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Abstract

Background Hypertrophic cranial pachymeningitis (HCP) is uncommon but a poorly understood complication
of granulomatosis with polyangiitis (GPA).

Objectives We conducted this retrospective study to elucidate the clinical characteristics and factors independently
associated with granulomatosis with polyangiitis (GPA) complicated by hypertrophic cranial pachymeningitis (HCP)
in China.

Methods We collected the medical records of 78 patients diagnosed with GPA who were admitted to the inpatient
department of Peking Union Medical College Hospital between January 2003 and September 2021. Clinical features,
laboratory and radiological findings, and Birmingham Vasculitis Activity Scores (excluding meningitis score) were
recorded. A binary logistic regression analysis was performed to analyze factors independently associated with GPA-
related HCP.

Results Headache (100%) and cranial nerve palsy (61.5%) were common manifestations of HCP. Compared to 52
GPA patients without HCP, 26 patients with HCP required more time from initial symptoms to diagnosis, with a lower
ratio of pulmonary and renal involvement, a higher ratio of myeloperoxidase—antineutrophil cytoplasmic antibody
(MPO-ANCA) positivity, conductive or sensorineural hearing loss, mastoiditis, and decreased vision or sudden visual
loss. Binary logistic regression analysis indicated that proteinase 3—antineutrophil cytoplasmic antibody (PR3-ANCA)
negativity (OR 10.698, p=0.001), conductive or sensorineural hearing loss (OR 10.855, p=0.005), and decreased
vision or sudden visual loss (OR 8.647, p=0.015) were significantly associated with GPA-related HCP. Of the 26
patients, 18 received methylprednisolone pulse treatment, and 18 received intrathecal injections of dexamethasone
and methotrexate.

Conclusions HCP was a severe manifestation of GPA in our study. Independent factors associated with the occur-
rence of HCP in patients with GPA included PR3-ANCA negativity, conductive or sensorineural hearing loss,
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and decreased vision or sudden visual loss. Furthermore, GPA-related HCP was associated with higher disease activity,

requiring more intensive treatments.

Keywords Granulomatosis with polyangiitis, Hypertrophic cranial pachymeningitis, Meningitis, Neurologic

manifestations, Antibodies, Antineutrophil cytoplasmic

Introduction

Granulomatosis with polyangiitis (GPA), one of three
types of antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitides, is an autoimmune disease charac-
terized by inflammation in small vessels, which primarily
affects the ear, nose, larynx, lung, kidney, heart, gastroin-
testinal tract, skin, peripheral nervous system, and cen-
tral nervous system (CNS). CNS involvement is rare
(affecting 11.7% of patients) but significant in GPA, and
it was thus included in the 1996 five-factor score (FFS)
[1]. Hypertrophic pachymeningitis (HP) comprises two
forms: hypertrophic cranial pachymeningitis (HCP) and
hypertrophic spinal pachymeningitis (HSP). HCP is the
most prevalent CNS manifestation, occurring in 36—46%
of patients with GPA with CNS involvement [1, 2].

HCP, depicted as localized or diffuse thickening and
enhancement of the dura mater on contrast-enhanced
magnetic resonance images (MRIs), with histopathology
of granulomatous inflammation and necrotizing vas-
culitis, has been increasingly reported in patients with
ANCA-associated vasculitis and occurs most frequently
in patients with GPA [3]. Patients usually present with
headache as the initial symptom, with or without cranial
nerve deficits, which increases the difficulty of diagnos-
ing GPA-related HCP. A detailed analysis of the Chinese
GPA population with HCP has not been performed.
Therefore, we analyzed 26 patients with confirmed GPA-
related HCP in a single center in China to investigate the

clinical features and treatment of GPA with HCP and to
explore independent associated factors to facilitate early
diagnosis.

Methods

Patients

In this retrospective study conducted at the inpatient
department of Peking Union Medical College Hospital
(PUMCH) between January 2003 and September 2021,
a total of 339 patients diagnosed with granulomatosis
with polyangiitis (GPA) were initially classified using
both the American College of Rheumatology (ACR)
1990 classification criteria [4] and the 2007 European
Medicines Agency (EMA) algorithm [5]. Because it
is difficult to investigate the cumulative manifesta-
tions and laboratory assessment of these patients, we
searched the electronic medical record system and
recorded data at the time-point of initial diagnosis.
During the study period, 30.7% of GPA patients had eye
involvement, 91.4% had ENT involvement, 83.2% had
pulmonary involvement, and 34.8% had renal involve-
ment. At this initial diagnosis, PR3-ANCA was the pre-
dominant type in GPA, accounting for 73.4% of cases.
Because the period covered is as long as 18 years, 158
patients with complete medical records were recon-
firmed as GPA based on the 2022 ACR/European
League Against Rheumatism (EULAR) GPA classifica-
tion criteria by two rheumatologists [6] (Fig. 1).
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Fig. 1 Patient flow diagram
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Subsequently, we analyzed 26 patients with GPA and
HCP from the population, and 52 patients diagnosed
with GPA without HCP with approximately the same
proportion of age and sex were allocated to the control
group using a random number table.

Clinical and laboratory assessment

We systematically evaluated HCP according to clinical
manifestations, laboratory tests of cerebrospinal fluid
(CSF), and physical examinations, including contrast-
enhanced MRIs of the brain and spinal cord. There has
been no change in the standard values and measurement
methods for laboratory assessment from 2003 to 2021.
The Birmingham Vasculitis Activity Score (BVAS) was
utilized to assess the disease activity before the initiation
of induction therapy. Two authors independently evalu-
ated patients’ BVAS according to BVAS version 3.0. It is
noted that meningitis scores were not calculated. Each
patient was scored for prognosis assessment according
to the 2009 revised FFS system. Median disease duration
was defined as the interval from the onset of initial symp-
toms to GPA-related HCP diagnosis.

Laboratory tests included erythrocyte sedimentation
rate (ESR), hypersensitive C-reactive protein (hsCRP),
white blood cell (WBC) count, and platelet count.
Perinuclear and cytoplasmic patterns were differenti-
ated using immunofluorescence assay (IFA). Myelop-
eroxidase (MPO) and proteinase 3 (PR3)-ANCA levels
were assessed using the chemiluminescent immunoas-
say (CLIA). Abnormal urinary sediment was defined as
red cell casts or more than five red blood cells with an
abnormal form per high-power field. Twenty-six patients
underwent lumbar puncture, and CSF pressure, protein
levels, and WBC counts were recorded. Considering the
invasive lesions and potential risks of biopsy, only one
patient was diagnosed with HCP by biopsy in our study;
other patients were diagnosed through contrast-enhanced
MRI. Diffusion-weighted, T2-weighted, fluid-attenuated
inversion recovery (FLAIR), T1-weighted, and gado-
linium-enhanced images were obtained using contrast-
enhanced MRI in patients with GPA-related HCP. Diffuse
pachymeningitis was defined as the involvement of more
than two non-contiguous sites, whereas focal pachymen-
ingitis indicated the involvement of only one site.

Treatment strategy

At the time of diagnosis, patients received proper ther-
apy, and the medications used throughout the induction
period as well as treatment responses were recorded
in detail. Methylprednisolone pulse was administered
at 0.5~1.0 g/day for 3~5 days. Intravenous immuno-
globulin (IVIG) was given at 20 g/day for 3~5 days. And
intrathecal injections of dexamethasone (10 mg each
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time) and methotrexate (10 mg each time) were also
administered. The response to treatment was assessed by
symptoms, laboratory tests, and imaging with contrast-
enhanced MRIs to identify changes in the thickening
of the dura mater. Outcomes of interest were remission
within 6 months, relapse during observation time, and
death within 1 year. Remission was defined as the absence
of typical signs, symptoms, or other features of active
AAV. GPA relapse was defined as clinical signs of vas-
cular activity in any organ system after complete disease
remission through standard induction therapy [7].

Statistical analysis

Statistical analyses were performed using SPSS version
25.0. Kolmogorov—Smirnov tests were used to assess for
normal distribution. Continuous normally distributed
data are expressed as the mean + standard deviation (SD),
and non-normally distributed data are expressed as the
median and interquartile range (IQR). Univariate analysis
included chi-square or Fisher’s exact tests for categorical
variables and ¢-tests and Mann—Whitney tests for contin-
uous variables to identify associated variables. Significant
variables from the univariate analysis underwent binary
logistic regression analysis using the forward conditional
method to identify independent factors.

In the model, PR3-ANCA negativity, conductive or sen-
sorineural hearing loss, and decreased or sudden visual
loss were identified as statistically significant variables,
consistent with previous studies indicating that conduc-
tive hearing loss and sudden visual loss were significant
factors in patients with HP related to AAV [8]. Therefore,
these three covariates were selected to ensure statistical
robustness, especially given the small sample size, while
balancing clinical and statistical considerations. P val-
ues for other excluded variables, as well as an alternative
model that includes all the significant variables from the
univariate analysis using the “enter” method, were pre-
sented in Supplementary Tables 1 and 2. To assess the
predictive capacity of the model, the receiver operat-
ing characteristic curve (ROC) was plotted and the area
under the curve (AUC) was reported.

Results

Features of HCP in GPA

The neurological manifestations and neuroimaging
findings of patients with HCP are shown in Table 1
and Fig. 2. HCP primarily presented with severe head-
ache, which was reported in 100% of patients in the
HCP group. The second most common neurologi-
cal manifestation was cranial nerve palsy (61.5%). In
patients with cranial nerve palsy, the most common
findings were involvement of the optic and facial nerves
(each n=7, 26.9%), followed by trigeminal nerve palsy
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Table 1 Neurologic manifestations and neuroimaging findings
in patients with GPA-related HCP

Number of patients 26
Neurologic involvement [n (%)]

CNS involvement 26 (100.0%)
4 (15.4%)

4 (15.4%)

PNS involvement

Neurologic involvement as initial manifestation
Neurologic manifestations of CNS involvement [n (%)]
26 (100.0%)
16 (61.5%)

Headache
Cranial nerve palsy
Multiple CN involvement

CNI 0 (0%)
CNII 7 (26.9%)
CNlI 3(11.5%)
CN IV 2(7.7%)
CNV 6 (23.1%)
CN VI 3(11.5%)
CN VI 7 (26.9%)
CNVII 5(19.2%)
CNIX 2(7.7%)
CN X 2(7.7%)
CNXI 0 (0%)
CNXII 2(7.7%)
Pituitary involvement 4 (15.4%)
Neuroimaging findings indicating HCP 26 (100.0%)
Diffuse HCP 22 (84.6%)
Sites of HCP involvement [n (%)]
Falx 5(19.2%)
Convexity 12 (46.2%)
Tentorium 9 (34.6%)
Skull base 11 (42.3%)
Sellar region 2 (7.7%)
CSF pressure’lmmH20], median (IQR) 155 (125, 185)
CSF protein®[mg/dL], median (IQR) 49 (34.75, 65.25)
CSFWBC countb[leukocytes/mm3], median (IQR) 2(0,6.75)

GPA granulomatosis with polyangiit is, HCP hypertrophic cranial
pachymeningitis, CNS central nervous system, PNS peripheral nervous
system, CN central nerve, CSF cerebrospinal fluid, WBC white blood cells, IQR
interquartile range

@ CSF pressure data available for 23 patients
b CSF protein and CSF WBC count data available for 22 patients

(n=6, 23.1%) and vestibulocochlear nerve palsy (n=5,
19.2%). Four patients had pituitary involvement, and
two of them presented with polydipsia and polyu-
ria. As for neuroimaging, 22 patients (84.6%) had dif-
fuse hypertrophic pachymeningitis, and four patients
(15.4%) showed focal dural thickening with gadolinium
enhancement. The convexity (46.4%) was the most fre-
quently involved site, followed by the skull base (n=11,
42.3%), tentorium (n=9, 34.6%), falx (n=5, 19.2%),
and sellar region (n=2, 7.7%). In total, 23 patients with
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GPA-related HCP underwent lumbar puncture, and
five of them exhibited increased intracranial pressure,
ranging from 220 to>330 mmH,0O. Among these five
patients, four had a small increase in CSF protein lev-
els. The median CSF WBC count was 2 cells/L.

Baseline characteristics of GPA patients with or without
HCP

We compared baseline clinical characteristics of patients
with and without HCP (Table 2). The median age of
patients with GPA-related HCP was 51 years. The time
between the onset of symptoms and GPA diagnosis was
longer in those with HCP than in those without (12 (3,
23.25) versus 3 (1, 7.75) months, p=0.001). The median
disease duration in patients with GPA-related HCP was
16 months, ranging from 3 to 191 months. Weight loss,
fever, arthritis or joint pain, and myalgia were observed
in 53.8%, 42.3%, 0.0%, and 7.7% of patients with GPA-
related HCP, respectively. Patients with HCP had visual
impairment (34.6%), ear, nose, and throat (ENT) involve-
ment (92.3%), pulmonary involvement (61.5%), and renal
involvement (11.5%). Notably, conductive or sensorineu-
ral hearing loss (83.5%), sinusitis (73.1%), and mastoidi-
tis (57.7%) were prominent and common symptoms in
these patients. The first onset of presentations included
neurological symptoms in 15.4% (n=4), visual symp-
toms in 7.7% (n=2), and pulmonary involvement in
3.8% (n=1). Four patients (15.4%) had peripheral neu-
ropathy during GPA-related HCP, which was similar to
patients without HCP. Twenty-two patients with GPA
and HCP tested positive for ANCA, including 12 cases
who were PR3-ANCA positive and 7 cases who were
MPO-ANCA positive. Patients with HCP, when com-
pared with those without HCP, had a higher proportion
of decreased vision or sudden visual loss (34.6% versus
3.8%, [p=0.001]) and more frequent conductive or sen-
sorineural hearing loss and mastoiditis (83.5% versus
50.0%, 57.7% versus 28.8%, [p=0.001, p =0.014]). Patients
also had less frequent pulmonary and renal involvement
(61.5% versus 86.5%, 11.5% versus 36.5%, [p=0.012,
p=0.021]) and less frequent abnormal urinary sediment
and elevated serum creatinine (11.5% versus 34.6%, 0.0%
versus 23.1%, [p=0.030, p=0.020]). In addition, indi-
viduals tested more MPO-ANCA-positive (26.9% ver-
sus 3.8%, p=0.009) and less PR3-ANCA-positive (46.2%
versus 84.6%, p <0.001). However, the ratio of the FFS>1
in the two groups was similar. Excluding the meningitis
score, BVAS in the HCP group was found to be slightly
higher than in the non-HCP group. However, the differ-
ence in BVAS between the two groups did not reach sta-
tistical significance.
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©
Fig. 2 Brain magnetic resonance imaging of patients with GPA and HCP. The dural thickness of the left tentorium cerebella and left frontotemporal
lobe are indicated by the arrows in (A) and (B) on T1-weighted gadolinium-enhanced images. The changes of tentorium cerebelli before and after
treatment in the same patient are shown in (C) and (D). GPA, granulomatosis with polyangiitis; HCP, hypertrophic cranial pachymeningitis

Independently associated factors for GPA-related HCP
patients

We identified independent factors associated with GPA-
related HCP using binary logistic regression analysis
(Table 3), which included PR3-ANCA negativity (odds
ratio [OR] 10.698, 95% confidence interval [CI] 2.547—
44.923, p=0.001), conductive or sensorineural hear-
ing loss (OR 10.855, 95% CI 2.018-58.389, p=0.005),
and decreased vision or sudden visual loss (OR 8.647,
95% CI 1.519-49.241, p=0.015). The optimal cutoff was
0.519 from the logistic prediction model to distinguish
patients with GPA-related HCP from those without. The
sensitivity of the model was 61.5% and the specificity was
90.4%. The area under curve (AUC) of HCP was 0.843 (CI
0.755-0.931) (Fig. 3).

Treatment

All patients with HCP (n=26, 100%) were treated with
glucocorticoids and cyclophosphamide (CYC) dur-
ing the induction phase, and headaches were alleviated
after 2 weeks to 1 month of treatment. The comparison

D)

of treatment strategies during the induction phase
between patients with GPA with and without HCP is
summarized in (Table 4). Methylprednisolone pulses
were used more frequently in patients with GPA-
related HCP (69.2% versus 34.6%, p=0.004). Moreo-
ver, 69.2% of patients received intrathecal injections of
dexamethasone and methotrexate for more severe CNS
involvement. During the observation period, 27 patients
without HCP received rituximab (RTX). Sixteen patients
switched to RTX due to relapse, eight due to side effects
of CYC, including infection, bladder bleeding, elevated
transaminase levels, and profound gonadal toxicity,
and three due to failure to achieve remission. The use
of RTX was comparable in the groups with and without
HCP (30.8% versus 51.9%, p=0.077). Three patients in
the HCP group switched to RTX due to CYC failure;
three were due to side effects of cyclophosphamide; two
were due to relapse. In addition, no statistically signifi-
cant difference in the utilization of IVIG was observed
between patients with HCP and without HCP (30.8%
versus 11.5%, p=0.077). 88.5% of patients with HCP
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Table 2 Comparison of baseline features between GPA patients with HCP and without HCP
Characteristics GPA with HCP n=26 GPA without HCP n=52 p-values
Demographics
Age, median (IQR) 51(37.5,60.25) 43 (27.25,55.75) 0.084
Gender (male/female, n) 29/23 14/12 0.872
Time from initial symptoms to GPA diagnosis (month), median (IQR) 12 (3,23.25) 3(1,7.75) 0.001"
Clinical manifestation [n (%)]
Fever 11(423) 23 (44.2) 0.872
Weight loss 14 (53.8) 21 (404) 0.260
Myalgia 2(7.7) 3(5.8) 1.000
Mucous membrane/eyes involvement 12 (46.2) 20 (38.5) 0515
Orbital pseudotumor 5(19.2) 6(11.5) 0.565
Decreased vision/sudden visual loss 9(34.6) 2(38) 0.001"
Conjunctivitis/uveitis/blepharitis/keratitis 1(3.8) 12(23.1) 0.05
ENT involvement 24(92.3) 48(92.3) 1.000
Sinusitis 19 (73.1) 47 (90.4) 0.096
Conductive or sensorineural hearing loss 23 (83.5) 26 (50.0) 0.001"
Mastoiditis 15(57.7) 15(28.8) 0014
Subglottic stenosis 1(3.8) 1(1.9) 1.000
Pulmonary involvement 16 (61.5) 45 (86.5) 0012
Renal involvement 3(11.5) 19 (36.5) 0.021"
Abnormal urinary sediment 3(11.5) 18 (34.6) 0.030"
Elevated serum creatinine 0(0.0) 12(23.1) 0.020"
Peripheral neuropathy 4(154) 7(13.5) 1.000
Clinical score BVAS (without meningitis scores) [mean, SD] 17.31+£4.116 14.98+6.229 0.053
FFS=1[n (%)] 4(154) 16 (30.8) 0.142
Laboratory findings
ANCA positivity [n (%)) 22 (84.6) 50(96.2) 0.091
MPO-ANCA [n (%)] 7 (26.9) 2(38) 0.009"
PR3-ANCA [n (%)] 12 (46.2) 44 (84.6) <0.001"
ESR, median (IQR) [mm/h] 64.00 (21.00, 98.25) 51.50 (17.25,91.00) 0433
hsCRP, median (IQR) [mg/L] 32.67 (5.86, 103.00) 23.19 (4.62,79.13) 0518

GPA granulomatosis with polyangiitis, HCP hypertrophic cranial pachymeningitis, ENT involvement ear, nose, and throat involvement, BVAS Birmingham Vasculitis
Activity Score, FFS five-factor score, ANCA antineutrophil cytoplasmic antibody, MPO myeloperoxidase, PR3 protease 3, ESR erythrocyte sedimentation rate, hsCRP
hypersensitive C-reactive protein, x+S mean + standard deviation, QR interquartile range

"p<0.05

Table 3 Binary logistic regression analysis for GPA patients with

HCP

OR (95% ClI) p-values
PR3-ANCA negativity 10.698 (2.547,44.923) 0.001"
Conductive/sensorineural hearing loss  10.855 (2.018, 58.389) 0.005"
Decreased vision/sudden visual loss 8647 (1.519,49.241) 0015

GPA granulomatosis with polyangiitis, HCP hypertrophic cranial
pachymeningitis, PR3-ANCA proteinase 3-antineutrophil cytoplasmic antibody,
OR odds ratio, CI confidence interval

"p<0.05

and 92.3% of patients without HCP achieved remission
within 6 months, with no significant difference in remis-
sion rates between the groups. Three patients with HCP
and three patients without HCP achieved remission

subsequently after switching to RTX. The median obser-
vation time for relapse was 24.79 months (ranging from
6 to 108 months). However, 61.5% of patients with HCP
relapsed, compared to 44.2% of patients without HCP.
Only one patient in the GPA without HCP group, who
refused treatment with CYC or RTX during the induc-
tion phase, died of diffuse alveolar hemorrhage during 1
year of observation. No significant differences in recur-
rence or death were found between the groups.

Discussion

HCP is considered an uncommon but important feature
that occurs most frequently among GPA patients with
hearing loss and visual impairment, with a lower fre-
quency of pulmonary and renal involvement [2]. Because
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Fig. 3 Receiver operator characteristic (ROC) curve analysis for GPA and HCP

Table 4 Treatment and outcomes of GPA patients with and
without HCP

GPAwith  GPA without p-values
HCPn=26 HCPn=52
Treatment, [n (%)]
MP pulse 18(69.2) 18 (34.6) 0.004"
cYc 26 (100) 49 (94.2) 0.532
Rituximab 8(30.8) 27 (51.9) 0.077
VIG 8(30.8) 6(11.5) 0.076
Intrathecal injection of meth- 18 (69.2) 0(0.0) <0.001"
otrexate and dexamethasone
QOutcome, [n (%)]
Remission 23(88.5) 48(92.3) 0.889
Recurrence 16 (61.5) 23 (44.2) 0.150
Death 0(0.0) 1(1.9) 1.000

GPA granulomatosis with polyangiitis, HCP hypertrophic cranial
pachymeningitis, GCs glucocorticoids (including high, medium, and low doses),
MP methylprednisolone, CYC cyclophosphamide (including all doses), RTX
rituximab, /VIG intravenous immunoglobulin

" p<0.05

HCP is the most significant indicator of CNS involve-
ment in GPA, it is usually associated with higher disease
activity. Therefore, more intensive treatment is required.

HCP is mainly characterized by headache and cra-
nial nerve palsy. Likewise, in this study, we found that

headache, which is related to inflammation in pain-sen-
sitive areas and sometimes intracranial hypertension, was
the most frequent presenting symptom. Although head-
ache is not a specific manifestation, unexplained head-
ache, especially when combined with focal or generalized
neurological deficits, sinusitis, otitis media, or mastoidi-
tis, generally indicates GPA-related HCP. The second
most common neurological manifestation was cranial
nerve palsy. Three of the nerves most commonly involved
were optic, facial, and vestibulocochlear nerves. Brain
nerve impairment is related to the location of dural thick-
ening. Cerebral vasculitis occurs in approximately 3 to 5%
of patients with GPA [9], resulting in ischemic or hemor-
rhagic impairment, such as transient ischemic attack or
stroke, organic confusion, seizure, and spontaneous sub-
dural hematomas (SDHs). Only one case of intracranial
sinus thrombosis, seizure, and stroke has been reported,
and none of the patients with GPA-related HCP had
SDHs, whereas a previous study showed a higher pro-
portion of patients with SDHs [10]. Pituitary dysfunc-
tion is an uncommon CNS complication of GPA, and a
previous study showed that only 12 (3.9%) of 304 patients
were diagnosed with GPA during PUMCH administra-
tion [11]. Pituitary involvement is relatively easy to rec-
ognize compared to HCP due to polydipsia, polyuria, and
hormonal dysfunction. Typically, more time is needed
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to diagnose patients with GPA-related HCP because the
neurological features present at the onset of the disease
usually challenge clinicians at the first diagnosis. All of
these features are significant for neurologists to identify
GPA-related HCP early when various CNS disorders
and systemic manifestations are not well understood.
Other general causes of HCP are idiopathic hypertrophic
pachymeningitis, infection, trauma, malignancy, and
other autoimmune diseases, such as I[gG4-RD [12].

Contrast-enhanced MRI is the primary diagnostic tech-
nique used to detect dural thickening, as a dura mater
biopsy is difficult to obtain. T1- or T2-weighted imag-
ing can detect localized or widespread dural thickening
with low or equal signal on T1- or T2-weighted imaging,
as well as fattening and meningeal enhancement on the
T1 gadolinium enhancement sequence. For patients with
GPA, the intracranial dura mater is more often infiltrated
than the spinal dura mater [9]. In patients with GPA-
related HCP, diffuse linear thickening of the convexity is
most common. The results of this study also revealed that
convexity was the most common area involved, followed
by tentorium, skull base, falx, and sellar region. Patholog-
ical examination of dural tissue usually reveals fibrosis,
granulomatous vasculitis, and granulomatous inflamma-
tion with the presence of polykaryocyte Langhans giant
cells [13].

Our study confirmed that conductive or sensorineural
hearing loss and decreased vision or sudden visual loss
were independently associated with GPA-related HCP.
Notably, most patients had mixed conductive-sensori-
neural hearing loss, underscoring the importance of rec-
ognizing hearing loss as a noteworthy clinical symptom
regardless of its classification. We reported some simi-
lar results to previous studies. Visual involvement was
observed with a higher frequency in GPA patients with
HCP compared to those without [2]. Sudden visual loss
may be associated with optic nerve impairment. HCP
was more prevalent in patients with otitis media with
ANCA -associated vasculitis (OMAAYV) than in the non-
OMAAV group [14, 15]. Patients with exudative otitis
media and mastoiditis had a higher incidence of menin-
geal involvement, along with indications of temporal or
occipital enhancement on MRIs and signs of necrotiz-
ing granulomatosis [3, 16]. Granulation or effusion in
the middle ear spreading to the dura mater is thought
to be a probable cause of HCP [15]. Additionally, Shi-
mojima et al. demonstrated that sudden visual loss and
conductive hearing loss were significantly recognized in
patients with AAV-associated HP, suggesting that inflam-
matory lesions proximal to CNS may play a pivotal role
in the pathogenesis of AAV-associated HP [8]. Con-
versely, patients with GPA-related HCP were less likely
to have pulmonary and renal involvement [2], which can
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potentially lead to misdiagnosis as localized GPA without
identifying life-threatening organ dysfunction at the first
diagnosis. All of these features provide new insights into
the diagnosis and indicate the need for further intensive
examination of HCP, including enhanced MRI and addi-
tional biopsies.

PR3-ANCA was predominantly found in patients
with GPA without HCP. However, the gap between
PR3-ANCA and MPO-ANCA positivity rates narrowed
in patients with HCP. MPO-ANCA positivity was fre-
quently detected in patients diagnosed with GPA and
HCP, consistent with a previous study [17]. Another
study showed that HP patients had significantly higher
PR3-ANCA positivity compared to those without HP
[15], which aligns with our research because GPA was
more frequently observed in patients with HP [8], and
PR3-ANCA positivity is a crucial criterion for GPA.
The specificity of ANCA for either PR3 or MPO has
recently been proposed for disease classification [18], as
serologic specificity is related to both clinical character-
istics and prognosis. Notably, there was a higher propor-
tion of MPO-ANCA in the HCP group compared to the
non-HCP group. The relatively increased frequency of
MPO-ANCA detection in GPA-HCP warrants further
investigation. Approximately 4% of patients with a clini-
cal diagnosis of GPA-related HCP have tested negative
for ANCA [19]. However, the proportion of patients with
negative ANCA results in this study was slightly higher
at 15.4%.

Because CNS vasculitis is defined a severe and active
disease [20], more aggressive therapeutics are preferred.
Glucocorticoids combined with CYC are the mainstay
treatment for GPA. All patients with GPA-related HCP
were treated with induction therapy as previously men-
tioned. Patients in the GPA-related HCP group received
more intense methylprednisolone pulse treatment than
those in the control group. High-dose IVIG therapy and
intrathecal injections of dexamethasone and metho-
trexate were frequently used to treat patients with CNS
involvement, although the efficacy of these treatments is
still uncertain. RTX, a monoclonal anti-CD20 antibody,
has been shown to induce clinical and imaging remis-
sion in patients with GPA-related HCP who have failed
high-dose glucocorticoids combined with immunosup-
pressants [21]. RTX has been recommended as induc-
tion therapy at the first onset of GPA [7]. In patients with
GPA-related HCP, RTX may be effective during both
the induction and relapse phases, as three patients who
had not previously achieved remission and two who had
relapsed benefited from RTX in our study. However, RTX
is not as commonly used as CTX due to a lack of data
for patients with GPA and HCP. Biological agents such
as RTX require long-term follow-up. Since most patients
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admitted to our hospital had more severe conditions, the
relapse rate for GPA patients with HCP was reported to
be higher in our center than reported in the literature
[3]. Additionally, the relapse rate in the HCP group was
somewhat higher than in the non-HCP group, although
there was no statistically significant difference between
the two groups. HCP is suspected of being prone to
relapse due to recurrent ENT involvement, and larger
clinical trials are necessary to support this assumption.

Our study had some limitations that should be
acknowledged. First, as our study was a single-center
study, the enrollment of patients with GPA-related HCP
is limited, and our sample size may not be sufficient to
identify all potential risk factors. Patients in our center
usually tend to have more severe conditions and are more
difficult to diagnose than those in other centers; there-
fore, our results may not completely represent the larger
population with the disease. Second, the observed differ-
ences in baseline characteristics suggest that our match-
ing strategy may have impacted the study outcomes.
Lastly, the long-term follow-up data was unavailable. A
large-scale cohort study is needed to explore these con-
clusive prognoses.

Conclusions

GPA-related HCP was a special form of GPA with less
pulmonary and renal involvement, more incidence of
hearing and visual loss, and severe neurological involve-
ment, mainly including headaches, cranial nerve palsy,
and pituitary involvement, which delayed the diagnosis.
PR3-ANCA negativity, conductive or sensorineural hear-
ing loss, and decreased vision or sudden visual loss were
independently associated with GPA-related HCP. These
clinical features may serve as predictive indicators for
diagnosing GPA-related HCP.
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