Mononeuritis 
multiplex

0 105 (17) 0.009 0 93 (17) 0.034 0 12 (13) 0.599
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been more prominently exhibited in the upper and lower 
respiratory tracts, whereas necrotizing vasculitis, which 
widely affects small- to medium-sized vessels, typically 
indicates renal involvement [27, 28]. Although patients 
with HP rarely had mononeuritis multiplex, which is also 
ascribable to small- to medium-sized vasculitis [4, 29], the 
manifestations typically attributable to vasculitis might 
be little associated with HP development. It has been 
assumed that direct extension and/or transfer to the CNS 
from upper respiratory lesions, including granulomatosis 
inflammation, may be implicated in the mechanism for 
developing HP related to AAV [15, 16, 30]. Accordingly, 
our study also suggested that inflammatory lesions adja-
cent to the CNS, notably including eye and middle ear 
involvement, may be robustly implicated in HP develop-
ment in AAV. In fact, it was demonstrated that HP, which 
was related to otitis media with AAV (OMAAV), was the 
most commonly localized in a cranial fossa [31].

This study also demonstrated that headache and cra-
nial neuropathies were common neurological symptoms 
associated with HP in both newly diagnosed and relapsed 
AAV, consistent with previous reports [8, 10, 15–20]. In 
addition, our results indicated meningitis and spinal cord 
lesion as significant conditions in patients with HP. Cer-
ebrospinal fluid (CSF) pleocytosis can be observed in 
ANCA-associated HP [10, 13, 17, 19]. However, the dura 
mater is outside the subdural space, which is anatomi-
cally separate from the CSF space [32, 33], suggesting 
that HP-mediated inflammation might extensively invade 
leptomeninges when pleocytosis can be observed. More-
over, meningitis may be involved in immune-mediated 
HP. Meanwhile, it was impossible to ascertain the types 
of spinal cord lesions that were analyzed because this 
study was performed using comprehensive items based 
on the BVAS. Therefore, localization of the thickened 
dura mater was uncertain, although HP can also develop 
in the spinal cord [10, 17, 34, 35].

There are other limitations in this study. First, some 
studies have suggested that mastoiditis, which was not 
evaluated in our study, is also frequently observed in 
patients with ANCA-related HP [10, 16, 19]. Never-
theless, this could develop as a result of the spreading 
effect of middle ear inflammation [36], suggesting that 
results are analogous to conductive hearing loss. Mean-
while, the frequency of mixed conductive-sensorineural 
hearing loss was found to be 9-fold higher than that of 
conductive hearing loss in patients with OMAAV [26]. 
However, it is difficult to differentiate conductive hear-
ing loss from mixed conductive-sensorineural hearing 
loss in our study design based on BVAS. Second, cranial 
neuropathies were found to be significant manifesta-
tions of HP; however, it was impossible to identify spe-
cific types of impaired cranial nerves. Third, EGPA was 

ultimately not included in patients with HP, whereas 
some cases of HP in EGPA have been recently reported 
[17, 20, 37–39]. Although our study focused on the over-
view of HP in GPA or MPA, it is also necessary to elu-
cidate the characteristics of HP in EGPA. Forth, brain 
MRI was not performed on all patients in the database 
of this study because the clinical information was retro-
spectively enrolled from the medical records. Therefore, 
it is necessary to establish the study design in which all 
patients perform brain MRI for more precise epidemio-
logical analyses.

Conclusions
GPA was classified in 50% of the patients with HP. The 
prevalence of GPA was significantly higher in patients 
with HP than in those without HP in total AAV and 
newly diagnosed AAV. Furthermore, patients with HP 
showed significantly higher PR3-ANCA serum positiv-
ity than those without HP in newly diagnosed AAV. Con-
versely, MPO-ANCA serum positivity was significantly 
higher in patients with HP than in those without HP in 
relapsed AAV. Taken together, GPA can be predomi-
nantly classified in patients with HP. Moreover, patients 
with HP classified as PR3-ANCA-positive GPA could be 
significantly observed in newly diagnosed AAV. HP with 
MPO-ANCA serum positivity could develop throughout 
the clinical course of AAV. ENT and mucous membrane/
eye manifestations, notably sudden visual loss and con-
ductive hearing loss, were relevantly identified in patients 
who develop HP in AAV. We expect that the accumula-
tion of significant results determining clinical charac-
teristics can be useful for predicting HP development in 
AAV. However, this study was performed using limited 
clinical information despite the first attempt at a multi-
institutional survey. Accordingly, further investigation, by 
analyzing more detailed information from a larger num-
ber of patients, is required to elucidate the pathogenesis 
of HP in AAV.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13075-​022-​02898-4.

Additional file 1: Table S1. Comparison of demographic and clinical find‑
ings between newly diagnosed and relapsed AAV in patients with HP.

Acknowledgements
Not applicable.

Authors’ contributions
YS, DK, TI, and YSE were involved in the study design and developed the 
structure and argument for this study. YS, DK, TI, TK, NY, SO, DN, YA, MK, NT, 
AN, YK, NK, YY, TY, KE, SH, KM, TT, KI, MKA, RY, YM, RN, RO, TTA, TIT, MM, AT, and 
YM obtained the clinical data. YS analyzed the obtained data. YS, TK, TK, and 
NY interpreted the analyzed data. YS prepared the draft of this manuscript 

https://doi.org/10.1186/s13075-022-02898-4
https://doi.org/10.1186/s13075-022-02898-4


Page 10 of 11Shimojima et al. Arthritis Research & Therapy          (2022) 24:204 

and contributed to the revision of the manuscript. All authors revised and 
approved the final manuscript.

Funding
None.

Availability of data and materials
The data for the analyses in this study are available on reasonable request.

Declarations

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Medicine (Neurology and Rheumatology), Shinshu University 
School of Medicine, 3‑1‑1 Asahi, Matsumoto 390‑8621, Japan. 2 Inflammation 
and Immunology, Graduate School of Medical Science, Kyoto Prefectural 
University of Medicine, Kyoto, Japan. 3 Division of Rheumatology, Department 
of Medicine, Showa University School of Medicine, Tokyo, Japan. 4 Depart‑
ment of Rheumatology, University of Yamanashi Hospital, Yamanashi, Japan. 
5 Department of Internal Medicine and Rheumatology, Juntendo University, 
Tokyo, Japan. 6 Center for Rheumatic Disease, Japanese Red Cross Society 
Kyoto Daiichi Hospital, Kyoto, Japan. 7 Department of Rheumatology, Chubu 
Rosai Hospital, Nagoya, Japan. 8 Immuno‑Rheumatology Center, St. Luke’s 
International Hospital, Tokyo, Japan. 9 Department of Rheumatology, Japanese 
Red Cross Society Kyoto Daini Hospital, Kyoto, Japan. 10 Department of Neph‑
rology, Kyoto Katsura Hospital, Kyoto, Japan. 11 Department of Respiratory 
Medicine and Allergy, Tosei General Hospital, Seto, Aichi, Japan. 12 Depart‑
ment of Hematology and Rheumatology, Kagoshima University Hospital, 
Kagoshima, Japan. 13 Department of Pharmacoepidemiology, Graduate School 
of Medicine and Public Health, Kyoto University, Kyoto, Japan. 14 Department 
of General Internal Medicine, Tottori Prefectural Central Hospital, Tottori, 
Japan. 15 Department of Clinical Immunology and Rheumatology, Hiroshima 
University Hospital, Hiroshima, Japan. 16 Department of Diabetes, Endocrinol‑
ogy and Clinical Immunology, Hyogo Medical University School of Medicine, 
Nishinomiya, Hyogo, Japan. 17 Department of Internal Medicine (IV), Osaka 
Medical and Pharmaceutical University, Osaka, Japan. 18 Department of Immu‑
nology and Rheumatology, Division of Advanced Preventive Medical Sciences, 
Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, Japan. 
19 Department of Rheumatology, Endocrinology and Nephrology, Gradu‑
ate School of Medicine, Hokkaido University, Sapporo, Japan. 20 Department 
of Rheumatology, Tokyo Kyosai Hospital, Tokyo, Japan. 21 Department of Rheu‑
matology, Graduate School of Medical and Dental Sciences, Tokyo Medical 
and Dental University, Tokyo, Japan. 22 Department of Rheumatology, Graduate 
School of Medical Science, Kanazawa University, Kanazawa, Japan. 23 Division 
of Respiratory Medicine and Rheumatology, Department of Multidisciplinary 
Internal Medicine, Faculty of Medicine, Tottori University, Yonago, Japan. 24 Divi‑
sion of Gastroenterology and Nephrology, Tottori University, Yonago, Japan. 
25 Division of Nephrology, Shimane University Hospital, Izumo, Shimane, Japan. 
26 Department of Rheumatology, Shimane University Faculty of Medicine, 
Izumo, Shimane, Japan. 27 Rheumatic Disease Center, Sasebo Chuo Hospital, 
Nagasaki, Japan. 28 Department of Nephrology, Rheumatology, Endocrinology 
and Metabolism, Okayama University Graduate School of Medicine, Dentistry 
and Pharmaceutical Sciences, Okayama, Japan. 29 The Clinical and Translational 
Research Center, University Hospital, Kyoto Prefectural University of Medicine, 
Kyoto, Japan. 30 Department of Practical Pharmacy, Tokyo University of Phar‑
macy and Life Sciences, Tokyo, Japan. 

Received: 12 May 2022   Accepted: 17 August 2022

References
	1.	 Jennette JC, Falk RJ. Pathogenesis of antineutrophil cytoplasmic 

autoantibody-mediated disease. Nat Rev Rheumatol. 2014;10(8):463–73.
	2.	 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 Rheum. 2013;65(1):1–11.

	3.	 Watts R, Lane S, Hanslik T, Hauser T, Hellmich B, Koldingsnes W, et al. 
Development and validation of a consensus methodology for the clas‑
sification of the ANCA-associated vasculitides and polyarteritis nodosa for 
epidemiological studies. Ann Rheum Dis. 2007;66(2):222–7.

	4.	 Gwathmey KG, Burns TM, Collins MP, Dyck PJ. Vasculitic neuropathies. 
Lancet Neurol. 2014;13(1):67–82.

	5.	 De Luna G, Terrier B, Kaminsky P, Le Quellec A, Maurier F, Solans R, et al. 
Central nervous system involvement of granulomatosis with polyangii‑
tis: clinical-radiological presentation distinguishes different outcomes. 
Rheumatology (Oxford). 2015;54(3):424–32.

	6.	 Zheng Y, Zhang Y, Cai M, Lai N, Chen Z, Ding M. Central nervous system 
involvement in ANCA-associated vasculitis: what neurologists need to 
know. Front Neurol. 2018;9:1166.

	7.	 Graf J. Central nervous system disease in antineutrophil cytoplasmic anti‑
bodies-associated vasculitis. Rheum Dis Clin North Am. 2017;43(4):573–8.

	8.	 Shimojima Y, Kishida D, Hineno A, Yazaki M, Sekijima Y, Ikeda SI. Hyper‑
trophic pachymeningitis is a characteristic manifestation of granulomato‑
sis with polyangiitis: a retrospective study of anti-neutrophil cytoplasmic 
antibody-associated vasculitis. Int J Rheum Dis. 2017;20(4):489–96.

	9.	 Kupersmith MJ, Martin V, Heller G, Shah A, Mitnick HJ. Idiopathic hyper‑
trophic pachymeningitis. Neurology. 2004;62(5):686–94.

	10.	 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;137(Pt 2):520–36.

	11.	 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;85(7):732–9.

	12.	 Ikeda J, Shimojima Y, Usami Y, Ueno KI, Kishida D, Sekijima Y. Cerebrospinal 
fluid biomarkers implicated in the pathogenesis of anti-neutrophil cyto‑
plasmic antibody-related hypertrophic pachymeningitis. Clin Rheumatol. 
2020;39(6):1803–11.

	13.	 Shimojima Y, Kishida D, Sekijima Y. Increased BAFF and APRIL levels in the 
cerebrospinal fluid of patients with anti-neutrophil cytoplasmic antibody-
related hypertrophic pachymeningitis. Cytokine. 2017;99:305–9.

	14.	 Chen H, Zhang W, Jing J, Raza HK, Zhang Z, Zhu J, et al. The clinical and 
imaging features of hypertrophic pachymeningitis: a clinical analysis on 
22 patients. Neurol Sci. 2019;40(2):269–74.

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

	16.	 Bi Z, Shang K, Cao J, Su Z, Bu B, Xu S, et al. Hypertrophic pachymeningi‑
tis in Chinese patients: presentation, radiological findings, and clinical 
course. Biomed Res Int. 2020;2020:2926419.

	17.	 Sakairi T, Sakurai N, Nakasatomi M, Ikeuchi H, Kaneko Y, Maeshima A, et al. 
Hypertrophic pachymeningitis associated with antineutrophil cytoplas‑
mic antibody-associated vasculitis: a case series of 15 patients. Scand J 
Rheumatol. 2019;48(3):218–24.

	18.	 Choi HA, Lee MJ, Chung CS. Characteristics of hypertrophic pachy‑
meningitis in patients with granulomatosis with polyangiitis. J Neurol. 
2017;264(4):724–32.

	19.	 Imafuku A, Sawa N, Kawada M, Hiramatsu R, Hasegawa E, Yamanouchi M, 
et al. Incidence and risk factors of new-onset hypertrophic pachymen‑
ingitis in patients with anti-neutrophil antibody-associated vasculitis: 
using logistic regression and classification tree analysis. Clin Rheumatol. 
2019;38(4):1039–46.

	20.	 Kobayashi K, Nakagomi D, Furuta S, Kobayashi Y, Hanai S, Yamagata M, 
et al. Efficacy of rituximab for anti-neutrophil cytoplasmic antibody-asso‑
ciated hypertrophic pachymeningitis: a case series. Clin Exp Rheumatol. 
2020;38(Suppl 124(2)):176–81.

	21.	 Mukhtyar C, Lee R, Brown D, Carruthers D, Dasgupta B, Dubey S, et al. 
Modification and validation of the Birmingham Vasculitis Activity Score 
(version 3). Ann Rheum Dis. 2009;68(12):1827–32.

	22.	 Fujimoto S, Watts RA, Kobayashi S, Suzuki K, Jayne DR, Scott DG, et al. 
Comparison of the epidemiology of anti-neutrophil cytoplasmic 
antibody-associated vasculitis between Japan and the U.K. Rheumatol‑
ogy (Oxford). 2011;50(10):1916–20.

	23.	 Sada KE, Harigai M, Amano K, Atsumi T, Fujimoto S, Yuzawa Y, et al. Com‑
parison of severity classification in Japanese patients with antineutrophil 
cytoplasmic antibody-associated vasculitis in a nationwide, prospective, 
inception cohort study. Mod Rheumatol. 2016;26(5):730–7.

	24.	 King C, Druce KL, Nightingale P, Kay E, Basu N, Salama AD, et al. 
Predicting relapse in anti-neutrophil cytoplasmic antibody-associated 



Page 11 of 11Shimojima et al. Arthritis Research & Therapy          (2022) 24:204 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

vasculitis: a systematic review and meta-analysis. Rheumatol Adv Pract. 
2021;5(3):rkab018.

	25.	 Watanabe K, Tani Y, Kimura H, Asai J, Tanaka K, Hayashi Y, et al. Hyper‑
trophic cranial pachymeningitis in MPO-ANCA-related vasculitis: a case 
report and literature review. Fukushima J Med Sci. 2013;59(1):56–62.

	26.	 Harabuchi Y, Kishibe K, Tateyama K, Morita Y, Yoshida N, Kunimoto Y, et al. 
Clinical features and treatment outcomes of otitis media with antineu‑
trophil cytoplasmic antibody (ANCA)-associated vasculitis (OMAAV): a 
retrospective analysis of 235 patients from a nationwide survey in Japan. 
Mod Rheumatol. 2017;27(1):87–94.

	27.	 Bligny D, Mahr A, Toumelin PL, Mouthon L, Guillevin L. Predicting mortal‑
ity in systemic Wegener’s granulomatosis: a survival analysis based on 93 
patients. Arthritis Rheum. 2004;51(1):83–91.

	28.	 Renaudineau Y, Le Meur Y. Renal involvement in Wegener’s granulomato‑
sis. Clin Rev Allergy Immunol. 2008;35(1-2):22–9.

	29.	 Imboden JB. Involvement of the peripheral nervous system in pol‑
yarteritis nodosa and antineutrophil cytoplasmic antibodies-associated 
vasculitis. Rheum Dis Clin North Am. 2017;43(4):633–9.

	30.	 Di Comite G, Bozzolo EP, Praderio L, Tresoldi M, Sabbadini MG. Meningeal 
involvement in Wegener’s granulomatosis is associated with localized 
disease. Clin Exp Rheumatol. 2006;24(2 Suppl 41):S60–4.

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

	32.	 Wraith DC, Nicholson LB. The adaptive immune system in diseases of the 
central nervous system. J Clin Invest. 2012;122(4):1172–9.

	33.	 Ransohoff RM, Engelhardt B. The anatomical and cellular basis of 
immune surveillance in the central nervous system. Nat Rev Immunol. 
2012;12(9):623–35.

	34.	 Wu M, Ren J, Luo Y. Hypertrophic spinal pachymeningitis caused by 
ANCA-associated vasculitis revealed by 18F-FDG PET/CT: a case report. 
Medicine (Baltimore). 2021;100(3):e24388.

	35.	 Li X, Zhao J, Wang Q, Fei Y, Zhao Y. ANCA-associated systemic vasculitis 
presenting with hypertrophic spinal pachymeningitis: a report of 2 cases 
and review of literature. Medicine (Baltimore). 2015;94(46):e2053.

	36.	 Klein JO. Otitis externa, otitis media, and mastoiditis. Mandell, Douglas, 
and Bennett’s principles and practice of infectious diseases. 2015:767–73.

	37.	 Nakano Y, Miyawaki Y, Sada KE, Yamamura Y, Kano Y, Hayashi K, et al. 
Development of hypertrophic pachymeningitis in a patient with antineu‑
trophil cytoplasmic antibody-negative eosinophilic granulomatosis with 
polyangiitis. J Clin Rheumatol. 2019;25(5):e61.

	38.	 Shiraishi W, Tsujimoto Y, Shiraishi T. Pathological findings of hypertrophic 
pachymeningitis associated with eosinophilic granulomatosis with 
polyangiitis. BMJ Case Rep. 2021;14(9):e243395.

	39.	 Lio M, Fukuda S, Maguchi S, Kawanami M, Inuyama Y. Churg-Strauss 
syndrome with pachymeningitis refractory to steroid therapy atone--a 
case report. Auris Nasus Larynx. 2001;28(Suppl):S121–5.

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


	Hypertrophic pachymeningitis in ANCA-associated vasculitis: a cross-sectional and multi-institutional study in Japan (J-CANVAS)
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Patients and database
	Study design
	Statistical analyses

	Results
	Epidemiologic and laboratory findings in patients with HP
	Clinical characteristics based on BVAS in patients with HP
	Neurological findings

	Discussion
	Conclusions
	Acknowledgements
	References


